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1. B s e .a e n H e 

Ill 
B paoore ohinll OTKphiThl JlBa s:oshlx KopoTKO)I(HByms:x s:aoToua caMapHSI 

CllOCOOOM MHOI'OKPSTHOI'O BhiJle.IIeHJIB Jl0'18pHJIX Jl30TOilOB 140Nd Jl 14 1N'd. Oepao.uw 

nonypacna]la, COCTaB.IISIIOIU.He 13,7 /f, 22,6 MRS:, COOTBeTC'rB8HHO, OblnJI ODpe]le.IIeHH 

B pa60Te Ill Jl3MepeHJleM nepBOJ;(OB nonypaCUa]la JlO'IepRHX B30TODOB Jl &KCTp8DQo

.IISIDlle.A llO.IIy'leHHbiX peay.IIhT8TOB Ha MOMeHT Bhlll8.1I8HlllL 

B H8CT051llte.A pa60Te npBM8HSI.II8C& 6b1CTpo.Qe.ACTByJOD18K NeTO.IUIXB BbiJle.II8HJlSI 

aaorouos cawapBs. HHTeac.ass:OCT& no.lly'leBHbiX n:penapaToB 6bl.na AOCT8TO'IJia J;(.IIJI 

npBMoro onpeJ;(e.neB:lls nepaOJlOB uo.nypacna]la aa CWIHTJI.II.IIJIIIJlOB:llON cneJt'l'poNeTpe 

B ll.IISI aawepeRHB raMMa-cneJtTpos aa Ge ( U ) - cueKTpONeTpe. KpoMe Toro 6wn; 

B3y'leH paCII&ll .UBDO'IU 
142sm ~142t>m-14~d C nepHOJl8NJI p8Cllall8 73 NJlll • 40 CU. 

COOTS8TCTB8HHO, B03HJlli:810DlJIA li:8Jt IIpJlNec& B ~8paT8X pll:llJIJl C8N8p!IL 

2. 3xcgepBMeBT&llkHSJl MBTOB«£9 

140 141 
2.1. flony'leS:BB B30TOUOB Sm B Sm 

Ha saemHeM 11)"111:8 UpOTOHOB c &.BepraeA 660 .MaB CJIJIXPOJlllli:IIOTpOB4 nSUI 

OH SIH o6.ny'l:anac& s Te'leB:lle 20 MKH MameHH Jl3 cjrranocuaRHaa AHcnpoaasr c &e

.IIB•urHoA aep11a 0,5 - 1,5 MK • secoM 1 r B cycneH3HB c 0,1 a. NH4 a . HenocpeA

CT&eHIIO DOCile oOny'leHJISI Bh1Jl8.1ISI.IICSI KOMD.IIeKC cjrra.IIOUll8HJIH8 MeTOAON lj!JI.IIhTp8UBJl. 
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HaxoAmnaecH s pacTsope npoAyKT~ r~6o~toro pacmenneHHH cop6aposanac& cpaay 

JKS KST~OHHTOM LlaysKc - 50 x 8( NH 4 ) • Ha6apaTen&aoe BhiMbiBSHHe cop6eHTa npo

B3BOAHnocb BS XpOMSTOrpacjlB'ISCKOA KonOJDI:e ( h • 100 MMj tP • 2 MM) paCTBo

pOM SMMOBHil a - 0KCBH306yTBPST8 ltOBJleHTpSllBeA 0,19 B. CaMSpHSBSil cjlpSKilBSI 

tiJ>Uia nony'leHS B nepB~X OII~TSX '18p83 30 MHB , B nocneAHBX, - 'ISpea 20-22 MHB 

nocne z:oBlla o6ny'leDS. 

LlnH B3M8peDH y - CIISKTpOB IlpBMSBR1DICb lKBAKHS BCTO'IBHKB 06'beMOM 0,1 Mn 

B nanBIIll.pB'ISCKBX COCYASX B3 nnexcarnaca. LlnB B3Mepeog: II03BTpOKBOrO B311'f"18BBSl 

l5blnx B3rO'!'OBneHbl lKBAU8 BCTO'IBBKB paABYCOM 5 MM B TOnmBBOA oJtono 50 Mr/c.,;J. 

BS 8nJOMHBB8BOA IIOAnOlKK8 T'OIDIUIBOA 2 Mr / CM2 • p 8BBOM8pH8Sl TomnJIJUl BCTO'IJIBU 

AOCTBranae& Ao68BJI:OA cpeACTBa AnSI IIOBBlltSBBSI DOBepXBOCTBOrO HSTSllK9HHSI lltllli.Jtoc-

TB. 

~~ ITonyves•e JI30T050B 
14!1 

Sm Jl 
14!1 

Pm • 

CaMapxesaB ljlp8Jt1IB11 6blna uony'lesa npx o6ny'l.ua: MRmeseA xa Gd anx · Er 

u sB)'TpeKaeM IIy'IIte npOTDHOB c suepraeA 680 Mas cxHXpollBMOTpoKa Jl.Rfi OH.HH 

• xpoMaTorpacjlB'ISCitOM paaAeneuaa, npoAyJI:TOB rny6oxoro pacmenneBBB 'lapea 2-2,5 

"18Ca nocne otiny'leKBB. Henpepb!Baoe Bb!AeneBBe JtopOTJI:OlltBB1JIUIX JlO'IepJliiX npOJl)'lt

TOB B03MOlKBO ocymeCTBBTb, llpBMSJlSISI 91jlcjleJI:T CnannapJla-'ianMepca Ba KOMDn8JtC8X 

+ranOilHABHHS. LlnH nepesoAa s xoMnnexc cjlTanonaausa sarpesanac& aKTBBBOCTb ca

wapBSI C JlOCBTeneM 0,5 Nr C8M8pB51 B 100 Mr cVr8nOABBBTpana JlO TSMJI8PIIT7Piol 

295°C B Te'ISHIIS 5 MIIHyT. KoMnneKC psCTBOPHnCSI B 0,25 Mn XIIHonBH8 II COp6apo

sanCH sa xonosJte c 500 Mr CIUlllitarenH (seuuua aepKa 0,1 - 0,8 MM). 06paao

saswall.cH 
141 

Pm smollposancH uenpep~suo c nOMOIIIbJO 0,01 a ELlT A. 
141 

Ll.nH B3Mepe.HBH y- cneitTpa, B03BIIIt&JOmerq np11 pacnSAe Pm , 6bln npa-

Me.Heu npOTO'IHhiA MSTOA, B306pslKeBBbiA CXSMSTB'ISCKH BS pac.l. 3nJO&nxOIIHSil lKBA-
142 

