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I.BBE,IJ;EiillE 

B!mOJIHeli!IHe :s noCJie.zume ro,Itll HcCJie,llOllSHIIli pa,llHOa.t<TI!BHOro pac
na)lai4l1!a, I4Gr.a , I~ 1148CTe c peayJII>TaTBMll!,nOJIY'IellllliMI'! ll pa3JIH'mHX 

.!l,llepllliX pe8.Kl1JiliX H B pe8.KI1Hl!X Heynpyroro pacceilliiiJI '!aCTHU,npi'!Be.mt R 

ycTaHOBJiemm ,lleT!IJThllhiX CXeM :S036y>meHllliX ypol!Hel! Sl,llep I40La 1'1 I40Ce• 

06mapHRe 3KCrrepHM€HT~HH9 CB~eHHH 06 ypoBH~ 140La H l4UCe IT03BOnB
JII'! IIP.Oll8C'l;'ll: ycn8l11Hoe oreopeoraqecxoe onHcaHBe clloll.cTl! aTHX ll,llep(HaiipH

Mep,7I,2/) o IJo'i'rll! BO BCeX liiM8DilBXCR TeOp8TJ!'{8CRHX pa60Tax OnHCaHBe 

OCHOBSHO Ha MO~enB,B KOTOpol yqHTHBSeTCH OCTaTO~oe B3BHMQn9~CTBHe 
H:yit>lOHOll Cllepx SBMRH:fTOrO OCTOBa (z=50,N=82) .CpallHSHHe pesyJII>TaTOB 

pacqeTOll C 9RCUepHM8HTOM ,llaiiT BOSMOIHOCTL pe8JII'!CTJ!'{8CRI'! llH6paTL no-
T9mntaJI OCTQ'l'OlJHOrO B38HMO,IJ;eiCTB1'111. _ 

PaHee MH HCCJI8,llOBaJII'! pacna,n; I4fk , I4Gr.a 1'1 I40Pr /3,4/. B 
noCJie)\~e ro,llll rrooBHJica Pll.ll pa60T no uayqemm yaasaH!lliX ll,llep( CM. _ 

o6sopf v' ) • Colle]llleHcTllOBaHHe cneRTpOMeTpaqecxoil annalJ!!TYPH .ll!l,llO l!os
MOEHOCTL BWIBIITL HeROTOIJ118 CJiaOOe 1-nepeXO,llll B I~ , I40La 1'1 140Pr, 
CBe,lleHI!li 0 T8JGIX nepeXO,llax '!aCTO He corJiaCyx>TCR M8l!IJ1Y co6ol! B pa60Tax 

paSllliX aBTOpOll. 

Hama pa60Ta 6HJia liOCTaBJieHa C UeJI>m: 

a) ycTpaHeHI!li HBMeTIIlliiii'!XCR pacxaz,ueHBl! B Clle,lleHllliX o CJia6HX 1-nepe-
. XO,llax B I~ H I40ce ; . _ 

6)HaH6oJiee oroqgoro onpe,lleJieHBa sHeprBil H HHTeHCHBHOCTeil 1-nepexo,lloll; 

B)UOHCKa OT,II;enDHHX 1-nepeXO,IJ;OB,BHCBe~mnmax H9KOTOpHe KSB9CTHH9 H3 

peaRUHil ypoBHB I~ B I40ce ,:sos6y>meHBe I<OTOPHX llOSMOEHO npH pao
na,ne I~ • I40La 1'1 I40Pr • 

Upe,llBapHTeJILlllle peay.m,oraorH Hamel! pa6oTH 6HJII'! ony6JIBI<o,.,/6/. 

2. PAC!W{ I~e -I~ • 
2,I, iiSMepeHBe CUei<TpOB r ""'Y'i8il 

B mqecTlle HCTO~ll I40l!a HCUOJThS098JII'!cL npenapaTH,nCl.l!Y"eH
HHe B3 o6'.b6,10[He!IBH "HaOToD" B pa8,1teJI9mme Ha RaTJIOHB.Te DOVEX 

( 5 X 8) C npBM8H8HBeM ""- -DI<CBBSo6yorBpaTa BMMOHllll. B pll,lle CJ!yqa8B npe.. 
napaTli no,n;BeprB..Jmcz. pa.a,n;eJiemm xa aJieKTpOMal'HHTHOM Macc-cenapa.Tope. 

TBMMa-B3JIY'I8HBe I40lla BCCJI8,llOllBJIOC:t. npB UOMOOOII cneRTpOMeTpoll 
c Ge(Li) -,lleTexoropBMll! pa3JIJ!qHoro o61.e>la. llBsi<OsHepreTJ!'{8cJ<all '!aCTL 



3 Clle.KTpa H3yqeHB. ll}JH llOMOUlK ,IJ;eTeKTOpoB C 06'1eNIOM U,O H U,b CM llpH 
pa3pememm 550 aB ( 1!22 57 Co ) • 13oJiee zecTKoe 1-a3JiyqeHHe HaMepHJiooio 
.neTeKTOpaMH C O&beMOM 38 H 100 CM3 c pa3pem6111IeM I, 9 KaB( 60co) • MeTo
.IlHRa HBMepel!llli H o6pa6<iTKH 1-cneKTpoB no.npo6Ho onacaHa B paoOT;,/7/, 
Peaym.TaTLI H91DllX HCCJl8.IlOBa!IIIl! 1-H3JIY'J8111Ill I40Ba llpe.li;CTBMeHH B Ta6JI. I. 

06Hapy,EeHH 1~ c aHeprHHMH II3,6 H 55I,2 xaB.lloKaaBHo,~v_ 
Ha6Jm)J.BDilllliM llaMI! .PaRae /3/ nHK 467,6 KaB mwreTCR: nHKOM c;yMMH aaxo
.IlllllliiXM B RaCK!l.Il8 1-JfY't8ll 162,7 H 304,9 KaB. TaKOl! nHK He Ha6Jm)J.8JIM 
B HaM8pel!WlX OII8KTpOB 1-JfY't8li,KOI'.IlQ HCIIOJI!>30B8JICI< lj)IIJ!r.Tp H3 CBIIH!IQ 
TOJliiPIHOJ! 3 MM. _ 

llcCJie.naBa!IIIe pacna.na I40Ba npoBe.neHa noCJie ony6JmltoBal!llli pa
dOTH / 8/ ,r.ne npHBe.neHO HOBoe .3Ha'l8111I8 SHeprHH HO:pMaJIJ/l E = 4II,8044I;t 
±o,OOI08 KaB ( 4II,8- 1\JBa!; ). llOaTOMY. .J1i!1i K8JIH6poBKH ":'e?pOMeTpoB

IICIIOJII,30B8JIHCio aHeprHII 1-JfY't8ll I 92_rlll I""ra ,B3JlTHe 113 8 • llOJiy'leH
HHe HaMil 3HQ'l81!11li SH8prnll f-JfY't81l 40Ba HJl.II!Wl:CI< B HaCTOlliJl88 BpeMJI -
HaHOOJre8 TO'liiHMII, OTMeTI!M, ~0 113M8p9!1H08 B / 9/ C IIOMO!IU>IO KpiiCTaJIJI-.nH<l)-
pruru;I!OHHOrO cneKTpOMeTpa aHa'le!IIIe Ex= 162,656±. 0,003 xaB aaMeTHo 
mme HBillero,a aHa'!eHHe Ej= 29,9653j;_0,0007 KSB rro TO'IHOCTH npeBocxo-
.rorr Hame. 

Cpamie!IIIe IIOJiy'l9HIIHX HaMil )la!IIIHX 06 HHT8HCHBHOCTI!X 1-J!Y'lel! I40 /IO-I4/ Ba c peaym.TaTaMH pa60T . naKaaHBaeT IIX xopomee cor.nacHe sa 
HCKmO'l8Hl'leM HHT8HCHBHOCTH J-nepexo.na 162,6 KaB,BaJIH'IHHa KOTOpol! y 
HaC 3BM8THO BHm8, B HHSKOSHepreTI'l'leCKOil 'laQTH cneKTpa.~e HHT8HCXB
HHX 1-Jryqe'i!J C E1=30 KSB MH Ha6Jm.n8JIH Lo<_,e~ La H 1-KB8HTH. C Ej= .• 
I3,85 KaB. llOJiy'lel!Hoe oTHomelllie JniJi,'2!J = 0,082;!;0,0I4 xopomo cor.na
cyeTM C B~Ol!,H3M8p8HHOJ! B pa60Teli5/ npOIIOpURORanloBRM C'li!T'IHKOMo 

JlHTeHCHBHOCTH -1.....ny<IeW:~a B % Ha pacna.n onpe.neJieHH CpaBHeHH
eM c HHTeHcHBHOCTW 1-JrY't81! .na'lepaero I40_r,;_ • CnycTH II85 'lacoB noCJie 
XliMII'lOCKOl! O'li!CTKH I~ 6llJI 113MepeH Ha cneKTpOMeTpe c Ge(Li)-.neTeK-
TOpOM OO'WMOM 38 OM3 ero OII8j<Tp 1-JfY't8ll ll CpaBH811H IIHT8HCHBHOCTH 
1-JfY'le'Jr 537,3 xaB 11 1-Jryqeft 140_r,;_ c Ej--487 ,0 xaB: Jj537 I Jj487 = 
0,457+0,013. Y~THBaH BpeMeHHol! ~Top ~ coOTHomeHI!H ~llBHocTell 
A( I45La )/A( I40lla ) =:.~,}I "': e<"-;J-~ 11 npiiHIIM8JI JJ4Z? = 44,45:!;; 
±!J,67% ( OM. mme ), HaXO.IlllM J1537 = ( 23A4,4 :t 1,0 3) %. 3TO Slj3'l8-
Hll8 6JII13KO 1< peay~TaTaM neoepTI!Ha 11 .np,/I~/ ( .24,39 + 0,22%) z!lO,I!/ 
HO OT.IIH'l88TCI< OT peayJIIoTaTa r'§'8H II ~/I3/ (25, 7 :!;; 0,6%). OTMeTIJM, 
~0 HBIII8 npelltH88 113M8peHH8 B . C Y'J8TOM Bp8M8HHOro ~opa(pBHee OH 
6llJI OIIYJll8H) .naeT J1537 = 22,92 :t 1,15 %. 

