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B qacos Ha 3ace,ll;aHHH CneUHMH3HPOBaHHoro cosera n-047.0l.03 
np,r lla6oparopnn Jl)l;8PffJ,IJC npoOneM 00$8,ll;HHBHHOro HHCTHTyra Sl,ll;8pHWC: 
HCCJl8,ll;OBaBHlt, r .JyOHa, MoC.KOBCKOlt OOJlaCTH. . 

C ~nccep-raunelt MOZHO 03Ha.KOMHTbCJI B On0nHOT8K8 OIDiM. 

YqeHlllt Ce.Kperapb CneUHMH3HPOBaHHOrO 
cosera · 

K~H,ll;aT tPH3HKO-MaTeMaTHqeCKHX nayx v.A.Earycos 

nna OllHCaHHH CBOltCTB Jl)J;ep nepexO)l;HOlt oonacrn, HaJCO)l;llmHXCH 
MeE,I(y c¢epHq8CKHW! H ,ll;8¢0IJMHPOBaHHllMH H,ll;paun, )l;O CY.JC nop H8T y)l;OB­
Jl8TBOpHT8JlbHOlt reopernqeCKOlt MO)l;enn. IT03TOMY nonyqeHne B03MOXHO 
nOJIHOrO H roqHoro 3KCnepHM8HTMbHOro uarepnana O KOHKpeTHllX H)l;pax 
3TOlt OOJlaCTH npe,ll;CTaBJIH8T 0 H8COMH8HHl:llt HHTepec. UeJlbD HaCTOHmelt 
paOoru OliJIO HCCJl8,ll;OBaHHe pacna,nHUX CBOltCTB pa,nHOa.KTHBHliX "uenoqex" 
HYKJIMOB nepexo)l;HOlt oOnacrH 149 Gd- 149 [u - 149 Sm H 153 Tl, -

153 Gol .• Ilpnqey, 8CJIH HYKJIMl:l 149£u H 149Sm B OCHOBHOM COCTOHHlrn 
HMenr c¢epHqecxyn ¢opuy, ro HyKJIM 153Gol il · ocHOBHOM cocroHHHH 
HM88T yxe 3aM8THYD )l;BtPOpMaUHD. Il03TOMi Olmo HHTepeCHHM. npOBBPl:ITb 
npHMBHHMOCTI, pacqeroB no reopHH CBepxre.KyqeJt MO,ll;enH, n~OB8)1;8HHWC 
,ll;JIH ,ll;e¢opMHpOBaHHUX Jl)J;ep c A ;, 155lI, 21 ,ll;nH HyKnMa 15 Gel • 

HaqJ!Hall C 60-x ro,ll;OB, Ha.HOOJlbl!U!lt oO~eM 3KCnep1:1ueHTMbHOll l:IH­
tPopuau1:1H o KOHKperawc H)l;pa.x nonyqanr Onaro)l;apa npHMeHeHHD cneKr-
pouerpoa C nonynpOBO,ll;HHKOBl:lMH - Ge(Li) , S•. (L..i) - )1;8TeKTOpaMH 
(rrrrn). B Hacroamee apeuR rexHHKa nonynpoBo)l;nnxoaolt cneKrpouerp1:11:1 
xapaxrepH3yerca "Hacumea1:1eu" B ynyqmeHHH xapaxrepnCTHK TIM H llll:lpo­
KIDI npHMeH8HH8M 3Jl8KTpOHHO-BllqHCJIHT8JlLHHX uamHH )l;nH oOpa­
OOTKH nocrynallllelt HH¢opuaUHn. 3HeprerHqecxoe pa3pemeHne )l;erexro­
poa npH0JlJ!3Hnoc1, x reoperHqecKnM npe)l;ena.u, yaenHqeH11e :a:e 3qxpeK­
THBHOCTH perHCTpaunn H3JlyqeHHII )l;erexropoB orpaH11q1rnaeTCII T8M qiaK­
TOM, qTO npH npeBumeHJIJI H8KOTOporo OOTJ!UaJlbHOro qyBCTBJIT8JlbHOro HX 
OO~eMa yxy~maeTCII sueprer11qeCKOe paspemeu11e. IlpHU8H8HH8 3BM yCKO­
PHJIO npo~ecc oOpaOorKH ,ll;aHHwc, oonerq11no rpy)I; aKcnep11ueHraropon, 
nOBHCHno 'toqHocu nonyqaewu pe3ynuar0B oOpaOoTKH. Bcne,ll;CTBHe 
,ll;aHHoro no~oxeHHH ~en B nonynpoao~HHKOBOI! cnexTpoueTpHH HeoOxo~H­
uo axueHTHPOBaTL BHHMaHne Ha pa3BHTHH H COBepmeHCTBOBaHHH M8TO,ll;ll­
KH H3M8P8HHII cnexrpoB H oOpaOOTKH pe3yJlbTaTOB :irnuepeHull, qro 
H ,ll;OnXHO ot1ecneq11r1,'nonyqeH11e 3KCnepHU8HTMLHOro MaTepHana O KOHK­
peTHWC H)l;pa.x, oOna,nanmero Oon1,Qel! ToquocTLD, ,ll;OCToaepHOCTbD H non-
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HOTOA. Il03TOMY nepnooqepe,l{HOA 3a,Itaqel1 HaCTORmeA paooru OllJIO OT­
paoorarL M6TO,l{IIKY roquux 113MepeH11l1 3Hepr11ll II IIHT6HCIIBHOCTel1 rruwa­
H3JiyqeHHll PaJtllOaKTHBHWC HyKJin,IlOB C nouomLD cneKrpouerpoB C nony­
npODO,l{Hl1KOBllMI! A6T6KTOPaMH H no TOqHOCTH H3uepeHHll ,l{OCTH% paoor 
M11ponoro YPOBHR, BllnOJIHeHHllX D :no A OOJiaCTH (CM., Hanp. / 3/) • 

B nepnoA rnane ,l{HCCepTfillllH paCCMOTp6Hll Bonpocu M6TO,l{HKII 
roqmnc 1rnuepeu11l1 :rneprnll II HHTeucnauocrell rru.iua-n3nyqeum1. 