ItOCTb IIOCTYII&na BN8CT8 C 8TON8MB Pm 'lepea TO~ItYJO Tpy6Jty B B3M8pBT81U>IIhiA 

o6'beM 9MitOCTbiO 0,6 Nn. fipll OIITIIMSnbHOA CitOpOCTII snJOSIIIIH 2 MnfMBB H BpeMSHH 

npe6biBSHBSI B H3M8piiT8nbHOM 06'beMe OKOnO 30 Celt BS6nJOASnBCb IlpBMSCB SltTHB-

142 
HOCTH Sm BenB'IHBOA 8%, IIpB H3MepeHHB SBHBrBnSlllHOHHOro IIHitSo 

2.8. H a Mep•ren'bHS R snnsps ryps. 

HaMepeBHSl Y - CII8!tTpOB IIpOB3BOABUCb HS CIIBHTBnn!IUHORHOM Y - CIISKTpo-

MeTpe c ItpBCTannoM NaJ (TI) paaMepoM 7,5 x 5 CM a aaepreTH'19CKHM paapeme-

4 

• 

;I 

'·~.>~~· }~,, 
~>t 
It, 

~~~-\ ,,;. 
II 

:1'· i i. ,· --

HBSM 11% AnSI y - nHHIIH !aT Cs , 8 T8KlK9 C IIOMOWbiO ASTSK'IOp 

c 'IYBCTBHTen&BhiM o6'heMOM 5 eMS 11 saepreTB'IecuM paapemeHHeM 

nSCTB 9HCprHH Y - KBSHTOB 500 lt9B H CKOpOCTbiO C'I{!Ta 3000 IIMIIy, 

H3MepeBHH II03HTpOBBOrO CII9ltTp8 6bln IIPHM9B9R SHTPS!IeHOBbiA KPHC 

20 X 20 MM C 9HepreTH'I9CKIIM paapeweHHeM 14-15% Anll nHBIIH IBTI 

MSTH'I9CKOA nonpaBitB IIOTepb 38 C'leT M9pTBOrO Bp9MCHB S.Hanaaap 

TYPbl 6bln npBMCU9B MCTOA COXpSB9Bil!l 'lKBBOrO speMeBII', 'ITO B8lKRl 

UBB nepBOAS nonypacii8AS KOpOTKOlKBBymero H30TOIIS. 

Lln!! H3MepeHBSI COBIISA9BIIA MelKAY y - KBSBTSMB B 8HBHran!ll 

:r'SMH, B03BB![SJODlHMK !Ipll p8CDSA9 

TSXBIIKS. 

Pm, 6blna npaMeaeaa OIIHcass 

8. PearneTSTbi •aMepemrll 

8.1. Pscasn JI30Toas 
141 sm 

Ha pac.2 ll306palK9Bbl y - CII9KTpbl CSMSpHesoA cjlpaJtllBB 'le: 

nocne BbiAeneBII!I. HBTeBCIIBBOCTb Y - nBHIIB C 9BepraeA 195 K9B y 

AOM nonypaCIISA8 T~ • (21 ± 2) MHB H 73 MBB (eM pac.3.) 
142 

nepHOAOM nonyp8CIISA8 73 MHB OTHOCBTCSl It p&CIISAY Sm· , npOSll 

DBKOM C sBepraeA 195 lt9B KOMIITOHOBCKHM pacnpeAeneBII9M 8BBHrll. 

142sm 0 nepBOA nonypSCIISAS (21 ± 2) MBR XOpOWO COBIISASeT CO 

ny'leBBbiM B pa60'f'e /1/ AnSI H30TOI•8 
142 

Sm • fiosTOMY Mbl npHI 

saepraeA 195 ItSB pacnaAy 
1

'
1 sm 

LlnH accneAOBSHBH Y - cneK'Ipa
141

Sm OB B3y'lanCSI C IIOMOIII 

TOpS. Pac.4 B ti IIOK83b!BSJOT y cneKTp o6naCT!IX asepraa 40-2· 

COOTB9TCTB8HHO. npHHS!lneJKBOCTb HSAileHHbiX Y - nasaA PI 

BOABTCB B3 IIOCTOSIBCTBS OTBOWSBIISI HBT9BCHBBOCTeA 9TIIX nHHHA 

y - naaaA c aaepraeA Ul8 KSB. nony'leBHble ASBH~e o y - cnE 

seAeBbl s Ta6nane 1. 

8.2. Pscasn JiaoToas 
140sm 

B Y - CD9KTpe, aaperBCTpBpOBSHROM C IIOMOIIIhiO CIIJlHTHnnSIIII 

M9Tpa, Be BS6nJOA8UCb Y - nBBBB, HHTeBCBBHOCTb !tOTOpbiX y6bl 

nonypacnSAa 13 MBB)'T. B Y - cneKTpe, aaperaCTpaposaJ 
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nponyKTbi r~5oxoro pacmenneBHH cop5aposanac& cpaay 

50 x 8( NH
4

) • Ha6BpaTenbnoe BbiMbiBaHae cop5eHTa npo

xonoHXe ( h • 100 MM; tP • 2 MM) paCTBo

KOHJleHTpanllel 0,19 a:. CaMapaesaH cjlpaltUK.II 

onbiTSX ~epea 30 MHH , B nocnensa~ - qepea 20-22 MHH 

npaMeHHnHCb ~KilltH& KCTO~Ralta o6~eMoM 0,1Mn 

aa nneJtcxrnaca • .Un11 B3Mepena nooaTpouoro aanrtea:a• 

BCTO~RBitB p81lBYCOM 5 MM B T01IDUIHOI OJtonO 50 Mr/c,;J. 

Toni!lBS:OI 2 Mr/cM2 • PaBS:OM&pB8Jl TomuHU BCTO'i.IIXJtA 

IIORB~eRBB IIOBepXS:OCTBOI'O H8TSIJKCHHSI ~BilKoc-

14!1 
Sm B 

14!1 
Pm • 

6blna nony~ea:a upa o6ny-qemu. MJrmesel as Gd ana· Er 

aseprael 680 Mas c.Ba:xpoualtiiOTposa JIHn OHSIH 

npoAyltTOB rny5o~toro pacmenneBBJI ~epea 2-2,5 

biBBoe BbiA&neBBe EopOTJto~aymax .11011epux upO.Il)'Jt

npxMesss a~ltT Cnxnnap.lla-qanMepca sa EOMJineJtcax 

