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1. B B e a e H He 

BarnRJl Ha T a 6nHuy '· cxeM pacnaJla H30TonoB /1 I noKa3biBaeT, 'ITO B 

Hb lX SIJlep T8HTana O'leHb orpaHH'leHHblo LJ.nR CaMoro nerKoro H3 H3BeCTHbiX, 

172 
Ta , He TOnbKO Mano H3y'leHa cxeMa pacnaJla, HO Jla.lKe no OllHOMY H3 oc-

HOBHblX napaMeTpOB, nepHOilY nonypaCIT8Jl8, HMe!OTCSI BeCbM8 pa3nH'IHble Jl8H

Hhte, yKn8JlhiB810WHeCSI B npeJlenax 24 MHH ~ T Y, :5 44 MHH / 2,3,4/. 

UenhJO HacToRme~ pa6oTbt HBnReTCSI yTO'IHeHHe 3Ha'leHHSI nepHOJla no-

172 
nypacna]la H30TOIT8 Ta H ITOHCKH H30TOITOB T8HTana C M8CCOBhiM 'IHCnOM 

A < 172. 

2. 3xcrrepHMeHTBIIbH8H MeTO,QHKB 

He~TpoHOJle!jJHUHTHbie H30TOIThi TaHTana 6hmH nony'leHbi B peaKUHH rny-

60KOrO pacwenneHHSI npH o6ny'leHHH Ha BHeWHeM ITY'IKe npOTOHOB CHHXpo-

UHKnoTpOHa 011~U1 C 9HeprHe~ 880 M9B llBYX pa3nH'IHhlX MHWeHe~ - H3 OKH

CH PTYTH (5 rp) H KOHUeHTpHpOB8HHOA peHHeBOA KHCnOTbl (2 Mn) • 11HTeH

CHBHOCTb ny'IK8 COCTaBnRna "' 5.10 11 
npOTOHOB/CeK. BpeMSI o6ny'leHHSI Bbt6H-

panOCb B npeJlenax OT 3 JlO 30 MHHyT. LJ.nR TpaHCrrOpTHpOBKH MHWeHeA B 

XHMH'leCKYIO na6opaTOpH!O npHMeHRnaCb ITHeBM8TH'leCK8SI ITO'IT8 151. 

MHweHH H3 HgO H HRe O 4 paCTBOpSinHCb npH HarpeBaHHH B KOHUeHT-

pHpoBaHHOA aaoTHoA KHCnoTe. TaHTanoBbie npoJlyKTbi peaKUHH rny6oKoro 

pacwenneHHSI CC~p6HpOBanHCb B Te"'eHHe 0/lHO~ MHHYTbl Ha ITOBepXHOCTH CTeK-

na, KaK 9TO 6bmo npeJlnO.lKeHo BllOBeHKo npH OTJleneHHH OT 
95 

Nb 16/ 

(JlnSI KOnH'leCTBeHHO~ COp6UHH T8HTana HCITOnh30BanaCb CTeKnSIHH8SI BBTa). 

3 



CTeKno rrpoMbiBanocb KOHUeHTPHPOBaHHoi{ HNO a H BOJlOH, a T8HT811 CMblB811-

C51 C IIOBepXHOCTH CTeK118 CMeCbiO II118BHKOBOi{ H cepHOH KHC110T (0,4 M HF , 

6 M H 2 so 4 ) • nonHa51 O'iHCTKa IIPOH3BOJlH118Cb rryTeM 9KCTp8I'HPOB8HH51 

MeTHn5yTH11KeTOHOM 111. DpH TSKHX ycnoBHHX B opPaHH'iecKyro ~aay rrepexo

JlHT 99,5% T8HT81la. 0pi'8HH'ieCK851 ~838 IIpOMb!B8118Cb CMeCbiO II118BHKOBOH 

H CepHOH KHC1IOT H HCII01lb30B8118Cb Herrocpe)lCTBeHHO B KS'ieCTBe rrperrapaTa 

Jl1151 H3MepeHH51 y - crreKTpos. BpeMH, Heo5xonHMoe Jl1151 rrony'ieHH51 rrperrapa

Ta, C'iHT851 C MOMeHTa OKOH'i8HH51 0511y'ieHH51, COCT8B1151110 4-6 MHHyT. n1151 

HJleHTH~HK8UHH H30TOIIOB T8HT8118 IIO I'eHeTH'ieCKOH CB513H C JlO'iepHHMH H3Q-

5apaMH HaMH 5binH rrposeneHbi 4 ceaHca o5ny'ieHH51. BpeM51 o5ny'ieHH51 Bbi5Hpa

nocb OT 3-X JlO 30 MHHyT, BpeM51 H8KOII11eHH51 JlO'iepHHX H305apOB BO ~paK

UHH T8HT8118 OT 4-X JlO 20 MHHYT• noqepHHe H305apb! Bb!MbiB811HCb H3 Opra-

HH'ieCKQi{ ~3.bl C M eCbiO HF H H
2
S0

4 
• qHC110 BhlJlelleHHhlX rrperrapaTOB IIpH 

STOM COC T 8 B1151110 OT 4-X JlO 7 • 8 K8'ieCTBe IIOCY Jlbl Jl1151 paJlH08KTHBHbiX lKHJl