HaMH OllJia, HCCJI6,l{OBaHa B03MOJKHOCTL npone,l{eH11ll TaKHX H3Mepeunll 
Ha llilenmel1cl! B Or,l{eJie JI,l{epuoll cneKrpOCKonn11 H PaJtHOXHllHH Ilaoopa­
TOPHII RAepHwc npooneu OHHll annaparype. 3areu ounn DHeceuu Heooxo­
.IiHMLle H3MeHeHHll B cneKrpouerpnqeCKne OJIOKII C U6JILD C03,l{a!ll!ll KOWI­
JieKca, ooecneqnaanmero conpeueHnue npeu113HOHH11e H3MepeHHR n HX 
OnTHMMLHYD opraHH3aUHD. ,llJil! ynyqmeHHH cra6HJILIIOCTH paooru 
acero cneKrpouerpnqecKoro rpaKra B uenou ounn C03,l{aHu 
HOBLle OJIOKH IlHTaHHH H MO.I{epHH3HpOBaH reHeparop 3TaJIOHHUX. HMnyJIL­
coa, BXOARm11ll B cncreuy craonn113aunn cneKrpouerpa. C uen1,n ynyq­
meuna nimel111ocr11 cneKrpouerpa Ha nopl!AOK yueHLmeHo orKJioueune or 
m111ell11oll 3annc11Mocr11 :mepreT11qecKoii mKanu (Henimel!Hocu) O,l{Horo 
H3 cneKrpouerpoB - ,l{Jlll 3TOro OllJI L!O.I{epHll3HPOBaH Jlllllel1Hlll1 yc11m1-
ren,L. YnyqmeH11e cpopMll annaparypHoro n11Ka OllJIO ,l{OCTltrHYTO n0,1{00-
POM AeTeKropoa c onrnMaJILHUM paooqnu Hanp.11xeH11eu n KouneHcau11ell 
"nonnca Hyneu". )lna ynyqmeH1111 3arpy3oqu11x xapaKrep11crnK cneKrpo­
uerpa npnueH11noc1, 011nonapHoe qiopu11poaa.H11e. B rnaae KpaTKo pac­
cuorpeHu ocooe11HOCTII MOACPHll3Hp~BaHHWC 3JieMeHTOB cneKTpoueTpa. 

)lJII! per11crpaun11 HHqiopuau1111 IICnOJIL30BaJIIICL MHOrOKB.HaJIL­
Hlle aHan113arop1,1 AV.-4096, AV.-8192 11 "TRIJ>Ac.;.c ". Hs HIIX 
cucreua "TRIDAC·C B oon1,mea. CTeneH11 YAODHa AJIII npeu113110HHUX nccne­
AOBaH11l1 cneKrpoB: oucrpue aMJIJIHTYAHo-u11qipoBue npeoopaaoBaTeJIH 
(AIUI); BllCOKa/1 JlHH6llHOCTL AIUI, xopoma.H CTaDHJILHOCTL paooru BO 
BpeMeH11, OOJILmaH CMKOCTL nau11r11. Ho IIMCHHO 3TOT a.HaJIH3aTop He 
11uen CBas11 c JBM c xopom11u uaTeuar11qecK11M aoecneqeHHeu, Heooxo.I{H­
MllM )IJI/1 oopaOOTKII cneKTpOB no cirOltH!lM nporpaMJlau. CB/131, 'TR/DAC·c· 
C JBM "lill!HCK-2" HaMII ouna ocymecraneHa C HCn01IL30BaHHCM MarHHTO­
qJOHa R G·23. }iHcpopMaI.lllH c auan11sa:ropa 3an11cunaerc11 Ha uarHIITHYD 
J16HTY II npn oopaTHOM CqHTllBaHIIH ee B naul!TL aHa11113aropa B03MOlt­
Ha napanJICJILHaa nepe,JJ.aqa B JBM "MIIHCK-2". EnarO,l{apH 3TOl! CB/1311 
CTaJIII B03MOXHll He TOXLKO ,ll.aJILHellmee BllnOJIHCHHe ,ll.aHHOll paooru, 
HO II nocJie.I{ynm11e HCCJIC,l{OBaHHH cneKTpoB 113JiyqeHH/I ,ll.6CHTKOB PaJtHO-
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aKTHBHWC HYKJIH,ll.OB C HCnOJIL30BaHH6M o:rpaOOTaHHOl! MeTO,l{HKl! npeun-
3HOHHllX H3JJepeHHl! .3Heprnl1 11 HHTCHCIIBHOC:rel!, BllnOJIHCHHlle B Ol!C 
II PX. 

B rnaae onncaHu ocodeHnocrn roToBux nporpruw oopaooTim cneKT­
poB ,JJ.JIH JBM NMulti-8

11 
11 "MIIHCK-2", nx B03MOJKHOCTll 1 cnyqa.n npm.rn­

HeHn11. IlpOB8,ll.8HO cpaBHCHlle pesyJILTaTOB oopaoo:rK11 cneKTPOB no 3TIIM 
nporp&0.18.1!. HCCJIC)lOBaHa peaJILHOCTL norpemHOCTII onpe,l{CJIC!ll{/1 nono­
llC6HHl! n11KoB, nonyqaeuwc np11 oopaooTKe cneKTpon no nporpru.we"KaToK". 

