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EBpon~~ OTHOC~TCR K 4~cny pacceRHH~X B np~poAe 3neMeHToB ~ no
3TOMY 4aCTO BCTpe4aeTCR B B~Ae np~Mece~ B np~pOAH~X 06pa3~ax ~ 

~ ~CKYCCTBeHHO c03AaHH~~ MaTep~anax. 8 OAH~X cnY4aRx 3T~ npHMec~ 

MorYT cnym~Tb ~CT04H~KOM AnR nonY4eH~R eBpon~R, B APyr~x cnY4aRX 
OH~ RBnR~TCR HemenaTenbH~M~, TaK ~aK YXYAwa~T CBO~CTBa MaTep~a

nOB. n03TOMY BamHoe 3Ha4eH~e ~MeeT pa3pa6oTKa 4YBCTB~TenbH~X 

MeTOAOB auanaaa M~Kponp~Mece~ es oonua , 06bl4HO ~cnonb3ye.TCR He~T

pOHoaKT~Ba~~oHHbl~ auanas ,' TaK KaK B 3TOM cny-rae oõpaayer ca ~30
ron 152Eu B ~30M,epHoM COCTORH~~ C YAo6HbJM~ AnR 113MepeH~~ nep~o
AOM nonypacnaAa /9,3 4/ ~ cneKTpOM Y-~3ny4~H~R/l~ 6onbwoe ce4e
H~e peaK~VI~ paA~a~~oHHoro aaxae r a r ennoasix He~TpoHoB /3300 6 ÀnR 
~30Tona 151Eu ~n~ 1600 6 An~ HaTypanbHo~ CMec~ H30TOhoB/ n03BO
nReT AOCT~rHYTb BbICOKO~ 4YBCTB~TenbHOCT~ aHan~3a - nY4we 10-6 r / r . 

OAHaKo B pRAe cnY4aeB 3TOT MetoA He Mo*eT o6ecne~~Tb HymHo~ 

4YBcTB~TenbHocT~. 3TO ~MeeT MeCTO TorAa, KbrAa oCHoBHo~ MaTep~an 

xapaKTep~3yeTcR BbICOK~M ce4eH~eM 3axaaTa He~TpoHoB ~ 6onbwa~ 

aKT~BHOCTb o6pa3y~~~xCR ~30TonOB He n03BonReT o6Hapym~Tb cna
õue y-n~H~\I1, cBR3a-HHble C paCI'<'lAOM 152Eu.KaK npaauno , 3TO Ha
6n~AaeTcR B 4~CTMX MeTannax. \ 

8 3T~X ~nY4aRx 60nee 3$$eKTH~H~~ OKa3~BaeTCR ~cnonb30BaH~e 

APyrHx MeToAoB, Hanp~Mep MeTOAa onT~4ecKoi:1 pe30HaHcHo~ q,nyopec
~eH~~~. 3TÓT MeTOA OCHOBaH Ha pe30HaHCHOM ~o36ymAeH~~ aTOMH~X 

YPoBHe~ ~ per~CTpa~~~ ~cnycKaéMoro np~~x pa3pRAKe cnOHTaHHoro 
CBeTOBoro ~3nY4eH~~. B ~ocneAHHe rOA~ B03MomHOCT~ 3Toro MeTOAa 
6btn~ 3Ha4~TeJ1bHO ynY4weHbl õnar-oaaps ~cnonb30BaH~t6 na aepoa C ne
pecTpa~BaeMot:t. AiMHO~ BonHbl. Bucoxne MOHoxpoMaT~4HOCTb ~ ~HTeH

C~BHOCTb na3epHoro ~3rtY4eH~R n03BonR~T cy~ecTBeHHO ynY4w~Tb 

4YBCTB~TenbHoCTb aHan~3a AnR w~pOKoro Kpyra 3neMeHTOB. ; 
Uenb~ AaHHo~ pa6oT~ RBnReTCR pa3pa6oTKa 3Kcnep~MeHTanbHo~ Me

TOA~K~ AnR B~COK04~BcTB~TenbHoro aHan~3a eBpon~R C ~cnonb30Ba
H~~M' na3epHoro ~3nY4eH~R ~ ~ccneAoBaH~e B03MomHocTe~ TaKo~ Me
TOA~K~. OCHOBOl1 AJlR 3T0l1' MeToA~'K~ nocnyaorna YCTaI-ÍoBKa AnR ~3

MepeH~R cBep~TOHKOl1 CTPYKTYP~ onT~4êcK~X cn~KTpoB B aT6MH~x 

ny4Kax /on~caH~e yCTaHoBK~ ~ ee na~aMeTp~ np~~~AeHw~B pa6oTe/2~. 
6noK-cxeMa 3Kcnep~MeHTanbH0l1 YCTaHoBK~ npeAcTaBneHa Ha p~c.l. 