B KOMIII1&1tC ¢TanO!IBaBBS8 sarp&BanBCb altTaBSOCTb C8-

CaMapBB H 100 MI' ¢TanOABUTpana 110 T&NJJ;epwrypw 

KoMIII1&1tC p8CTBOpHnCSI B 0,25 Mil XBBOUH8 B COp6apo-

0,1 - 0,3 MM). 06paao-

senpepl>tsso c !IQMOIIU>IO 0,01 s E.UT A. 
142 

B03BBKaiOmero upa pacu8Ae Pm , 6blll upx-

cxeMaTB'i&CitK sa pxc.1. SniOanxosa:as lKBil

~epea TO~KyiO Tpy61ty B H3MepBT&nbHbll 

CKOpOCTH 91ll08IIBS 2 MI1fM.IIH B Bp&M&BB 

06~eMe OKOHO 30 CeK sa6nroAallKCb !IpHM&CB aKTKB-

8HRBI"BI1.11IIHOHHOI'O IIHK8o 

s nnsps ry ps. 

!IpOB3BOAHllHCb H8 CllBHTHI111SiliHOHHOM Y - cneKTpo-

( Tl) paaMepoM 7,5 x 5 CM a anepreTs~ecli:BM paapeme-

4 

.. 

HBeM 11% 1111!1 y - I1HHIIH I8T Cs , 8 T8KJKe C liOMOinbiO 1leTeK'lOp8 THII8 Ge ( Li) , 

C ~yBCTBHT8nbHbiM o6~eMOM 5 CM3 H SHepreTB~&CitBM paapemeHH&M 5-6 K9B B o6-

ll8CTH 8HCpi"HH y - KBlii!:TOB 500 lt8B H CKOpOCTbiO C'i~T8 3000 BMIIYllbCOB/CeK • .Qng 

B3MepeHHSI ll03HTPOBHOI"O C!IeKTpa 6bln npHMCB&H 8HTP8llElHOBbll KPHCT81111 P83MePOM 
187 

20 X 20 MM C 91tepi"eTH'i&CKBM p83p&meBBCM 14-15% ):11151 nHBBH Cs • .Qng 8BTo-

M8TH~aCKOI IIO!Ip8BKH IIOTapb 38 C~eT MCpTBOI"O BpaMallJI 8H81lH3HpyiOmeA 8IIII8p8-

Typbl 6bl11 IIpHM&IIeB MCTOil COXp8HeHBSI w~HBOI"O BpaMaHBw, ~TO BBJKHO !IpH OIIPC1lCI19-

HBH nepHOAa nonypacnana xopOTKOJKHsymero saoTona. 

.Qns B3MepeHHB COBII8A&HBI M&lKAY y - ltB8HT8MH B 8HHHI"BI1.11IIHOHHbiMH KB8H-

T8MH, B03HBJ:8IOinHMB nps pacnane Pm, 6blna npa:Mesesa onxcassas a pa60Te/2/ 

TeXBHKS. 

s. Pe3YJlkfSTbl «3Mep8Jlllll 

S.l. Pscns,Q K30T011S 
141 

Sm 

Ha pxc.2 a:ao6paJK&Bbl y - cneKTpbl caMapa:eaoA cjlpaxu•• ~epea 3 K 90 MBB 

nocne BblllelleHXSI. J.iBT&HCHBHOCTb Y - 11BBBH C 9Heprsel 195 K9B y5b1BlleT C nepso-

AOM uonypaC!'l81l8 T~ • (21 ± :.!) MKB H 73 MHB (eM pxc.3.) KOMIIOBeHTa C 
142 

nepHOilOM nonypaCII8118 73 MHH OTHOCHTCB K p8CII811Y Sm , !IpOSIBllBIOineMyCSI DOll 

DHKOM C 9Seprael 195 K9B ltOMDTOBOBCKHM p8CIIpeneneBHeM 8BHHI"HI151liHOBHOI"O IIHKll 

142sm • Tiepa:on uonypacuana (:.!1 :t 2) MIIH xopomo cosuanaeT co aaa~easeM, no

ny'leHHbiM B pa60Te /1/ .QI1SI K30TOI•8 
142 

Sm • fiOSTOMy Mbl IIpB!IHCblBSellt IIHK C 

asepraeA 195 KSB pacn81ly 
1

'
1 sm 

,Ung sccnenosaaaH Y - cneJtTpa
141

Sm OB H3Y'l811CB C IIOMOinbiO Ge(Li)neTeK-

Topa. Psc.4 H ti IIOK83b1Bli!OT y 

COOTBeTCTBeHHO, TipHH81111aJKHOCTb 

,. 
cneKTp 06118CTHX 9HeprHB 40-240 B 350-550 K3B 

141 
HSI!Ll&HHbiX Y - I1HHHI paC!Ili.Qy Sm Bbl-

BOilHTCB K3 IIOCTOBBCTBa OTBOmeHBSI HBTeHCHBHOCTel 8TBX llHHHI K HHTeBCHBHOCTH 

y - nsasA c aaeprseA 11il8 xaa. Tionyqesable 118HHbte o y - cnexTpe 141 Sm npa

senesbl B Ta6nsue 1. 

8.2. Pscns,Q B3orons 140sm 

8 Y - CDeKTpe, 3Spei"HCTpllpOBaHBOM C DOMOinbiO CllHHTBI11151liBOHHOI"O cneKTpo-

MeTpa, 88 JI8611J01l811.11Cb Y - I1BHIIH, BHTGBCHBHOCTb ltOTOpbiX y6biB8118 C uepHOilOM 

uonypacn8Aa 13 MHByT. B Y - CII&JtTpe, 38perHCTpHpOB8BBOM C IIOMOlllb!O 

~ 
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Ge ( Ll l -··cnexTpoMeTpa, 6LiliH aall:.o;eHbl Tpll y - naaaa, nepao.o; nonypacna.o;a Jto

TopbiX HBHO MeHbwe 20 MHHYT ( CM. Ta6nHUY 1). Beposrrao1 OHII OTHOCSITCil: K pacna

JJ.Y 
140

Sm 

B U03HTPOHHOM cnexTpe C8M8PH9Bb!X B30TOIIOB H86mDA89TCil: BbiCOKOSBepreTK

qeCK8H KOMUOH&HTa C rpanaqaoll: 9Hepraell: Epr 4500! 400 K3B 1 BBT9HCBBHOCTb KOTo

