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2, MeTOAHKa 

sanHCb cneAyKIDHe peaKUHH COCT8BHOI'O HApS C ucnapeHHeM 

155Gd ( 22N ) 177-x.., 
6 4 1 o e ' x 0 7 4 "• 

I 56. I 55 Gd ( 2 0 N ) I 7 6- X ,1 7 5- " 
64 to e, xn 74W 

e Y-300 J1.HP B D.y6He, OpuMeHSinacb ToncTaSI MHllleHb 

H8K1JOH 45°) H3 OKHCH OOOI'ailleHHblX ( AO 92-95%) U30TOnOB 

epi'HSI UOHOB 
22 Ne H 20 Ne sw6upanacb B UHTepsane 

Opu ucnonb30B8HHH TOITCTOfi MHllleHH, K8K cnenyeT U3 pac-

121 
TOA~ onucaHHOMY B , H3 COCTaBHOI'O SlApS ucnapSIIDTCSI 

HCITOM X = 4 - 8, 3TO npUBOAUT K 00p830B8HUID U30TOnOB 

-169 /liTH 
155 Gd u 

22 Ne c A = 172-168 JliTSI 

0 Ne H A= 171-167 )llJSI us Gd 
" 

20 Ne , npu-

0 H nOSIBITeHUe U30TOna C A Ha eAUHH uy 6onbllle, "!eM 

A , c MeHblliUM BbiXO/lOM, ToK HOHHOI'O ny"lKa nocTuran 

o6ny"leHUSI "' 30 MHH, 

MU"leCKH "lHCThrfi sonb!jlpaM oohi"lHO BhiAenSinCSI qepes 20-30 
121 

KOHUa o6rry"leHHH no Me TOllY, onucaHHOMY B , B HeKOTOpbiX 

)leHTU!jlUK8UUH U30TOnOB no reHeTU"leCKOfi CBS13U C AO~epHUMU 

nepuoAaMH nonypacnaAa llO 24 qacos R3y"lancSI secb BhiAeneH­

M B Te"leHue HeCK01JbKHX cyTOK, B ApyrRX onhiTax npuMeHHJlCSI 

eTOil "HaKonneHUH 11 U BhiAeneHHSI AO"lepHHX npenapaTOB T8HTana 

"lepes onpeAeneHHbie uHTepsanhr speMeHu, B onhiTax TpeTbe-
181 

1Jb30B81JCH npeAnmKeHHbifi H8MU MeTOA 
11

BH1JK8" (eM, ), 

enapaTw usyqanucb Ha repMaHueBoM raMMa-cneKTpOMeTpe 

aHa1JU38TOpOM npH pa3pellleHUH AO 4 K9B H "'YBCTBH-

3 
eMe AO 30 CM , K8JlUOpOBBHHOM no 9Hepi'UU H 80C01JIDTHOfi 

4 

~- ~
\ 

' 
\ 

,)~ '-

1. BBeneHHe 

HacToSimasr pa6oTa srsnsreTCSI npo.non>KeHueM nporpaMMhi H3y"leHHSI 

Jl81J8KHX OT IT01J0Cbl CT80H1JbHOCTH HeATpOHOAetilHUHTHblX H30TOnOB Ha ycKo­

pHT81JSIX TSI>KenhtX HOHOB OH.HH, npH BhmonHeHHH KOTopoA paHbllle 6btnH 
11 2 3 41 

Hait.UeHhl HOBble H30TOnhi BOnbtllpaMa H peHHSI ' ' ' , J13B9CTHO MHOI'O 

151 
H30TOITOB T8HT81J8 , OAH8KO HX CTpyKTypa H3y"leHa H8/lOCT8TO"lHO XOpo-

illO, C .upyroA cTopoHhi, H30TOIThi ratllHHSI xopomo uccne.nosaHhi. noaTOMY 

npOHHKHyTb ,naneKO OT nOITOCbl CT8oH1JbHOCTH A1JSI BOnbtllpaMa npe,nCT8B1JSI-

nocb snonHe peanbHhiM, CucTeMaTuKa nepROAOB nonypacna.na - eM,, HarrpH-

151 - ITOK83biB8eT OlKH/l88Mbl8 nepHOAbl nopSIAK8 MHHyT, "'TO H8 rrpelle-
Mep, 

ne B03MO>KHOCTefi 6btCTpoR pa.nuoxHMHH. 06nacTb B03MO>KHbiX noucKOB BHil-

Ha u3 Taon. 1. H3secTHhte R30TOrrbt 
173 W 116,5 MHHI u 

172
W 16 MuHI 

I 61 17 I 
OITHC8Hbl T01JbKO B llBYX pa60T8X ( nepBbllt B , BTOpOit B ) H T8K>Ke 

npellCT8B1JSIIDT HHTepec Jl1JSI uccneAOB8HHSI, 

3 
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2, MeroAHKa 

Menonb30B8nHeb enenyromHe peaKUHH eoeT8BHOro S1Ap8 e HenapeHH9M 

HefiTpQHOB: 

165 ( 22 N ) 177-x ,..1 
64Gd 10 e, xn 74 ,., 

156,!66Gd( 20N )176-x,175-"w 
64 10 e • xn 74 

Ha yeKOpHrene Y-300 JUIP B ily6He, DpHMeHSinaeb roneraSI MH!IIeHb 

-2 0 (6-9 Mr,eM 
1 

HaKnOH 45 ) H3 OKHeH o6orameHHbiX (go 92-95%) H30TOnOB 

22 20 
ranonHHHSI. 3HeprHSI HOHOB Ne H Ne Bbt6Hpanaeb B HHTepaane 

145-155 Msa. DpH Henonb30BaHHH ronerofi MHllleHH 1 KaK eneAyer H3 pae-
n; . 