Hccn~AyeM~~ o6pa3e~ nOMe~aeTCR B TaHTanOBWl1 T~renb, ~arpeBaeMw~ 

3neKTp~4eCK~M TüKOM. BbIXOARt.4~~ ~3 rar I1R aToMHbl~ nY40K /B HeM CO
AepmaTCR aTOMbl OCHOBHoro MeTaJlJla ~ HccneAyeMblx np~Mece~/ -'q,OPMH
pyeTcR c nOMO~b~ C~CTeMM A~aq,parM ~ nepeceKaeT nOA npRMWM yrI10M' 
na-3epHbl~ nY4. ~CT04H~KOM aroro ny-ra I RBnReTcR naaep uenpepereuoro 
Ae~CTB~R c nepeCTpa~BaeMO~ An~HO~ BonH~ $~pMW Spec~ra PhY5ics. 
3TOT naaep r eaepnpyer CBeTOBoe ~"3n'y4eH~e' B Aviana30He An~H BDI1H 
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nYL.fOK 

Pilc.l. BnOK-CXeMa 3KCnepHMeH
TaITbHOP. YCTaHOBKH gnH onpeAene
HHH cOAep*aHHH eBpOn~H B MeTaIT
nax c HCnOnb30BaHHeM MeTOp,HKU 
pe30HaHCHOH OnTHQeCKOH $nyopec
U;eHIJ;HHo 

aTOM09 
T~rel1b. 

o 
4290-761Q,A co CpeAHeH MO~HOCTb~ 
AO 800 MBT npH WlIIpHHe na3epHoH 
nHHHH, - 20 Mr~o B~COKaR HHTeH
CH8HOCTb naaepHoro H3IlY4eHHR 
/AO 10 18 $OTOH/C/ H 60IlbWOe ce

4eHHe nOrnO~eHHR CBeTOBblX KBaHTOB 8 pe3,OHaHc:e l.ao 10-10 CM 2/ 

npHBoART K TO~Y, 4TO npaKTH4eCKH ace aTOMbl e8ponlllR, nepeceKa~
~~e na3epHblH nY4, l1CnblTbl8alOT peaouaucuoe norIlo~eHV1eo '~cnycKae

Mble npH paapamce 8036Y>KAeHHblx aTOM08 eaponaa CBeTOBble KBaHTbl 
cnOHT8HHoro H3ny4eHHR ~OKYCHPYIOTCR c~cTeMoH nHH3 Ha KaTOA $OTO
YMHO>KHTenR c HH3KHM YPo8HeM WYMOB /<P3Y-79/. ,B npÓBOAlIIMblX Há 
3TOH YCTaHoBKe 3KCnepHMeHTax lo13MepReTCR 3aBHCHMOCTb CKOpOCTlo1 
C4eTa pacces-u-ux aTOMaMH $OTOHOB OT AnHHbI 80IlHbl I1a3epHOrO 11I3
nY4eHHR /npH ee CKaHHpOBaHlo1H B Bbl6paHHOM AHana30He AnHH BonH/. 
no HHTeHCIIISHOCTH pe30HaHCHblX nIllHIIIH, npIllHaAIle>Ka~HX lII30TonaM Eu. 
~O>KHO CY~HTb o 4111cne aTOMOB Eu~ nponeTeBwlIIx 4epe3 na3e~HblH nY4, 
llapaaerpu YCTaHoBKIII /3$lleKTIII8HoCTb perlo1CTpa~li1111 caeroeux -epOTOHOB 
11I AÓIlR aTOMOS Eu. nepeceKalO~Hx ny4 na3epa/ TaKoBbl, 4TO O~HH OT
C4eT 8 peaOHaHCHOH nlllHIIlH COOT8eTcT8yeT 10 7 aTOMaM Eu, BblI1e,.a~
~HM 11I3 TlIlrnR. 