2.2,3JieKTpOHH BHyTpeHHell KOHBepcHil ( 3BK ) 

CneKTpH 3BK HSMepeHH npll II<J!Qll!ll 083llt8JI03HOrO OeTa-CIIeKTpOM8T
pa C TOpoH.naJIIoHHM M!II'!IHTHHM IIOJieM fl6/ll CII8KTpOM8Tpa HQ 6aae Si (Ll )-
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neTeRTopa,rroMemSHHoro B o~opo~oe MarHRTHOe rrOHeAf(. P.aspemeHHe 

deTa-cneRTpOMeTpa_c TPOiOlSJIDHHM MarimTHEDd. ITOJieM B H8IDXX OIWTBX COC

T!lJlJIHJIO~= 0,8-1,0% I!pli CB6TOCIIJI6 T = 15%. 11CTO'IHIU<H"f.li!3Me

peBI!l! na 6eTa-cneKTpoMeTpe nplii'OTa:a.mma.imc:& BHe,npeBI!eM IIOHOB 40Ba 

B TOHI<y>:J aJID.Illllll:mp<lBallllylD Mal!JiapoBy>:J llO,liJ!Ol!U<Y TOJllllliJIOl! 0,68 Mr/CM2 

np11 ITCI40!llil SJie!ITpOMai'BIITHoro Macc-cenapaTope. llcnam.sOB8lllle Trumx 

IICTO~KOB nosBonRHO 113yqHT:& CTPYETYPY L -nl~Hl!ft 3BK nepexonoB c 

auepri!el! 13,85 II 30,0 ROB ( pi!C. l II 2 ). 

c L1 
:>: 
s: z L13.85 

1000 L" 

I 

500 

180 200 210 
HOMEP KAHAnA 

Pile. I. CTPYKTYP'l L -Jlllllllil 

<illL\ nepexo.ua 13, ~b KaB 140Ba . 

L, 
L300 

Pi!c.2.CTpysTypa L -J!IIHIIl! 

SBK nepexona 30,0 gaB 140 Ba 

. CneKTp SBK c E6 > IOO RaB 113Mepeu ua cneKTpoMeTpe ua da~e 

Si(Li)-neTe!ITope np11 paspemeHIIllll -2 RaB( CM. pi!C.55 B pa6cTe 171) • 

BnepBHe ITOJIY"eHH l!HT6HCIIBHOCTII It- 11 L....mnmll SBK nepexonoB II3,6; 

118,9; 423,7 II 437,6 KaB II yTOqH6BH pe3yXLTaTH li3Mep~l7/0THOCli
TeXLBHX l!HTeHcl!BHocTell lt-XRHHft SBK nepexonoB c aueprl!ell 132,7;162,7;, 

304,9 11 537,3 xaB. 

!IOJIY"eHHHe HaMil axcrrepmeHTSXLBHe naHHHe o SBK npencTaB>reBH 

B TaM. I. TaM ae npHBe;n;eHH yCTa.HOB.JieHHHe Ha OCHOBe HBillEX RSMepeHBil llli"":' 

TeHCliBHOCTeli 0 -vJY'I6H I! 3BK 3KCll6pi!MeHTaJWIH6 3Ha'ieHIDI KO~eHTOB 

BHyTpeHHel! ROHBePCllll ll HHBO~ 0 Tl!llaX My.n:&TllllOXLHOCTII nepeXOnOB 

B lJllP6 140 La • 
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E1,RaB I1 ,0TH.9)(, ~ I 8oTH.e,:o;. O{eJI?cn. .i\. 

L.X (/.o.) 32;t6 
13,85;!:0,05 4,9±0,6 L 212;t42 Ml+(O,OIO;t 

M 46+9 0,003)%E2a) 

"' Izt2 
29,955;!:0,020 60;!:3 L 260;!:30 MIHO,OOB% 

M 53+6 E26) 
N rJiz 

kc~..,:z. (La) 6,5;!:0,5 
l<.fo ;,:d f. a) I,SO;!:O,I5 

43,8 ~ 0,007 
Il3. 550;!:0. 030 0,077;tO,Ol6 : K o, 048;t0, oro 0,62;!:0,25 MI+(E2) 
II8,905±D,022 0,27;t0,03 K 0, 155±0, OI6 0,57;tCJ,II MI 
I32,7I6±0,0I4 0,90;!:0,08 K 0,368;!:0,019 0,41;!:0,06 MI B) 162,672+0,002.26,5+0,8 K 6,72;t0,34 :0,24 Ml+~O,S%E2 - ! -

L I,OO;tCJ,06 
! M 0,2J±0,02 

215 0 .ll) ~0,004 • 
304,874;!:0,007 I7,8;t0,5 K 0,77;t0,03 

r) 
4,33;t0,3I)(-2)MI+~I,O%E2 

L b. 078;!:0. 018 
418,5 ' ;;0,04 
423,732;t0,0041I3,I;t0,3 K 0,32;t0,04 2,50;t0,38) (-2) 

L. - 0,044 
437,589;!:0,009 7,80;!:0,25 K 0,18;!:0,02 2,3I;t0,35)(-2) 
467,5 .. o;or 
537,3Il;t0,003 "roox K I,29;t0,04 (1,29;!:0,07)( -2) 

548,9.ll) 
L. O,I9;t0,02 

.,o,or 
551,2+0,5 0,027;t0,009 - -
848,s.il ~ o,pz -

? x) I oTH,e.l(.-(0,2v4;tO,Ol2)% Ha paella)( I40Ba (eM. TeReT) • 
a) !Ia l!aMepel!Horo OTHomeH1!!14lol_;;(I000;t33) >(I06;tli): (3I;t8). 
6) !13 1!3Mepel!lillX OTHOllieHI!JiL1{ =13, 75;!:3,44 >! ll[ =55,0;!:9,2. 
B) !13 pa60TH /20/. II Ill 

I, 

MI 

MI 

MI 

I 

r) !13 l!3MepeHI!!I 1-1-mppeJDII1l!ll • 
)() Bc3MOJ<I!He 1-rrepexo;n;~< e 1!3BeeTII1lX 1!3 ('\)') -peaR!1J!H yponHell 140 La 

7II, 796 I! 912 RaB /S/, ecrr. OHI! B036~ea rrpR pacna.l(e I40Ba, 
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2.3. IISMepelll'!e cneKTPOB e1-coBIIa,uemtll 

IISMepellllK cneKTpoB e1-coBI!a,uemtll mmoJIHeHH Ha yoTaaOBKe /IS/, 

coa~aHHoli Ha 6aae 6eaxe~eanoro 6eTa-cneKTJlOM9TPa c Topo~arroHHM Mar

HI!THHM llMeM II cneKTpOM9Tpa C Ge(Li) -~eTeKTOpOM O&!.OMOM 35 CM~ 

Pasperna.:rrnnee BpeMfi YCTa.HOB.KR B Hamm:t OIIHTSX COCTaBJIHJIO 2 ~ = 50 HC. 

06HapYlit9HH. M9lQIJOOll!9 KBCKallli COBIIB,U9lll'll\: 

( L13,85)-()'30,0; )'118,9; 1304,8; )'423,8 II )'537,3), 

( L30,0 )-{1!18,9; J'132,8; )'304,8; 1423,8; 1437,6 1!)'537,3), 

( KI62,7)-()'304,9), 

( K304,9)-{130,0; )'II3,6; )'II8,8; 1132,8 ll )'162,6). 

Hami! peayJ!bTBTH cymeCTB911HO ~OITOJIHIIDT ~aHHHe pa6o,..I5/ • B 

KOTopol\.6~ Ha6JJIOJJ;eHH COBIIB,U91111K ( M13 )-( )'423, )'537 ) I! 

