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11MeJOIImecSI B nareparype CBeaeHMSI o6 ypoBHSIX 173 Hf rrony'IeHbi rrpM 

M3y'IeHMll 6era-pacrraaa 173 Ta • B pa6orax11 - 31 HccneaoBaH crreKTP KOHBep

Cl!OHHbiX aneKrpoHoB, a B/1 ,4/ M3yqancSI crreKrp raMMa-nyqeli 
173 Ta c rro

MOIUbJO CUl!HTl!nnSIUl!OHHbiX CII9KTpOM9TpOB, Xap,MaTUeM II np/2 ,3/ rrpennO:>K9H8 
173 173 

cxeMa pacrrana Ta - Hf • HenaBHo HaM crano M3BecrHo o6 aKcrrepl!MeH-

rax/5/, B KoropbiX rrpu U3y'IeHMll peaKUIIH Yb (a, x n ) 6bmM B036y:>KneHhi 

porauuoHHhie rronocbi cocTOSIHMH 112- I 521 I , 512- I 5121 M 712 +I 633 I B 
17 3Hf • 

B Hacros:~meii pa6ore HccnenoBanHcb rrpu pacrrane 
173 Ta raMMa-nyqu, 

KOHB9pCHOHHbl9 9n9KTpOHbl C 9Hepr'MSIMU Bbllll9 700 K9B, J:'8MMa-raMMa-COBIIa

ll9HUSI, TpOHHbl9 COBII8ll9HMSI C aHHUrunSIUUOHHbiMU KB8HTaMM M BpeMeHa :>KU3HM 

llBYX B036y:>Kll9HHbiX COCTOSIHUil: 173 Hf • Ha OCHOB9 rronyqeHHbiX aaHHbiX rrpea

naraeTCSI cxeMa pacrrana 173 Ta 
-,.. ... 

1, Ycnoaus:I orrhiTa 

173 Ta 6bm rrony'IeH 1) B rrpouecce rny6oKoro pacmerrneHMSI Gonora rrporo

HaMM C 9HeprMeH 880 Maa Ha CMHXpOUMKnOTpOHe 0115!11 M 2) B peaKUHH . 
165 Ho ( 12 C, 4n) 17~a rrpu 9Hepruu UOHOB 12 C 70 MaB Ha UMKnorpoHe Y -300 

0115!11. B l!CTO'IHUKax, rrony'IeHHbiX rrepnbiM rryreM, rrpucyrcrBoaanM raK)I(e 

M30TOIIbi !UTa , 176 Ta M 177 Ta , 11CTO'IHUKH BTOpOrO TMIIa conep:>KanH 
174 

Ta • OnHaKO B cuny cyllleCTBeHHOii pa3HUUbi B rrepaonax rronypacrrana 

114 T ( ) t73 ( ) a 1 qac u Ta 3,6 qac , 3-4 qaca crrycrSI rrocne KOHUa o6ny'IeHMSI 

rrperrapar (2) coaep:>Kan rrpeHMymecrBeHHO 
17 3 Ta • P anuoxuMM'IecKoe Bhiaene

HMe TaHTana M3 o6nyqeHHbiX MUlli9H9H Olll!CaHO B/6/. 11CTO'IHUKU rrepBOJ:'O TUII8 

6binU l!CilOnb30BaHbl rnaBHbiM o6pa30M anH U3y'IeHUSI KOHB9pCMOHHbiX aneKTpO

HOB, a MCTO'IHUKU BTOpOrO TUil8 nnSI UCCneaoBaHMSI raMMa-CII9KTpOB M ClleKTpOB 

COBIIaneHMH. 
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ilmi H3Y'I9HHSI KOHBepCIIOHHb!X sneKTpOHOB Mbl nonb30B8n11Cb oeTa-cneKT

poMeTpOM c AByKpaTHOii ABOiiHOfi <PoKyCIIPOBKO:li Tllna 2 X1T v2 17 I. faMMa

cneKTp 173 Ta Obin IICcneaoBaH c noMOIUbJO Ge (Li) -AeTeKTopos (6 H 13 CM3). 