K MeTOA11qeCK11M nonpocau cneKTpoueTp1111 rruwa-1rnnyqeI11111, KpoMe 
oopaoo:rKH nonyqaeuux cneKTpon, OTHOC11Tca: nonpocu Blidopa onTnMaJIL­
HllX yCJIOBlll! 1131.!epeHllll - YCJIOBlll!, BHOClill{HX MIIHIWaJILHLle HCKa.JlSHl!lI 
B nonyqaeMyD IIH~OpMaunn; CIICTeMa 11cnOJIL3YCMhlX penepoB H cnocoau 
rpa,1ty11pOBOK. nna npaBIIJIL~oro BllOOpa yc11on11n H3MepeH11n HeOOXOAHMO 
B nepayn oqepeAL 3Han ace aqxjleKTll 1 11cKaxanmne annaparypHyD cpopMy 
cneKTpa. ilO,llpOOHO HCCJie)lODaH!l sqxjleKTLI, yqeT KOTOpllx OKa3L1Bae:rc11 
cymeCTBCHHIDI np:11 npeu11s110HHhlX 113MepeH1111x. A HMCHHO, cnyqanuoe 
II IICTIIHHOe CYMMIIPOBaHH8 l!l.myJILCOB B KPHCTaJIJie I BJIIIIIHIIC reoMerpn­
qeCKIIX ycnon11a H3MepeH11ll Ha BeJI11q11ay OTHOCIITeJinHOro C,l{Bnra nllKOB 
n cneKTpe 113nyqeH1111. naHu np11uep11 pacqeTOB q11cna cnyqanHux 11 11c­
T11HH11X COBna,IteHHll II Y.Ka3allli cnocoou Bll/lBJI8Hllll IlllKOB cywu cnyqall­
HWC H IICT.IIHHllX COBna,1teH11ll D rruwa-cneKrpax. 

JqxjleKT reoueTpHqeCKIIX yCJIOBlll! 11suepea11n cymeCTBCH npH 3Hep-
re:rnqeCKIIX rpa,1ty11pOBKax, KOr,l{a penepHlle II rpa,1ty11pyewi:e IICTOqHIIKH 
113JiyqeHllll np11xO,l{IITCH nouemaTL B pasn11qa11e TOqKH OT nonepxHOCTII ,JJ.e­
T6KTopa. Ilpone,l{CHO 11CcJie)lOBaH11e 3TOrO aqxjleKTa ,l{JIH HaillltX padoq11x 
ycJIOBHll 113U8pCHII/I - Ha KOaKCllaJILHOJJ )lCTCKTope C ABYMH OTKPllTID!II 
KOHUru.m, C qyBCTBHTeJILHllM oo~eMOM 37 CM3 II ,!{JIii 11cnon1,syeu11x 00HqHo 
paccTOlIHH!t .JlCTeK:rop-11croqH11K. )lJIH 11s11yqeH11a c aHeprnen II73 KaB 
c60co) nonyqeHo 3HaqeH11e aHepreTnqecKoro C.I{D11ra (4~8)aB np11 11sue­
Hea1111 paCCTO/IHll/1 no ~POHTY OT nonepxHOCTII )lCTeKTOpa OT 6 ,l{O JO CM. 
ITO pe3yJILTaTy C)lCJiaH BUBO.I{ 0 TOM 1 qTO B HamHX yCJIOBllHX 1 CCJIII 3W­
W8KT reoueTp11qeCKHX YCJIOBHA HsuepeHHlI II ecu, TO ero BCJI11qnHott 
B 3TOl! auepreT11qeCK0'1 OOJiaCTII MOltHO npeHedpeq1,. )la.Hli peKOMeH,l{au1111 
npoae,JJ.CHIIH TaKoro Tllna IICCJ18,l{OBaH11l1 ,l{JIH K8.Jt,D;Oro ,l{CTCKTOpa, 11cnon1,­
syeMoro np11 npeun3110HHWC 113uepemrnx aHepnn 113nyqeH11a. 

IlpllBC,l{eHa CHCTCMa penepon ,llJI/1 3HepreT11qeCK11X rpa.ztynpOBOK 
II rpa,1ty11pOBOK no IIHTeHCIIBHOCTlIM r8lWa-113JiyqeHHH. 

Onpe.I{CJICH!l HCJIHHeltHOCTH ,l{JilI ncex ncnOJIL3yeMHX cneKTPOMeTp11-
qeCKIIX CIICTeu; 3KCnep1111eHTaJILHO IICCJie,l{OBaHO 113MCH8HHe aen11q11Hll 
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HenHHellHOCTH B 3aBHCHMOCTH OT noCTOHHHOll BpeMeHH ~OPMHPYD~HX 
ueneA H K03Q)J)HUHeHTa ycHneHHH nnHeAHoro ycHnHTenn. 

3HeprHH rallJ.la-HsnyqeHHH Mil H3MepnnH no M8TO,nHKe C npe,nBapH­
TenbHl:lJ.I T~aTenbHW HCCne,noBaHHeM HenHHeAHOCTH cneKTPOMeTpa C HC­
nonb30BaHH8M penepHHX HCTOqHHKOB. B pa6oqnx H3MepeHHHX, yqHTIIBaH 
cnoxHuA xapaKTep nsyqaeuux cneKTpoB, ,nnn no,ncBeTKH MU BOOHpanH 
TOnbKO 6 "penepHIDC nHHHA". no HX CKOppeKTHpOBaHHUM Ha OTKnOHeHHH 
OT nHH8llHOCTH nonoxeHHHM nHKOB no MeTo,ny HaHM8HbWHX KBll,ItpaTOB 
HaxO,nHnHCb K03Q)J)HUH8HTII nHH8l!HOA 3aBHCHMOCTH 3HeprHH H3nyqeHHH 
OT HOMepa KaHana. ~CKOMIIe 3HeprHH H3nyqeHHH HaxO,nHnHCb no 3THM 

K03Q)J)HUH8HTaM H no nonoxeHHHM nHKOB, CKOppeKTHpOBaHHIIX Ha OTKnOHe­
HHe OT nHHeAHOCTH. IlpnBe,neHH ~opuynu pacqeTa norpeWHOCTH 3HeprHH 
,nnH O,IIHHOqHoro H3MepeHHH H ,nnn o6pa60TKH pesynbTaTOB MHOrOKpaTHIDC 
H3YepeHnll. 