_poll: na.o;seT c nep11oJJ.OM nonypacnana (14 ± 1) MIIH. 3To 3aaqeaae xopowo coanana-

eT c nepiiOJJ.OM nonypacnana H30Tona 
140 

Sm , onpeneneHHbiM B pa60Te 111• 

ld ld IU 
8,8. IJeiiO'lirB pBCliBJlB Sm- Pm-Ntl 

B Y - cnexTpe caMapaaaoll: ~paxn1111 aa6n~naaTCsr Y - nepexon c saep

ra:ell: ( 1672 ± 5) K9B1 IUI'T&HCRBHOCTb JtOToporo II8A89T C nepROJIOM nonypaCII8A8 

78 MBB. ITpa:aaAneJKHOCTh &Toro nepexo.r:ta pacna.r:t~'1>m Mbl yCT8HOBRn:B: C no-

MOIIlhJO Bb!W9 OURC8HHOrO npOToqaoro M9TOIUI, ITocn:e OCT8HOBKH IIOTOJta Bb!Mbl-

B81011l81 lKHilKOCTR RBTOHCHBHOCTh 8KTHBHOCTR B H3M8pRT8nhiiOM 06-f.eMe na,ll89T C 

nepaonoM nonypacnana (44 ± 4) cex. 3TH naauble xopowo cornacy~csr c paaee 

npanaca<rHb!M pa.::nany u 2
Pm 3aaqeaBeM .nepa:o.r:ta nonypacnana 181 

qT06bl OTBeTRTb aa aonpoc1 HAOT na p+- pacnan aa ypoaeBb c saepra-

ell: 1572 Jt9B, Mbl B3MepSIJIB TpO~Hb!O COBU8AOI!IIil: M8lKAy y- H3ny'lCHI!CM C8M8pRe

BOI ~p8KUHB B 8HHBrHnnsmaO:tllbiMH KB8BT8MB. B CUOKTpe TpOII:Hb!X COBII8A&HBJl SIBHO 

npo~:ansreTCH nax npa saepraa • 1600 xaa. 

4. Q6cy)J(J]C11.B9 ppayn&.TBTOB 

1, PaciiBJl Srzf4'-.p~4t 

KaJt H3BOCTHO, OCHODH09 COCTOHHH9 H&qeTJtb!X Mep C N • 79 18'kd T9 

eo • 
I aT Ce 

18
, 

186 Ba
11

, 
183

Xe T~ 131
Te Tt) II MeeT ClhiH B 'l.eTHOCTb 

es u u u 
3/2+(d ) /4/ 

3/2 ° 
MoJKHO OlKHA8Tb, qTO R .l]J.pO 

141
Sm TQ B OCHOBHOM COCTOHHBH IIM99T T8KII9 

n 
JK9 CURB B 'leTROCTb. 

Ocaonnoe cocTo~aae noqepae!'o Sinpa 
141 

Pm
80 

aMeOT cnaa B "'eTHOCTb 6/2+ 
61 

S/2+( dS/2)/4/ B COOTBeTCTBHH C Alllll'b!MH 0 {3 - pa<:UaAe. 

{3 - pacnaJt MOlKAY COCTOIIIIH,tMH6 d _. d pllapemeH. no CHCT9MUTH-
5/2 /6/ 3/2 

Jte saaqeHHA log It OlKBHaeTCSI log It:;: 5,3 

3aeprHSJ pacnana 
111 !lm~H Pm cocTaBnSieT 

B COOTBeTCTBRH C pa60T8MR 16 •7 •81 '. 11cnoJJb3yR 9TH A8HIIble H HallAeHHbJ!t nepllOit 

Q {3+ • 5340; 1680 H 4910 K::lll 

6 

• 

;\ 

~ .. iL 

uonypacna.o;a co saa'leBRew oxono 22 MBII, MOJKIIO rpyl5o oneBRTb 

ITonyqeJtBWe TADM o6pa30M 31laqeosr 6,0; 6,6; 5,8, coOTaeTCTae 

CH cymecTB&IIJIO 6on&we, '19M OJKIIJI.89M08 3JlaqeJIRe log It< 5,8. 

IT oSTOMY MOlltBO npennonaraT&, 'ITO Kaii:Aeaswll: a pa6:,.e /1/ pa• 

IIOnypACIUlAS, p8BBb!M 22,5 MHH1 OTHOCHTCil: Be Jt OCJIOBBOMY COCTOl 

8 Jt paCDSA1 B30MepBOrO COCTOsrRHil: TBII8 h ll/1 • 0TM9TRM1'1TO J13 

HaRe Taxoro THIIa B:3BecTBo ao acex .o;pyrzx srnpax c N • 79. Ha 

Bb!X 0~ sseprXSIX B036YJKA8HIIIil JlaOMepOB MOlltHO :ayTeM 8ltC'l'paJXI 

eBeprxJO JlaOMepzoro cOCTOsumsr a '"Sm. Ha pac. 6, cocTaanessoro ~ 

BIIABO, 'ITO 8T8 9B8prasr COCT8Bn118T • 216 Jt9B. 

Hcn0nh3flil npueneBKwe oneux Q 13+ • kwft!S,a,wOJKao on• 
141 

3HA'I8BB9 nepBOA8 nonypACII8A8 nn:sr OCBOBHOrO COCTOHBIIil: S. 

we 10 MJlH. .,. .,. 
KaK IIOK83b!B8eT CHCTeM8THK8 ypOBH&ll: 3/2 H 1/2 ( d3; 1 ; 

141 1419 
COJlHHX C Sm smep, Sm MOJKeT TOJKe HM&Tb CIIHH H '!eTHOCT 

+ 
cny'!ae {3- pacnan npOHCXOAHT Hll ypoBeHb 3/2 B AO'lepHeM S!API 

ro THII8 X8p8KTOpH3yeTCSI HeCKOnbKO oonbWHM 3H8'leHH8M aenu• 

BcneacTBHe sToro, a TaxJKe BCnencTBHe Mea~owell: saepraa pacn1 

nepnon nonypacnana aomKeH cocTaansrTb ;:·to MHH. B sxcnepaMeHT 

nonypacnaaa B ueno'!Ke c A • 141 He 6bln HaAaea. He ucKniO'!I 

II03HTpOHOB, H3MepeHHblll H8MH1 COlleplKHT UOMHMO KOMIIOHeHTbl C 

rneA Ept-• 4500 ! 400 xss a nepaonoM nonypacnana 14 ! 1 MHH e 