KHX rrperrapaTOB C11YlKH11H CT8HJl8pTH3HpOB8HHbie Jl1151 H8illero CIIeKTpOMeTpa 

Te~llOHOBb!e K8IICY11bl 05'beMOM 3 CM3 / 8/ • 

Yl3MepeHH51 y - CIIeKTpOB IIpOH3BOJlH11HCb Ha y - CIIeKTpOMeTpe C Ge(Li ) -

JleTeKTOpOM K08KCH81lbHOI'O THII8 C 'iyBCTBHTellbHbiM 05'beMOM 6,4 CM3 H 9Hep-

PeTH'ieCKHM paapeweHHeM 4,5 K9B t:WH y - rrepexona 
6° Co C SHepi'Hei{ 

1332 KSBo Yl3MepHTe11bH851 TeXHHK8 H MeTOJlHK8 o5pa50TKH CIIeKTpOB IIOJlp05-

HO OIIHC8Hbl B pa5oTe / 8 / 

3. 3xcrrepHMeHTanbHbie pe3ynbT8Tbi 

nn51 OIIpeneneHH51 rrepHOJl8 II011ypaCII8Jl8 172 Ta H3Mep5111C51 CII8Jl HHTeH-

CHBHOCTH Y -rrepeXOJl8 C 9Hepi'Hei{ 214 KSB, OTHOC51illHHC51 K pOT8UHOHHOH 

II0110Ce OCHOBHOI'O COCT051HH51 
112Hf 

PeaynoTaT H3MepeHH51 rrepHona rrony-

pacrrana 
172 T a 

paseH: T Y, = ( 47 :±: 4) MHH. 3TO 3H8'ieHHe COBII8)l8eT CO 

3H8'ieHHeM, IIOlly'ieHHbiM B pa5oTe /
4

/ • 

Y! Jle HTH ~HK8UH 5I 
111 T • 

a IIpOH3BOJllf118Cb IIO I'eHeTH'ieCKOH CB513H C JlO-

qepHHMH H3o5apaMH Hf 
191 

H Lu /1 I. nn51 9Toi{ uenH MHilleHb o5nyqa-

118Cb 15 H 30 MHHyT, BpeM51 H8KOII11eHH51 H IIOC11eJlOB8Te11bHOI'O Bbi)lelleHHSI 

JlO'iepHHX IIpOJlYKTOB COCT8B1151110 15 H 20 MHHyT, COOTBeTCTBeHHOo Ha pHc.1 
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171 
H3o6pa)l(eHht KpHBbte pacnaaa Ta , nocTpoeHHhie no cnaay HHTeHCHBHOC-

TH Y - nepeXOAOB C :3Hepr!i.eil: 662 K:3B ( 
171 

Hf ) H 741 K:3B ( 
171 

Lu) B noc

neAOBaTenbHO Bb1AenSIBWHXCSI 'lepea K8)1(Able 20 MHHYT npenapaTaX Hf • nnsr 

nepHOAa nonypacnaaa 
171

Ta 6htnO nony'leHo 3Ha'leHHe (25 ! 2) MHH. 3To oa

Ha'laeT 1 'ITO 8KTHBHOCTb 1 y6hiB8l011!8SI C nepHOAOM nonypacnaaa 24 MHH,, 

KOTOpasr 6btna HSil:AeHa 8BT0p8MH pa60T 12 •3 / H npHnHC8H8 HMH pacnaay 
172

Ta 6btna HAeHTH<tJHUHpOB8H8 HenpaBHnhHO, 

Ha pHc. 1 noKaaaHa TBK)I(e KPHBaSI pacnaaa 
173 

Ta , llOCTpOeHH8SI no 

y6bJB8HHlO HHTeHCHBHOCTH v - nepexoaa c aHeprHeil: 296 K::IB 178Hf a noc-

neaosaTenhHO Bbt.UeneHHhiX H3 TaHTanosoil: !jlpaKUHH npenapaTax Hf • l}ony-

'leHHoe 3Ha'leHHe nepHoaa nonypacnaaa 
173 

Ta , pasHoe 3,3 'laca, xopo-

WO COBnaaaeT C nHTepaTypHblM 3Ha'leHHeM 111 , 'ITO CBHAeTenhCTByeT 0 npa

BHnbHOCTH nposeaeHHSI XHMH'IeCKHX onepaUHH, 

l1HTepeCHO 38MeTHTb, 'ITO HSM He yaanOCb HAeHTH!jlHUHpOBSTb Y - ne

peXOAbl BO <tJpaKUHH TSHTana, cnaa HHTeHCHBHOCTH KOTOpblX npOHCXOAHn 6bt 

c nepHO.UOM nonypacnaaa (25 :t 2) MHH, PaccMaTpHBaeMhtil: npH aToM HHTep

san :3HeprHil: aaKnlO'IeH B npeaenax OT 70 .no 800 K::IB, 3To rosopHT o TOM, 

'ITO OCHOBHSSI 'ISCTb pacna,ClOB npOHCXOAHT nH60 B OCHOBHOe COC-

TOSIHHe, nH60 Ha BbiCOK0:3HepreTH'leCKHe ypOBHH , IT 
1 
Hf 

IT I 
y - cneKTpbl AO'lepHHX H306apOB Hf :H. 171 Lu H306pa)l(eHbl Ha ' 

pHc.26. 