CneKTpbi raMMa-raMMa-coBnaaeHHfi ohinll CHSITbi c noMOIUbJO asyx Ge (Li ) -

AeTeKTOpOB (10 II 30 CM3) C npHMeHeHIIeM ABYXMepHoro aaanH38TOpa, no

CTpOeHHOrO aa 5aae 3BM "MIIHCK-2" 181, YacTb H3MepeHHi1 no cosnaaeHIISIM 

II OnbiTbl no onpeaeneHIIIO speMeH )KH3HH ObinH Bb!ITDIIH9Hbl C IIOMO!Ub!O AeTeK

TOpOB Ge (Li ) ( 10 CM3) H Na I (TI ) ( 40x40 MM2 ) HnH rrnacTH'IeCKoro CUl'IH-

2 
THnllSITOpa ( 10x2 MM ) C HCnOllb30B8HH9M anrrapaTypblo OnHC8HHOH Bl91, 

2. 3KcnepHM9HT8llhHbi9 pe3YllhT8Tbl 

PeaynhT8Tbl H3y'leHHSI KOHBepCHOHHbiX 3ll9~Tp0HOB H raMMa-ny'leH IIpHBe

Jl9Hbl B Ta6n, la,5. llaHHhie o raMMa-ny'lax, nony'leHHbte c TIOMOlUhiO 

Ge (Li) -AeTeKTOpos, IlpHBeAeHbi B HaCTOSIIUefi paooTe snepBbie, KpoMe raMMa

nHHHfi, yKaaaHHhiX B Taon. 1 a, 5, B raMMa-crreKTpe 3aMeTeH pSIJl seCbMa en&-

ohlx TIHKOB c sHeprHSIMH ao ~2700 K3B, llnH 9HepreTH'I9CKOH KaliHOpOBKH 

oblliH HCI10llb30BaHbi raMMa-liHHHH H30TonoB 
137Cs 54 Mn 56 Co H 

6° Co • 

34J<lJeKTHBHOCTh perl!CTpaUHH raMMa-ny•Iefi OllpenenHnaCb C noMOIUbJO 1!30T0!1a 

22 6 Ra • DpH H3y'leHHH KOHBepCHOHHhiX sneKTpoHoB CHHManHcb JlHIIJb HeKoTo-

phle y'laCTKH cTieKTpa B o5nacTH aaeprHH "S; 650 K9B, 0 pl!BSI3Ka K lliK8Jl9 

HH;~-HCHBHOCTeH KOHBepCHOHHbiX aneKTpOHOB paoOTb/2 I IlpOBe)leHa IlOCpencT-

BOM nHHHH K 700,3 H K 730,0 • 

DpH HccnenosaHHH raMMa-raMMa-cosTianeHHH "oT5Hp8IOIUHM" TpaKTOM 

BbiJlenSinHcb liHHHH K x y(81,5+90,1) • yl60,3 • y172,1 • y180,6 

y700,3 H yl208 (Taon. 2,3). DpH H3y'leHHH cosTianeHHH c Kx-ny'laMH H 

KB8HTaMH y (81,5 + 90,1 ) , KpOMe OObl'IHOro pe)l(HM8 1 HCI10Jlb30B8J1CSI T8K)l(9 

pe)l(HM C 3aAep)l(K0H 190 HCeK B OJlHOM H3 KaHaJlOB CXeMbl COBnaaeHHH ( Ta6n,3). 

B 11epsoM cnyqae aaaep)l(Ka BBOAHnacb B KaHan, oT5HpaiOIUHi1 K x -ny'IH, so 

BTOpOM cny'lae - B KaHan, perHCTpHpyiOIUHH raMMa-CileKTp, 

PeaynbTaTbi onbiTOB 110 aanep)l(aHHhiM cosnaaeHHHM yKaaanH Ha cyiiJeCT

BOBaHHe H30MepHbiX COCTOSIHHfi B SlApe 
173 Hf , llnH H3Y'I9HHSI BpeMeH )l(H3HH 

B030y)l(A9HHbiX COCTOSIHHH OblliH Bbii10JlHeHbl JlBa THila OllbiTOB, l13MepSinHCh 

speMeHHbte cneKTPbl cosnaneHHfi 1) ( L 69 + L 81 ) (y90) c neTeKTopaMH nnacTHK -

4 

- Na I( Tl ) H 2) (Kx ) ( y 90 ) c IlOMOlUbJO aeTeKTopoB Na 

COOTB9TCTBeHHO, BpeM9HHbi9 KpHBble COBIIaAeHHfi IIOKa3aHbl H 

HHe T ~=( 180±_8) HC9K 1 IIDIIY'I9HH09 B IlepBOM Ollb!Te, COOT 

ny Tionypacnana ypoBHH 107,2 K3B, a 3Ha'leHHe T ~ "' 170 

lll99CSI BO BTOpOM OllbiT9 1 11pHHa)lll9)l(lfT COCTOSIHHIO 197,7 K9 

llliSI H3y'leHHSI n03HTpOHOB 173 Ta Oblll HCIIOllb30BaH H 

THIIa, DpHCyTCTBHe B HCTO'IHHKe npyrHX H30TOnOB TaHTalla 1 Ol 

II03HTpOHHbiM H3Jly'leHH9M 1 3aTpyJlHSIJ10 8H8liH3 {3-t- -CI19KTp 

nony'leHHOrO ClleKTpa II03HTpOHOB CO ClleKTpOM, CHS!Tb!M C t 

TO'IHHKOM TaHTana, COJlep)l(alUHM, OAHaKO, liHlllb HeOOJlblllYJO 

BbiTeKaeT, 'ITO rpaHH'IHaSI 3HeprHSI HaHoonee )l(9CTKOft f3 + -~ 

HMeeT aHa'leHHe E rp ::: 2 ,1 00 K3B, H aMH 5omH nposeneHbi 

TpOii:Hb!M cosnaneHHSIM C aHHHrHliSIUHOHHbiMH KB8HT8MH y 51J 

y 511 [ Na I ( Tl ) ] - y [ Ge ( Li ) ) . PeaynhTaTbi 9THX 

IlpHBOJlSITCSI B T80Jl, 4, 

B HacToSimeft paooTe obiliH oTipeneneHoi KBK anSI HeKo 

B 
173 Hf • llnSI 3TOrO Mbl HCnOJlb30BaliH 3Ha'leHHSI OTHOCHTE 

HOCTeft raMMa-ny'leH H KOHBepCHOHHbiX 3ll6KTpOHOB 1 a B 00ll8< 

T8K)l(6 HHTeHCHBHOCTH KOHBepCHOHHbiX 9lleKTpOHOB paoOTbll21 

HHTeHCHBHOCTeft 9J19KTpOHOB H raMMa-Jly'left B 00ll8CTH 9H< 

E Y < 500 K9B 6bma TiposeneHa s Tipennono*eHHH, 'ITO n 

THila E 2 
12 I. nony'leHHbl9 T8KHM o6pa30M 3H8'19HHSI Kl 

XOpOllleM cornaCHH C Jl8HHbiMHI2 I 0 MyllbTHIIOJlhHOCTSIX IIE 

sHepruft, nony'leHHbiMH H3 OTHOIIJeHHfi K I L 1 ILn I L m. llnH 

s o6naCTH E y > 500 K3B 6omo 11pHHSITO npennono*eHHE 

529,1 K9B If 730,3 K9B THila E 1 If M 1 I COOTB9TCTB9HHI 

Ilpll HCIIOllb30B8HHH 3Ha'leHHR HHT9HCHBHOCTeR KOHBepCHOHHbiX : 