+ 141 

IIOHeHTY C E pt-<4500 K3B 1 aanpasneii'Hy~ H8 COCTOSIHHe C 3/2 

Ul 
B y - cneJtTpe J:l30Tona Sm ISb!nB oiSaapyxc:eJihl sapsrny c ' 

y - n:zo• c saepraeA 198,0 • 481,9 xsa, npr~eM nepaalil x: 

BHT9HCHBB8R B CD8JtTpe. 

B paiSOTe / 9/ 15wno o6sapyJKellO X30M8pB09 COCTOHBXe Ul Pm 

HB, paBHbiM 2,2.1Q-8cex. Cn1111 9TOro COCTORHIIR I > 18/2, 888 

840 xsa, xall MOlltBO 3axn~qaT& B3 cywMapaoll: sseprxa ucllAilRbl' 

AOB C sseprllii:MR (190 ± 10), (220 ! 10) R (480 1 10) Jt9B. 

B03MOlltRO, y - nepexonw 190 xsa B 480 xsa zneBTzqaw Rl 

MR nepexciAaM. c ssepr•el 198,0 • 481,9 xsa. B 9TOM cnyqae MO~ 

HB C saepnrell 198,0 B 680 KSB, IIpaqeM RX CURB I> 6/2. 113 C 
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Tp8, 6L>Il1JI aaltncRb! Tpll y - IIIIHHHo nepHOA nonypacna.aa Jto-

20 MHHYT { CM. Ta6nHIIY 1) • BepOsrTH01 OHH OTHOCsrTCB lt pacna-

CIIOKTpe C8M8p51eBb!X B30TOIIOB HB6~.118eTCB Bb!COK08HepreTK

C rpallB'IHOA 9HeprHeA E{f" 4500 :!: 400 KSB, HII'I'8HCBBHOC1'& ltOTo

'J:(OM nonypacnana { 14 ± 1) MRH. 3To ssa'leHBe xopowo coanaAa
uo 

asOTona Sm , onpe.aeneHRbiM a pa60Te /11. 

1411 1411 1411 
paciiS/lS Sm- Pm-Nd 

JtTpe caMapaeaoA ~paxnHH aa6n~A8eTCB Y - nepexo.a c ssep-

aB, IIHT8HCHBHOCTb KOTOporo II8A8eT C nepBOAOM nonypaCII8A8 

'lKROCTb aToro nopexo.aa pacna.at4~m Mbl ycTaHOBB11ll c no-

8RHOrO IIpOTO'lHOrO MeTOA8. flocne OCT8HOBKB nOToxa Bb!Mbl-

HBTORCHBROCTb 8KTBBROCTB B B3MepBT81IDHOM 06heMe ~8eT C 

naAa {44 ± 4) ceK. 3TH .aaRIJble xopowo cornacyiOTCB c pasee 

a.ay 1 '~Pm sRa'lesBeM nepBo.aa nonypacna.aa 
181 

aT& Ra Bonpoc
1

aneT na ~- pacna.a sa ypoaeHb c aseprB

asMepSUIH TpO~Rble COBIISAOI!HS! MOJKAy y- H3ny'ICHneM C8M8pBe

BrHIInS!l!HO:UlbiMR xaall'l'aMB. B cnexTpe TpollRbiX coana.aeull !IBHO 

pH SHeprBB '" 1600 KSB. 

4. Q6CY)KQ£H.Ile pQi3yfl&TSTOB 

Sm141-f'rf.41 
18~U TD 

eo • 
3/2+(d ) /4/ 

O, OCHODHOe COCTOSIHBO l!O'IeTI!blX MOp C N • 79 

a", 188 Xe T~ 131
Te

79
) RMeeT Cli>lli II 'leTHOCTb 

H ~~ 
3/2 • 

8Tb, 'ITO B .mpo 
141

Sm Tt 
~~ 

Tb. 

CTO~HRO AO'I8pHCrO S!;'lp8 

OOTBOTCTF.IRH C )lllHI'HMB 0 

B OCHOBHOM COCTO~HBB BMeeT T8XBe 

141 Pm
80 llMOeT CIIIIH B 'I~HOCTb 6/2+ 

81 
f3 - pac..:lltH<e. 

llll !.!C}KAY COCTO,!l!H"MH6 d d pnapeumH. flo CHCTOMBTB-
5/2'11 5/ 3/2 

ft OJIU!.J\lleTCSI log It~ 5,3 I 

na.na 
111 

!lm-J.H Pm 

pa60T8MII 16 •7 •81 • HcnO.flb3Yst 9TH A8HIIb!O II R8A!lei!HbiA TiepBOA 

COCT8BnlleT Q {3+ • 5340; 1380 II 4910 K:JO 

•' 6 

• 

lo11 f&. 
nonypacna.aa co s.aa"'eBBeM o:xono 22 MBH, MOJKHO rpyCio oneBBT& s.aa'leBBe 

flony'18JUIW8 T8UM, o6p830M 388'18BBII 6,0; 5,6; 5,8, COOTBeTCTBeHBO, OK83WBAJOT-

Cll CyWeCT~BHO 6oru.we, '18M OJKBA88MOe 3H8'leBBe log ft < 5,3. 

floBTOMY MOJKHO npe.anonaraTb, 'ITO aaA.ueaabll a pa;OTe 
11

1 pacna.a c nepaoAOM 
141 

nonypacua.aa, paBBbiM 22,5 MBH
1 

OTBOCBTCB He :X OCHOBHOMy COCTOHBBlO Sm (d a/~), 
8 lt paciiBAY B30M8pHOrO COCTOIIIDlll TBU8 h 11/1 • 0rMeTBM0'l.TO 1130M8pB08 COC'To

IIHB8 Ta:xoro TilliS B3BeCTBO BO acex .apyrBX HAPAX c N • 79. Ha OCBOBaBBB AAK-

Bb!X oC5 aaeprBBX B036YJKA8BBII B30MepOB MOXUIO JIYT8M 8KCTp8UOIIBIIBH 0~8HBT& 
141 u 6 141 

saeprB'I> 1130M8pHOrO COCTOBKBII B Sm. Yi3 pac. , COCT8BII81lHOrO no ASHHbiM B3 , 

BB.II.HO, wo STa eaeprBB cocTaBnlleT .. 215 :xes. 