nnSI HAeHTH<tJHKSUHH 6onee nerKHX H30TOnOB TaHTana HBMH 6btnH npo-

BeAeHbl 4 OnbiTa CO speMeHeM o6ny'leHHSI OT 3 AO 15 MHHYT H BpeMeHeM 

HaKonneHHSI H nocneaosaTenhHoro BhiAeneHHSI AO'IepHero ra!jlHHSI oT 4 no 6 

MHHyT. 

Tio nony'leHHhiM B paanH'IHhtX onbtTax peaynhTaTaM aHanHaa y - cneK

Tpos nocneaosaTenhHo B},taeneHHbtX npenapaTOB Hf H3 TaHTanosoil: !jlpaK

UHH nepHOA nonypacnaaa 
170

Ta onpeaenSieTCSI paBHhiM (7,0 :t 0,5) MHH, TH-
170 T 

nH'IHbte KpHBbte pacnaaa a , nocTpoeHHhte no cnaay HHTeHCHBHOCTH 

y -nepexo.uos pacnaaa 
170

Lu /1/ H 
170

Hf /10/ a nocneaosaTenhHO 'lepe3 

K8)1(,Clbte 20 H 6 MHHYT BbiAenSieMbiX npenapaTax, H306pa)l(eHbi H8 pHC, 1 H 

3, COOTBeTCTBeHHO, 
169 

HanH'IHe H30Tona Ta aoKa3aHo TaKHM )l(e o6paaoM no ao'lepHHM H3o-

6apaM 
169 

Lu H 169 Yb TiepHoa nonypacnaaa ero cocTasnsreT (5,0;t0,5)MHH, 
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KpHBhte pacna.na 
169 Ta -t nocTpOeHHbie no cna.ny HHTeHCHBHOCTH y - n e -

peXOAOB 
169 

Yb C 3Hepr'HSIMH 109, 178, 198 H 308 K3B B nocne.QOB8Te1lbHO 

BhiAe1ISIBlliHXC SI K8:>KAbte 5 M HHYT npenapaTaX Hf , Hso6pa*eHht Ha pHc,4. 

YIAeHTHtjlHK8UHSI 
16 8

Ta TeM )Ke CnOCOOO M - no cna.r:ty HHTeHBHCHOCTH 

168 y -nepeXOAOB Lu C 3Hepr'HSIMH 88 H 199 K3B- npHBena K pesynbT8TY 

(2 ,5 :t 1,2) MHH .nnSI nepH o.na nonypacna.na. C ooTBeTCTBYIOlll8SI KpHBa SI 

pacna.na 
168 

Ta H3o6pa*eHa Ha PHC, 5, 
HaKOHeU, Mbl CMOI'llH HAeHTHtjlHUHpOB8Tb H81IH'IHe H30TOna 

167 
Ta BO 

tjlpaKUHH T8HT81l8, 

B rrocnelloBaTenbHO qepes K8)Kilhle 4 MHHYThi BhtllenSieMhiX H3 TaHTano-

167 -
BOil: tjlp8KUHH npenapaTaX ratjlHHSI Mbl H801l!Oil81IH y - nepeXOilbl L u C 3Hep-

r'Heil: 239 K3B H 
167 

Yb C 3Hepi'HSIMH 106, 113 H 176 K3B, flo yobiB8HH10 HHTeH-

16 7 
CHBHOCTH 3THX nepeXOilOB Mbl onpelle1IH1IH nepHOil rronypacnalla Ta paB-

Hb!M (2,9 :t 1,5) MHH (pHC, 5), 

,Unsr H8r'1ISIIlHOCTH Mbl npHBOilHM H8 pHC, 2 a,o Y - c neKTpbt nepBOI'O 

H3 llO'IepHHX rrperrapaTOB, BhiileneHHb!X H3 T8HT81IOBOH tjlpaKUHH H H3MepeHHbiX 

cnyCT SI 2 MKH, 51 MHH, 6,3 '18C8 0 3,6 llHSI H 20,4 llHSI nocne Bbi.QeneHKSI K3 

TaHTan oBoH tjlpaKUKH. Ha pHc. 2a K3o6pa*eHhi TaK*e y - crreKTpbi BToporo 

x) 
llO'IepHero rrperrapaTa, K3MepeHHhte cnycTsr 2 H 72 MH H nocne BbiileneHHSI, 

Y - cneKTp T8HT81IOBOA tjlpaKUHH, B biileneHHOH H3 peHHeBOH MHllleHH 

nocne 10-MHHyTHOI'O o6ny'leHKSI0 K3MepeH 'lepe3 7 MHHYT IIOCne KOHU8 oony-

'leHHSI H H300p8)KeH H8 pHC, 6, flpellB8pHTe1lbHhle ll8HHhle 0 

npHBelleHhi B Ta6n. 1. 