Tbi/ '21 nns1 orrpeneneHHH KBK rrepexonos c Ey;::500 K9B 1 IlpHMe 

K09<P4JHUH9HT CIIJHB8HHSI JlJlSI 6onee HH3KOft OOJ18CTH 0 Mbl IlOJ 

a k B ~ 23 paaa aashiiiJeHHhiMH. Mo)l(HO ayMaTo, 'ITO HHTet 

CHOHHbiX 9Jl6KTpOHOB B HH3KOft H BbiCOKOil OOJ18CTSIX 9Hepr 

pa3HbiX 6JlHHHU8X, 
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- Na I( TJ ) H 2) (Kx ) ( y 90 ) c rroMOIUbiO JleTeKTOpOB Na I (TJ ) - Ge (Li ) 1 

COOTB9TCTB9HHO. BpeM9HHbl9 KpHBbl9 COBITall9HHil: ITOKa3aHbl Ha pHC. 1. 3Ha'le

HH9 T 1:1= ( 180:!::..8) HC9K 1 rrony'l9HH09 B rrepBOM Oil biTe, COOTB9TCTByeT nepHO

IlY nonypacrralla ypoBHH 107,2 K9B, a 3Ha'!eHHe T Y:! "' 170 HCeK 1 Ha6mo)laB

weecH BO BTOpOM OITbiT9 1 rrpRHa)ln9.lKHT COCTOHHHIO 197 17 K9B (7 12+ 1633 I ) 

llnH H3Y'l9HHH IT03HTpOHOB 
173 Ta 6bin HCITOnb30BaH HCTO'IHHK rrepBOI'O 

THITB. 0pHCYTCTBH9 B HCTO'IHHKe JlpyrHX H30TOITOB TaHTana, o6nalla!OIUHX TaK.lK9 
-t-

no3HTpOHHbiM H3ny'leHReM, saTpyllHHno aaanH3 ~ -cneKTpa. Hs cpaBHeHRH 

nony'leHHOI'O crreKTpa IT03HTpOHOB CO CIT9KTpOM 1 CHHTbiM C aHanOI'H'IHbiM HC-
173 

TO"'HHKOM TaHTana, coJlep.lKaiUHM, OllHaKo, nHlilb He6onbwyro npRMeCb Ta 1 

BbiTeKaeT, 'ITO rpaHH'!HaH 9HeprHH HaH6onee .lK9CTKOil: ~+ -KOMITOH9HTbl 
173 Ta 

HMeeT 3Ha'!eHHe E rp ::;: 2 1 100 K9B. HaMH 6hmH npoBelleHbi TaK.lKe orrhiTbi no 

Tpoil:HbiM coBnaJleHHSIM c aHHHI'HnSIUROHHbiMH KBaHTaMR y 5lll Na l ( Tl ).1. 

y 511 [ Na I ( Tl ) ] - y [ Ge ( Li ) ] . PesynbTSTbi 9TRX onbiTOB 

npHBOJlSlTCSl B Ta6n. 4. 

B HacTosrmeil: pa6oTe 6hmH onpeJleneHbi KBK JlnSI HeKOTOpbiX nepeXOJlOB 

B 173 Hf • llnsr 9TOI'O Mbl HCITOnb30BanR 3Ha'l9HHSI OTHOCHTenbHbiX HHTeHCHB

HOCTeil: raMMa-ny'!eil: H KOHBepCHOHHbiX 9neKTpOHOB1 a B o6naCTH Ey < 7 00 K9B 

TaK.lKe RHT9HCHBHOCTH KOHBepCHOHHbiX aneKTpOHOB pa60Tbl/2 / • 0pHBSl3Ka lilKan 

HHTeHCHBHOCTeil: aneKTpOHOB H raMMa-ny'leil: B o6naCTH 9HeprHil: nepeXOJlOB 

E Y < 500 K9B 6btna npoae]leHa a npe]lnono.lKeHRR, 'ITO nepeXOJl y 172, l 

TRna E2 121 • Tiony'leHHbie TaKHM o6pasoM sHa'leHHSI KBK HaXOJlSITCSI B 

XOpOlil9M cornaCRH C JlBHHbiMH/
2 / 0 MynbTHITOnbHOCTSIX nepeXOJlOB HH3KHX 

9HeprHil:, nony'leHHbiMH H3 OTHOlil9HHil: KIL I ILII I L lii. nnsr Bbi'IHCneHHSl KBK 

B o6nacTR E y > 500 K9B 6btno npHHSITO npeJlnono.lKeHRe 1 'ITO nepexoJlbi 

529
1

1 K9B H 730,3 K9B THna E l R M l 1 cooT Be TCTBeHHo. 0TMeTRM 1 'ITO 

rrpH HCITOnb30BaHHH 3Ha"!9HHil: HHT9HCHBHOCT9il: KOHB9pCHOHHbiX aneKTpOHOB pa6o

Tbl/ '21 llnH onpeJleneHHSI KBK nepexollOB c Ey~500 K9B 1 rrpHMeHHH rrpH sTOM 

K09¢¢HUH9HT ClilHBaHHSI JlnSI 6onee HHSKOfi o6naCTH 1 Mbl nony'laeM 3H8'19HHSI 

a k B "' 23 pa3a 3aBbllil9HHbiMH. MOlKHO llYMBTb1 'ITO HHT9HCHBHOCTH KOHBep-
/'2/ 

CHOHHbiX aneKTpOHOB B HH3KOH H BbiCOKOfi o6naCTSIX 9Hepi'HH JlaHbl B B 

paSHbiX 9JlHHHUaX. 
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Ha pHc. 2 rroKa3aHa cxeMa pacrrana 
178 

Ta .... 
178 Hf , cooTaeTCTByJOIUaSI 

pesynbTaTaM H3MepeHHil:. 