( L30 )-( )'437, 1537 ) • 

., ,, 

2.4. ilcMe~oBalll'le yr~oBHx 11-Koppena~ 

HsMepeHHH npoBe~eHH Ha aBTOMaTH3Hp0BaHHO~ ycTaHOBKe,cBffsaHHon 

11 pa6oTameli B peDMe ~yXMepnoro aHllJil'laa c D;llippoBHMJ~ oKRa-

Mil /19/ ,rm.tAB.-JIY'IH B O,lii!OM 

RSHane perl!cTpllpOBani!CDGe(Li) 

-~eTeKTOpOM C 06>€MOM 45 CM3 

" paapemelll'!eM -3 I<sB(6Dco), 

162-305 ~l8 

2(12) I ~>c 

,,, ., 

0.5 -------- ---------o. 
a B llpyrOM K811Me-CI111RT11Jt11H

UIIOI!HHI4 cneKTpOM9Tpcr.t C llpi!C-

-0_5 

2(12)3 ~0 

-to - s a.s <.0 J:) 

Pnc.3. l)a$!1< Apaca-B~<.r<en6eKa .l1,llll 

Ka~a 162 - 30o KOB B I40La. 

5 

TaM<I>I!IaJ<Tl) paSMepaMII 

¢40 X 40 MM II i!iSY-13, 3Hep

reTiqecKlll! OT6op co6HTI!l! ocy

lll9CTRJl>I.1[CH Ilpii ll<I>!Cillll Uli<Jipo

BWC OKOH B cnempe CUII!lTBJW<

UIIOHHOTO ~eTeKTopa.BPeMeHHoe 

paapeiiielll'!e yoTaHOBKI! COCT!IB

Jli!JIO 2'1.' "' 40 nc. 

IISMepeHHHe aHaqeiii!J< I<o

a<l$!UlleHTOB )'1-yr~OBHX Koppe

JIJID)til IlpllBB,U9HH B Ta6lml1e 2, 

AKa.im3 K0~8HTOB @ylfl{UJ!l! 

yr~OBWC KOppeJ!JIUllli IlpOBO=CH 

~ecKI!M MeTO~cr.t Apaca

~en6eKa (np11Mep-pllc,3). 

B rrpe,lliiMOllt9lll'!ll, qro nepexo~ 

C 3H9pri!el! 162 K3B TI!Ha 



Ml +<:; 0,6 %E2/20/, ,rr;m: rrepeXO;l(a 304,9 KaB liOJ!y'UiBM CMBC» MYJli>THIIOJID
HOCTBi! Ml + .:Sl%E2, fi > 0 lip!! liOCJIB.l(OBaTBJihHOCTI! Clii!HOB I - 2 - 3, 
3TOT BHBO;l(, cor.naoyeTCJ'l C peayJihTHTOM pa60T!ijl5/, B KOTOPOJ! Truate l!lay
'illJliiCl> yrJIOBiie paonpe,l(eJIBIII!ll! J-KBaHTOB 304 - 162 KaB. wi5/1!!3M9p9HRf[ 
BliliOJIHBH!i lipl!l liOMOIIlll NaJ(!I'l )-;!(9T8KTOpOB ,HO ROa<jljJHIII!lBHTH yrJIOBHX 
KOppe~i! H3MepeHH MBHBe TO~O. 

Ta6nl!lua 2.3KcnepHMeHTaJihHHe 3Ha~eHI!lff xoa~eHTOB yrJIOBHX 
KOppe.ll!lliHl! B I40r.a ll l40ae 

KacKai(Ii 

·-- ------------------------------
I40La 305 -I62 
140c e 328 - 487 

432 - 487 
487 - 159& 

_____ _§1!2_- 1596 

+ 0,061 ± 0,005 + 0,018 ± 0,009 

- 0,094 ± 0,010 - 0,040 ± 0,020 
+ 0,220 ± 0,020 - 0,045 ± 0,038 
+ O,IOO ± 0,005 + O,OIO ± O,OIO 

---=_Q~Q2§_!_2.Q1Q ____ ±_~_r_Q.Ql2__ 

2,5, J!aMepeHI!le Bp9M8HI!l llti!3HI!l COOTQR:HI!lR: 30,0 KaB B 140La, 

li3MepeHI!le BPeMeHI!l i1!3HI!l BliliOJIHBHO lipl!l liOMOIIUI MHOrOKa.li8JIE>HOrO 
BpeMeHHoro aJ!aJIIIaaTopa 121 • llayqaJioo» BpeMeHHoe pacrrpe,l(eJieHI!le coBIIa
.l(BHI!li! KOHBBPCI!!OHH!iX SJIBKTpOHOB L- H M30 C 1-nyqaMH,aaoe~ 
coOT<Imme 30 xaB B 140r.a ~ BpeM!! J<llaHI!l aToro ypoBRI! onpe.t~eJieao no CMe
~emoo Uetrrp0B TmteCTH KpRBI:lX 3~ B MrHOBSHHI:lX COBIIBJJ;eHd: 
T1; 2 = 0,25 ± 0,04 He. B pa6oTe 51 ,rr;m: BpeMeHI!l u:iHI! ypoBHH c aHeP-
rHell 30 HaB .i(aHa 0!1BHKa T

112 ~ 0,42 He, 

3. liCCJIE:llOBAHIIE PACIIA.llA I4Dr.a _ I40ce. 
3.1.llcOJie)loBaHI!le 1-naJI~eHER 

CneKTpH 1-Jly'l.e'll 140La H3MepeHH rrpl!l liOMOIIUI TBX lite Cl19KTpOM9T
poB,KOTOpae 6HJill HCIIOJih30BaHH !IpH l!COJIB.l(OB9.l!IIH 1-H~eHER 140Ba • 
MeT~Ka 1!!3MepeHEH H o6pa6oTKH crreKTpoB 1-Jly'l.el! liO)lp06Ho Olil!CaHa .171. 

B .Ka'tJeCTBe KCTO~OB 14Dr.a BcrrOJILaoBwmc:& nperrapaTH,XHMB1iec
KH ll!i,ll;eJieHH!ie l!la 140Ba H pa3.!1Mi!HH!ie Ha aJieKTpoMarHIITHOM Macc-cerrapa
Tope. 

PeayJIDTHTH llCOJIB.l(OBaHI!ff 1-H~eHER I~ npe;!\CTaBJieHH B Ta6-
JliiiiB 3, 3Hepi'l!ll t -.IJY'<ei! 6wm Olipe)leJieHH !IpH HaMepeHI!I!l O)lHOBpBMeHBO 
cnexT:Pa 140La R KaJm6pOBOtiHllX HCTOrnrn:KOB corJia.CHO MeTO,ItliK8 • H3JI01KeH
HOi! B pa60TB /?/( B mKanB c HOpManbn E1 = 411,794 ± 0,007 RSB( 4II,8-_l9~ ) ) • II~eHH!ie HaMil aHa'l:eHER aHeprHli B o6JiacTH E1 <600 J<aB He 
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YCTYfiSil'l' no TO'IHocTH pesyJIJ>TaTSM HSMepellllll 311!\'le!llll\ E.j',nOJiyqaeMHM c 

ITOIII0111I>K> lqJHCT8Jl11-~0HHoro cneR'l'pOIIIeTpa /22/. CpaBaeme HBIIIHX 

;ll8l!IIIIX CO 3Ha'I9111!!1MH 9!1eprllll El/24•25/ ,ITOJJY'I6llllliMH Ta!Ole !Ip11 HSMepe

IIHH !Ia Ge(Li) -neTeRTopax,ym:m:saeT !Ia TO, 'ITO li8MH )I;OCTHI'IIyra TO'IHOCTL 

O!Ipe)l;eJiellllll 3119pi'l'll! 60JJee BHCOKWI, '!eM B 3TIIX pa60T8X• 

Ta6Jimla 3. 9JieprHH H OTIIOCHTeJIJ>HH6 H!IT6HCHBHOCTH A-JIY"Elnl41k 
------------------

Ep:.oE)',KSB If+o11 ,0TII.e:o;. Eft. liE)', KSB 1p:.o1 )'• OTII. e:o;. 
. 

24,595;t0,004a ~ 0,003 867. 84.6±0. 020 5,56±0,19 

K«. (Ce) I, 77:!;0,06 919,550±0,023 2,00:!;0,09 

K ,1,2~ce~ 0,36±0,02 925,189:!;0,021 7,10:!;0,21 
K~1 Ce 0,089:!;0,004 950,987:!;0,026 0,56:!;0,03 

64,1~,01o6). O,OII:i:<J,004 992,9:!;0;5 0,009;!0,003 

68,916:±0,0066) O,OOO:!;D,006 1045,05:!;0,24 0. 016±0. 004 

109,42210, on 0,22 ± 0,01 1097 ,20:!;D,23 0,022:!;0,005 

131,II7i0,008 0,48 i 0,03 1303,46±CJ,35 0,050±0,007 

173,543±0,009 O.II ± 0,01 1405,02±0,17 0. 068:!;0. 008 

241,933:!;0,030 0,46 ± 0,03 I596,210j;0,035 :100 

266. 543±0. 012 0,50 ± 0,03 1877 ,29±0,19 0. 042:!;0. 006 

306,9 ± 0,2 0,02Q±0,005 1903,5 ~0,0014 

328, 762:!;0,008 21,70 ± 0,40 1924,62:!;0,13 0, 006±0. 002 

397. 522±0. 046 0,070±o,005 2083,2 ± 0,5 0,007:!;0,002 

432,493:!;0,012 2, 97 ± 0,15 2347 ,800:!;0,053 0,89 ± 0,03 

438,5 ±"0,5 ~0,0014 2464,06 ± 0,45 0. 0080:!;0. 0008 

445,5 ± 0,5 0,0036:!;0,0012 2521,397:!;0,054 3,61 ± 0,09 

487,021:!;0,012 46,42 ± o, 76 2547,34 ±o,II O,I09:!;0,005 

618,II8±0,047 0,014±0,003 2899,61 :!;0,16 0,069±0,003 

751,637:!;0,018 4,36 ± 0,16 3II8,5£ :!;0,16 0. 028:!;0. 002 

815,772±.0,019 23,51 ± 0,70 3320,4 ± 0,6 0,0045:!;0,0004 

----- ---------------
a) llsMepeHo Ha 6e3llte.>resHOIII 6eTa-cneRTpOMeTpe Tllllla s..rz B /23/. 