'19TOB no M9TOAY1 onHeaHHOMY B , H3 eoeTaBHOrO SIApa HenapmoTeSI 

HeHTpOHhl e 'IHenOM X = 4 - 8, 3TO npHBOAHT K o6p830B8HH!O H30TOllOB 

e A 173-169 AnSI 
165 'Gd H 

22
Ne c A= 172-168AnSI 

156 Gd H 20 Ne H A= 171-167 AnSI 
1aa.Gd H 20 Ne 

1 npH-

'19M B03MO~HO H nOSIBneHHe H30TOna e A Ha 9AHHH Uy 6onblll9 1 '19M 

MaKeHMBnbHOe A 1 
e M9Hb!IIHM Bb!XOAOM, ToK HOHHOrO ny'IK8 AOeTHran 

40 MK8 1 Bp9MSI o6ny'leHHSI "" 30 MHH, 

PaAHOXHMH'leeKH 'lHCTbifi aonb~paM o6bt'IHO BbiAenSinCSI qepe3 20-30 
/2/ 

MHHYT nocne KOHU8 o6ny'leHHSI no M9TOAY 1 onHe8HHOMY B , B H9KOT0pb!X 

onbiT8X AnSI HA9HTH~HK8UHH H3QttOnOB no reHeTH'I9CKOH CBSI3H e AO'lepHHMH 

H30TOnaMH e nepHOA8MH nonypaenaAa AO 24 'laeoB H3yqanCSI B9Cb BbiAeneH­

Hblfi BOnb~paM B Te'leHH.e HeCKOnbKII.X eyTOK, B ApyrHX Onb!T8X npHM9HSinCSI 

H3BeeTHblfi MeTOA "H8KOnneHHSI" II: BbiAeneHHSI AO'IepHH.X npenapaTOB T8HTana 

H3 

ro 

aonb~paMa -qepe3 orrpeAeneHHbie HHTepaanbi apeMeHH., B onbtTax rpeibe­

THna Henonb30BaneSI npeAnO~eHHbifi H8MH M9TOA "BHnKa" (eM, /
8

/ ), 

Bee npenapaihl H3y'lanHcb Ha repMaHHeBOM raMMa-crreKTpoMerpe 

C 4096 -KaHanbHbiM aHanH38TOpOM npH pa3p9!I19HHH AO 4 K9B H 'lyBeTBH-

3 
TenbHOM o6~eMe AO 30 CM 1 KanH6pOB8HHOM no 9HeprHH H a6eoniOTHOfi 

4 

s~~eKTHBHOeTH. DpH o6pa6orKe eneKrpoa on~ 

H a6eoniOTHbi9 HHTeHeHBHOeTH raMM8 -ny~efi 
/8/ 

HO a • Beero 6btno o6pa6oraHo nopSIAKa :;; 

Hb!X eneKTpOB AnSI pa3HbiX npenapaTOB B 8 01 

4 - e 166 'Gd H 
20 

Ne H 2 - e 
165

'Gd H 
2
< 

sHeprHefi Ey erpoHnaeb KpHBaSI paenaAa 

naAa T 1j2 H HHTeHeHBHOeTb B KOHUe o6ny~ 

AnSI ABYX KO MnoHeHT e p a3HbiMH T X H J} 

3. MAeHTHdJHKBUHSI H3Be 

/8/ 
0Ha 11pOBOAHnaeb 1 K8K H B 1 nyTeM 

A8HHbiMH 3H8'19HHfi nepHOAOB nonypaenaA8 1 9 

HHTeHeHBHOeTefi J y raMMa-ny'lefi, 

A = 174 He Ha6nronaereSI, 

A = 173. Pe3ynbT8Tbi npHaeneHbi a Tt 

HeT ll8HHbiX 06 9HeprHSIX nepeXOAOB 1 e KOTO: 

AHTb epaaHeHHe, 
173 Ta /3 17 -qae/ H 

178
1 

B BOnb~paMOBbiX H T8HT8nOBbiX npenapaTaX 

Ubi A8HHbiX AnSI pa3HbiX rrpenapaTOB H Ollb!TC 

IOTeSI B onbtTax e 
155 

Gd H 
20

Ne • Hat 

OHbiTaX e 156
'Gd H 

20 
Ne H ao Beex onbiTa 

A = 172, Pe3ynbTaTbl noKa3aHhl a Tt 

sHeprHH nepexOAOB HeH3aeeTHbl, Ha6nroAaer 

H8fiAeHbi OTHOeHTenbHbl9 HHTeHeHBHOeTH ra!V 

A = 172 Ha6niOAaiOTeSI HHOrAa B onhiTaX 

ao aeex oeranbHb!X onhiTax. 

A = 171, Pe3ynbT8Tbi rrpHBeAeHbl B Tt 

A8HHb!X HeT, ilnSI 
17 1 Ta /25 MHHI H9H3B9C 

AaeTCSI 
17 1 Hf I 11 'lae I ao aeex npenapa TB 

5 



2, MeTOAHKa 

Cl19AYKWH9 peaKUHH COCT8BHOrO HApa C HCIIapeHH9M 

6 Gd ( 2 0 N ) I 7 6- X ,I 7 5- " w 
10 e' xn 74 

B ily6He, 0pUMeHHl18Cb TOllCT8Sl MliW9Hb 

1i3 OKHCH o6oraWeHHbiX ( AO 92-95%) 1i30TOIIOB 

22 Ne H 20 Ne Bhl6upanach B UHTepBane 

Ollb30B8HHH TOllCTOH MliW9Hii, K8K cneayeT 1i3 pac­

n/ 
HHOMY B , 1i3 COCT8BHOrO S!Apa liCII8pHIDTCS! 