McnOIID3yll npaae.aeaahle onen• Q p+. q ft <3,31 MOlKBO 0 neBBTb OlKBA88M09 
- 141 

3H8"18BB8 nepBOA8 Uonyp8CII8A8 AIIB OCHOBHOrO COCTOIIIDlll 
Sal dl/~ i ORO Me.BJo-

me 10 MBH. ... ... 
KaK DOK83biB8eT CHCT6MBTHK8 ypoBHeA 3/2 H 1/2 { dS/I i I)/I ) co-

141 141q + C6AHHX C Sm Mep, Sm MOJKeT TOJK6 HM6Tb CIIHH H 'leTHOCTb 1/2, • B STOM 
+ 

cny'!ae fJ- p8CII8A npOBCXOAHT H8 ypoaeHb 3/2 B AO'IepReM SlApe. nepeXOJ:( STQ-

ro THII8 X8p8KTepH3yeTCH H6CKOnbKO 6on&WHM 3H8'l6HH8M aenH'IHHbl Jo&ft• 5,7. 

BcneACTBHe aToro, a TSKJKe acneACTBHe MeH&meA aaeprBH pacna.aa, OJKH.aaeM&Iil 

nepHoA nonypacnaAa nonJKeH cocTaanRT& ~·10 MHH. B sKcnepnMeHTBX TaKoA nepHOA 

nonypacna.aa a ueno'!Ke c A • 141 ae 6bm aaA.aea. He HCKniO'Ieno, 'ITO cneKTP 

D03HTpOHOB
0 

H3MepeRHbiA HSMH, co,aep.lKHT noMHMO KOMIIOHeHTbl C rpaHH'IHOA saep

rHeil E,r• 4500 : 400 K3B H nepBOAOM nonypacna,aa 14 :!: 1 MHH ewe BTOpy~ KOM-
+ 141 

IIOHeHTY C E p+-<4500 KSB, aanpaaneliHy~ H8 COCTOSIHHO C 3/2 Pm • 

B y - cneXTPe BSOTona 141Sm CiblnJl oCi.aapyxtellbl sap RAy c .apyrBMB naHBRM:X 

y - naBBB c aaeprael 198,0 • 481,9 :xaa, IIJnAeM nepaa• B3 BBX - c~sr 

BBT8BCBBBAH B CII9KTpe. 

B pa60Te /9/ 6blno oCiaapyJKeBo asoMepsoe cocToSIJlae u
1 

Pm c apeMelleM JKB3-

BB, paBRbiM 2,2.10-Scex. CIIIIH 8TOrO COCTOSIJIBII I > 13/2, aaeprBB ero 60IIDWe 
y - nepexo-

840 K3Bo K8ll MOlKBO sa:xn~'lBTb 113 CyNM8pBOI eaeprBB K8Cit8ABbiX 

AOB C aaeprBIIMB (190 t 10), {220 ! 10) B (480 ± 10) KSB. 

BosMO.lKRO, y - nepexo.aw 100 xas • 480 :xes a.aeii'I'H'lRbl aa6n~.aaeMbiM sa

MB nepexo.aaM, c e11epraeA 198,0 B 481,9 xaa. B aTOM cny'lae MOJKBO aaecTB ypoa-

DB C &Repnrell 198,0 B 680 KSB, npa'leM BX CUBR I> 5/2. J.fs cpaaReRHB nepBbiX 
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B0315ylK1t9SSbiX yposKeA S9'1e'I'Sb1X H.Qep Pm , MOlKHO OlKBlta'l'& nep&b!A B0315ylK1t9S-
141 

Kb!A ypo&eH& Pm npB T8KOA aseprBB CO CDBKOM I> •7/2+ ('lyj.}' , (& 

aTOM cny'lae y - nepexon norut<es 15b1T& TBna Ml·+ (E2) ). Yposes& npJI 680 KSB 

.nonJKes 'rorna JIMeT& cnRJl I ,& 9/2. Ha ocsosan• nasllbiX ol5 JIHTeJtcK:Bsocrn 

y - DJISBI MOlKJIO 1tYM8T&, 'ITO ypo&eH& npB SHeprBB 630 KSB 38C9D519TCB He-

DOCp81tCTB9HH0 y - pacnanOM c COC'rOBHBH tu Sm b. tt/ll • YposeHb c sseprHeA 

630 KSB He MOJKeT l5b!Tb HA9HTH'IHbiM C H30MepHb!M ypOBHeM, paCD8A8IOWHMCSI C 

-3 /9/ 
speMeHeM JKH3HH 2 12,10 CeK , DOTOMy1 'ITO DpH paCD8A9 STOI"O H30Mepa B03-

HHK8IOT XOTH 15bi TpH 1"8MM8-KB8HT81 CYMM8 SHeprHA KOTOpb!X 6onbwe 630 KSB, B 

/10/ pa6oTe neKepa Bb!CK83b!B89TCSI npeADODOJKeHHe 0 TpeXKB83H'18CTH'IHOM X8p8K-

Tepe STOI"O H30MepHOI"O COCTOSIHHSI, B STOM cny'!ae pa3pSIAK8 H30MepHOI"O ypOBHSl 
- + 

MOJKeT npOHCXOAHTb B0315yJKA9HH9M ypOBHelt C xap8KT9pHCTHK8MH 19/2 1 15/2 1 

+ + + IHm 
11/2 1 7/2 H 5/2 • B H8W9M cnyqae npH pacnane H30MepHOI"O COCTOSIHHSI Sm 1 

. + 
DO-BHAHMOMy1 38C9DSI9TCSI ypoBeHb 11/2 C SHeprHell 630 KSB, 

141 
Y'IJITb!BaB Bb1CK838HIIbl& Bblme npe.D.nonoJKens, cxeMy pacnana Sm MOlKHO 

DOCTpOJITb T81t, lt8K STO DOK838HO H8 pHC. 7. Ha pHC,8 npHBOASITCSl CX9Mbl p8CD8A8 

139 ISS U7 117 ( · )Ill 12/ Nd-+ Pr H Ce -+ La nnSI cpasseHHSI '!Reno HeATpOHOB • 80 ' • 

4.2. P acnan uoSm - tct Pm -
140 

Ndao 
ell n 11 Tt eo 

Cpa&UB85l 1t811Hble o pacna.D.e neno'lelt uoSm -"0Pm uo N? K 
~~~ 1as 1aa Ill Ta u _u . . eo 