6) IISMepeHo Ha KPHCT8J111-~0illl0111 cne!l'l'poMeTpe » /22/ . · 

.IJ.>m '!erupl!x HaH60Jiee HHTeHCIIBBHX 1-nepexo:o;oB 141lanamCil B JIH-

TepaType CJie:o;yi!l!Uie HaH60Jiee To'IHHe sHa'lei!Hl'! sHepi'IIll E)' ( B KSB ) ,HSMe

peHHHe rrpll UOMOII1ll Ge (Li) -neTeRTOJlOB: 

I. 328, 752:!;0,030- I'y!m:llK 111 np/26/ (1968r.); 328, 745;tO,OI5-Kep,/14/ 

(I970r.); 328,762±0,008- pes~TaT& HaCT~el! pa6oTH; 

2. 487,032:!;0,030-.I'yminK l1l np/26/; 486,995:!;0,030- Kepa /14/; 

487 ,021±0,012 - pesyJIJ>TaT& HacT~ell pa66TH; · 
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3, 815,735:!;0,040- KepH /I4/ ;8I5
2
772±0,0I9 -HacTOJl!U!lJI pa60T'!f 

4. I596,200±0,040- TYH!!HK H ~./ 6/; I596,I70±Q,025- Kepi! I 4/; 
I596,2IO±Q~35 - pesy~TaTH HaOTomuel! pa60T9. 

ITpKB~eHHHe sHaqeHHH E! aennoxo oor~aoymTca M~Y, oo6ol!. 
ITOMe OIIyMHKOBalllm Hamel! paHHel! pa6oTH 7 4/ sa rrpome,l\llll!e I0 

~eT B IIepHO~ OOBepmeHOTBOBei!HH OITOKTpOMOTpHqeoKol! arriTap9TYPH ~0 BH
IInnHeHO H90K~KO pe60T,B KOTopi!X ~60 ~eT~HO HOMe~OBanOCb /-H&[y
qei!He I40 La ( BO Boel! ~OOTyrrHOl! IIpll 6eTa-pao~e I 40 La OMaCTH aHep
rlll! /24-28/),~60 C BHOOKQI! TO~OCThD HSMep&HHCb HHTeHCHBHOOTH ero 
HHH60Jiee CliJii>IlHX J-;zyqel! /II-I3 •29 • 301. To~oou IIpH orrpe~eJieHHH I! 
CBMWC HHT9HoKBHIIX nepeXO~OB COCTaJlJlliJII! -2% B /Il,25,30/ -I%-~I3,29/ 
H 0,8% - ~I2/, B HamJIX HCMe,UOBallJOO< Ge(Li) -~eTeKTOp~ 6WII! nporpa
~pOBaHH IIO aqxpeKTI!BHOCTH 0 TO~OOThD 1,8%, 0T'99T>IM ro HaiHH 3HaqeHJIR 
HHTeHCKBHOOTel! xoporuo oor~OYDTCH c pesy~TaTHME' 25• 3~ .~TO xe BpeMH 
Me~yeT SaMeTHTb, ~0 SHaqeHHH I/ B /l2/ IIpH EJ <. I MaB OHCTeMaTnecKII 
3a:BHI!Iemr .. 

0neUllBJI1>HO OCTaHOBHMCH Ha BOI!POC9 HIIJIJII'DVI B ~c~e I40La 
~a MaJioHHTeRCKBHHX 1-nepexo~oB. B 1271 OTHeceHo K 40La Hec=Iw 
TIIKHX /-nepeXO,UOB C OHepri!RMII(OTHOCHTe~HUMH HHTOI!CHBHOCTRMH): 
798,3(0,IB±Q,09), 902,0(0,24fO,I4), 907,0(0,28±0,I5), I416,0(0,2±9,1), 
I52I ,8(0,I5:!:Q,IO), 1877 ,3(0,075:!:Q,025) l'! 2494 KaB (0,080±Q,OI6),. 
Hanzqae IIepexo~a I877,3 KaB ~ UO~TBe~aeM,a ~ OCTanbBHX nepexo~OB 
~aeM BepXRHe rrpe~e~ HX HHTeacHBHooTell: O,OOI;0,003;0,0I;0,005;0,008. 
H 0,00I5 COOTBeTCTBeRRO, 

llamH l'!OOJ!e~OB!lHHH IIO~TB9=ax>T .IIpHHI!MexROCTb K peo~yl40La 
!-nepexo~oB c aaeprHHMR I045,2; I097,2; I404,5 l'! 1924,2 xaB,o6Rapy.rea
RHX B / 24,28/, a Ta~ uepexo~a c aaeprzell I303,2 EaB,Ha~eRHoro 
B pa60Tef25/, 0co6o OOTIIBOBl'!M~ ~ ~eHT~ J-uepex~OB I877,3; 
I924,2 KaB H o6HapyxeHHoro B 30 nepexo~a c E! = 2083 ± .I KaB. · 
MnTeHCHBHOCTb /-nepexo~a I877,3 K3B HaMH onpe~e~eHa C yqeTOM B~ 
IIHKa ~ol!Boro ~eTa /2899,6, .ITepeXO~aM 1924,2 l'! 2083 K3B COOTB9TO~ 
BymT IIHKH CJ'MM, HI!XO,J1!lll!ltltCH C /1596,2 B KaCKI!II9 CllMHX l'!HT9HCKBRHX ne
pexo~OB 328,76 H 487,02 KSB, MSMepeHHH CII9KTpOB /-~el!,BHnonHSHHHe 
0 IIpl'!M9HeHH9M ~RnbTpa l'!3 CBHHU!l TommoHOJI 3 MM,II03B~ 0Ylli9CTB9HHO 
IIO~I!BHTb BM~ OT CJ'MMHPOBBl!W! KaO-X /-;zyqelt(noqn He ~ 3aMeT9H 
IIHK CYMMH KaOKI!IIHHX /-;zyqel! 815,8 l'! I596,2 !taB) H OIIeHl'!Tb HHTeHOl'!B
HOOTb /-nepex~OB 1924,6 H 2083,2 KaB ( OM,Ta6~.3). 

P 14/ I40 . aHee K pacn~y La HaMH 6Wil! OTH9COHH /-~ 0 EJ = 
438,5; 446,0; 936,9 H 2533,4 KaB. B HI!OTOJl!U9l! pa60Te TruaT~HO H3yqe
HH COOTB9TOTB)'RIIlll9 3THM rrepeXO~aM yqacTKH OII9KTp9 /-~yqe!J., Mil OMOr~ 
~aTb oyrueoTBeHHO MeKbWl'!l! BepXHHl! npe~e~ HHTOHOHBI!OOTH /-~yqe~ 438~taB, 
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YTO'I!IliiTl'> r1446 :a noJtasaTD, 'ITO npoSIBJIBillileCJI paHee 1-JfY"f16. c aHepl'lleA . 

936,9 I! 2533,4 KaB H1lJ!JIDTCJI \IJOHOBHM11 OT 226Ra , Bepxmte npe;n;eJill i!HTeH

CIIBHOCTi! aTBX W3JX nepexo;n;OB:,<0,003 I! .:;.0,001 COOTBeTCTBeliiiO. 

3,2.HcCHe;n;oBaHI!e cneKTpOB 11-co:ane;n;eHI!i 

HSMepeHI!ll cneKTpoB 11.-coBne;n;eHI!i B!IIIOJIHellll npa rrOMOI!UI cneKTpo

MeTpa W3yxM8pliiiX. COBne;n;eHI!i 732/, C03;n;aliiiOrO Ha 6ase Slf,l llP-2II0 C, )lWl 

pemcTpaiiiiH J~e!A acnCHDsOBBJIHCD ;n;Ba .Ge(.Li}-;n;eTeKTopa c o6'beMaMll 

27 11 4I CM;; 11 paspemeHH8M ~3,0 KaB( 60co ) .Paspemll!OIIIee BPeMll crreKT]>O

MeTpa COCTaBMJIO 2't = a:J HC; CneJ<TpH COBne;n;eHI!i H3M9pg.7II!Cb B ;D;Haiiil3o

H8 aHeprHIA 1-JIY'Ieli OT 100 ;n;o 1600 KaB,I1cC1Ie;n;OBaHil9 J1-co:ane;n;eHI!i npH 

pacne;n;e I40r.a npH IIOMOI!UI lJ:ByxGe(L~eTeKTOpoB BIIIIOJIH8HO :anepBHe. 