IlpH onpe,neneHHH 3Q)J)8KTHBHOCTH perncrpauHH H3nyqeHHH HCnOnb-
30BanHCb HCTOqHHKH C H3B8CTHOA a6conDTHOl! aKTHBHOCTbD (aTTecTaUHH 
c norpelIIHOCTbD l-3% npOBO,nHnacb BO BHl1l1M HM •. Jl. 1-i. MeHAeneeBa) H HC­
roqHHKH C xopowo H3B8CTHl:lJ.IH OTHOCHT8nbHIIMH HHTeHCHBHOCTHMH. ITpH­
Be,neHH <J1op11ynu o6pa60TKH ,nnH 0,IIHHOqHID{ H MHOrOKpaTHHX H3MepeHHA. 

IlpHBe,neHH H3MepeHHIIe H8.MH'3HeprHH H HHT8HCHBHOCTH CHnbHHX 
nepexo,noB npn pacnll,Ite 152 Eu , 169yt H 2aiRa , KOTopue y,no6uo 
ncnonb30BaTb B KaqeCTBe CTaH,napTOB (Ta6n. l). 

B pesynbTaTe npo,nenauHoA pa60TH onpe,neneHHe saeprHA o,nnuoq­
HHX H MHT8HCHBHUX nHHHA npOH3BO,nHTCH C norpeWHOCTbD 25-JO 3B 
Hal M3B, a HX HHTeHCHBHOCTell - c norpeWHOCTbD J-4%.3TO HaXO,nHTCH 
Ha ypOBHe nyqWHX MttpOBUX ,nOCTHXeHHll B auanornqHID{ H3MepeHHHX. 
Ilo,nTB8PJK.lleHHeM CKa3aHHOro MOryT cnyiicHTb pesynbTaTH cpaBHeHHH Ha­
illHX ,naHHHX (ra6n. l) c ,naIIHLtl.!H ae,naBHO noHBHBWHXCH sa py6exou 
pa60T no npeUH3HOHHHM H3MepeHHHU 3HeprHA H HHT8HCHBHOCTeA nepexo­
,nOB Tex xe HYKnHAOB/4 , 51_ B 23 cnyqanx TOnbKO o,nua pa3HOCTb 3Haqe­
HHA nHeprnll BHXO,nHT sa npe,nenu ,nayx cpe,nHeKaa,n;paTHqecKHX norpew­
uocrell. 

Bo BTOpoA rnaBe ,nHCCepTauHH H3nOE8HII pe3ynbTaTH HCCne,nOBaHHH 
pa,n;HOaKTHBHOrO pacnll,Ita 149 Gd - 149 £u - 149sm •. 

)lnn perHCTpauHH raMMa-nsnyqeHHH HCnonb30BMHCb Ge(Li) -
,neTeKTopu c 061,euaun I,J, II H 37 c~ 161 H Si.(Li}-,nereKTop pas­
uepou JO 10.r2x4 MM. PaspemeHne Gell~) -,nefeKTopoa no 3Heprnn co­
CTaBnnno 600 3B npH Er= 26 K3B ,nnH ,neTeKTopa l,J cM3; l,9 K3B npH 
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Er= I,33 M:iB ,!(Jill ,!leTeKTopa II c1.13 11 2,1 K:iB npu Er= I,33 i'.l:iB 

,!(Jill ,!leTeKropa 37 c1.13• Pa:ipeU1emie Si (Li} _.,!leTeKTopa cocraBJJllJJO 
1140 :iB npu E f = 14 K:iB. 

[3yqe1111e cneKTPOB 3JI8KTp0HOB BHyrpe1rneil KOHBepc1111 (3BK) npo­

BO,l(l1J10Cb C llOMOlllblO cneKTpoMerpoB C Si ( Li) -,n;eTeKT opai.rn 
I 

l!MOiJl!lllWI 

pa:i pelllemie I 1 1-1 ,6 K3B npu Ee = 150 K:JB/71, 1.1arm1rHoro cneKr poMeT­

pa c .Si (Lil -,n;eTOKTopoM c paspeU1eH11e11 2 1 2 K:iU npn Ee- 150 K3ll, 

1mruuruoro p -cneKrpo1.1eTpa 'T,,ff mrn AH YCCP c paspeU1eune1.1 o
9 
0J-o, CJ5%. 

Pacna,J( 
1119 Gd - 149

£u • ITpu 11ccne,n;0Bamm u:rny 1rn11nll 14 Gel 
U3Mepeuu ClleKTphl raw.ta-ll3JIJ'l8Hll/l ll 3Bl{. Bnepmrn K03qJ<plll{l!eHThl KOH-

Bepcm1 ( c:J.K} ll3MepeHU B cpa1111e11n:11 C adCOJJDTHLIMll K03[11lll{HellTaMll 

KOHnepcm1 nepexo,non, B03HnKan11111x npn pacna,J(e 139ce :11 37 Cs , qro 

ll03BOJJl!JJO YTO'IHl!Tb MYJJLTllllOJibHOCTll nepexo,l(OB. HopMnpOBKa UHTeHCl!B­

HOCTell 3BK ocymeCTBJJeHa c TIOMOIIILIO o(K 149,72 = (0,475~0,013). Be­

Jlll'll!Ha o( K 149 '72 llOJIJ'leHa KaK cpe,l(Hen3nellleHHOe ,l(Byx pe3yJJLTaTOB' 

ll3Mepem111x ,n;nyMH pa3JJll'IHUMH CllOCOClaMn. l.rn HadJJIO,l(aJIH 50 nepexo,n;oB, 