X = 4 - 8, 3TO IIpliBOAHT K o6p830B8HHID 1i30TOIIOB 

156 Gd H 22 Ne c A 172-168 AllH 

A= 171-167 anSI 155'Gd H 20 Ne , npu-

A Ha eauHu uy 6onhwe, '!eM 

, c MeHbWUM BbiXOAOM, ToK HOHHoro ny'IKa .nocTuran 

"' 30 MH:H, 

BOllbiflpaM 06bi'IHO BbiA9llS!llCS! 'lepe3 20-30 
/2/ 

o6ny'leHHH rro MeTo.ny, onacaHHOMY B , B HeKOTOpbiX 

ITO reHeTU'I9CKOH CBSI3H C AO'IepHiiMH 

.tlO 24 '18COB 1i3y'I811CS! B9Cb Bbi.tlelleH­

CyTOK, B apyrux onhiTax npuMeHHliCR 

KOII119HiiH" 1i Bb!A9119HHH .tlO'IepHiiX npenapaTOB T8HT8118 

onpe.neneHHbie liHTepBanbi BpeMeHH, B OIIbiTax TpeTbe­

H npeAl10)f(9HHbiH H8MH MeTO.tl "BiillKa" (eM, /
8 / ), 

H3Y'I8llHCb Ha repM8HH9BOM raMM8-CII9KTpOMeTpe 

8H8111i38TOpOM IIpli pa3peweHHH .tlO 4 KSB H 'IYBCTBH-

3 
30 CM , K8111i6pOB8HHOM ITO 3HeprHU H a6C011IDTHOH 

4 

.... 1
;;!: 

·' 
,:-
'•1 

'-:~ lj_ 

aiflifleKTiiBHOCTii, Opu o6pa6oTKe crreKTpOB onpeaenSinucb aHepruu IIHKOB Ey 

H a6COl1IDTHbl9 1iHT9HCHBHOCTH raMM8 -Jiy~el\ j y IIperrapaTOB, K8K OIIHC8-

/8/ 
HO B , Bcero 6biliO o6pa6oTaHo nopH.nKa 230 B cpeaHeM 2000 - KaHanh-

HbiX cneKTpOB anH pa3HbiX rrperrapaToB B 8 orrhiTax ( 2 - c 
155

Gd u 
22 

Ne, 

4 - c 156 'Gd u 
20 Ne H 2 - c 

155
Gd u 

20 Ne) • ilnR Ka*.noro rruKa c 

aHeprueft Ey cTpounach KpuBaR pacrra.na u onpe.nenHnHCb nepHDA nonypac-

na.na T 1/2 H liHTeHCHBHOCTb B KOHUe o6ny'leHUSI0 B HeKOTOpblX Clly'I8HX 

anH ABYX KO MIIoHeHT c p a3HbiMH T ~ H Jy 

3, I1geHTiidJHK8UHS! 1i3BeCTHbiX U30TOIIOB 

/8/ 
0Ha IIpOB0Jllill8Cb 0 K8K H B , IIyTeM Cp8BHeHHH C llHTepaTypHbiMH 

.tl8HHbiMH 3Ha'leHUH nepUO.tlOB nonypacrra.na, SHeprUH E y H OTHOCHTellbHhiX 

liHTeHCHBHOCTeft J y raMMa-ny'left, 

A = 174 He Ha6nroaaeTCSI, 

A = 173, PesynhT8Thi rrpuBeaeHhi B Ta6n. 2 ,3, ilnH 
173 

W ( 16,5 MHH) 

HeT tl8HHbiX 06 aHeprUSIX IIepeXOtlOB1 C KOTOpbiMH MO>KHO 6bJn0 6bJ npOBO-

tlliTb cpaBHeHHe, 173 Ta /3,7 'lac/ H 
178 Hf /23,6 'lac/ Ha6mo.naioTCH 

B BOllbifJpaMOBbiX H T8HT8110Bb!X npenapaTaX ( IIpHB9.tl9Hbl CYMM8pHbJe Ta611H­

Ubl tl8HHbiX tlllS! pa3HbiX npenapaTOB H OIIbiTOB), 3TH U30TOIIbl He Ha6moaa­

IDTCS! B OIIbiT8X C U 5 Gd H 
20Ne , Ha6nroaaroTCH TOllbKO B HeKOTOpb!X 

OHbiTaX c 
156

'Gd u 
20 Ne u BO Bcex OIIbJTax c 

20 
Nc 1 K8K H AOllli\HO 6b!Tb 

172 
A = 172, PeaynhT8Tbi noKasaHhi B Ta6n, 4, ilnH W /6 MHHI 

172 
aHepruu rrepexo.noB HeU3BeCTHbi, Ha6nro.naeTCH Ta /44 MUHI, ilnSJ nero 

H8Mtl9Hbl OTHOCUTellbHbie HHTeHCHBHOCTH raMMa -rrepeXOtl013, )130TOIIbl C 

A = 172 Ha6nro.natOTCH uHoraa B onhiTax c 
155 

Gd u 
20 

Nc H Bceraa­

BO BCeX OCT8llbHbiX OIIbiT8X, 

A = 171. PesynbT8Tbi npHBe.neHhi B Ta6n. 5, ilnH 
171 

\l llHTepaTypHhiX 

.naHHhlX HeT, ilnH 171 Ta /25 MHHI HeH3BeCTHbi aHeprHH nepexoaoB, Ha6nro-

.naeTCH 171 Hf /11 'lac/ BO BCex npenapaTax H OIIbiTax. 
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" - 170~ Pe3yllbT8Tbl npaseneHbl B Ta6n,· 6, 7. nns !TO I' naHHb!X 

HeT, Ha6monaiOTCH uoTa /7 MHHI H uoHf /12,2 qac/ so scex npena-

paTaX H OnhiT8X, 

HaoTOnbi c .1\ < 169 ae aa6niOnaiOTC5'. 