B Ta6nl<ue 4 rrpHBe;n;ellll 3Ha~eHHff HHTBHCHBHOCTel! COBne;n;eHHJ! 1-

JIY'IeH,IIOJIY'IeHliiiB nyTeM 8lla.JIH3a CITeKTpOBrf -COBne;n;eHJ!il II npe,u.nOJKeHHOJ! 

Ha.MH cxeMH: :pacna,n;a 140La-l4°ce.Bce BeJlli'IrnHI:l axcrrepHMeHTa.n::&lWX H pa.c

q§TliiiX 3Ha'!eHI!i 111 ;D;allll B B)IIIIII!IIaX HHTeHCHBHOCTH co:ane;n;eHI!i (18I5)

(flo96). Ilpl!HJlToii sa IOU e;n;. Ha pRe. 4 npHBe;n;eH CIIeKTp r ~eii, o6-

HapyK[~ COBIIa;D;eHHe c r ~ru.a aHeprHH Io96 KaB. 
Ka.K BH;n;HO 113 

PHc.4. CneKTp coBne;n;eHI!i 1-JIY'I81A c 

1-JiyqaMlll nepexo;n;a 1596,2 KaB. 

' ' 

Ta6Jr.4,ycTaHOB

JI9Hllll9 IIBMlt 11-
COBIIan,eHI'Ul KOJJl[

'leCTBeHHO xopo
mo corJiacJ]DTCH 
C pa.cqeTBMD. · 

O:rM.eTJJM, 'qTO Ha

mH peayJWraTH 

He corJiaCymes< 

C BI<BO;D;BMlll AJI.-
3eH6epra /33/, 

Ha6Jiro;n;8BIIIero 

co:ane;n;emm 
(J868)-(,l'920) II 

(1398)-(12348). 

ITo HamHM HaHliiiM,1-JfY"f1! 398 KaB COBIIllJI8XlT C ~~ rrepexo;n;a 487 KaB. 

II He npGJ!lWIIOTCH B COBne;n;eJ!l!JlX C '}" 764, ·a 1 b61J II 1 920 COBIIaHaKJ'l' C 

O lo96 II He COBna;n;aoT M~ CO~Ofi. 

3. 3, HcCHe;n;oBaHile yTJIOBHX 11-KOW8Jlln1llll 

HSMepemm npoBe;n;ellll Ha TOIJ. 119 Y£!aHO~~'" KOTOpOIJ. 113M9pg.7II!Cb 

yrJIOlllle KoppeJIHIIIIII 1-JIY'18A npH pacne;n;e 40aa, • 
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Ta~ 4,Pesy~TaTH SHarrHsa cneKTpoB 11-co~eBna 
llpH paCJia.I~e I4Dr.a 

!~~~:::. ----~~i~. :ai~_--f :::. -.:u. -~~-= 
CoBII.O /109,4 COBII.O /751,6 

328,8 0,4±9,2 0,45 I 173,5 0,5±0,1 0,39 48?,0 0,5±0,3 0,43 

1

, 1596,2 I6,Qt3,0 18,5 815,8 0,6±0,2 0,49 CoBn. o /8I5,8 
1596,2 I,J±p,6 0,94 I 109,4 O,G±O,I 

CoBII, o 1!31,1 i 1596,2 IOD 
24I,9 0,8zO,I 0,98 i CoBn. c /867,8 
266,5 o,a±o,1 r,OG I596,2 23±3 
48? ,0 ( 0,6 ) 1,00 COB!I, 0 /919,5 
1596,2 I,I±P,2 I,OO 1596,2 11±2 

CoBII, o /173,5 CoBn, o /1596,2 
?51,6 0,5±0,2 0,39 109,4 1,5t0,6 

CoBII, o J24I,9 I3I,I I,8±0,? 
I31,I O,~,I 0,98 266,5 2,0±P,8. 

CoBII. o /266,5 306,9 O,ztp,1 
131,1 O,G±P,I 0,49 328,8 85t9 
48?,0 I,6±P,3 2,13 432,5 I3±3 
1596,2 1,9±9,5 2,13 487,0 I6Qt20 

CoB!I, o /328,8 ?51 ,6 I5t3 
I09,4 0,4±0,1 0,43 815,8 100±5 
48? ,0 72±10 9I,2 86? ,8 23±3 
1596,2 86±8 92,3 919,5 I1±2 

CoBn. o /48? ,0 925,2 24±5 
109,4 0,4±0,2 0,49 951,0 2,0±9,8 
I3I,1 0,9±9,2 1,06 1003 (0,3Q±O,I5) 266,5 I,~,4 2,12 1405 (0,35tD,1?) 328,8 8I ± 8 92,3 
397,5 0,6±0,3 0,30 
432,5 IO ± I 12,63 
1596,2 I82 ± 20 I97 

0,49 
roo 

23,7 

II,9 

0,911 
I,OO 
2,II 

0,085 
92,3 
12,5 
19? 
18,5 
roo 
23,7 
II,9 
30,2 
2,38 
0,20 
0,27 

--------=----------- ---------------------------------fulMepeH!IIie 3Ha'leiiJ!Ji KOa<jljili!IlHeHTOB //-yrJIOBHX K0ppeJI111111l! llpiiBEIJ{eHH B TaOJ!Jl:Ile 2, AHa.7m3 K03<jljJH!WeHTOB <PYm<1WJi yrJIOBHX RoppeJillll;llll npoBO.I\WICJi r:peipH'!eoKEM MeTOI\OM Apaoa-BII,l(eH6eJ<a (plio. 5 ) .B 
llpe;I\IIOJIOllteHIIll, 'ITO nepeXO;I\ !596 KaB-Ee. JlH.BO)\H 0 MYJil>TI!liO~HOOTJiX J
nepeXO;I\OB H 3HaKaX llapaMeTpa CMeOJI MY~TJIIIOJ!l>HOOTeli .S llpi!Be;I\eHH B TS6-
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J!lll18 5. llaml'l B!lBO.Ill' COrJiaCyroTCH C pesym;TaTaMH pa60T .I\Pyi'IIX aBTOPOB 

/34-36, 25/. ~ BOJIH~ E2-RO>ffiOH8HT!l B J-nepeXOJ18 C 3Heprl'!eR 432 

.., •11lf11nJ• ~.. .KaB Ham pesy;n.
TaT 6Jmll.e 1< pe

"rsJTaTy pa60T!l 

-======== 0h·•~·•~ / 5/, B TO BpeMII 

·• 
.. .,_ _____ --"'·· 

• 

l'l1!c. 5. I'pa@IKH Apaca-Bl!JieH6eKa 
JIJ1H KaCKaJ!OB 328-487 1'1 815-1596 !taB B 140 Ce • 

KaK B pa60Te 

135 • 361 ee Bltlla;~~ 
ycTa.HoBJieH c.mm:r
KOM 60JII>IIIl<M. 

Ta6J!Hua 5. My.rrLTI'lllOJil>HOCTI'l nepexOJ!OB,ycTaHoBJieHH!le rryTeM 

IISMepem!l! yrJIOBWC I<OppeJIH!11'll B 140~ 1'1 I40La. 

~---§;;epriji-iiep;;:--Mym;TI'!ll~;ocT~--------s;;-Sar-

------~o.na.!. KaB _________________________________ _ 

140
ce 815 M1 + ( O,IO ± O,IO l%!:2 <0 

487 E2 + ( 0,05 ± 0,05 )%M3 <0 

432 {MI + ( 1,5 ± 1,5 l%!:2 Will >0 
M1 + ( 41,0 ± 10,0)%E2 >0 

328 MI + ( 0,5 ± 0,5 l%!:2 <0 

140 La 305 MI + ~ 1,0%E2 >0 

--;j~JIO~~;CH-~~~-~=-~If U-~fff~==------------------
< If 1/ L If Ii > • 

4. PACIIA,ll 140 Pr___.: 140ce • 

4.1. IICCJI9J!OBaHI'l9 4-ll3JIY'l8HRH 140 Pr 

Oco6oe BHilMaHI'le np11 IICMeJIOBaHI'lll 1-HSJIY'leHRH 140 Pr o6p811leHo 

Ha cnadae ITO EHT8HCKBHOCTH rrepexo~,TaR K8R B 3H~~eHEHX BX HHT8HCRB

HOCT8R l!M8IDTCH H8KOTOP!l8 paCXQOJI8HRH llO pesyJil>T8T8M H8ID8H paHH8H pa-

60.,.14/ H HK06ca 11 J!P./37/. 
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MaMepeHRH crreKTpa 1-~a npoBe~eHH Ha crreKTpOMeTpe cGe(Li)