113 Hnx 12 nepexo,l(on - Bnepnue • .ll,JJH 32 nepexo,l(OB nonyqeuu HOBue 

,n;aHuue - JJHClo ll3 rawm-cneKTpa, ;rndo ll3 cneKTpa JBI{. B npe,n;Jiarae­

Moil CloJiee noJI11on, •rnM n npe,n;llleCTBYDlllllX paOorax, cxeMe pacna,l(a 
149 Gd - 149Eu pasue111eHu nee ,HaOirn,n;aeMue nepexo,n;u. llo,l(TBeplK,l(eHo 

cymecrnona1111e yponHeil 1012166 K3B 11 1231104 xaB, npe,n;nonoxnteJILHO 

BB8,ll;8HHh!X B npe,n;UleCTBYD,llX padoTax. YTO'IHeHbl 3Ha'leHllH 3Heprnti 

B030yJB:,1(8HHhlX COCTO/!HHli 49 E.u 11 3Ha'leHH/l CllHHOB ~/!,!la yponuell. 

Ilpone.n;eHO cpaBH8HH8 B03dylK,l(eHHhlX COCTOHHHll l g Eu C B030yx­

,n;eHHhlMH cocroau1111MH coce,l(HHX uyxn11,n;on 145, 147, 151 £u • 'AJIII pfl,!la 

COCTOllHHll 
149 fu Hati,1(8Hhl aHaJIOrH B COCe,l(HHX HYKJIH,n;ax. B HYKJIH,l(e 

149 Eu BTOPUM B03dyJB:,l(eHHhlM COCTOHHHeM l!BJifl8TCH COCTOHHll8 459,87 xaB, 

5/2+, 7/2+. 3TO COCTOHHHe npaKTl!'l8CKll He 3aC8Jill8TCll np11 3JI8KTPOH­

HOU 3ax:BaTe (to<Jft'!f:. 9,2) rip11 pacna.ne 149 Gd , 11 ero saceneH11e . 

npOHCXO,l(l!T rJiaBHhlM odpa.301.! 3a C'18T paapll,l(KH BhlCOKOJI8ll:aJllHX ypoBaen. 

B OTJill'lll8 OT 
149 

£.u B HyKJI:n,n;ax 1451147' 151£u BTOpllM B030YJK,l(8HHW 

COCTOllH118M l!BJI/leTCll COCTOHHH8 co CllHHOM 1112-. YKa3aHO, '!TO B03-

MOJB:HllM aHaJIOrH'IHhlM COCTOS!Hl!8M B 147 Eu S!BJIS!eTCfl. COCTOS!Hll8 

778,2 xaB, 5/2+, 7/2+, JI8XaJllee nuwe ypoBHH co cn1111ou 11/2- 11 l!MeD­

mee TIO,l(OdHhlA xapaKtep sacenea11JI II cnocoOa paspll,I\Kll. B HyKnll,l(e 
145Eu 3TO COCTOllHl!e He HadJID,l(aercJI, BBll,l(Y Manon 3HeprHH pacna.na. 

npyrne Oonee BhlCOKOJiell:aJlllle COCTOllHHS! C llOJIOJB:HTeJILHOH qer­

HOCTLD, xapaKT8pll3HDIIIH8CS! BhlCOKIDlll 3Ha'leHllllMH &;:It, saceJIHDTCH 

npll 3JI8KTPOHHOM 3axnare. ViCKJIIO'leHHe COCTaBJIHeT COCTOJIHHe 
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938,63 K:iB, 7/2+ -lo2H= 6,6, KOTopoe, no-m1,1(1rn0My, 110JKHO co­

nocran11n c COCTOHH118M II22,89 K3B, 5/2+, 7/2+ B cxe1.1e ypOBHetl 
147 Eu - log ft = 6, 7. Bee COCTOflHllll c OTpnl{ateJILHOll qernocnn, 

KPOMe COCTO!IHHH 496 141 K3B I II/2-1 3aC8JlllDTCH nenocpe)\CTBeHHO npll 

3JieKTPOHHOM :iaxnare. 

OrueqeHo, qro xaprucrep p -pacna,n;a Ha nosdy;.r,!leHHHe ypon1111 
149 £u yKasunaeT II Ha B03UOJ!tHOe llOi1BJieH11e B llX BOJIHOBUX qiyHKI{llflX 

KOMllOHeHT ,l(ecpop1.111pOBaHHh!X COCTOllHllll (Hanp11Mep, OCJiadJieH11e paspe­

llleHHOro y,-nepexo,l(a Ha COCTO/!Hl!e 1012,66 KaB, 5/2-, 7/2-, 9/2- -

3Ha'l8Hl!e lo9 ft= 8,1) ll Ha llOS!BJiemie KOMilOHeHT COCTOflllllll C 1.1110ro­

qacr11qHUMII KOHcp11rypal{llflMll (11anp111.1ep, COCTOllHIIH 748,65 K3B, 7/2-

ll 794,98 K3B 9/2-), 

Pacna,n; 14~Eu - 149.Sm. !1p11 11ccne,l(OBaHl!ll 11anyqe111rn 
149

£u 

ll3MepeHll cneKTphl raM11a-113JiyqeHl!fl II JBK. Bnepn11e K03fW)lll{lleHThl KOH­

nepc1111 nepexo,n;on Hati,n;eH11 n cpanHeunn c o<K nepexo,l(a 149, 72 K3B 

llpl! paClla,1(8 149 Gd , onpe,l\eJieHHOro HaMU B cpaBHeHHH c a(lCOJIDTHH­

Mll o< K I B pesynLTaTe qero YTO'lll8Hhl MyJILTl!llOJibl!OCTll nepexo,n;oB. 