3, 06cv.>KileHHe SKCIIepHMeHTaJlbHbiX pesynbTaTOB 

/2/ 17aHf XapMaTu n Xaanneil: nanH arrepBbie caeneHHSI o cocTOSIHHSIX , 

sacenSIJOIUHXCSI rrpH pacrrane 178 Ta , Cornacao1~ 1 a 173 Hf aos6y.>KnaeTCSI 

poTaUHOHHaSI !IOJlOCa OCHOBHOI'O COCTOSIHHSI 112-15211 C qneHaMH 0 K9B (112 ), 

69,7 K9B (312) 1 8},} K9B (512) 1 241,8 K9B (712) H 262,1 K9B(912) , 

rronoca cocTOSIHHSI 512-1512 I ( ypoBHH 107,2 K9B (51 2 )- , 197,3 K9B (7 12)-H 

312,3 K9B (912 )- ), COCTOSIHHe 165,2 K9B 7 12+ I633IH ypoBeHb C 9HeprHefi 

694,8 K9B, 

Op6HTanb 112-1521 I SIBJISieTcSI xapaKTep~ofi AJISI ocHOBHbiX cocTOSIHHfi 

SIAep c 101 aefiTpoHOM ( 
169

Er, 
171Yb, 178Hf ). CocTOSIHHSI 5/2-1512/ 

w 712 +I 633 I cnenyeT o.>KunaTb a 
17 8Hf a HaH6onee HH3KOfi o6nacTH aHeprui1, 

C TaKOH HHTeprrpeTaUHefi HH.lKHHX COCTOSIHHH 
173Hf HaXOJlSITCSI B cornaCHU H 

pesynbTaTbi pacqeTOB Manoaa H np. 1101 , rrpoaeneHHhiX B paMKax caepxTeKyqefi 

MOJleJIH C yqeTOM B3aHMOAefiCTBHH ~OHOH-qacTHUa. 

HaWH HCC.fleJlOBaHHSI IIOATBepnunu B036y.>KUeHHe ypOBHefi poTaUUOHHOH 

IIOJlOCbl OCHOBHOI'O COCTOSIHHSI C 9Hepi'HSIMH 69,7 (3/2-) 1 81,5 t5/2-) H 

241 ,8 K9B (7 12-), D OATBep.>KAaeTCSI TaK.>Ke CyiUeCTBOBaHHe ypOBHSI 107,2 K9B 1 

sac~nSIJOIUerocSI rrepexonoM y 90. DonyqeHHoe HaMH 3HaqeHue nepHona nony

pacrrana T ~ ( yp. 107,2 K9B) = ( 180±..8) HCeK He npoTHaopeqHT oTolKnecTaneHHJO 

9TOJ'O COCTOSIHHSI C op6HTanb!O 5/2-15121, Dp!iHHMaSI BO BHHMaHUe JlaHHbie/2 / 

o6 OTHOCUTe.flbHb!X UHTeHCHBHOCTSIX rrepeXOAOB 1 pa3pSilK810lUUX ypoaeHb 107,2 K9B 1 

Mbi no.nyqaeM AnSI nepexona 107,2 (E2) 3HaqeHHe T~ ;:: 2.10-6 ceK. PacqeT 

_ y1o1 _ 

no H unbccoHy ( nnSI r1 =6) naeT T ~ (E2; 512 1512 I--+ 1/2 /521/) =2 .to-4 ceK. 

B/2/ oTOlKAeCTBJISieTCSI nepexon y 90 c nepexonoM MelKAY ypoBHSIMH 

197,3 (7 12 "") U 107,2 K9B (512 -) poTaUUOHHOH nonOCbi COCTOSIHUS! 512-1512/. On-

HaKO TaKaS! UHTepnpeTaUHSI npOTUBOpeqHT pesynbTaTaM HaWHX H3MepeHHfi: 

1 ) KBK rrepexona y 90 6JIU30K K 3HaqeHHIO JlJlSI nepeXOAa THna E1 

2) rrepexon y YO na6nJOnaeTCSI a cneKTpe saneplKaHHbiX coarraneHHfi c K x-ny

qaMu (saneplKKa a KaHane, oT6upaiOIUeM K x -.nyqu), qTo cauneTenbcTayeT o 

6 
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6onbWOM apeMeHH lKH3Hu ypoBHSI 1 pa3pSI.>KaJOruerocSI rrepexon 