.n;eTeKTOpoM 06:E.eMOM 37 CM~,a TB!OKe Ha a.HTHKOMIITOHOBCKOM ra.MMa-ClieKTpO
MeTpe.KaK rreHrpanb~ ~oTeKTOp B aHTKKOMITTOHOBCROM ClleKTpOMeTpe HG
IIOJII>30BBJICH Ge(Li) -KpiiCTaJ!JI C aKTHBHHM Oc5WMOM 35 CM3• Ero peapemeHB: 
COCTaanRHO 2,3 H3B (60Co),3amJITHHM ~eTeHTOpOM CRyzRH 6aHHHOtt CITJIHTH»
Jiiii1110HHHtt Kpi!CTaJ!JI N aJ (Tl) l.UIJII!II,Iijlll'<aCKOll cpopMH C PaBMepaM!i+254x200MM 
CrriiHTIJ.J!JIJIIIIIOHlmll ~eTeHTop BMeCTe C \QOTOYMJ!OlKI!TeJIIIMK OHpYJKaJ!CH CO BCe> 
cTopoH 3!1!!U!THHM CJIOeM 113 CBJIHITa TOJIII1IIIIOll 100 MM, BHyTpal!HHR rroBepXHoco 
HOTOpDI'O 6w.ra !IOHp!iTa Cd(I MM) l! Cu(I MM).iu<THBHOCT:b I4()Nd 6w.ra rro
Jiy'<eHa 11pH 06Jiy'<eHJIII rai<o.imJrneBOJi MllllleHII 11pOTOHaMJI C ~=660 MaB B Te
~eHI!e 20 ~oB. ilocne XI!MH~ecaoro ~·~•HER Heo~oBaH ~ o~a
~c:r:. OT .D;O~epHKX R30TOITOB H aaTeM paa.n;~Cb Ha H306apH ITpH ITOMO~ 
Macc-cenapaTOpa. Ms-3a Ho60JI:biiiO!! aHTHBHOCTII IICTO~l<a l40 Nd 1!8MopeHHK 
ero f-cnei<Tpa ~ rrpoBe~eHH He B JIY'llllaii reOMeTpiiii,T,e. IICTO~H: 
dl:lJI IIOM6ID:8H B "ROJIO,nen;" B6Jm3H Ge(Li-T';D;9TeKT0pa. 

ilOJIY'!eHHble HaMll CBe~eHHK 0 1-JfY'!BX I40 h 11piiBe~eHH B. TaMJirre6 
M~ yTO~ aaa~eHJie HHTeHCIIBHOCTH 1306,9 RSB.JJ.M HeKoTopax 1-nepexo
.n;oB,H3Be?THUX H3 .Ua.HP.HX 0 pacna,n:e 1h LQ.,MH CMOrJIK OI.J,9lmTh JIHli11) BepJCHHe 
rrp~M!i l!X :KHTeHCIIBHOCTeli.)\Jm r 254'1, S; n 2900 H D 3320 KHTeHCIIBHOCTH yc
TaHOBJieiW: C 60JI:&IIIO.ti TIOI'p81IIHOCT:CJO,H Tpe6yiDTCSl ,Il;OIIOJi.m!TeJl:})HH8 OIII:lThi ,IliJ1JI 
l!X yTO'!HeHI!JI. Cne~oe Bl!lilM8HIIe 6w.ro o6pallleHO Ha !IOHCRH r -rrepexo~a 
MeJI\ll7Y. WBHeM c r·= o+(E =3226 - 3233 KaB) ,B036YJ!Il1eH!UlM B (p,t)-peaa· 
ITIIII 3 V, II COCTORHIIeM 1596,2 KaB,2+ .. 'l'l!laTo~HO l!3~CH ClleKTp .. j-vry-qe. 

B pa!!oHe E1 = 1610 - 1640 aaB(o~acT:D aHeprH!! B03Ma<Horo 1-nepexqroo, 
~y!IIei'O Ha ypoBeHl> 1596 KaB) • TaKO!i nepexo.n; He 06Hapy>teH,JI B TaMJ~rre I 

,Il;BH BepXHH! rrpe,nen ~ ero EHT6HCKBHOCTH. 
4.2.Mccne~oBaHHe cneKTpoB 3BK 11p11 pacrrai<e 140 Pr 

. CneKTp KOHBepCIIOHHb!X MoKTpOHOB 14%. HaMil lla~eH Ha MarHIITHOI 
6eTa-crreHTpOMeTpe TBlia m.ff. McTO~K rrpHrOTaMJIBBJic>r ·~~ll'!·· 
cKHM OCilllll\eHI!eM Heo~oBol! WPaHITIIII Ha HJIKeJieBYJD · no)IJ!OlltKy c paSMepa
Mi! 0,5 x 15 MM2 .ITM~eHH!ie cBe~eHI!i! o6 3BK ~aHH B TaMI!rre 6.BnepBHe 
o6Hapy.reHa K~ 3BK nepexo~a 3016,9 KaB.YTo~eHa IIHToHCIIHHOCTL 
K-JIJIHIIII 3BK nepexo~a 306 KaB.JJ.M KHToHCIIHHOCTelt K-, L- H (M+N )-~ 
3BK nepexo~a 1903 KaB no~~eHo OTHomeHI!e (8,1±0,6): I : (0,23±0,02). 
TeopeTH'!ecKoe oTHomemoe Rf.L ~ EO-nepexo~a piBHo 7,9 /39/.0T~ani>HHo 
~CTKH cneKTpa 3BK140~ao6pameH!i Ha p11c.6. 

5, PACIJA.ll 140Nd --140 Pr • 
5.1.Mccne~oBaHHe cneKTpa peHTreHOBCKIIX JIY«oll rrpll pacnaJ<e 

140Nd _ I4o..., __ r4008 
n-- 140 140 "'"" ycTaHOMeHHK 3Hoprllll paC!IaJ<a N d -- Pr paaee ~ 
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Ta6~ 6. 8aeprnH H OTHOCHTeXOHHe HHTeHCHBHOCTH 1-~efi H 
8BK rrpn pacrra,n;e I40 

--~~!~I~fe;~~E-~{~~~~~~:~;;~::~=-~~~~~~~:~~~~ 
I 

306,9:!:0,8 I5,2:!;3,I I 306,9;t0,5 30,I:!},O I060:!: 200 
5II,O' 20500:!;2000 I 5II,O 20500:i;I500 

75I,6:t0,5 

925,3±Q,3 

951,0 
I420,6±Q,6 
1596,2:!;0,5 

2348,9:!:0,5 
2522,5±0,7 

7,8:!;1,9 

5,0:!;I,I 

< 0,02 
1,28:!;0,3 

:IOO . 

' 6I8,2al ~ o,I4 · 
751,8±9,5 6,4:!;0,6 
867 ,sal ~0,2 
925,3±Q,5 5,2:!;0,5 
9366). . ,0,2 

95I,oal ~0,2 
I420,7±Q,5 I,3t0,2 

I 
I I596,I±0,2 .. roo 
I I630:!;s:a> .. o,os 

I903,5 ~o r 
I,28±P,25 j· 2347,8:!;o,r 'r:45±P,I5 
2,30:i;0,40 ' 2521,4±0,5 2,62:!;0,26 

1 2533:ti ~o.o3 
2547 ,o,o3 1 2547,5±0,7 o,o47:to.o23 

3017 40,0! · 30I6,3:!;I,2 ~ 0,008 
3II9,6j:I,5 0,17:!:0,04 3II9,0:!;I,5 O,I7:!:0,02 

. 3320 :!: 2 O,OII:!;0,008 

58:!: 6 

33:!: 4 

.n 
•IOO 

( 2,49;t0,05)Io4 
1,08±9,20 
1,50±_0,30 

0,35±P,I5 
2900 <-0,02 L2900.:!; I 0,04 :!: 0,02 

----------------- -----------------------------------
alrrepexo)l!l JISBecTHH "" pacrra,n;a 140La - 140ce ,rrpOJlllJleHHe !IX He 

·HCJt1l!O'!aeTCil rrpn pacrra,n;e I40 Pr. 
6)IIepeXO,ll OTHBCBH R pacrra,n;y I40Pr B pa60TB /4/: Ij9~~ 0, 7 :!; 0,2. 
B)IIpe,lliTOHarHBMHH 1-rrepeXO.ll M~Y ypOBHHMH 3226 KaB,O_- J1 !596;7 K8B,2; 

YpoBeH~ 3226 xaB,o: nssecTeH B3 peHK!ll'lll ( t,p) 11 (p,t) 381. 

orrpe,lle~eao seT~eHHe R/~ ero ·~~HHoro saxsaTa rryTBM nsMepeHBR 
lllUi paBHOBeCHOJi CMBCJI 40Nd ....-. I .Pr COOTHOIIIeHJIR 'IIICM peHTreHOB-
CI<IIX KB811TOB K-cePII}! Kq12(Pr)/~ ~Ce).PaspemeHHe cneHTpcMeTpa peHT
reHOBCI<IIX ~ell B I 401 cocT8BJl!IJIO 500 aB rrpH E1 ""40 xaB. 