Ko:iqxp11Ull8HT CB!l311 lllKaJI HHTeHCllBIIOCTell raMMa-i13Jiy'leHllS! ll :JBK nony­

qeH Ka.It cpe,l(HensnellleHHoe sHaqeu11e no o< i,; 254,6 = o, 089~0, 006; 

,;;<K277,l = 01lJ79.±0,005 11o<K327,5 = 0 1050.±0,00J. ll cxeMe
4

Bacna,l(a 
149 Eu yroqHeHu 3Ha4eHl!ll :i11epr:11ti nosdy;.r,l\e11m,1X coctollHnil 

1 Sm. 
ITonyqeHu Oonee ,l(OCtonepHue s11aqeH11ll nepO!ITHOCTea :ineKrpo1111oro 

3axBaTa II COOTBeTCTBy10111ne 3Ha4eHHH ~ fr • 0,l(H03Ha'IHO onpe,l\eJieH!l 

KBaHTOBble xapaKTepnCTIIKll ncex B030ylK,l(eHHhlX COCTOHHllli. 

ITpOBe,l(eHO cpaBH8Hl!e B0361~eHHhlX COCTOHHllti 
149 Sm C B030yiK­

,1(8HHillm: coctOHHRS!Mll HyKJill,l(OB 4 1147 , 151 Sm. XaprucTepuo yMeHbllle-

1111e 3Ha'l8Hl!H fo~ft f> -nepex0,1\0B Ha OCHOBHHe COCTOl!Hl!S! C ynen11qe­

H11eM 'IHCJia 11el!tp0HOB1 Ha'IIIHall CO CcpepuqecKoro HYKJI!l,l(a 
145..Sm: 

145S m - (o~ H = 8 1 7; 147 Sm - lo9H = 8, 4; 
149Sm - loll= 7 ,8. 

Ilp11qey xapaKtep J -~acna,!la Ha oc11on11oe II nepnoe nosdylK,l(eHHOe 

(5/r) COCTOHHllll 14 Sm ( lo;JH = 7 ,8 11 7,9 COOTBeTCTBeHHO) ll0,1(0-

0eH xapaKTepy r-pacna,n;a Ha OCHOBHOe (5/2-) COCTOllHlle ,l(ecpOpMHpO­

BaHHOrO' JI,l(IJa I 1Sm(lo3.ft = 7,9). JTO ll03BOJI!leT ronog11Tb O llOllB­

JieHHII ·HeKOTOpOtl paBHOBeCHOti ,1(8cpOpMal{IIH ,l(JIS! HYKJIH,l\a l 
9Sm. 

BHCKa3aHO npe,n;TIOJIOJB:8Hl!e 1 '!TO 3aTOpMOl!teHHhl8 r-nepeXO,l(hl Ha 

B030yit,1(8HHH8 COCTOHHllH 149S m yK8.3!,IBaDT JIV.00 Ha llOllBJieH:11e 3a.JJeT­

HOll ,l(ecpopuau1111, JIIIOO Ha MHOroqaCTH'IHhle KOHcpllrypal{llll C COCTO!IHl!OM, 

onucunael.lHM op011rol! h <J/2, Ha KOTopoe ,:p -nepexo,I( sanpe111e11 n.? l . 
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13 rper1ell rnaae .nuccepTaIUBl 113/IOJKeHu pe3yJibTaTu 11ccJie,noBaH1111 

Y,3.Jll!Om.nrnuoro pacna,lla 153 Tb - 153 Gd. 
UneKTPLI rauMa-113Jiy•ieH1111, B03H11Kaml{ero npn pacna,ne 153 Tb , 

V.CCJJe,l(OIJaJil!Cb Ha cneKTpOMeTpax C Ge (Li.) -.nereKropaMll C Ocl'beMaMll 
- 3 3 3 , 3 3 u,s Cl.! , 1,0 CM , 2, 4 CM , b,2 CM 11 37 CM c pa3peraeH11eu 

0,7-0,9 K3B np11 Er= 122 K313 ,nJI11 ;1ereKTopoB MaJioro ocl'beua 11 
2,3-2,5 Kall np11 Er = 1,33 JJ3B ,nJIR ,neTeKropoa cpe;;Hero 11 cloJibllloro 

ocl1,e11a. 

Tipu nocrpoeHllJI cxeMbl B03clyJK,neHHblX ypOBHeil l!CIIOJ!b30BaJJl1Cb pe-

3YJlbTaTl1 113MepeHllH f- f -COBlla,lleH111l Ha cneKTpo11eTpe, C03.l(a.HHOM 
Ha Oa3e 3BM "M11HCK-2", 11 pe3yJibTaTbl ll3Mepemrn rauMfl-ll3JIY'!e111111 C no­

l!OUlbRJ Ge (Li) -,neTeKropa c oTBepcrneu. 
CneKTJlU 3lll\ llCCJIB,l\OBaJll!Cb C IIOMOll{blO cleTa-cneKTporpaqioB (pa3-

peU1e1111e - 0;05), cleTa-cneKTpoueTpa c ropo11,naJ11>HUM Mar1111rn1,111 noneM 

(pri3pel!le1111e ~ o, 4% npH CBeTOCIIJ!e - o, 5%) B OOJlaCTJ' 311epn1ll .no 

250 K31J 11 1rnr11v.rnoro cneKTpoMeTpa c .Si ( Li )-.neTeKropo11 (pa3pellleH11e 

2,2 1:313 np11 E.el5Ll K3B) B OelJlaCTll 3Heprv.ll BU!lle 150 K3B. CneKTP 
1103;:rpo110B 1iccJ1e.noBaJ1C11 Ha eleTa-cneKTpo11eTpe c ropo11,nan1>HUI.! uar­