~aKTbi rrosaonSIJOT cnena Tb BhiBOJl, qTo npH pacrrane 178 Ta aos 

TOSIHHe 197 K9B C nOJlO.lKHTeJibHOil: qeTHOCTbl0 1 KOTOpOMY MO 

KBaHTOBbie XapaKTepUCTHKH 7/2 + /6331 • 

B pa6oTe/2/ op6uTanb 712 + 1633 I OTOlKJlecTanSieTcSI c ypc 

ApryMeHTOM nnSI aaeneHHSI aToro ypoaHSI aaTopaM121 cnylKHna 

H pa3HOCTb 9HeprHil: nepeXO)lOB y529,5 H y587,7 , paspSilKai< 

694,8 K9B, 0JlHaKO COI'JlaCHO HalliHM Jl8HHbiM no 3aAeplK8HHbH 

o6a nepexona aaxonSITCSI a KaCKalle c nepexonoM y 90 u past 

HHe 785 K9Be 3TOT ~aKT SIBJISieTCSI OllHHM H3 apryMeHTOB JlJlSI 

HSI 255 K9B, KOfOpb!H MOlKHO HHTepnpeTHpoaaTb KaK poTaUUOI 

9/2 +7 12 I 633 I . 06paruaeT, onHalw, Ha ce6SI BHHMaHHe TOT 

pexony y 58 (255 (9/2+) .... 197(7/2+) npHnHcaaa a/2/ MynbTHrrom 

Ha c aMOM nene, KaK rroKa3biBaJOT pesynbTaThr OIIhiTOB no 

coananeHHSIM c y 81,5+ y 90 (coananeHHSI(y90)(yll5) ), np1 

B036ylKJl810TCSI 1 nO-BHjlUMOMY 1 TaK)Ke pOTaUHOHHb!e ypOBHU 1 

H 312,3 K9B (9/2-) / 2 /. B TaKOM cnyqae cyrueCTBYIOT ABa 6n 

9Hepruefi 197 K9B 1 a J1HHUSI y 90 SIBnSieTcSI nyoneToM. T aK 

nOATBep.>KnaeTCSI TaK.>Ke OnhiT8MH no B036y.>KJlGHHIO pOTaUHOHI 

TOSIHUll 5/2-/512/ H 712+1633/ B peaKUHSIX (a,xn) /5/ 

PesynbTaTb! Ha:UHX OnbiTOB n03BOJ1SI!OT BBeCTH B CXeMy 

HOBbie ypoBHH c aHeprHSIMH BhiiUe 700 K9B (puc, 2). OnliaKo 8 

Hb!e Jld.HHbie noKa HGJlOCTaTOqHb! JlJlSI 6onee nOAp06HOI'O pa 

npupoAbi, 

0TMeTHM 1 HRKOHeU 1 HeKOTOpbie UHTepeCHbie OTJ1HqHSI paC 
178 171 171 173 

.... Hf no cpaBHeHHJO c pacnanoM Lu -+ Yb • Hnpo 
101 10 I 

syeTCSI 73 rrpOTOH!lMH. Do aHanOr'HU C OCTanbHbiMH H30TOITaMI! 

nee BbiCOKHMU MaCCOBbiMU qJiCJ18MU MOlKao 0lKliA8Tb B ero OC 

HHU KB8HTOBbie XapaKTepHCTHKH 712 +/404/. TaKHe X<e KBaH' 

pHCTHKU HMeeT H OCHOBHOe COCTOSIHUe 111L Ill/ B 6 u • 0 OHX 

B JlOqepHHX S!Jlpax B036ylKAa\OTCSI1 KaK HaU60lWe HU3KHe IIO 9H 

112 -1521 1 , 512 -I 512 I H 712 +I 633 I • OnHaKo a oTnH' 
1 7 1 Lu , npH 6eTa-pacrrane 

1 
., a Ta Ha116onee l1HTeHCHBHO ao: 

TauuoHHaSI rro.n;)ca cocTOHHJHI 1/2 - /5:.!1 I , MelKJlY TeM KaK coc· 

7 



60J1blll0M BpeMeHH >KH3HH ypOBH5I1 pa3p5I>K8IOIU8I'OC5I nepeXOJlOM y 90 • 3TH 

<tJaKThi no3BOJ1H!OT cnenarh BhiBOA, qro npH pacnane 
17 3 

Ta B036y>KnaercR coc

rollHHe 197 K9B C IlOJlO>KHT8JlbHOH qeTHOCTb!0 1 KOTOpOMY MO>KHO npHilHC8Tb 

KB8HTOBbJe XapaKT8pHCTHKH 712 + 16331 o 

B pa5ore12/ op6Hranb 712 + /633 I oro>KnecrBnHercH c ypoBHeM 165,2 K3B. 

ApryMeHTOM nnH BBeAeHRH sroro ypoBHR aBropaM
121 

cny>KHna, no-BRJlHMOMy, 

H pa3HOCTb 9Hepi'HH nepeXOJlOB y529,5 H y587,7 1 
pa3p5I>K8!0illHX COCT05IHH8 

694,8 K9B. 0JlH8KO COI'J18CHO H8lllHM Jl8HHbiM no 38Jl8p>K8HHbiM COBn8Jl8HH5IM 1 

o5a nepeXOJl8 H8XOJlHTC5I B K8CK8Jl8 C nepeXOJlOM Y 90 R pa3pH>K8!0T COCTOH

HRe 785 K9Be 3TOT tP8KT 5lBJ1HeTCH OJlHHM H3 8pi'yMeHTOB JlJlH BBe)leHHH ypoB

HR 255 K9B
1 

KOTOpbiH MO>KHO HHTepnperHpOB8Tb K8K pOT8UHOHHbiH ypOB8Hb 

912+71216331 • 06paruaeT 1 0JlH81W 1 H8 ce5R BHHM8HH8 TOT 4JaKT 1 'iTO ne

peXOAY y 58 (255 (912 +)-+197(7 12 +) npHnHcaHa ;r:/ 2/ My JlbTHITOJlbHOCTb E1 •. 