Beane owH6KH s• onpeneneHHH E y cocTasnHIOT ±. 1 KSB, a aa 

UepeKp&IBBIOWHXCSI msaX - no ;t, 2 K9B1 B J y 

20%, ua cna6~>IX - 110 50%. 

Ha HHTeHCHBHblX nHK8X -

4. !1aeHIHtbHK8UHH HOBb!X H39TOnOB 

Oaa npoaoaHnacb: 1/ no y6~oJBaHHJO aKTHBHOCTeA llO'f.epHHX H30Tonoa 

B nocnellOBliTanbHO BbtllenHaMblX no MCTOilY XHMHH "H8KOOneHHe" T8HTano­

BblX npenapaTaX
1 

2/ no y6l>IB811HIO aKTHBIIOCTei\ llO'f.epHHX H30TOnOB B nocne­

Jl0B8Tenbll0 BbtllenSiaMblX no MaTOilY XHMHH "nHnKa" aonbclJpaMOBf,JX npenapa­

T8X1 3/ DO n03pl1CTllliHIO l1KTHBIIOCTeii llO'f.apHHX H30TODOB B UOnbc~pllMOBblX 

npenapaTaX - Ta~t, rile STO B03MO>Jmo na6monaTb, 

flOJlTBep*llaliHC LllliiHhlX 06 H3BaCTHblX H30TODllX 

II n p II M e II e H H e 3 T H X Jl ll H II hi X Jl n 5I n p 0 B e p K H 

HCnonb3yOMO£l MeTOilHKH 

A = 173. .QaHHbiC, n.cJny'laHHbiC B pe3ynbT8TC HCnOnb30BliHIIH llBYX 

XHMH'f.CCKIIX MCTOilOB, nOK83£1Hbl H8 puc, 1, CpenHeB3BCWaHHOe 3H8'f.CIIHC 

llnH nepHoAa nonypacnalla 173 W , naii.10IIHOe nyTeM XHMH'ICCKIIX onpene-

neHHH
1 

paBHO 15 ;t, 2 Mllll 1 'ITO nOilTBepmnaeT Jl8HHbiC 0 cyweCTBOB8HIIII 
/6/ 

aToro H30Tona H auaqeHHH nepHona nonypacnalla llmt aero 16,5.! 0,5 MHH • 

OllHOspeMeHHO npoaepeHa H 3clJclJeKTHBHOCTb HcnonbaoaanHofl XHMH'ICCKOii 

MCTOiliiKHo 

A = 172, PeaynbTaThl XH"-IH'f.CCKHX onpeneneHHA noKa3aHbl na p1K.2. 
172 

Ha pHc. 5 BHilHO H so3pacTaHHe aKTHBHOCTH Ta • !1a aTHX llBHHhtX 

6 

'\\; 

'\ 
I 

·.~i 
\ij 
':m; 
I, 

.\<; 

: ~ 
'I 

' 

nonyqaeM nns nepHona nonypacnana 
172 w 31 

nonTaep*naeT cyweCTBOB8HHe 3TOrO H30Tona H 

111 
6 ±. 2 MHH 

HoBbie H30Tont 

A = 171, Pe3ynbT8Tht XHMH'f.eCKHX onpe 

!13 HI! X 3aKniO'I8CM1 'ITO Ha6niOnaeM HOBbtA 11301 

= 9,0 :!:.. 1,5 MHH, !1HTepecHO OTMCTHTb 1 'ITO n< 

aua'leHHe nepHOAa nonypacnana "' 4 MIIHo 

nns 

A = 170, PeaynbTBTbt XHMH'ICCKHX onpe 

A = 170 na6monaeTCH H aoapacTanue 1 

Ha ocuoaaHHH 3THX naHHbtX Mhl aaKniO'f.aeM, q· 

170 w c T 1, = 4 + 1 MHH, (no CHCTCM8THI 
/2 -

"' 2 MHl' ) , 

ABTOpbl 6naronapHbl r.H. 4>nepoay 38 n 

ycKOpHTene H BHHM8HHC K pa60TC 1 ~.ll, Or 

nonnep*KY H HHTepec, a TaK*e C. !1nHeay H 

npOBCJlCHHH onhiTOB H o6pa6oTKC pe3ynbT8TO 

flHTepaTypa 

1. I. Demeter, Kim Hon Sil, E. Nadjakov, 

Letters, ~ 47 (1965). 

2. 11. lleMeTep, H.r. 3aliueaa, KHM XoH C11n 

clJH3HK8 1 i, 231 ( 1966); 

Preprint JINR, E-2360 , Dubna, 1965. 

3. E. Nadjakov, N. Nenov, D. Hristov, G. 

C,R. Acad, Bulg, Sci., ~ 533 (1967' 

flpenpHHT 0!1HI1, P-2910, lly6na, 1966. 
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PeayllbTaTbr npuaeaeHbr a Ta6n.· 6,7. llnsr 170 I' aaHHbrX 

rcsr 
170 Ta /7 MHHI u 

170 Hf /12,2 'lac/ so acex npena-

c t\ < 169 He Ha6nroaarorcs-. 

u6KH a• onpeaeneHHH E y cocraansrror ±. 1 Ksa, a sa 

CSI fiii[8X - llO ±. 2 KSB 1 B j y 

l10 50%. 