y - cneKTpe 

LlnSI 172 Ta HlleHTKtjlHK8UHSI y - nepeXOAOB no rrepHOilY paCIIa.r:ta y6bt-

BaHHSI KHTeHCHBHOCTH .r:tOBOnhHO npocTa. B cnyqae 
170Ta 

MO)KHO IIpH HlleH-

TKQJHK8UHH HCn01lb30B8Tb TOT tjlaKT, 'ITO y - nepeXOilbl C 3Hepr'HSIMH 101 H 

2 /11/ 166 (II ) 170 
21 ~ ~£_3B H3BeCTHbl H3 peaKUHH ~ Ho 8,6n Hf K8K nepeXO.Qbl 

pOT8UHOHHOH II01l0Cbl OCHOBHOI'O COCTOSIHHSI 
170 

Hf , Ha pHC, 3 H300p8)Ke

Hbl KpHBbte CI18JJ.8 HHTeHCHBHOCTH :3THX rrepeXOJJ.OB BO Qlp8KUHH T8HTana, 

LlnSI HAeHTHtPHK8UHH y - IIepeXOAOB C 3Hepr'KSIMH 369 H 493 K3B Mbl 

IIOCTpOH1IH KpHBbie y6htB8HHSI HX HHTeHCHBHOCTH B T8HT81IOBOH tjlpaKUHH H B 

ratjlHHeBoH tjlpaKUHH (pHc. 7). B TaHTanoBoH tjlpaKUHH HHTeHCHBHOCTh o6oHx 

x) Hf-1 H HI- 2 Bbi AenSIJIHCh H3 T8HTanoaoA <j>paKUHH nocneAOBaTenhHO 

OAHU 38 IIPYI"HM 'lepe3 6 MHH, 
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y - nepexonoB cHa'Iana B03pacTaeT, a noTOM cnanaeT c nepHOAOM nony

pacnana (5,0 ± 0,5) MHH, B TO BpeMSI K8K B raqJHHeBOH cppaKUHH Ha61I!OAaeT

CSI TOllbKO cnan HHTeHCHBHOCTH, npH'IeM C nepHOAOM nonypacnana 3,2 MHH. 

0TCJOA8 1\tO)!(HO 38K1IJO'IHTb,_ 'ITO A8HHhie y - nepeXOAbl B03HHK8JOT neH pac

nane 
169 

Rf • 3TO nOATBep)!(Jl8eTCSI H TeM cpaKTOM, 'ITO OTHOIUeHHe HHTeH

CHBHOCTH 8 THX nepeXOAOB OAHH8KOBOe B T8HT81IOBOH H racpHHeBOH cppaKUHHX. 

C y'IeTOM H8IUHX pe3y1IbT8TOB uenO'IKH pacnana KOpOTKO)!(HBYIUHX HeH-

TpOHOAecpHUHTHbiX H30TOnOB Ta HMeJOT cnenyJOIUHH BHA: 

172 ~H 112 HI 5 l_!.~T 172 6 ,5JlH 112 Yb 
Ta Lu 

171Ta 25MHH 171 12 'I 17 I 8 JlH 111 Yb 
HI Lu 

170 7 ,0MHH 170 16 'I 170 2 JlH 170 
Ta HI Lu Yb 

169 5,0MHH 169 HI 3,2MHH 169 1 ,5JlH 169 Yb 30 JlH 16.9 
Ta Lu Tm 

168 Ta ~2 ,5MHH 168 HI 25MHH 168 7MHH t68 Yb Lu 

167 Ta ~~,BMHH 167 HI 1 ,9MHH167 Lu 55MHH 167 Yb 17 ,3MHH 167 Tm ~167 E:r 

flony'IeHHbte HaMH pe3y1IbTaThi o nepHonax nonypacnana H30TonoB Ta 

XOpOIUO BnHCbiBaJOTCSI B CHCTeMaTHKY 3Ha'IeHHH nepHOAOB nonypacnana, 06-
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4. CHcTeMaTHKa 3HaqeHHH nepHo~a nonypacna~a 