Ha C 8MOM )lene, K8K nDK83b!B8!0T pe3yJlbT8Tbl OnbiTOB no He3a)lep>K8HHblM 

coBnaneHHRM c y 81,5+ y 90 (cosnaneHnR(y90)(yll5) ), npH pacnane''o Ta 

B036y>KJl8IOTC5I
1 

nO-BHilHMOMY 1 T8K>K8 pOT8UROHHhl8 ypOBHH 197,3 K9B (7 12-) 

a 312,3 K9B (912-) 121 • B raKOM cnyqae cymecrsyiOr AB8 6nasxax ypoBHH c 

9Hepruei!: 197 K9B, 8 JlHHHH y 90 HBJlHeTCH ny5neroM. TaKoe aaKniO'l:eHne 

nOATBep>KJlll8TCH T8K>K8 OITbiT8MH IlO B036y>KJl8HH!O poTaUROHIIHX ITOJlOC COC-

TOHHRH 512-15121 H 712+16331 B peaKUHHX (a,xn) /5/• 

PeaynbT8Tbi Ha:uHX onhiTOB TI03BOJ1HIOT BBeCTH B cxeMy pacnana 
173

Ta 

HOBbie ypoBHH C 9H8pi'HHMR Bblille 700 K9B (pac. 2) • 0JlH8KO 9KCneplft-.18HT8ITb

Hbl8 JldHHbi8 IlOK8 H8JlOCT8TO'l:Hbl JlJlH 6onee nOJlp05HOI'O paCCMOTpeHHH HX 

npHpOJlblo 

0TMeTHM 1 
H8KOH8U

1 
H8KOT0phle HHTepeCHhl8 OTJlli'iliH pacnana 

11:1 Ta ... 

_, 
17 3 Hf no cpaBHeHHIO c 
I 01 

syeTCH 73 npOTOH3MH. !lo 

171 171 173 
pacnanoM Lu _, Yb • Hnpo Ta xapaKrepu-

101 

8H8ITOI'HH C OCT8JlbHhlMH H30TOn8MH T8HT8J18 C 5o-

nee Bb!COKHMH M8CCOBblMH 'l:HCIT8MH MO>Kl!O 0)KllJl8Tb B ei'O OCHOBHOM COCT05l

+ 
HHH KB8HTOBhie XapaKTepHCTHKH 712 14041. TaKHe X<e KB8HT0Bbl8 xapaKTe-

171 Ill/ 
pHCTHKH HMeeT R OCHOBHOe COCT05!HH8 Lu • B o60HX CIT:fl85!X pacn8Jl8 

B JlO'iepHHX HApaX B035y iKJl810TC5l, K8K H8H60Jine HH3Kif8 no 9H8pi'RU 1 op6HT8ITH 

112 -1521 I , 512- I 512 I H 712 +I 633 I • OnHaKo B oTnH'l:Re or pacnan.s 

1 7 1 Lu , npn 6era-pacnane 
1 

., " Ta HaH6onee HHTeHCRBHO B036y 'K)laercH po

rauaoHHaSI non:->ca COCT05IHTHI l/2 -/521 / 1 Me>Kny reM K8K COCTOHHRe 7/2- /514,~ 
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• 

sacensnomeecsr B 171 Yb c caMhiM HH3KHM loJ!: ft 1 npH pacnaJle 173 Ta -
173 Hf noKa He o6Hapy*eHo 1 a ero saceneHHe He npeBhllllaeT 1 rro-BHJlHMOMY 1 

HeCKOnhKHX npoueHTOB, 3TH <tJaKTbl MOI'YT ITOK83biB8Th, 'ITO H3Y'I8BillHfiCSI pac

IT8Jl 173 Ta npoHCXOJ:lHT C JlPYI'OI'O COCTOSIHHSI, '19M 7/2 +j404/ , 

ABTOpbl Bblp8)!{8!0T CBO!O Oii8I'OJl8PHOCTb K.H. fpOMOBY 38 110CTOSIHHY10 

ITOJlJl9p)KKY H HHTepec K pa6oT9 1 f.H, cPnepoBy 38 npeJlOCT8BneHHe BpeMeHH 

Ha UHKnOTpOH9 TSI)I{9nhiX HOHOB Y-300, C,l1, cPeJlOTOBY sa noneSHhte 

saMe'IBHHSI H JlHCKyccaro H M. HeHOBofi, H. flonaxoBofi sa ITOMOIUb npa o6pa-

6oTKe 3KCnepHM9HTanbHhlX Jl8HHbiX, 
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TaomHJ. 

.LlaHHL!e 00 aHeprHHX ITCpeXO,l.\OB, llH TCHCL1EHOCTflX (-Jiyq 
KOHBepCHOHHblX SJlCKTpOHOlJ J.i J.ly JlbTJI!ITOJlbHOCTHX rrepGXO.l( 

no3HHKammJI!x rrpH pacrraAe 173T~ 

JHeprHH rrepexo.l(a UTHOCJI!T.HHTCHCJ/!BHOCTJ/l l{J3K 

--
Er[ns](ll£) lr (~IrJ IK. (ill d Cl'-1(, 

69,'7a) 200 (50) 

tJ1 ,sa) 90 (15) 

90,1 8 ) 
Tl 

so·J 1 '74 a) 
5,8(-1) 

90,Ia) 
(300(20) 

250 

II5 ,oa) 20'0. (4) 478 ) 2,3(0) 

160,38 ) 500 (20) 181 a) 6,0(-I) 

172,18 ) 840 (70) 2128 ) 2,5(-I) 

180,68 ) 80 (8) 348 ) 3,3(-I) 

26? 17 ( :i) 

205,28 ) '1,5 (I ,5) en. a) 

529,58 ) 24 (3) Lf ,5a) 5,2(-3) 

587,78 ) 16,4 (I ,9) 7a) 1,2(-2) 

675,1 8 ) 39 (5) 4,5n) 3,2('-3) 

683,78 ) 61 C.'!. 

700,3 a) 100 (i2) 28a) '1,7(-5) 

'73o,on) 51 (6) 28a) 1,5(-2) 

'143,5n) 5 (2) 4 a) 4,2(-2) 

774,58 ) - - c;~. 