Ha BHT8HCHBHb!X n&KaX -

4. 11lleHTHd!HK8UHSI HOBb!X H39TOnOB 

•QHnac&: 1/ no y61>1BllHHIO llKTHBHOCTeft l10'IepHHX H30TOnOB 

bHO BbiQensreMb!X no MeTOllY XHMHH "HaKonneHHe" TaHTano-

1 2/ no y6l>IB8HHIO llKTHBHOCTeA llO'IepHHX H30TOnOB B nocne­

enHeMb!X no MeTOlly XHI\IHH "nHnKa" BonbcJlpaMOBJ,IX npenapa­

llCTilllHIO llKTHBHOCTeii ll0'19pHHX H30Tonon 8 BOnb«~pllMOBbiX 

lll\1 0 rae STO D031\10/I(IJ0 llll6JIIOl1llTbo 

Pli{Qeuue Jlanur.rx o6 H3BeCTHbiX uaoTonax 

e He H H e 3 T H X ll a H II l•l X ll n Sl fi p 0 Be p K H 

IICnOnb3YOMOA MeTOl1HKH 

llaHHbre, ncny'leuur..re a peayn&TaTe ucnon&aoaauuH li·BYX 

oaoa, noKaaaHbl Ha puc, 1, CpeaHeeaaeweHHoe 3Ha'leHHe 

ypacnaaa 
173 

W , naii,1eHnoe nyTeM XHMH'IeCKIIX onpeae-

±. 2 MHH, 'ITO nOATBepihJllleT JlaHHb!8 0 CyWeCTBOBaHUII 

161 3Ha'leHHH nepuoaa nonypacnaaa anSI Hero 16,5..! 0,5 MHH • 

poaepeHa H 3cJI!fleKTHDHOCTb HCnOnb30B8HH011 XHMH'IeCKOii 

e3ynbTaThl XHMH'IeCKHX onpeaeneauA noKa3aHw Ha puc~. 

H B03pacTauue aKTHDHOCTH 
172 Ta • 113 3THX Jl8HHWX 

6 

.,. 

''I '·, ' 

·~"I'';,: ':t; \ 

::f,~: ·l··· ·.':\ '.~ 
~" L ,. ~ .f;! 

,'?ll:i .:(~ 'i:. 

,,: l 
} ,; 

.!M' 
,~.~ 

;·1fk 

··JI·!.~~ :~' 
''','.~I. i; 
lM!IO 

ll 

~~· 

nony'laeM anH nepuoaa nonypacnaaa 172 w 
3H8'19HHe 6,5 ±. 1,0 MHH, 3To 

noJlTBep*JllleT cyweCTBOBllHHe 3TOf'O H30TOna H 3Ha'leHne 
111 

T~ 
6 ±. 2 MHH 

HOBbie naoTonhr 

A = 171. Pe3ynhTaTbr XHMH'IeCKHX onpeaeneauA noKa3aHbi Ha pnc,3, 
. 171 

113 HHX 3aKnro'l:aeM,'ITO Ha6nroaaeM HOBbiA H30Ton W c T ~ 
/5/ 

= 9,0 ±. 1,5 MHH, 11HTepecHO OTMeTHTb 0 'ITO no CHCT8M8THK9 O>KHJl89TCSI 

3Ha'leHne nepno~a nonypacnaaa "' 4 MHH, 

A = 170, Pe3ynhTaTbi XHMH'IeCKHX onpeaeneanA npnaeaeHbr Ha pnc,4, 

170 ( llnSI A = 170 Ha6nroaaeTCSI n B03pacTaHne aKTHBHOCTH T a puc, 5/) • 

Ha OCHOBllHHH STHX JlllHHblX Mbl 3aKnroqaeM, 'ITO H8HJl9H HOBbit! H30Tnn 

170 w c T ,, = 4 + 1 MHH, (no cucTeMaTHKe I B/ Oli<H/laeTCSI 3Ha•reHne 
/2 -

"' 2 MHl' ) • 

ABTOpbl 6naroaapHbl f.H. 4>nepoBy 38 npeJlpCTaaneHne BpeMeHH Hll 

ycKOpHTene H BHHMllHHe K pa60T9 1 ~.U, OraHeCSIHY H ero rpynne 38 

noaaep>KKY u HHTepec, a TaK*e C. 11nueey H M, ll>K8poeoA 38 noMOIUb npH 

npOB9Jl8HHH OnbiTOB H o6p860TK8 pe3ynhT8TOB, 
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Ta6nnua 1 
Ueno'IKH pacnaAa H30TOI10B nccneA) 

174 31m 174T 
7 15 

1.2 h 1 4 Ht 2.10y 
w - a --

173 16.5m 17ly 
W - a 

~173Hf ~ 173Lu.-!: 

172w ~ T72Ta 1.1. m 172H 5y 
- f-

111
10 25m 171 11 h 171 lu a.: 

- Hf --

170 7m 170 Ht 12.2 h 
170 

Lu.l To - -
169 169 12 m 169 Sm ( 15 h) Lu31. Ta - Ht-

168 
2.5m 

168 25m 
168 

Lu2 Ta - Hf -

167
10 ~167Hf 1.9m 16\u~ 

-

t:l 
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Ta6nHua 1 
Ueno'IKH pacnat:ta H30TorroB Hccnet:tyeMofi o6nacTH 

174w 31m 174 1.2 h 174 H t 2.101; _ Ta --
173w ~~7~0 __E_!! 173Hf ~ 173Lu 1.17y 

J72w bm 172T 
-a ~172Hf 2L_ 

171 25m 171 11 h 171 Lu~ Ta - Hf __ 

170 7m 170 12.2 h 
170 
Lu~ 

170 
Ta _ Ht_ \:Jb (stable) 

169 169 12 m 169 169 5m ( 15h) Lu~ Yb~ Ta - Hf- . 
168 

2.5m 
168 25m 

168 
Lu~ 

168 
Ta - Hf -- Yb (stable) 

167 ~167Hf 1.9m 167L 54m 167Yb~ 167Tm~ 
Ta u_ 

{I 
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Ta6nuua 2 
173 Ta , T ~~"' 3,5 + 0,3 'laC /Hallin JlaHHbte/, 