<t>1Il3H4eCKHe C80HCT8a eaponaa YAo6Hbl AIlR rexor o MeTOAa 3 Ham'!3a • 
Ero cpaBHHTenbHO HIIl3KaR TeMnepaTypa nna8neHIIlR /826°c/ H AOCTa
TO~HO eucoxaa neTY4eCTb n03BonRIOT ner xo nonyvare HHTeHclIlBHble 
aTOMH~e ny4KH. Ha plllc.2. npeACTaBneHa 3a811lCHMOCTb AaBneHMR Ha
Cbl~eHHblX napoa eaponaa OT TeMnepaTYPb/ 3 / / AIlR cpaBHeHHR npuaene
Ha' aHanonl4HaR 3aBIf1CIIlMOCTb AnR MeAH/. BHAHO, 4TO Y>Ke npa T=80ooc 
P = 10-3 Top, 8 TO BpeMR KaK AIlR 60nbWIIlHCTBa MeTannoa xapaKTep
H~ 3Ha4HTenbHO 60nee HH3KIIle .3Ha4eHHR Aa8neHIIl~ HaCbl~eHHblX nap08. 
n03TÇ>MY npa nOBblweHHIIl TeMnepaTYPbl oõpaaua 11I3 Hero HcnapReTCR 
CHa4ana e~ponIllH, a 3aTeM y~e H OCHOBHO~ MeTann o 

B onTH4eCKOt-1 .cnexrpe eaponaa COAep>KIo1TCR MHOro pe3'OHaHCHbIX 
nlllHlIllll, ne>KaU4HX B AHana30He BHAHMoro caera 11I IIlMeIO~HX úOIlbWHe ce
4eljH8 Bo~6Y}I(AeHIIlR. 06bl4HO AIlR B036Y>KAeI4HR IIlCnO~b3YIOT nepexon 1 

4f76s 2..4f16s6p. B Ta6.rL,1 o nplllBeAeHbl napeaerpa aroro nepexoAa!4,;: 
TepM B036Y>KAeHHOro yp08HR /TepM .OCHOBHoro COCTORHIIl~ a8s~/2/' 
ero 3HeprHR,a TaK>Ke AIlI-1Ha aonuu pe30HaHcHoH nHHlIl1ll 11I CHJ1a OCl4l11n
nRTopa AI1R nepeXOAa, QnpeAenRIOU4aR ce4eHIIle pe3QHaHCHoro 8036Y>KAe
-H11I R • '\ 

Ha Onli1CaHHOH YCTaHOBKe 6b1n np08eAeH PRA H3MepeHIIl~ no onpeAe
neHIIlKf COAep>KaHHR MHKponp~MeceH esponaa 8 4HCTblX MeTannax /5m, 

2 

Eu 

Cu 

10° 

4{)-2
 

]
 
'Õ~ 

sCL 

I- 'KT"6
 

!l-li
 

\ ..... 

, I ' 

1500 2000 
T. K -----

PHc.2. 3aBHcHMoCTb p,aBneHHH Ha
csnneansrx rrapoa eJ3pOm1H H Mep;11 
OT TeMnepaTypbI. 

Nd, Ta, Moi, n03BonR~~HX CYAIIITb 
o B03MomHOCTRX AaHHoro MeTOAa. 
B Ta6Jl.2 npencr aeneus peayns r a ru 
1113MepeH~~ - Bec o6pa3~a, TeMne
paTypa T~rn~, npH KOTOpO~ npo~3~ 

80AlllnOCb ~CnapeHIf1e Eu, 8peM~, 

3a KOTopoe HHTeHCIIIBHOCTb ~3MepR

eMo~ pe30HaHcHo~ n~H~~ YMeHb
waeTC~ BABoe IOHo xapaKTep~3yeT 

MeTannOB 

TepH 

Z10P9/2 

Z10 
P7/2 

8Z P9/2 

Z8P7/ 2 

Z~P5/2 

z6 P7/ 2 

z6 P5/ 2 

y8P9/ 2 

.Y8
P 7/ 2 

8
Y P5/2 

speMR ~cnapeH~A Eu H3 o6pa34a/, 11I H3MepeHHaR KOH~eHTpa4I1lR Eu 
8 06pa3~e. B~AHO, 4TO cOAepmaH~e esponHR B YKa3aHH~x 06pa3~ax 

Ef cH- 1 À ~ f À 

14564 6864,54 0,035 

14068 7106,48 0,50 

1661 1,79 6018,15 O,0L~0 

15952,31 6266,95 0,0043 

'15890,53 6291,34 0,0048 

17340,65 -5765,20 0,036 

17707,02 5645,80 O,o2L~ 

21761,29 4594,03 2, 1 

21605, 17 L~627,22 ,1,8 

21444,58 466],88 1,5 

10-6-10-4nemlllT B Alllana30He rir. 