846 ,Iu) 34 (5) CJ!, 

864,2 (9) 27 (4) 3,5 (6) 3,6(-3) 

87'7,5 (6) 50 (5) 2,4 (5) 2,2(-3) 

t:J3,0 (I,O) IO (2) 0,6 (2) 6,3(-4) 

tid8 ,6 (I ,0) 12 (2) (2) 6,3(-4) 

892 (I) 4 I 
0,6 

(2) 6,3(-4) 

9 



Taomm,a Ia 

.i(aHHLie 00 ::JHeprHHX rrcpexO~OB, llHTCHCV!BHOCTf!X r-JiyqeU J.1 

KOHBepCV!OHHHX SJleKTpOHOlJ J.i ii!YJI.bTV!TIOJl.bHOCTHX rrepeXO.l(OB, 
B03HHK8ID~V!X npH pacna~e l 73T~ 

JHeprHR nepexo~a UTHOCHT.HHTCHCHBHOCTH KJ3K 
I 

( Er[nB]{L:.E) lr (~IrJ IK (lll,d a:, I<- MYJI.bTHTI. 

69,'78 ) 200 (:)0) !'H+h2°) 
oi ,5 8 ) 90 (15) 12°) 

I 90,1 3 ) 
Jl. 

50 1 1748 ) 
5, 8( -I) li 

I (300(20) 
90,1 8 ) 250 

ns ,oa) 20,1], (4) 478 ? 2,3(0) ;,a 
IG0,3 8 ) .soo (20) 181 8 ) 6,0(-I) ·1 -26) lVI ·+:. 

172,1 3 ) 840 (70) 2l2a) 2,5(-I) E26),B) 

180,68 ) 80 (8) 348 ) 3,3(-I) (12) 
26'/ 17 (:i) 

'"''5 28 ) L.O t '1,5 (I ,5) en. a) 

529,58 ) 24 (3) Lf ,sa) 5,2(-3) ;rr) 
I' 

•I 587,78 ) 16,4 (1,9) 7a) 1,2(-2) 12 
.~. 

675 ,I a) (5) 4,5 3 ) 
,f, 

39 3,2(-3) liJ: 

61:33,78 ) ~I C!I. 

f 
700,3 a) 100 (12) 288 ) '1,7(-j) E2 

·. 
730,08 ) 288 ) iill I') 

~ 
51 (6) 1,5(-2) 

'?43,5 8 ) 5 (2) a) 4,2(-2) 1·.:11 4 
'774 ,sa) - - c:1. 
346 ,I u) 34 (5) CJI. 

364,2 (9) 27 (4) 3,5 (6) 3,6(-3) (B2,M+i.i2) 
a77,5 (6) .so. (5) 2,4 (5) 2,2(-3) d 

C:J3,0 (I ,0) 10 (2) 0,6 (2) 6,3(-4) El 

cio8,6 (I ,0) 12 (2) (2) 6,3(-4) J<l 

892 (I) 4 I 
0,6 

(2) 6,3(-LJ.) J<l 
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.. 
'l'a6n~ua 16 

npo,llomKeime Ta6JI~Ubl la i:3Ha4eHIJH aHepl'VIH VI l'IHTCHCH BHOCTeii raMMa-nyqeii l
73

T a 

95?,9 (6) 40 (6) 3,1 (5) 2,1(-3) {til) ' 8HeprVJH nepexo~a HHTeHCHBHOC'rb 3HeprVJH nepexo,lla V!HTeHC~:BHOCTb 

:!95;8 (6) 18,0 (2,5) 3,5 (6) 5,3(-3) Ml+E2 

I006,6 (5) 33 (4) 9,0 (1,6) 7,5(-3) Ml !i{fK:3B] 
( llEr) Ir c Llr r > Er[KaBJ (f~Er) rr C6Ir> 

1029,8 (5) no (18) 5,2 (7) I,3(-3) El ¥± 480 (60) ll?3 ,5 (8) 7,5 (2,0) 

I045,I (8) I9 (3) 5,2 (8) 7,5(-3) , MI 51~9 ,3 (5) 14 ~3) Il7d,6 (6) 28 (4) 

1208,0 (6) 200 (30) 4,3 5,9(-4) (bl) 55?,0 
u) 10 (2) I2U,2 (1 ,2) ;:,3 

a) 3HaqeuVJe aaVJMCTBOBHHO VJB pa6oTbl I J I. 
567,I (7) 5,0 (1 ,2) 12I6 '7 (I ,4) ~3 

6) Onpel~eneHo no OTHOUWHHIO K: l( I L, I LuiL1uB I 
3 

L 
614,8 (5) 10 (2) I24?,I (I ,5) 5 (2) 

civ; 
l 

6IiJ,O (I ,I) 6 (2) I254 ,I (l ,2) Il (2) 

n) ilpHHHTO npVJ onpc~eneHVJVI 
,ZJ;JIR rrepexo;a.oB c :3HeprVJRMVJ 

,llO 300 K:3B' rwarfl~I;VJUVJellT CUIVIBBHHH UIKBJI I k u Ir : I< =0 ,622. 
64d,'7 (8) 4 (1) I340,4 (I ,3) 6 (2) 

r) llpHHHTO npH onpe~eJieHVJH cij( 
,lr,J!R nepeXO,llOB C SHe prVJHMH BbiUIC 

662,1 (6) 9,7 (1 ,9) U41f,7 (9) IO (I) 

500 K3B, Koarp,IHuneHT cUJVJBHHHfl UJKBJI : I k ~-' I,r: K = 0,0275. 
66'1,5 (5) IO,O (2,2) (1368,0) (6) .! 2I 

,i() ' 1HTCHCVIBHOCTb r -Jlyqel;l onpe~eJICHB VIS rr-COBTI8,llCHJ.1ltl. 686,2 (7) 3,2 (0,9) 1374,4 (7) 14 (2) 

691,7 (7) ~.2 (2,0) 1380,7 (6) 35 (5) 

740,8 (6) 13 (4) 1393,5 (5) 48 (6) 

747,8 ('1) 17 (4) I425,0 (I ,0) 8,6 (2,9) 

753,0 (I ,0) 10 (2) I431,9 (8) lfi (6) .. 