Nd - Pr- Ce80~ MOJKHO OJKKA8Tb1 'ITO CBOliCTB8 o6eHX U9DO'I9K p8CD8AOB 
eo n eo Ta u 

6:yny-r O'lellb DOXOlKKt T81t KAX BX01t5llllJI8 B IIJIX 51,Q.p8 JIM&lOT OJl.KBaKOBbl& 'IKCna 

aeATpOBOB, a 58-oA, 59-bli R 60-b!A DpOTOH1 Cy.D.B DO JJ.8l1JlbiM 0 COC&ABllX 5l,Q.p8X, 

ll8XOltsrTC5l H8 OltHOM B TOM lK9 ypo&Jie d 5/ll 
us uo 

TaK lK9, K81t H B Pr , MOlKIIO B 3m OlKIIA8Tb H8DH'IBH ABYX .rtonro-

JKBBYIIIHX COCTOSIHHA. 0.rtHO 113 HHX - STO OCIIOBH08 COC'rOHHH& C Ifl • I+ ( C KOHcpR-

rypan&eA p ( d5 fll ) 11 n ( a/:a ) ) 1 pacna.rtaiOmeecg HenocpeACTBeHso sa ocsoasoe 

140 rr -
COCTOSIHRe Nd C logft • 4,5 • Llpyroe - STO H30Mepsoe COCTOHSH& C I • 6 , 

uo rr - .T 
pacna.rtaiO!IIee sa B3BecTsbiA B30MepSbiA yposeH& Nd c I - 7 

/13/ uo B pa6oTe l5bm senasso OTKpbiT B30TOD Pm , pacna.rtaiOmBAC5l 15yJJ.TO 

15bl C H86DIOA89Mb1M nepROAOM nonypacnana (6 ! 1) MRS B H30Mepsoe COCTOSIHRe 

140 rr - I 14/ Nd c xapaKTepRCTRKaMH I .. 7 ·, saAnessoe B pai50Te , TaKoA pacnaJJ. sa 

OCROBHorO COCTOHHII5l I40 Pm M8DO BepO!ITeH R3-38 150nbWOA p83SHUbl CDR-

HOB, 

8 

• 

.. ~ 
~ .~1t,/+t 
.,: 