B HacTORmeli pa6oTe MH 3HHOBO J/13MBPRnH peBTreaoscKHli crre&Tp 
I~d + I40Pr c nOMOIIli.l!l crreHTpOMeTpac Si(Li) -.lleTBitTOpcM(~4MM), 

JIIMeBIIIero aHepreTJAecKoe paspemeHHe 250 aB llllii Ej"'5,6 KaB.06pa6ona 
crreHTpa KX-~yqeli IlpOJII3B0)1l!JlaC~ ·no rrporpaMMe "KATOK"i'7 I .)I.Jm IIHTBHCliB
aocTeli Ko~.-.>IJIHJ!li Ce II Pr llO~BHO OTHOWBHHe K.,.._,,,(Pr)/!(.( 1/~Ce)~L,ti? ± 
:!: 0,03,'<To coBITa,n;aeT c rrpBli<Hl!M pesyxoTaTOM pa60Tuf4U/·-(I,86:!: 0,03). 
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• " • K 306.9 
lto"2 

(\ 
2-to"2 i \ 
1102 I \ 

~/ I 
0 .. ,_.,_. "'- .. 

"" 1955 

K1596.6 

~1,Sti)2 (\ 
~ HO·l ! \ I . 
~ 0.510' j \ 

I I 
~0 ,__,./ \.. ... 

&650 6700 

I K 2521.7 

':}\ 2tif 

H65 

0 • 
9~00 9&50 

K92.U 

11;.10-s 

12-t!? .,. 
41!? 

0 .. 
u!'~ 4320 

K 2348.3 
).10-5 ,,;')\ 
H65 

0 • • 
9200 9250 

)\ 10466 

s.~o& 

0 •• 
114 70 11520 

6, OECYliUlEHIIE PE3YJihTATOB. 
6.I,C~Ma ~CII!l,lla 

14t1a- I40 La 

IlpeMO!temrull paHee JY'3/ 

Bap!!BHT cxeMII pacna,J~a 
140 Ba ;IIOITOJIHeH BBE\IIeHlteM 
;~~Byx HOB!IX J'-nepexo;~~oB -
113,55 II 551,2 KaB,KoTopae 
BHCBe'qHBalO'l' COOT<>mme 

581,125 KaB(poc.7),IIepexo~ 
Il3, 55 R8B Mell\11)' YJlOBHllMlt 
581,125 II 467,546 KBB Ha6-
JJR\l(SJI()II B / 9/ B peam.um 
139 La (d ,p) ,M!,t OTJ<aSHBaeM
CH OT BBe~elll!li B CXeM)' J'
nepexo~a 467,5 KoB,KOTopaM 
COrJiaCHO /3/ BI>ICBe'II!BaeTCH 
COCTOHHHe C SHepr.aeA 
467,546 KaB, 

CxeMa BOB6~eHHHX coc

TOJll!Hl! 140 La ITO;IITl!e~aeT
CH peay.rr&TaTBMH e1-coBnal'Hc,6. l''!aCTKH cne!!'l'Pa 3BK, 

Ha6.rnQD;emrue npll pac=e 140 Pr • ~eHltll. 
C )'TO~eHHHMJI JIHTeHCliBHOCTHMll_1~nepeXO~OB paCC'II!TaH 6aHaHC 

l!HTeHCliBHOCTell B cxer<e paCII!l,lla 1 4Ck_ - 14£ta ( Q = 1035+10 K3J!5/) 
11 onpe,n;eJieHH aaceJieHHOCTll ypoBHell I4lJlJa.IT)'TeM 6em?pac=a:-c ycTaHOB
JleHil>IMII BepQHTHOCTJlMII aaceJiellllli npH yxa3aHHOJI BeJili'II!He G/J>BI>I'IIICJleHU 3Ha
'ieHltH e, H 6eTa-nepexo~oB.!lpe,IT)IOJ<eHHUe KBaHTom;e xapaKTepHCTIIKH r"",IT)!H 
ooa6~eHHUX ypoBHel! 141k -corJiacymCH c My.rr&Tl!ITOJIDHOCTI!Mll 1-nepex<>
~oB,BeJIH'IIIIIBMH lg ft6eTa-nepexo~oB 11 c peaym.TaTBMH l!SMe~Hltll yrJJoB!IX 
1J-KOppeJIHI11!li.B peam.um ( n ,1) 6wm Ha6JIIO)Ie~S/ ypOBHlt 1"'1... c OHeprii
I!Mll 7II; 796 II 912 KoB C Iz = z- J1JI11 3"",KaK BJ!HHO 113 Ta6JI,I,npo pacna;~~e 
140 BaaTI! ypoBIIII ae aaceJ!llB>TCH,TaK KaK w He Ha6.rnQD;aJJII 1-nepexo~oB, 
BllCBGtmAAIQJttHX .n;a.ruw:e COCTOmmsi.H3 OIJ;e.wtH Bepxaero Ilpe,ll;eJia BepOSITHOCTH 
RX SaCeJieHI!ff 6eTa-paCIIaJJOM CJle,IJ;yeT,'iTO COOTBeTCTB~e BeJIII'IIIHU ~fi 

> ID,2 ,lT)IH 6eTa-nepexo~oB Ha YJlOBIIII 7II H 796xoB,a ,lT)IH 6eTa-nepexo~a 
Ha ypcBei!I> 9I2KeB - 4f~}9,I,I!3 3TRX 0!1eHOK HeBOSMO!tHO CJ!eJiaTl> m;6op 
Mel!IIIY xapaKTepHCTIIR8MII Z"II -:r.B COOTBeTCTBllll C npe,D;CTaiiJieHIIJlMII MO~eJIII 
06oJIO'ieK caM!ie Hltl<HIIe B036J'li.IIeHHUe COCTOHHI!H paCCMaTpi!B3XTCH KaK q;reHH 
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23.75! 1.22 7,Q3±o.o2 

9.30:!: 0.16 7.77± ClOt 

4.42:!: Q.27 
37.18:!: 7.96 

8.75:!:MJ 
ao3±0Jo 

24.97±9.23 8.22:!:~~ 

140 
lg f.t 

57
La

83 

Pile. 7 .CxeMa pacna,IIa 140Ba • 

I JM >1= oi1/:ii.~;2'it712 ; Jll> + .fo1/'T..d5t£1f7/2 JM >, 

JJM>2=o(2j:i.~;2Yt7/2; JM)'+.fo2j'J..d5/2'Jf7/2 JM>• 

}J)IJ! cocTomml! c If;= o-(58I,I25 ~taB) n J!- = T(284,634 KaB 191~ 
9MJTJ1JlTy;rr,aj!= O,a )Vlli OCTaJINIHX COCTomml! C I'"= r- + 6Jsr=±(I-cq)I/ 

"'z =1..8~ I 11 I.P21 =o(r • CorJiacHo sTo;t MoneJ!lt Mell\l\Y '<lleHBlo111 paccMaT
pHBaeMoro My~TRUneTa ~~ OTCyTCTBOBaT:& E2-rrepexo~.ne~CTBHT~HO, 

MH He Ha~aeM rrepexo~OB 43,8 H 46?,5 KaB,a rrepexo~ o- ~2- c Ex= 
551,2 K3B JIBJ!fiCTCH .Kpa1hie c.riadHM. ¥13 H3BCCTHl:lX Bp9MeH D1.3IDI COCTdfnmii 

29,96 n 43,8I KaB Ma.no onpe,l\eJIKT~ aocoRIDTHHe BepOHTHOCTlt MI-nepexo

.l\OB. llepeXO,l\ 30 KaB ITO COCTaBJ!lllOO\el! MI 98TOpMOllt6H B 63 paaa, a rrepeXQU 

!3,85 KaB - B 242 paaa.}J)!Jl o6~CH6HHR Ha6JIID,l\aeMHX BepOHTHOCTel! M~THO 

IIpCJVlom!T:& CJI9;IJ;yRlUJJC CTpyKTypil OCHOBHOrO COCTOJlliiDI H COCTOmntii 29, 9€, 

II 43,8I KaB: 

I g. •· > =f7:g7i/t7; 2 ; j = 3- > , 

/29,96 KsB> = O,B0/7.:i,;2'1t712 ; j=2->+ 0,60j.:4d
5
;£1f

7
; 2 ; j = 2->, 

j43 8I KaB) o 98/~ ~f ~d 
' = • "'~12:.:7.12 ;j=r;. • o,2oF• sL2'~t ; j = 1->, 

6.2.CxeMa pacrra,I~a 1~ - I40ce _ 14UPr7~2 
CxeMa ypoBHei! 140ce, saceJTHeME:lx :apH pacrra,n;e 140La. ,,D;orrOJIHeHa 