~erjJOpMHpOB8HHblX HeiiTpOHO~er/JHUHTHblX Mep B o6naCTH 

150 < A < 190 

Eonbruoi!: HHTepec npH H3y~eHHH CTPYKTyphl aTOMHoro RApa npeacTaB

nReT 3KCnepHMeHTanhHOe HCCneAOB8HHe BCe 6onee KOpOTKO*HBylliHX gaep, 

HaXOASllliHXCR BCe }J.anbllie OT nonOCbl CT86HnhHOCTHo 3THM H 06'bRCHReTCR 

ITORBneHHe 6onbWOrO ~HCna Hay~HbiX pa6oT 1H, B ~8CTHOCTH, H8CTORWero HC

cneJJ.OB8HHR,ITO nony~eHHID H HJJ.eHTH~HK8UHH ITOKa HeH3BeCTHbiX gaep paanH~

HbiMH Me T OA8MH, B 3TOH CBR3H rrpeJJ.CTaBnReT HHTepeC CHCTeMaTHKa OIJ.HOro 

H3 ocHOBHbiX rrapaMeTpoB R.a.ep - rrepHo.a.a rronypacrra.a.a, - oHa MO*eT cny

*HTh K8K .a.ng BbiRBneHHR 06WHX H ~aCTHbiX 38KOHOMepHOCTei!:, T8K H }J.n.SI 

npe.a.cKaaaHHR nepHo.a.a rronypacrra.a.a rroKa HeHaBeCTHbiX gaep. TaKHM o6pa

aoM, CHCTeMaTHKa MO*eT CT8Th B8*HbiM KpHTepHeM }J.nR nnaHHpOBKH 3KCITe-

pHMeHTOB H ITOHHM8HHR rrony~eHHbiX pesynhT8TOB, 

B 3TOi:l. pa60Te Mbl ITpHBe}J.eM ~aCTb Hamel!: CHCTeMaTHKH 3Ha~eHHH ne

pHOJJ.a rronypacna.a.a gaep, K8C8IDllieHC.Sl TOnhKO Hei!:TpOHOJJ.e~HUHTHbiX JJ.e~op

MHpOB8HHbiX .SI.a.ep B .a.HarrasoHe 150 < A < 190. Ha pHc. 8 rrpe.a.cTaBneHbi H3-

BeCTHbie B HacToRrnee BpeM.SI 3Ha~eHH.SI nepHo.a.a rronypacrra.a.a gaep B saBH

CHMOCTH OT M8CCOBOro ~HCna A JJ.nR He~eTHbiX R}J.ep, 3 .a.eCb COeJJ.HHeHbl Me*

JJ.Y co6oi!: KpHBbiMH 3Ha~eHHR rrep Houa rronypacna.a.a ~eTbipex rpynn He~eTHbiX 

Mep: He~eTHbie H ~eTHbie H30TOITbl ( Z = const ) H He~eTHbie H ~eTHbie H3Q-

TOITbl ( N = const l • CnellyR sa nepHOJJ.OM rronypacna.a.a He~eTHbiX H30TOITOB 

H He~eTHhlX H30TOHOB, Mhl 38Me~aeM B paHOHe M8CCOBOrO ~HCna A • 165 

cne.a.yiDruyJo oco6eHHOCTh: gapa c MaCCOBbiMH ~HcnaMH A=157, 159 H 161; 

H8XOJJ.RlliHeCR Ha KpHBOH H30TOITOB C z = 67 , pacna.a.aiDTCR c 6onee KopoT-

KHM rrepHO}J.OM rronypacrra.a.a, 'leM MO*HO 6bJnO O*HIJ.8Tb, CYJJ.R ITO XOJJ.Y KpHBbiX 

coce.a.HHX H30TorroB c Z = 65, 69 H 71. To *e caMoe Ha6niD.a.aeTC.SI anR 

H30TOHOB c N = 95 H A=163, 165 H 167 H H30TOHOB c N = 97 H A=165, 

167 H 169. Pa3HHUa Me*AY .a.ell:CTBHTenbHbiM H O*H.a.aeMbiM rro xo.a.y coce.a.

HHX KpHBbiX 3Ha~eHHffiMH nepHOIJ.8 rronypacnaaa JJ.OCTHraeT OAHOro nopRAK8, 

3TO 06'bRCHReTCR TeM, 'ITO BepORTHOCTb pacna.a.a YK838HHbiX H30TOITOB H H3Q

TOHOB ,onpe.a.enReTcR rnaBHbiM o6pasoM gaepHbiMH nepexoaaMH Hesauep*aHHO

ro pasperneHHOrO THIT8 ( 4,4;; fog ft ;;i 4,8 ) Me*AY COCTORHHRMH C HHnbC-
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COHOBCKHMH X8p8KTepHCTHK8MH 7/2-[ 523) H 5/2-[523), 0rrHC8HHOe ITO-

B9):19HHe KpHBbiX IIOBTOpSieTCSI T8K)K9 ):lliSI LIPYI'HX SI):Iep, M9)KJ:Iy KOTOpbiMH B03-

MO)KHbl YK838HHbl9 rrepeXO):Ibl ( Ta6n, 2), Y CKOpeHHbiH pacrra):l SIAep He3a):lep

)K8HHhiMH paspeweHHbiMH rrepeXO):I8MH Be ):leT K o6pa30B8HHIO H9KOH "):1011HHbl" 

saa~eHHH rrepHOAa rronypacrra):la B saBHCHMOCTH oT MaccoBoro ~Rena A, KaK 

BHLIHO ITO KpHBbiM B BepXHeif · IIOliOBHHe pHC, 8, 

DoAo6HhiH s~~eKT CHH)K9HHSI saa~eHHSI rrepHOAa rronypacrra):la AO BenH~H

Hhl HH)K9 0)KHJ:I89MOH ITO XOAY COCe):IHHX KpHBhlX Ha6niO):I89TCSI IIpH pacrra):le 