HV.THUM IlOJleM. 
1J pe3yJ1bTaie Halll11X 11CCJIB)\OBa.1U1ll o011apyRe110-l1JU HOBWC nepexo­

;!:0B (.nJin npe,nCTilBJie111111 0 nJIOTHOCTll 3HatJeHl!H 3Heprnll nepexo.noB MOJ!::­

HO yl:a3n.n, IJTO ncero HaOJIKJ)(aJIOCb 320 nepexo.non E ;umna3oHe 3Hep­

rnil .no l 4l)U K3B). llp111JeM D BUCOK03HepreTV.1JeGKOl1 OelJiacrn > 600 K3B 

n.nettrnt~11u1,ponaHo E ,nBa pa3a elOJlbl!le nepexo.non, '!ell B -.llBYX nocJie.n1111x 

paoornx no v.ccJ1c,rroaamrn pacna,na 153 Tb • J'.HIJJOpMaUJlll oel 3Bh aucoKo-
3Heprcrll'leCKoll OOJlaCTH noJiy'!eHa npaKTHIJeCKV. nnepnue, '!TO n03D0JIHJIO 

onpe,JieJJJ-:Tb uyJILTl!llOJILHOCTJl )\JIii elOJlblllHHCTBa nepexo,non. 

~:nepBue nccJie,noaau cneKTP 11031:rpouoBj B03H1n:amu11x np11: pacna­

.ne 153Tt, ll onpe.neneHa 3Hepr1111 pacnn,na 15 Tl - 153 Gd. i-;0JI111Jecr­
BO no311rpoHOB COCTaBJlllBT ( o, 040_±0, 015 )% Ha paCna,ll 15JTb • l,TICKTP 

n03llTpO!IOB co.nepl!:J!T ,nBa KOl.lllOHeHTa C rpallll'IHUI.Lll 3Hepr11m.m 
(520+30 K3ll) 11 (350+20)K3B c COOTHOlilC!lll:C14 Y.HTCHCl:EHOCTell coorner­

CTEe;HO (o, OD_±O, Ul.XS )% n (O, 027,:0, 011)% ua pacna.,i;, 153Tb • ::itta'le­
HY.e 3Heprnv. pacna,na (1570_±20)K3B noJ1y1JeHO B npe;:noJIOXeHmi, IJTO 

ll03l:TpOHU C Erv. ; (520_±JO)K3B 3aCeJIRDT COCTO/IHl1/I O H 41,56 K3B, 

a c Erp; (J50_±~0)K3B - COCTOHHJIB 212,04 K3B. 
L'xeMa B030yJK,neHHUX yponttelt 153Gd nocTpoeHa Ha 3BM "M- 22" 

C v.cnoJib30DaHl1eM nporpaww no11CKa 3HepreTl1'1CCKll:X COBna,lleH11ll Ha 
Clase onopHUX ypOBHell. ll Ka'!€CTBe onopHliX ypOBHell HaMll elUJI11 np11-
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HRTU JI YPOBHerJ, y1,epe1rno yCTaHOBJleHHIW B npe,lllllCCTDYRlli\l!X paelotax 

Ha OCHODlillllll f- 'f ll e-t -CODlla,llCHlltt 11 nO)ITBCp~:,n;eHHHe jlC3YJibTaT3.Mll 
HaIIIIIX l!CCJIC)\OBaJlnl1 r-t -COBna,neHllll. B npe.nnaraeimn Ha!AII cxeue 

pacna,na (p11c. lA,lli) pa3MemeHH 78% OT q11cna ncex Haelnn.naeMux nepe­

xo.noa, cyMMapHa/1 lll!TeHC11DHOCTb KOTOpux COCTaBJl/18T ~ 96%. Ilo cpaB­

HeHllll co cxeMOll ypomiell, onyelJil1KODaHHOl1 B padoTe/8/, !HlMll npe,llJIO­

JKellll 10 HOBUX ypOEHeil c 3HeprllRMl1 420,fi3; 541,35; 593,1.35; 615,fi5; 

6X,OO; 731,fi; 925,5; 1240,fi5; 1313,7 11 1392,0 K3B. Ila ocuoJJamm 

,llaIIHhlX O MYJlhTJ1TIOJlbHOCTRX nepexo,noB' pe3y JlbTaTOB 113Me~eHl1/I t -0 -
yrJ10Bwc Koppen11uv.n, noJiy'leHHUX coTpy.nH11K&111 o~c 11 PX/ I, npe.nno­
JKeHu cn11HH 11 'ICTHOCT!l ,llJl/1 clOJlblllllHCTBli B03elyJK,lleHHUX COCT0/1!111M 
153Gd. 

1J oelcyJK)\CH11ll 3KCnep11MeHTaJILHhlX pe3yJibTaTOD npe,llCTaDJieHa po­

TaU110HHaR crpyKTypa COCTOR!lllM C OTp11uaTCJlbl!Oll 11 nOJIOlKl1TeJ1bHOll 

'!eTn_ocnD. llp11po.na B03elyl!:,llemmx cocTOllH11l1 153 Gd pacc1.mrp1:naeTc11 
· 155 d 151 155 np11 cpanHemrn c coctom111111.m HYKJil1,l.i,OB & 91 , Sm IJY 11 D!j0~, 

3atopMDJKemrni1, o;;HoKparno 3anpemeHHuil J, -pacna,n Ha yponmr pora­
u11omrnn nOJIOCLI OCHOBHOro COCTO/lllll/1 B031JOJ!:HO, yKa3UBaeT Ha CiJJl13KYKJ 

K c1~~1l'ICCKOH, 110 &paDHeA uepe D OCHOBHOM COCTO/IHV.U, topuy HYKJill-
.na Th. Ha no ii:e yta3uBaer xapa.KTep pa3pel!le1111oro p -pacIIa,na 

ua co CTORHv.e 153 Ge-' 212, 04 K3B, 3/2+, J/2 [ 402 J , 11Menmero no 

cparnemrn c f,-pacna,nou 11a aHfl.JIOrll'IHOe cocro111111e 155D~ OoJiee m1-
co1;oe 3Ha1Jeu11:e lo9H = fi ,b. 