'l'a6JUUI,a 
ITapaMeTpw onTHQeCKHX nepexop;OB aTOMOB Eu 
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fi PHc.3. a - crreKTp I-H3ny~eHHH TaKMM 06paaoM, onMcaHHafl YCTaHoBKa, OCHOBaHHaR Ha MeTOAe
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'I'a ;' oGnY1.IeHHOrO TerrnOBbIMH Helh: peaoHaHcHoH ollTM4ecKo~ $nyopec~eH4~M c Mcnonb30BaHMeM naaepHora
 

,!" pOHaMH /BpeMH H3M~peHHH 3 ~aca/; ~any4eH~f1, 1l0aBOnfleT onpeAenRTb cOAepmaH~e eBponMR B W~pOKOM 

1500 .'
Ii"

6 - OrrTH1.IeCKHH crreKTP aTOMHoro KPyre MeTannOB c OTHoc~TenbHo~ KOH4eHTpa4~e~ AO 10-8 r/r. 80a
e; i:

" )	 

rryxxa , rronY1.IeHHbIH rrpa HarpeBa MomHO ~ AanbHe~wee nOBwweH~e 4YBcTB~TenbHocT~ MeToA~K~ nYTeM152mEU;l
:< 

II I': 1000 
:: 841-\(38 jl	 HHH o6pa3~a Ta /BpeMH H3MepeHHH ynY4weH~R napaMeTpoB YCTaHoBK~ /YBen~4eH~e 3$$eKT~BHoCT~ c60pa<, 

z 
I I I ~., l ! 100 c/.	 cBeTa, CH~meH~e YPOBHR WYMOB $3Y ~. T.A./. B 3TOM cnY4ae YKa3aH
II I. 1. 

HWX aHa4eH~~ 4YBcTB~TenbHocT~ aHan~3a MomHO AocTMrHYTb ~ np~ 
500 

, ..._J ~·..Aj\..) L~._;LMA.ft_._)_ . _.	 ~cnonbaOBaH~M na3epoB c XYAWMM 3HepreTM4ecKMM paapeweHMeM~ MeHb
1000 1100 1200 1300 1400 1500 1600 1100 Ow~6Ka ~3MepeH~~ COCTaBnReT we~ MO~HOCTb~ Mn~ pa60Ta~~~x B MMnynbcHoM pem~Me, 

HOMep K3HaIlCi- J
OKono 50% M CBRaaHa ~naBHwM 06
5000 

4000 

~ 3000 

Ii 2000 

~aoTony 

153Eu 

I~U 

3.56 rrll J-- - -- - - - -1 

, I ! 

H- - 

AV ----	 s ,
~HTeHCMBHOCTb l-nMH~~ c 3Hep

4. MUller W., Steudel A, Walter H. Z.Phys., 1965, v.183, p.303.
r~eH 841 K3B, npMHaAne*a~e~ \

152Eu , 6n~aKa K n pe Aen2 06Hapy*eH~R. TaK me cna60 npOflB

t B aaKn~4eHMe aBTopw Bwpame~T õnaroAapHocTb r.H.~nepoBYpaaOM C HeT04HOCTb~ B onpeAene
M ~.U_OraHecRHY aa nOAA€p*KY pa60Tbl, n.n.KynbK~Ho~ aa nOMo~b 

H~~ CKOpOCT~ ~cnapeH~R Eu ~a 06
B M3MepeH~Rxcpaa4a. O 4YBCTB~TenbHOCT~ on~


caHHoro MeTOAa MO*HO CYA~Tb ~a
 

np~ACTaBneHHWX Ha pHc.3 cneKT
nl1TEPATYPAPOB. 6A~H ~a H~X npeACTaBnReT 

cneKTp I-ManY4eH~R, ~aMepeHHw~ 
1. Lede re r C.M" Shirl.eyv.s. Table of Isotopes. 7th Edition,nocne 06nY4eH~R TennOBWM~ He~T