SI):Iep, t:lliSI KOTOpb!X B03MO)KHbl H938):19p)K8HHbie pa3peweHHbl9 rrepeXO):Ibl M9)K

LIY HH1lbCCOHOBCKHMH XapaKTepHCTHK8MH 7/2-[514) H 9/2- [514) , 0AH8KO 

3):19Cb CHH)K9HH9 He CT01lb cyweCTBeHHO, K8K B cny~ae rrepeXOLIOB Me)KJ:lY 

COCTOSIHHSIMH 712- ( 523) H 512- [ 523) , DpHMepbl IIpHB9):19Hhl T8K)K9 B Ta6n,2, 

Ha pHC, 9 rrpeacTaBneHbi H3BeCTHhie B aacToSiwee BpeMSI saa~eHHSI rre-

pHOLI8 rronypacrraaa ~eTHO-~eTHhiX H He~eTHO-He~eTHhiX SI!lep B 38BHCHMOCTH 

OT MaccoBoro ~Rena A. 3AeCb T8K)Ke coeaHHeHhi Me)Kay co6oif KpHB hiMH saa

~eHHSI rrepHoaa rronypacrraAa ~eTHhlX H ~~ ~eTHhlX H30TorroB H H30TOHOB. He

saAep)KaHHhie paspeweHHbie {3 - rrepeXO):Ibl M9)KJ:lY COCTOSIHHSIMH C HH1lbCCO

HOBCKHMH xapaKTepHCTHK8MH 712- [ 523) H 5/2- ( 523) 3):{9Cb T8K)K9 Orrpeae-

11SIIOT CKopoCTh pacrraaa. 06pasoBaHHe "aonHHbi" B paifoae A .. 164 MO)KHO 

o6'bSICHHTh HMH )Ke , CooTBeTCTBYIOWHe SIApa rrepe~HcneHbi B Ta6n. 3, B paif

oae MaCCOBhiX ~Hcen A"" 178 H 180 anSI H30TOHOB c N = 105 orrpeAenSIIOWHMH 

CKOpOCTb {3 - pacrraaa CT8HOBSITCSI H938):{9p)K8HHhie pa3peweHHbl9 rrepeXOLibl 

M9)KLIY COCTOSIHHSIMH C HH1lbCCOHOBCKHMH XapaKTepHCTHK8MH 7/2- [ 514) H 

9/2- [ 514] • 

CHcTeMaTHKY 3Ha~eHHH rrepHOLIOB rronypacrraaa, rrpHBeaeHHYIO Ha pHC, 8 

H 9, MO)KHO HCII01lb30B8Tb ):lliSI OpHeHTHpOBO~HbiX rrpe):{CK838HHH 0 rrepHOLI8X 

rronypacrraaa 611H)K8HlllHX K H3B9CTHbiM H9H3B9CTHbiX SI!lep, 9KCTp81I011HpySI 

KpHBhie rro aaanorHH c coceaHHMH, B Ta6n, 4 rrepe~HcneHbi HawH oueHKH 

rrepHoaa rronypacrraaa PSILI8 HeH3BeCTHbiX 8KTHBHOCTeif . nnSI oueHKH ):IOCTOBep

HOCTH 3Ha~eHHH rrepHO):lOB rronypacrraaa, rrony~eHHbiX 1IpH SKCTp81I011SIUHH KpH

Bbl X 1 KOTOpbie IIOK838Hbl Ha pHC, 8 H 9, Mbl COIIOCT8B11SieM B Ta6n, 5 H3-

MepeHHhle H8MH. rrepHOLibl rronypacrraaa KOpOTKO)KHBYlllHX H30TOIIOB T8HT8118 

C OUeHeHHhiMH, PaCXO)KJ:leHHSl BO BCeX cny~aSIX H8XOASITCSI B rrpenenax 
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+ 300%. ITocne OKOH'laHHSI Hamel!! pa6oTbi Mbi nony'lHnH cae.ueHHSI o nepHo.uax 

nonypacna.ua H3oTonoB 

COOTBeTCTBeHHO 

B Ta6n. 4. 

/19/ 

184Hg H !84Au 
1 COCTaBnSIIOIUHMH 32 CeK H 1,0 MHH, 

3TH 3Ha'leHHSI xopowo coana.uaiOT c Haweft oueHKoft 

B 3aKniO'leHHe aBTOpbi 6na-r·o.uapSIT npo¢eccopa K. <ll. AneKcaH.uepa 3a 

KpHTH'leCKHe 3aMe'laHHSI npH 'lTeHHH pyKOITHCH. 
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Ta6nHua 1 

.QaHHble 0 Y - nepeXO.llSX KOpOTKOlKHBYWHX H30TOnOB Ta 

Ey (KaB) I y T ~( MHH ) HneHTIIcjlRKawul 

76 < 5 

!24 ~ 5 

!54 < 5 

!92 ~ 3 

95 47 172 Ta 

214 47 !72 Ta 

IOI I 7 170 Ta 

221 I,IS 7 I70Ta 

370 I3 5 I69Hf 

494 IOO 5 169 .Hf 
986 - - 8 (170 Ta ) 

·- - - ·· ------ - ---------~-
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l 