19/ -a) - CCI>InKll , 

T ~"' 3,7 '18C /10/ 

173Ta 

HAUJII1 ..AAI-ll-biE .AAHHbiE (a) 

EtfkeV) 
~ 

Jf E1 (keVJ 

162 :1)0 162 

fl2 540 170 
181 100 181 

702 80 702 

Ta6nuua 3 
173

tlf. '1'!2 = 24 :_2 'lac /natuH lllllllll>te/, 

(b) - CCI>InK8 /11/ B o6pa60TKe /4/ 

*/- MemaeT 
171 11f 

173 Ht 

'J.,_ 

370 

580 I 
100 1 

100 
i 

T 11 = 23,6 'l£1C 1101 

HAW~ AAHHbiE AAHHbiE (b) 

E)keVl Jae i E)kE>V) J~ 

123 224 123,6 221 I 

135 13 134,9 13,6 

137 _•) 139,6 n 
295 100 296,7 100 

306 17 306,4 15,6 I 
311 26 311, I 25,8 ' 

~--

10 

Ta6nuua 4 
172 Hf • T ~ = 46 !.. 4 MHH /Hallin JlBHHbte/ 

(c) - CCbiTiKa /5/, ( d) - CCbinK8 /10/, 

172ra 

HAWV1..AAHHbEI A.AHHbiE (c) 

E.tfke\1 J~ E,-(keV] I J~ I E~ 
90 40 95 -

115 4 

- -
207 14 

214 100 214 

11 

·' 



Ta6nuua 2 
T v = 3,5 + 0,3 'lac /Hawn t:~aHHbte/, 

• l9/ -
T ~ = 3,7 '18C /10/ 

I.InKa • 

173Ta 

HAIUI!1 AAI+biE AAHHbiE (a) 

Etrkev] 
t---:-

Jt EtfkeVJ Jf' 

16:.! :JiO 162 370 -m 540 170 580 
181 100 181 100 
702 80 702 100 

Ta6nuua 3 
'( ~t = 24 :!:., 2 48C /uaUIH 11/llllii>Ie/, 

I.InKa 111 I s o6pa6oTKe 141, 
T I• = 23 6 /10/ 2 , 4ac 

wner I 7 I llf • 

173Hf 

HAWV! AAHHbiE .aAHHbiE (b) 

E)k£>V) Jcf-
II 

~ 
E}keV] I Jao -
123 224 123,6 221 I 

135 13 134,9 13,6 

137 
_ .. ) 

139,6 l7 

295 100 296,7 100 
306 17 306,4 15,6 

! 
311 26 311,1 25,6 -

10 

... 
I 

• 

'·~ ''!1 

{ 

I~ { 

I 
J," I' 

',.'1 

~ 

Ta6nuua 4 
172 Hf • T ~ = 46 :!:. 4 MHH I Hawn t:IBHHbte/, 

(c)- CCbtnKa /5/, (d)- CCbtnKa /10/. 
T ~~ = 44 MH/10/ 

172Ta 

HAWV!.AAHHI£ aAHHbiE (c) aAHHbiE(d) 

E-tfke\1 J?f E,{keV] JO'" E,. (keV) J~ 
90 40 95 -- -- - 92 - l 
1~ 4 - - 115 

155 

207 I 14 208 

214 1100 214 

270 
---

11 



171 

Ta6nHua 5 /tO/ 
Hf • T ~ = 12 ±. 2 'lac /ualllH JlaHHbiel, T ~ = 11 qac , 

(e) - CCbinKa /12/, *) - 'laCTb BCeil. HHTeHCHBHOCTH, OCTa.TlbHaSl 'laCTb 

npHnHcaua 170 Hf • ** ) - B03MO>KHO, cKpbiBaeTCSl B nHKe 113 K3B, 

* * * ) - B03MO>KHO~BK.TIJO'laeT 'laCTb HHTeHCHBHOCTeH HellO.TIHOCTbiO paape-

IlleHHbiX llHKOB 188 H 197 K3B, 

171Hf 
-

HAlli1 AAI+ibiE" AAHHbiE (e) 

E~ [keV) J.f" E.t [keV] J"" 

100 142'* 1 99,1 140 

113 75 1.13,2 90 

- _HI 117,5 57 

123 1000 122,1 1000 

137 470 137 450 

141. 230 
144.3 73 

147 147,1 180 

- - 188,4 55 

192 132•IT 193 107 

- - 197 71 

269 112 269,1 175 

295 700 295,7 640 

305 115 306,5 92 

347 800 347,5 810 

493 840 469,6 850 

662 1520 6623 1400 

1072 2000 1070,1 2200 

12 

,. 

.If: 

Ta6nHua 6 
170 Ta , T ~ = 8,0 ±. 1 ,5 MHH /HalllH naHHhie/, 

( c ) - CCbinKa /5/ t * ) - aBTOpbl /5/ CTaBSIT np: 

llOJl COMHeHHe, 

170Ta 

HAWV1.6..AHHbiE .6..AHHbiE ( c ) 

E1 (keV) :J~ E,(keV] J Jt"' 

101 1 101 

221 1,12 221 I 1,1s 

986'*' 

Ta6nHua 7 
1 70Hf , T ~ = 12 ±. 2 'lac I Hallll} naHHbie/, T 12 
(f) - CCbi.TIKa /13/ B o6pa60TKe 4/, (g) - CCb 

*) - 'l8CTb BCeH HHTeHCHBHOCTH, 60.Tibill8Sl 'l8CTb n 

** ) t * * * ) - M8.TI8Sl 'l8CTb BCej:\ HHTeHCHBHOCTf 

npHH8Jl.Tie>KHT 
171 Hf 

170Hf 

HAWIJ1 .AAHHbiE .AAHHbiE ( f ) aAH 

E,t-(kPVj ]! ~[keV) J,... E.,J"ke\ 

100 ... 55 •) 98,5 71 99 
99,5 33 

123 "'220 ... ) .19,5 12 120 
120 270 

162 197 
162,6 18 164 
164,7 495 

207 40 208,1 78 208 
209,2 21. 