John Wiley, 1978.
pOHaM~ oõpaaua ~3 Ta c COAep>Ka

L. raHrpcKM~ lO.n. M AP. ~aB... AH CCCP, cep.$H3., 1985, T.49,
~~M~CR B HeM np~MeCRM~ /OTHOC~

c c2261 " TenbHaR KOH4eHTpa~~R Eu COCTaB
3. TepMoA~HaMM4ecKMe CBO~CTBa ~HAHBMAyanbHwx Be~eCTB, CnpaB04~, , "nReT 4.10-5 r/ri. B~AHO, 4TO 

HMK nOA peA,!Ln<rJ1YWKO,~3A. AH CCCP: M., 1962, r l 

nfl~TCfI H OCTanbH~e l-n~H~~ 15 Eu. B TO me BpeMfI a cneKTpe on

T~4eCKoro ~anY4eH~R, ~aMepeHHOFO Ha on~caHHO~ y-cTaHOBKe a~ 60nee
 
KopoTKoe BpeMfI, Aame np~ aHa4~TenbHO MeHbwe~ KOH~e~Tpa4~~
 

B TaHiane /3'10-6 ' r/ri, ~HleHC~BHOCTb era n~HM~ n04T~ Ha ABa no

pRAKa npeBwwaeT ypOBeHb $OHa. TaKafl >Ke KapT~Ha MMeeT MeCTO ~ Anfl
 
APyr~x MeTannoB, npenc'raane-n-ux B raõn, 2.
 

'I'aõmnta 2 
Peayrrs r arsr H3MepeHHH KOH~eHTpa~HH B xe r annax 

OGpa3eq P Mr T, K t/'ll C,r/r 

Sm 234,8 1173 2.10-4 

Nd 

Ta 

Ta 

Mo 

, 

200,3 

78,7 

85,0 

17,2 

]274 

1838 

]460 

1723 

3 

5 

5 

2.10-4 

3.10-6 

3. 10-6 

4· 10-6 

/I 

1 
PYKonMCb nocTynMna B M3AaTenbcKM~ OTAen 

.. iO RHBapR 1986 rOAa • 
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fanrpCKHH lO.TI. H AP· 
OrrpeAenenne MHKPOKonn~ecTB esporrnH B MeTannax 
MeTOAOM OITTH~eCKOH pe30HaHCHOH $nyopec~eH~HH 

P6-86-18 

0rrHChlBaeTCH Me~OAHK8 orrpeAeneHHH MHKpOKOnn~eCTB espOITHH 
B ~HCTbiX MeTannax, OCHOBaHHaH Ha OITTH~eCKOH pe30HaHCH.OH ¢nyo
pec~eH~HH C ITOMOUih~ na3epnoro H3ny~eHHH. ilpHBOAHTCH pegynhTaThl 
H3MepeHHH cop;eplKaHHH esporrHH B pHp;e MeTannos (Sm, Nd, Ta, Mo), 
HMe~UIHX 6onbUJOe ce~eHHe aKTHBa~HH TeiTnOBbJMH Hei"ITpOHaMH, ):\OCTH
rHyTa ~YBCTBHTenbHOCTh aHanH3a Eu 1o-8r/r. Tiposep;eHo cpasHeHHe 
C MeTOAOM HeftTpOHOaKTHBa~HOHHOrO ananH3a. 

Pa6oTa BbmonHeHa B J1a6opaTopHH Hp;epHbiX peaK~HH OI·U!l1. 

Coo6WCHHC 06'bCilHHCHHOf0 HHCTHTyTa llllCpHbJX HCCJJCilOBaHHii.1Jy6Ha 1986 

TiepeBOA O.C.BHHOrpap;onoft 

Gangrsky Yu.P. et al. · Pfl-Sfl-18 
Determination of Europium Microamounts in Het.:l1s 
by Optical Resonance Fluorescence Method 

A method for determination of europium microamrvmts in 
pure metals, based on optical resonance fluorescence by laser 
excitation, is described. Results are ~resented on europium 
content in some metals (Sm, Nd, Ta, !'!o) with a large thermal 
neutron activation cross section. The Eu analysis sensitivity 
of Jo-8g/g has been reached. A comparison with the neutronac
tivation analysis is given. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

Communication of the Joint Institute for NuL"i~ar Research. Dubn:1 llJ~(, 