Ta6nHua 2 

He'leTHble snpa paccMaTpKsaeMoil o6nacTK, Me>Kny 

KO TOpbiMH npOHCX01lHT He3aneplK8HHblil paaperneHHblil 

f3 - pacnan 

HH1lbCCOHOBCKHe COCTORHHR 

HnepHblil nepexon 

HB'IBnbHOO KOHe'IHOO 

159Ho ~ 159Dy 

1611!0 - 161Dy 7/2~ [5231 5/2- [523] 

163Ho 
~ 

163Dy 

163Er 16) 
·---4 Ho 

165Er ~ 165Ho 

165Yb - 165Tm 5/2- [ 523] 7/2- [523] 

167Yb ~ 16?Tm 

169H:f ---f 169Lu 

179w .- 169Ta 

(181os 181Re) 
712- [514] 9/2- [514J 

~ 

l165~ ~ 165Er 
1/2+ [41 tJ 

1/2+ [411) 

163Tm ~ 163Er 
3/2+ 7/2~ [523] 

5/2- [52'3 J 
i j 

13 

I I 
flHTepa Typa 

i 

I 

12 

12 

12 

12 

12 

13, 14 

12 

16 

12 

17,18 

12 

12 
I 



Ta6naua 3 

"''eTHo-'leTHbte H H9'19THo-H9'19THble SI.Upa paCCM8TpH889MOit 

o6naCTH, M9lKllY KOTOpbiMH npOHCXOJlHT H938Jl9plK8HHbiA 

paapeweaubtlt 6eTa-pacnaa 

-
HallbccoaoscKae cocTOSIHIIII 

.RaepJUoJA nepexoa 
I 

H8'18llbHOQ KOH&'IHO& 

166Yb -- 166Tm a• : 1 + 7/2: (523] 
164Yb ~ 164Tm 5/2 L52, 

164.:J. ~ l6~r 

164no - 164ny 1 + 7/2: [523] a• 
162Ho _ 162Dy 5/2 [523") 

162Ho _ 162ny - 7/2- (,5231 6 5/2+ t6-42] 
5- 5/2: (523] 

5/2 l642) 

16aHo _ 160ny 5• 112- B23] 
3/2- 21] 

4 + 5/2- [523] 
3/2- (5211 

166.rzn ~ 166Er 2 + 1/2: [4 11l 
5/2 j642} 

3+ l/2: (41 tl 
7/2 t523 
5/2: [5231 
5/2 [642] 

178.ra _ 17~:r 1+ 9/2- [5141 
7/2- (514] 

a• 

8- 7/2 + [4a4~ 
- 7/2+ [404) 

9/2- [514 
178.ra ~ 17~:r 7 7/2- (5141 8- 7/2: (514] 

9/2 [624} 

'aa. -'SOw - 7/2- !)14] 1 5/2+ f4a2] 
2- 9/2: [514] 

5/2 [4a2J 
--- ------ ---- - - - -

·. 14 

' 
naTepaTypa . 

12 
12 

12 
12 
12 

12 

12 

12 

12 

12 

15 
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Ta6naua 4 

nepHOAbl nonypacnaAa HeKOTOpblX Hllep, nony'leHHble 

MeTOAOM 3KCTpanonRUHH KPHBbiX o6pa3yiOIIlHX CeTOK 

(pHC, 9 H 10) 

.RApO f I/2 (MHH) 

145Tb -0,4 
151Er -o,oo 
155Er -4 
157Tm _, ,5 

155Tm ..... a, 15 
161Yb 

-4 
159Yb ,o,a 
16:3Lu '"'2 
161Lu -0,3 
17LcV 

-0,9 

I 17508 "I 

I 17'3os ..... o, 12 
171Re -o,a 
179Ir "2 
181Ir -4 
160Yb 

"J, 5 
164Hf -2 
17ow 

-2 
17408 _, 
184Au '-'2,5 
184Hg -0,5 
190Tl - 2,5 
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Ta6nHua 5 

CpasHeHHe 9KCnepHMeHTanbHoro 3HaqeHHH nepHouos 

nonypacnaua KOpOTKOmHsymHX H30TOllOB T6HTana C 

OUeHeHH b!MH 

.Hupo TI/2 9KCn. (MHHJ TI/2 oueH. LMHH) 

Ta 172 47 + 4 .... 30 
Ta171 25 :!: 2 ---40 
Ta170 7,0:!: 0,5 ---7 
Ta169 5,0 :!: 0,5 ~6 

Ta168 2,5:!: 1,2 -2,5 
Tu167 2,9 :!: 1,5 -1 

16 



N 

10' 

0 

PHc.l. 