·f • 
.•. ~ 
-~~ I 

~. 
~~r~ . 
~~~ 

~ 

' ~ j 
<~ 

~ 

B Hawelt pa6oTe 15btn HaAneH no3HTpOHHbiA pacnaA c nepHOAC 

(14 :t: 1) MHH K rp8HK'IHOA SHeprlleA(E13+a 4500 :t: 400 KSB (Qf3+'" 5-
H 

8 Ta6nuue N92 npHB9A8Hbl OUeHKH SHeprHlt pacnana ADSI H30TODOB 

140 /6 7 8 15/ Pm ' ' ' • ConocTasnSISI naHHbie sToA Ta6nHUbl c SKcnepHME 

'19HH9"f Q/J+·• 5~00 ! 400 KSB MOJKHO OAH03H8'1HO 38KDIO'IHTb, 'ITO 

D03HTp0Hbl C E/3+ • 4500 :t: 400 KSB MOryT B03HHK8Tb TODbKO npH 

HOI"O COCTOSIHHSI I40 Pm C I rr • 1 + , J.1CDODb3YSI 3H8'19HHe log ft • 

Hble OU9HKH 3H8'19HHSI Q13+, nerKO BHA9Tb 1 'ITO nepHOA nonypaCI 

COCTOSIHHSI l40 Pm AOnJKeH COCT8BDSITb ., 10 ceK, 

fipe.rtnaraeM85l H8 OCBOB8IIJIR Bblm&B3DOlK8BHOil AHCltyCCBJI cxe: 

140 
no'IKH Sm B3o6paJKeH8 sa pHc.9. 

B aaKniO'Iesse ABTOpbl paiSOThl &blpaJKaJOT 15naro.napJtocrb H. 

npenOCTaaneue AeTeKTopa TBna Ge( Ll l • B3MepBTen&JloA annapaTypJ 

6naronapHT H.A.ne6eJJ.eBa 38 BbtneneHH5l Sm - cjlpaKuHH nnSI H3M 

142 Pm. 

0BTepsTypB 

1. s.XeppM8KH, r.ncppennepl Ll.XpHCTOB. npenpHHT OH.RH, Llyi5H~ 

2. K • .R.rpoMOB, )K,)I{eneBI KyH CsiH ll3HHI r.My3HODbl XaHb illy )l{yHb 

CCCP, cep. cjlua. 29 (1965). 

8. T.V. Marshall , J.O. Raama .. ea • Pb.ya. Rev • .llt.. (1959), 895. 

4. B.C • .llJKenenoB, n.K.neKep, B.O.CepFees. CxeMbl pacnana p8Ail 

A 1001 MoCKB8 1963, neHH~pan. 

5, )I{,T ,)l{eneB, B.r .KanHHHHKOB1 .R,nH!1TaK1 n.K.neKep, npenpHHT 

.lly6aa 1967. 

6. A.G.W. C•meroa AECL- 4U ( 1957 ). 

7. J. Rldell. AECL- 339 (1957). 

8. P.A.Seepr. Nacl. Phys. ~ ~~1)"1 

9. B.B.PeMaeB1 IO.C.Kopna1 A.n.KniO'IapeB1 A.M.CMHpHOB. )I(ST<Il 

10.CTpyKTypa cnoJKHbiX SIAep, ATOMH3A8T1 MocKsa 1966, cTp. 3: 

11. M.n. AsoTHHa H np. lloKDIBA Ha X cosewaHHH no SIAepHoA cne: 

lly6Ha 1967. 

12. G.M.Lederer1 J.M.Hollander and LPermann. 
Table of Isotopes (Sixth Edition) New York 1967. 
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·BHeA Re'leTHbiX Hll8P Pm , MOJKRO OJKB.IlaTb nepabiA aoal5yJK.nes-

Pm npB T8KOA aseprBB CO CDBROM I> •7/2+ (&.,;
2
)· , (a 

nepexo.a .aolllKeH l5b1Tb TBna Ml+ (E2) ). YpoaeR& npB 680 KSB 

CIIBR I ,& 9/2. Ha OCROB8RBB ll8RRbiX of) BRT8RCBBROC'r51X 

yposeR& npB sseprBs 680 KSB aacenHeTCH se

- pacna.nOM c COCTORIIBH 141 
Sm b 11; 2 • YposeHb c saeprseA 

6b1Tb H.U9HTH'IHblM C H30MepHbiM ypOBH9M1 paCD8.(l810lllHMCSI C 

-3 /9/ 
,2,10 CeK , UOTOMy, 'ITO npH pacna.ue STOrO H30Mepa B03-

9HeprHA KOTOpb!X 6onbwe 630 KSB, B 

Bb!CK83b!B89TCSI npe.unonOJK9HHe 0 Tp9XKB83H'I8CTH'IHOM X8p8K

pHOrO COCTOSIHHSJ, B 9TOM cny'lae p83pii.ClK8 H30MepHoro ypOBHSI 

Tb B036yJK.U9HH9M ypoBHeA C X8p8KTepHCTHK8MH 19/2-, 15/2+, 
+ 141m 

, B saweM cnyqae nps pacna.ue H30Mepsoro cocTOSIHHH Sm , 
. + 

enSJeTCSJ ypoBeHb 11/2 c sHeprseA 630 KsB, 

g,aaHHhle B&Iml!! 
141 

npe.nnonoJKeRBH, cxeMy pacna.r:~a Sm MOJKHO 

K aTo noKasaso sa psc. 7. Ha psc,8 npHBO.USJTCSI cxeMbl pacnaAa 
137 ( · Ill 12/ Ce .. La AnSI cpasHeHHSI qscno aeATpOHOB • 80 ) ' • 

~ uoSm - let Pm - HO Mao 

82 TS 81 T8 80 
IIBble o pacna.o.e ~eno'lelt HOSm ---ouoPm 140 N.F' 11 

us 02 18 81 . ...78 .. - 00 
;

8 
Ce80, MOlKHO OlKII.U8Tb, 'ITO CBOHCTB8 o6eHX U9ll0'18K pacnaAOB 

•lKB, T8Jt Jtalt BXOllHlllBe B BB.X IIAP8 BM8lOT O,P.HJIAX0Bbl8 'IBCQ 

A, 59-wA R 60-biA !IpOTOS, CyAH DO A8JIJibiM 0 COC&.QJIBX llllP8X, 

M R TOM JKe yposse d 5/2 
188 

140 3m OJKR.Q8Tb HSnH'lHSI ABYX Aonro-II B Pr 1 MOJKHO B 

A. 0ABO R3 HBX- STO OCHOBSOe COCTORB.II8 cl"•l+ (c KOSI!JB-

R n < 8 ; 2 ) ) , pacna.ttaJOweecH aenocpe.ucTsesso sa ocsoaaoe 

C logft • 4,5 • Llpyroe - STO H30Mepsoe COCTOIIHB8 C I "'• 6 -, 
140 " - .'il" ssecTsbiA B30MepBhtA yposeBb Nd c I - 7 

3/ I~ 
6btn He.naBJIO OT!tpb!T B30TOD Pm , paCD8A8JOWBACII 6y,D.'rO 

M nepBOAOM nonypacna.na (6 ~ 1) MRS B B30Mepsoe COCTORIIBe 

fT - 114/ I ~ 7 ·, saA.nesaoe B pa60Te , Ta11:oll: pacna.o. B3 
140 

Pm Mano sepo!!TeH aa-aa 6on&woA paaHB~bl en•-

8 

·-

' 

··,:f 

kl 
'~·, 

,,I;' 

~ 

B HaweA pa6oTe 6btn aaAAeH noasTpOHHhtA pacna.u c nepso.uoM nonypacna.aa 

(14 :'; 1) MHH H rpaHII'IHOA SHeprl!elt(Ef/'" 4500 :'; 400 KSB (Q~+"' ~~00 :'; 400 K9B), 

B Ta6nsue N!2 llFIHBeJleHbl oueHKH sHeprsl! pacnaaa anSI uaoTonos Sm H 
140 /6 7 8 15/ 

Pm '· ' ' • ConocTasnSISI ABHHbie aToA Ta6nHUbl c sKcnepuMeHTanbHblM aaa-

'leHHellf QjJ+·• 5{;00 :': 400 KSB MOlKHO OJlH03H8'1HO 3aKnJO'IHTb 1 'ITO Ha6nJOJl89Mbl9 

ll03HTpOHbl C E~+ • 4500 :'; 400 KSB MOryT B03HHK8Tb TOnbKO nps pacnaae OCHOB

HOr'O COCTOSIHHSI I40 Pm C I rr • 1 + , Hcnonb3Y!! 3H8'19HHe log ft • 4,5 H YK838H-

Hble OU8HKH 3118'19HHSI QfJ+t nerKO BHJleTb, 'ITO nepHOA nonypacnaAa OCHOBHOro 

COCTOHHHSI 
140 

Pm AOnJKeH COCTaBnSITb • 10 CeK, 

npe.ttnaraeMaH Ra OCJIOB8JIBB B&lm8B3nOllt811BOA tlB:CityCCHII CX8M8 pacna.Qa Ite-
140 

IIO'IKB Sm B305p8lK8S8 Sa pHC,9, 

B aaKnJO'l8JIBe asTopw pa!SOTN BblpalKaJOT !Snaro.r:~apllocr& H.3son&CKQMY aa 

npe.aOCTaaneue .D.eTexTopa Tana Ce( L1 ) a aaMepaTen&soA annapaTypw. AsTopbi TSKJKe 

!SnaroAapSIT H.A.ne6e.nesa aa BbiAeneHHSI Sm - <jlpaKUHH AnH H3MepeHHSI pacnaAa 

142 Pm • 
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1, 3.XeppM8HH, r.ni!Jpennep, Ll.XpHCTOB. npenpHHT OHHH, Lly6aa 1966, P-2647. 

2. K.H.fpoMOB, )l(,)l(enes, KyH C!!H U3HH, r.Mysuonb, XaHb illy )l(yHb, Has. AH CCCP 
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Lly6sa 1967. 
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10.CTpyKTypa cnoJKHbiX II.Clep. AToMH3AaT, MocKBa 1966, cTp. 325. 
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