347 "' 4t•••J - - 348 

482 14 482,0 - 481 

- - 502 18 501 

540 13 ~,7 19 541 

572 100 573.0 IJO 572 

620 124 620,7 122 620 

13 



TaonHUa 5 1101 
T Y2 = 12 :!:. 2 'lac laawH aaHHbiel 1 T Y2 = 11 'laC I 

_ ccbWKa 112 I 
1 

*) - 'laCTb scell: HHTeHCHBHOCTH 1 ocTanbHBSI 'IBCTb 

HCBHB 170 Hf, **)- B03M0)1(H01 CKpbiBaeTCSI B IIHKe 113 K:3B1 

!* ) - B03MO)I(H0~ BKniO'IaeT 'IBCTb HHTeHCHBHOCTefi HeiiOnHOCTbiO paape­

hlX ITHKOB 188 H 197 K:3B, 

171Hf 

HAlli1 .t.AHHblt .t.AHHbiE l e ) 

E~ [kev] J~ Eel"" [ke'-1 J~ 

100 142* 1 99,1 140 

113 75 1.13,2 90 

- -""' 117,5 57 

123 1000 122,1 1000 

137 470 137 450 

141. 
230 

144,3 73 

147 147,1 180 

- - 188.4 55 

192 132°~ 193 107 

- - 197 71 

269 172 269,1 175 

295 700 295,7 640 

305 115 306,5 92 

347 800 347,5 810 

4m a•o .. 69,6 850 

662 1520 6623 1400 

1072 2000 1070,1 2200 

12 

... 

;l Ta6nHua 6 
151 170

Ta , Tv= 8 10 + 1 15 MHH IHaWH Jl8HHbiel 1 Tv= 7 MHH 1 
/2 15 - 5 /2 170 

( c ) - CCbinKa I 1 * ) - aBTOphi I I CT8BSIT rrpHHaJlne)I(HOCTb K Ta 
IIOJl COMHeHHe, 

170Ta 

HAWVI.A.AHHbiE .A.AHHbiE ( c ) 

E1 (keVJ J~ E,(keV) Jt" 
101 1 101 1 

221 1,12 221 1,15 

- - 986"') -

TaonHua 7 
1101 170

Hf , TYz = 12 :!:. 2 'lac laaw'} JlaHHbiel 1 T 12 = 1212 'lac 1 

141 (f) - CCbinKa 
1
13/ B o6pa6oTKe 41 1 (g) - CCbinKa I 141 B o6pa6oTKe 

1 
*) - 'IBCTb BCefi HHTeHCHBHOCTH 1 OOnbW8SI 'laCTb IIpHIIHCaHa 171Hf 1 
** ) 1 * * * ) - ManaS! 'laCTb BCefi HHTeHCHBHOCTH 1 OCHOBH8SI '18CTb 

rrpHHaJlne)I(HT 171 Hf 

170Hf 

HALLJH .t.AHHbiE .t.AHHbiE ( f ) l:..A HHbE ( g ) 
·--

E,t-[kPVj Jf EAkeV] Jd'- E)kev) Jd'-

100 "' 55 •) 98,5 71 99 5~ . 
99,5 33 

123 "'220 .... ) ol9,5 12 120 160 
120 270 

162 197 
162,6 
164,7 

18 
495 

164 257 

207 40 208,1 78 208 40 
209,2 24 

347 "' 41··· - - 348 9 
482 14 482,0 - 481 29 
- - 502 18 501 22 
540 13 SQJ,7 19 541 27 
572 100 573.0 110 S72 100 
620 121. 620,7 122 620 91. 

13 



.. I 

173w 

11
1

- -

\ 

'f~~ I 
I "" ""'~ \ 

2 
I() 

173 ' 
12/)mon 162 k1.V !Q. (B) 

5 
15mon m k~v m!g_ 1 s'l 

~ 17] 
18min 123k('V !:!! \H) 

101 
173 

19mon 195keV !:.!..! (H) 

. 
5 

~"m• 173 
162ke'>' !g(H) 

112 krV l73 lg(H) 13mm 

2 

10 20 30 40 50 tmin) 
0 

PHc. 1. PacnaA 

H3o6apoe. I H 

ITS W no y6hiB8HHIO HHTeHCHBHOCTeA flHHI'lll JlO'lepHRX 

I - B XHMHH "HaKonneHHe", I D I - B XRMHI'l "eRnKa", 

0' , 8" - 03HB'IBIOT pa3Hble onhiThi. 

\4 

,. 
I 

I 
I 

,j 

~ 

2 

1 

1~ 

., 

{) 10 20 

172w 

C) I 

21 

• 6,1mon 2 

* 172 ' b,8mon 114KP'I Ta(B) 

30 40 50 [moo 

PHc. 2. PacnaA 172 W no y6hiBBHRIO HHTeHCHBHOC 

R3o6apoe. I H I - B XHMHR "HaKonneHHe", I 8 1 

8' , 8" - oaHa'laiOT pa3Hhie onhiThi, *I - B 3l 

pacna11a BHeCeHa nonpaBK8 0 Y'll'lTbiB810W8H TO, 'ITO 

R306apOB HB pRCYHKe OTH9C9Hbl K KOHUY o6ny'leHI'll 

OTH9CTH K KOHUY XRMB'l9CKOrO pa3JleneHHHo 

15 



173w 

173 ' 1215mon 162 kPV !g_ (B) 

173 ') 15mon 172 kPV !Q. ( B 

173 
123kl'V !:!! I H) 

173 
19mon 295keV !:!! (H) 

173 
14mlll 162ktV !g(H) 

0 173 
13mon 172 ktV !g(H) 

10 20 30 40 50 [min) 

A 173 W no y6biB8HHIO HHTeHCHBHOCTeA nHHiill AO'IepHHX 

H I - B XHMHH "HaKonneHHe", I B I - B XHMHH "eHnKa", 

3Ha'laiOT pa3Hbie OllbiThi. 