(pi!C.~) ypOBHBlm 3520,6 It 3394,9 KaB.J10,l\TB6~6HO C~OCTBOBaHltO ypOB

HeJ! 3473,6 KaB / 27/ It 3001,2 KeB /25/,He IIO,l\TBe~aeTCff Hami!Mlt ,l\aHHR-
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MII cyJ!i9CTBOBal!lil9 Yl'OB!IH ~b33,4 Ka:sl~iJprucTI!'!OCla< BOO Yl'OBHI! 06oc
H0EaBaroTCR pesy~TaTaMH R3MepeHI!~ J1-coBn~eHI!n.ITOHyqeHEHe ~aHHHe o 
1-rrepexo~ax I40 Pr rrosBOJJmOT YTO'!HI!TI> 6ruraBc HHTeHCI!BHOcTel! B cxeMe 
pacrr~a I40Pr- I40ce (pRC.8J.TaM ll[9 y&a3am! BeJm'!IU!Hlgft COOTB9T
CTB~I!X 6eTa-rrepexo~oB.BepXHI!l! rrpe~e~ KBK rrepexo~a 30!6,9 KsB(o<~ 
1,4 ro-2) rrosBonHeT rrpi!III!caTb eMy MY~Turro~HocTb EO.~ yp~BHR 

'""'•O.«~> uo:Zi '""' "''''"''"""""'" ,.,.., -,o;o,. ... .,.:m -· """"'"""" ..... " ,_ 
... ,. ... ,....., ..... >o>U1 ..... ..,. -· 
·--·-"" >00"> ,.~.,.,.-....., 

"""'"'021<""' ,.., 
~,, .. , ""''"' 25>t3!l1 
~ ........ ,.,,., """ ... .... ~ ........ -~ 
~,,.,. -•oo""""" '"""" ,.,..... '"'* 
'""'~ ....... *'"' 
....... ""'""' ~050 

~· ,.,.,,... ""'""' 20ll1>0-
•0D02 ,,.., ""'·' 
'''""" ..... , T590.>tl 

l ... ~ "'" 

. ~·:• ,. '~Pr011,._ 
~ ,,,,..~-· .,., .. ., r

_,. ""'"~"'' "'""' ,. ,,,,., .. ,.,,.., 
,.., .... ,. >'1 

,. 110"'"'' ., .. ,.., ,,,,,,..,,.., .... 
r """'"''"' ,.,,,,. 

,. <">0"' ,. 
:-. .. .. ,. 

f l,_,:% !gf,t 

!'He. B. CxeMH pacrra,11a 140r.a - 140ce - 140 Pr 

3016,9 KSB pacC'!I!TaH IIapaMeTp PacMycceHa:X(B(EO)/B(E2))=0,00*tQ,002. 
CpaBH9HR9 STOrO IIapaMeTpa C X=0,05I~0,008 ~ ypoBHH 1903 K3B-yKa3g
Ba9T Ha TO, '!TO 3TH COCTOSIIIWI I!M910T pa3HY10 IIplljlO,l1y.KpOMe 3TI!X ~Byx 
COCTOI!JIIIl! C I:r';,()+ B I40Ce BOS6Y'I\Jl9H B ]leaKUllli ( p, t)73B/ ypOB9Hb 3233 
KSB. 0,1\HaKO )1YTeM pa=a I40p.,_ TaHOe COCTOI!JIIIe He BC36Y'I\llaeTCR(~f-1>7 ,U). 
0CTaHOBI!MCH Ha IIpHIIHCaHRR xapaKTepllCTI!R OT~O~HgM ypoBHEMI40ce. 
Ypo~ 2®47 ,2 K3B Ha OCHOBe ])93ymTaTOB l!SMepeHI!l! yrJioBHX l J-KOppMi!
lll!l!' ""•36/ rrpi!III!cam.J r""=I+ .:s/36/ BWOJIIIOHg HSMepeHI!H yr~oBgx T l-&oppeM~ 
!1l<l! II ITOJIII]lll3~ ~ -.1IY'l9il,agcBe'!I!BalOIIIIIX COCTomme ~349, '1'/&all,a TaKllt9 
C.IJ:eJia.HO 3a.KJllOi!eiDie ftlTO ypoBeH:& HMeeT fi=b- .1-ia.um .IJ;aHHble 0 COB1l8,IJ;€HHJDt 
$I3I,Ic \24!,9 llo 266,o C=9T9mC?Jlr;T 0 TOM, 'ITO y YJlOBHH :034~,77Kall 
T vz<eDHc • '!TO IIpoTHBOpe'!I!T mB0,11y' 3 I 0 xapa&T9jlHCTI!KaX I~=b:'MH rro
IIp9li[HeMY C'!I!TaeM, 'ITO a TOT ypOBeHD IIM99T f"=5;;JJ.Jm ypoBHeil C 3H9prHeJI 
2899,6 KaB, 3!!8,5 KaB l! 3320,4 KaB 113 COBOKyrrHoro paCCMOT-

16 



peHID! rue aacJJieHID!)l"'-Pacrra,uOM I40La(T) a .1"+-pacrra,uOM 140 Pr(I+) CJie}J.y

eT z+,PaHee 4/}l,Jlff HEX rrpe}J,IIOIDOraJI!lC~ XapaRTepHCTHRH 1+ llJlH 2+.0rraT~ 
rro HeyrrpyrOMy pacce!IHil!O aJie!ITpoHOB i!.lijlaMJI 140ce IIpllBeJill a BHBOIIY I 416 
TOM.~TO cilHH H ~eTHOCTD YKa3aHHHX Tpex ypOBHe~-2+.COCTORHHID 300l,GKsB 
rro BeJIJrnllie 0ft {3- -rrepexo)la Mll rrpl!ITHcaJIJI 1""=2( +I llo-BJW!MOMY, a To JKe 

COCTOIIl!l!e aac5JIIQJieHO B pea.KIJ)m(ci.,3fi._) /4-Z./.fj,Ba COCTOi!Hlffi C 3H€pi"I!ilMi< 

3394,9 H 3473,6 KaB COOTB€TCTByiDT ypOBHHM 3402~10 ll 3478±10 K3B,o6Ha

pyJK€HllhiM B OriHTax IIO pesoHaHCHOMy pacce!IHiliO IIpOTOHOB i!.lijlBMil I40ce H 

OTHeCeHllhiM K My~TlliiJ!eTy~ d3} 2 )lt4Yf f 38f. CoCTOiiHI!e 3396 .KaB 6wro 

BgS6yJKIIeHO ll B peaKUHH (~,2n/) .BBe)\e~fi HaMil ypoBe~ 3520,8 K3~ 

I""= (4:),IIo-B~OMy,6WI B036yJKIIeH H B peaKUHH (oi.,c<') /43/ ( E¥= 

3540::!:35 KaB,I =(4+)),Bce Ha6Jm>)J;e~e IIpH pHCila,II8 I40£. ... 11 I40p,. ypOBHII 

l40Ce y;n;aeTC!I OIIHCaTD OTHOCRilU!MHCII K My;n;I>TlliiJ!eTBM JIH60 )1ByxK003l!IIpQ

TOIIIIIiX COCTORIIII:l!( C BI<Jll!l'<€HIIeM op6RTaJiel! Ig7 / 2 , 2d 5/2, 3sl/2, 2d 3/2 HI3,U 

3aMKIIYT!'M OCTOBa.t Z=50) ,JIH60 )1ByxK003mi€liTpOIIIIIiX COCTOJlllll:l!(paapm! na

pa B HeliTpOHHOl! CllCTeM€ N=82) .0r)l~l!He COCTOJll!Rli(HaiipllMep,ypOB€Hb 

2464 K3B,I'"'=3J llM€lDT c=Ho KOJ!Jl€11TllBII31lPO~Ji xapaRTep, 

6.3. Paci~a,I~ 1~d 

llpJ! B!<'mCJieHI!Il BeTBJieHID! K/e 8JiempoHHoro aaxnaTa B 140 Nd. 0 

IICIIOJ!b30BaHJ!€M rranyqeHHoro OTHomeHID! K~(Pr)/K~(Ce) aeo6XO)\I!MO SHHTb 

BePOHTHOCTb K-aaxnaTa B }J.oqepHeM 1~ .llp~aH }1,Jlff BepoRTHOCTJ! 3Jl€R

TpOHHoro 3axBaTa l~ aaaqeHJ!e ll3 pa60TH 44/ p£ =f50,J±2,0)% J! COOT

B€TCTB€HHO PK"(43,27~I,78)%,aaxo)1BM BepORTHocTb Pa£ 40Nd-)=(0,809t 

;t0,046)Ps .no )l8.1iHolt·BeJimmie }1,Jlff aaeprllJ! pacrra,I~a ~d rr~eM Q,= 

. =25~~6~ KSB,8TOT peay~TaT corJiaCyeTCII C B~Qlt pa3HOCTH M~CC 
I4Dnd ~ 140Pr 470+40 KaB,H3MepeHHol! B peaKUHH 141Pr (p,2n) 1 45/ 

EeTa-rrepexo)l I~d ~-r40Pr 6y;n;eT xapaKT~pnaoBaTbC!I Be~oli lgft= 

5 Lft -.,, -, ~0, I. Ha oCHoBe BeJIJrnlli 7 6eTa-rrepexo}J,OB , 
0 

,, a..- ~ ;J Pr-H 

I~fPm- I~d (lg :f't = 5,~0,2) MOJKHO HaitTII ~401 oTHomeHI!e l!JlOTHo

cTel! )J,llpOK Ul II qacTl!J.1 v; Hit ypOBHe d512 : v;(60,d
512

) = 0,88 :!: 0,44 

I! ~(60,d5/2) = 0,12:!: 0,44. • 
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