o U6KJI Hfm 
s 1'1 ul Lun1 

• 6,2 K1C Hff'ff 
6 ,10 10C Hf 1f0 

J.h • Z't,SmuH 

T f;'L • 25 mu11 

T"'L•1,5 muH 

zo ¥0 

170 
KpHBhle pacnaAa H30Tonoa Ta 

Hble no y6hiB8HHIO HHTeHCHBHOCTH 
170 Hf (572 K3B ), 171 HI (662 K3B), 

17 

80 100 110 

171 
Ta H 

173 
Ta , nocTpoeH

y -nepeXOAOB pacnaAa Hao6apoa 
171 Lu (741 K3B) H 

173 Hf (296K3B), 
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"" zoo J()O .... soo ""' 100 .., K 

Pac.2a,l H 2 - y -crreKTpbl Hf-l H Hf- 2 , H3MepeHHhJe 'Iepea 2 MHH rroc 

ne BbiJle/leHHSI H3 T8HT8ll0BOH cjlpaKUHH; 3 H 4 - y - CIIeKTpbl H f- l 

H Hf - 2 , H3MepeHHhle COOTBeTCTBeHHO 'Iepe3 51 H 72 MHH IIOClle 

BbJ)leneHHSI, 
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-
'"' .... -

PHc.26. Sl 6 3 'laca nocne Bbi-1A cnycT • 6 HI- I H3MepeHHb lA cnyCTSI 3, .O.HSI 
5 Y _ cnexTp • - I H3MepeHHb 

3 
- · _ cnexTp Hf - ' aMepeHHbiA 'lepe .o.eneHHH; 6 - Y _ cnexTp Hf - I • 

8 ocne Bbi.o.eneHHH; 1 - Y 
n 1.o.eneHHH. 20,4 .O.HSI nocne Bb 
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~b 0 620 Ht170 

• 572 Hf/70 

1::. 101 r0 170 

0 221 r0 170 
l ""0....... "- ~ 5 

10°~--~~--~~--~~--~~--~~--~~--~~--~~--~------
0 6 12 18 21. 10 36 42 t.8 t; I 

ML/H 

PH c ,3. K pH Bhie pacrrana 170 Ta , rrocTpoeHHhie no crrany HHTeHCHBHOCTefi 
y - rr epe x onoB pacrrana 

170 
Hf c SHepr Hefi 572 H 620 KSB H pac-

rrana 
170 Ta c SHeprHefi 10 1 H 22 1 KSB, 



N 
5 

a 109 k3d Yh 169 
~ 178k3~Yb169 
0 198 klG Yb 169 

• 308 h6 Yb169 

T1h • 5,8 MIJH 

T11z • ~,6 MIJH 

T1h • ~,8 MIJH 

T1tz. • ~.8 ~~~H 

1 10 oL---------5~------~,o~------~,5--------~20---------2~5~---------
f I HiJH I 

PHc,4. KpHB bie pacrraaa H30Torra 
16 9 

Tn , rrocTpoeHHbie rro y6btBaHH!O HH-

TeHCHBHOCTeii y -rrepeXOilOB 169 Yb (109, 178, 198 If 308 K3B) , 
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101 

10° 

0 4-

~ 

8 1Z 

T-yl ~ (2,9!1,5) MU~ 

1131<3& Yb 1'
1 

T~1z • (2,5! 1,Z) MuH 

19'3 K3g Lu 1'B 

tfMuHJ 

PHc,5, KpHBbie pacnaAa 
168 

Ta H 
167

Ta , nocTpOeHHbie no y6biB8HHIO HHTeH-

CHBHOCTei\ y - nepeXOLIOB paC!18!18 168 Lu ( 199 K3B) H 167Yb ( 113 K3B) , 
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Pac, 7. Cnan HHTeHCHBHOCTH y - nepexona c aaeprael! 493 KaB BO cppax-
UHHX Ta H Hf. 
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PHc,S, CHCTeMaTHKa 3Ha'IeHHll nepHoaa nonypacnaaa HellTpoHoae!jlHUHTHhiX 
SIJlep c He'Ie THbiM A a -o6nacTH 150 < A <190, 

KpHBBSI z N .Hapo 

c anst, He'IeTHOe He'IeTHo-'IeTHOe 

2 • • • ... • • · • c onst,,'leTaoe He'IeTHOe 'IeTHo-He'IeTHOe 

3 - ,-,-,- 'IeTHOe canst., He'IeTHoe 

4 ------- He'IeTHoe canst., 'IeTHoe He'IeTHQ-'IeTHOe 
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Pac.9. CacTeMaTHKa aaaqeaail: nepBOAa nonypacnaAa aeii:TpOHOAecjlauBTHblX 
BAep c 'leTHbiM A B o6naCTH 150 < A < 190. 

KpHB8B z N SIApO 

canst., 'leTaoe 'leT Hoe 'leTHo-'leTHoe 

2-,- ,-,.,-,.--, .,-,.- 'leTHOe canst., 'leT Hoe 'leTHQ-'IeTHoe 

3 • • . • . . • • • canst., He'leTaoe He'leTaoe He'leTHo-He'leTHOe 

4-.-.-.-.- He'leTHOe canst., ae'leTaoe He'leTHo-He'leTHOe 
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