77'1 '8 (B) I5 ,5 (2,5) l435,U (I ,2) IO (2) 

709,2 (6) ll,4 (I ,8) l4'f5 ,I (8) 7 (2) 

?95,1 (B) 9,7 (2,2) llf60 ,6 (I ,3) I5 (3) 

799,4 (5) 40 {6) 11~86 ,2 (I ,2) 8 (2) 

3I2,4 ('?) 28 (5) llf:JO,B (I ,5) 0 (2) u 

022,6 (6) 23 (4) 1Lf9o,2 (l ,I) 9 (2) 

835,8 (6) 15,5 (2,0) I547,3 (8) 22 (5) 

851,6 (I ,0) 12 (2) I574,5 (8) 23 (5) 

a57,3 (7) 24 (3) I584 ,B (I ,5) ><3 

9I3 '7 (6) 2I (5) I5B9 ,I (1 '7) .::o3 

II 
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npo.nomteHHe TaOJIHL\b! 16 

935,5 (1,5) 7 (2) 159'7,6 (d) 24 

:J.5:J,5 (8) 15 (3) 1612,4 (9) 35 

945,7 (I, 7) 6 (2) I6I6,1 (1,3) I2 

949,6 (7) 27 (4) I622,3 (I ,6) 6 

1052,9 (9) 7,6 (l ,6) I625 ,4 (I ,5) 6 

IOd6 ,5 ('?) 7,I (I ,5) I633 ,I (1,0) 4 

II05 ,2 (6) 7,5 (I ,I) I647,2 (I ,2) 7 

Il27,I (8) 9 (2) 

Il67 ,2 (9) 5 (2) •" 

12 

(4) 

(6) 

(2) 

(2) 

(2) 

(2) 

(2) 

Ta6llHL\8 2 

~aHHb!e no rauMa-raMMa-coBna.neHHRM npH pacna.ne 

I73To ~ l73Hf 

3a;n;. K8H8Jl 

Ef[KaB] 
COBTI8;l(810lllH6 raMMa-nyti14, Er {KaB) 

81 ,5+90 ,9 

160,3 

l72,I 

180,6 

700,3 

I208 

90,1; (I07,2); II5,0; 160,3; 267; 700,3; I208 

~I,5; 267; (438); 549; 557; 700,3; (496); 
1006 ,6; 1208; 1374; 

69,7; 267; (438); 549; 557; 567; 700,3; 996; 
1006,6; I208; I374 

1393; I432 

267 

I60,3; I72,I 

Ta61WL\8 3 

J.laHHb18 no 38;l(8p:it8HHb!M raMM8-r8MM8-COBTI8,li;8HHRM; 
sa.nepmKa B sa,ll;aiOmeM KaHane I90 HceK 

3a;n;a IOlllHii K8H8Jl 

Er [KanJ 
CoBna;n;aJOUUfe raMM8-JlY"tlH 

Er(kaBJ 

Kx 
81,5 + 

90,1 

69 .?~ 8I .5~ 90.1 
90,I; (305); 438; 529; 588; 6I8; 667; 
675; (692); (887) 

Ta6J'IHL\8 4 

~8HHb!8 no TpOHHb!M (3+- f'- COBTI8;ll6HHRU 

Ef{KaBJ 69,7; 81,5; 90,I; 160,3; 172,1; 285,2; (529) (588) 

Ir 122; 56 90 320 840 III 58 50 

13 

~ 



r /. 

10 

E 
'<II 
~ 
v 

to' 

Tr12 •180t8HCeH 
·~ . 

+ 

0 10 20 30 40 50 
N9HaHana 

Pac, I. KpHBbze apeMeHHOl'o aaanaaa, B Kaaanax Bbzaen.HnHCb y 90 (Na J (TI ) 
11 L 69,7 + L 81,5 (:macraK), cooraercraeaao, 

14 

912-

712-

C) 
11'5 ::: 

512-512 [512] 

..,~~u~ 1U 
312.3 ;o ~ ~:li:ia 
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-

197.3 
912- I I ~ I I ~ I ~ "' - - -112- I t t .... 

'~ -' I I 197.3 .. 170HCCIC 

173 
72 Hf 101 23h 

1,, 

12~ 
12( 

9,, 

8'1. 

78~ 

262. 
2'1.' 

8!5 
69; 
0 

E{Kl 

PHc, 2, CxeMa pacrraaa 17 '~ Ta .. 173 Hf 1,- - o6ooti.<t'leHtle 
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312.3 

197.3 

512-512 [512] 
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I 
I 
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Nt'lill

t... cco,._.co - ~-...~ c::i~ .. Cft-:8:2!g 10-.!:} 
~~~t::~S!~"e~~~ ~~~~ ~ 

co~~~~a 
912• 1 I ' I ~"' 255.3 

__ ....,__ ,.._.. __ _ 
912- I I * I I l I l I • • 
712-

._ ! f 1 197.3 <»170HCCIC 

1072 

173 
72 Hf 101 23h 

173 

I 
"50 5 (>,9 

121,8 ~.2 7,7 
1209 

91,2) 1,5 7, 7 

872 0,8 7.9 

785 0,8 8.0 

262.1 
2t.1.8 ~30 6,6 

8l5 
6!17 

0 

£{K11b} ro loglt 

173 173" l 
Puc, 2. CxeMa pacna/la Ta... f , ~ - o6o3daqeaue coBna!laauA. 
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