14 

... 

112w 

~~~~---------------------------, 

5 

2 

1d 

0 10 20 30 

CJO k;./ 172 !.g(H) 

207k;.ll72 To (H) 

• m 
~1mon 214ktV !g(H) 

* 172 ' b,3mon 214KP'I Ta(BJ 

40 50 [monj 

PHc, 2. PacnaA 172 W no y6btB8HHIO HHTeHCHBHOCTeA nHHHA AO'IepHHX 

H3o6apoe, I H I - B XHMHH "HaKonneHHe", I D I - B XHMHH "'eHnKa"', 

D' , D" - oaHa'laiOT pa3Hhie onbtTht, *I - B 3Ha'leHHe nepHOAa nony-

pacnaJJ.a BHeCeHa nonpaBK8, y'IHThiB8lOW8SI TO, 'ITO HHTeHCHBHOCTH AO'IepHHX 

H306apoB H8 pHCYHKe OTHeCeHbi K KOHUY o6ny'leHHS10 TOI"A8 KSK HX HY*HO 

OTHeCTH K KOHUy XHMH'I9CKOI"O pa3aeneHHSio 

15 



111w 

~~~----------------~ 

5 

2 

8min 269kp}
71

Ht(H) 

171 0 

IQ5mtn 269keV Hf(B) \ -
8min 469ke'P

1
Ht(H) 

• 
n1 il D1 , 

llmtnJl!lk~ ~1),5mtn 469keV .tit.\B) 

2l '\. I 

10L I 

171 ' 

I I 

10,5 min 6b 7 ktN tlf.( B ) 
j 

I I 1 

0 \0 20 30 40 50 [min1 

PHC. 3. PacnaA 171 W no y6biB8HHIO uaTeHCHBHOCTei% nHHHi% AO'iepHHX 

u3o6apoa. I H I - a xuMHH "aaKonneaue", I B I - a xuMHH "aunKa", 

B' , B" - o3Ha'iaiOT pa3Hbte onbtTbi. 

1& 

,. 

~··~~· ---·-- .. -·~-~--~· 

• 
I 

110w 

1rf·..---..,....---------

~ 

2' 
\ "\5mn!.i72kPV 

170
!ill9J 

1 . 170 
6 mm 1b2 kf"' l::!tlBl 

tciL 
~" 5,';monlb]kp.'l7()Hf(s") 

0 10 

' .-. 
20 jO .n •.n 

170 \l no y6biBliHII!O IIHTCHCHB 

I - a XHMIHI "aaKonneaue", I B Puc. 4. PacnaA 

1!306apoa. I H 
B' , B" - 03H8'i8IOT pa3Hble Ollh!Tbl 1 

.. I . 

l'i 
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' \ \ 
' \ \ 

\ 
\ 
~ 
\ 
\ 

\ • + 

\ 
\ 
\ 
\ 
\ 
l 
~ 
\ 
\ 
\ 170 

122kl'V Ta \ 
\ 
\ 
\ t.min 170w 
~ -

30 &0 90 120 150 [mtn) 

pacna,na 172 \V H 170 \V, nony'leHHhl8 Ha OCHOBaHHH 

B03pacTaHHID HHTeHCHBHOCTeH nHH~H .UO'lepHHX H306apOB B 

npenapaTax. 

18 

~· 

110w 

1~·r---~------------------------, 

® 

~ 

170 • 
5 ITll n 572 kP'I !:!1{S) 

2 

J 170 . 
6 min lb] kP'I !:iliBl 

170 ~ u)l \r. 5,'im,nl~7kP•' ,t!fJcl I 

I) 10 Jn ~() '• n (m1nj 20 

PHC, 4, Pacna.n 170 \V no y6biBllHHIO HHTCHCHBHUCTCH nHHHH AO'lCfJHHX 

H3o6apoB. I H I- B XHMHH "HaKonneHHe", I BI-B XHMHH "BHnKa", 

B', B" - 03Ha'laioT pa3Hbie OllhiThi, "'I- eM. noanHCh K pHc. 2. 

l'i 



.-

5 

'} 

I 
10 

5 

2 

\ • + 

\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 4min 170 w '\ -

170 
22?kf'V Ta 

L I I I I I I I I J 
10 I I I I I I I I I I 

120 ISO [m1n] 
0 30 &0 90 

Puc. 5. KpHBhie pacnaAa 172 W H 
170 W, nony'leHHhie Ha ocHoaaHHH 

ll8HHhiX no B03pacTaHHID HHTeHCHBHOCT9H nHH~H llO'IepHHX H306apOB B 

aonb<jJpaMOBbiX npenapaTax. 

18 

170 • 
3,bmin572keV !::lf.(B) 

4mln 620keV 170Ht(B") 

\ \ .. - 170 • 
\\. 2,9mln 221keV Ta(B) 

170 . 
J,Sm1n 540kt'V !:!!.(B) 

~ 

170 • 
5mln572kt'V !::itlSl 

2 

J 170 I 

6 min lb} k.V l:i!JB l 
170 .-1' 

10
•1 \ro 5,'im.n1~/kp/ ,Hf_{cl 

I) 10 20 Jn ~() •.n 

Puc. 4. PacnaA 170 W no y6hmaHHIO uuTcncuanuc 

uao6apoa. I H I - a XHMHH "HaKonneHHe", I B I 

B', B" - oaHa'laioT pa3Hbie OllhJTbl, *I- c 

l'i 