Jlpone)Iel!O cpaBHCHlte 3KCnepv.Me11TaJILIIO noJ1y1Je1111ux 311epr11n 

B03Gyi,:,neHm,x cocromrnn c oTpv.uaTeJJbHorl qerHOCTbD c Teoper11qecn11,m 

pacqerei.m, np0Be;:e111111M1: no teop11il cnepxTeKy'!ell Mo.nen11 11;;,pa c 1:c­

non1,301:aimeu a1:Cl!aJihHO-cm.ni.erp11qHoro noTeHU11aJ1a CaKco11a-Jy,nca 
B 1:a1Je crne !10T€HIU'.aJla cpc.n11ero IIOJ!ll/l, 21. J.j paC'leTax Y'lllTUlla.JJOCI, 

KOJlJ'.OJIV.COBO H3av.uo,neilcTDv.e, re&ca,neKanoJ11>HaR .ne1Jlopuau1111, npmw­

HRJIOCh {j!CllOIA€HOJIOr11'1€CY.Oe onv.caHY.e poTaU110HIIUX noJIOC. Tipv,ne.neHH 

TaYJEE pe3yJJbTaru reogernqeci-;oro pacqera )\JIR 3Toro JKe ny1rnv..na, nu­
noJ1HeHm.1c _TyypHaJia11 1• f'e3yJ1hTaTU oeloux reoper11qeci;11x pacqeror, 
xopolilo cor~acynTcn. l'.3 cpanHeHllR pe3yJI1>ratoB 3Kcnep11Me1na 11 reope­

TY.'!eCKHX paCIJ€TOB c,neJlaH BUBO.I( 0 xopowell BOCnpOll3DO,lll11.!0CTl! pacqe­

Ta.Mll 3Hepr11ll HlllKHllX B03elylK,ll8HHWC COCTOHHHll (.no 600 K3Bj Ma.KCl1MML­
HOe OTKJIOHCHl!e OT 3KCnep11MeHTaJlbHOro 3Ha'IBH11ll COCTaBJI/leT 60 1rnB). 

llaOJ1D)IaeTc11 xopowee cornacP1e pac'!eToB c 3KCnep:11MeHTOM np11 11.ne11r11-

qi11imu11:11 B03elYJ[JIBHHUX COCTO/IHl1ll poTaUllOHHUX noJIOC 3/2- (532] ll 

I1r (530] • 

9 



" -

iii !b !ii 
~~ 0 

.:!f ~ 

.; -,- ~ ~ 

f4266.. --

~ ~ 

i~ ~ 

j9~ ~ ~~ 
- 1 ~ 

~~ 
g;:....; .~ 
=~ 

+ 

: :;~;;'-Jif IiU~H !I!!i; HI Iii: ~I 
('J/2•},s/2• 1272 6·=-=-=-=-=-=-=-=-=- 1 '7~ tt :: ;;:; ~-::- 1 , -a-r'....,.;:::: ~ C! Uco~;;.-~:-~@'" 

i if ~~;i: ~ 11:1ui1tt!m1mb11:u 
ft~: :;:·!~ ~~ ~ M?~~~~:;:~~:~~~~B'~ 
~• s12• 112s:so------,-!!!.I,---rr1i----r-,r---r-~<--t---t-r1---rca-,-, ~~~!--;--§.;:f ::~~:1:. ~ 
112:· - 8650._ - IQ~i~:~;~~95;!: 
~i 

512 :~:·fo - E,-t+H---t-.. -H-rT1 5;;~:f;;~~~~;_, 
♦ 742.65"-. : '"''.!i7~~~£:7~ ~•.*• 1n.so ~ ~t~~=~~:N~ 

SJz• 7/2• 731.i • r..~~'-;'-::r,~, 00 !. 
+ ~ 72712 :,og:i~N$£ 

'3/2♦• s12• 709.fD ----~H-+H+H-t-HH--tnH--.1M1r111D 2 -e ~~!~~ 
:: ·q=~ ;::.:! 1 I ;:;lj! 

'J/2-.,12- ~:::~ 11 IJJ ~ 
·,12-

,12-, ,12- 50137 

tJ•.~2• ::::: 
l/2-, 7/2- HllO 
3/2'. 5/2' 44117 • 
t/2-,/fl,/f/43633 • 
S/2-,7/2" 420!3r 
S/2", 112- 36170 • 
'J/2"/5/z-/ 361.6D• 

f ::., ~~: 1111 ! 11111111111111 l I I ' 1111111 I I ! I ,12- 129.11 • 
srr J0!.76 .. 
7/2- 9U3 • 
S/2- 41.56 J 
l/2- 0 

i53s,Sdsg 

Tue. IA. CxeMa pacna.na 153rb- I53Gd ~ 

10 

r,,
2
= 2.J4q11. 151 Tb 

65 B8 
512· 

022 68 
0.22 69 

017 72 
1]92.0 005 7.8 

13277 021 7,5 
1313.7 0,1 7B 

·;1;6 020 77 

14266 

14016 
1422.1 

Q 0 11570!20) ••B ~~;r:.-
w -
-, c~ 
' w 

,! 5 
y 3 f!. 

~ ~ N ..-
,, ' ~r,.,I.J..! ~ 

~ :] ~~~ ~ 

~~ ~f ~ of:o ~~~ :.; 
~g:~ ~~~~ iJ 

-------

-~---

111,065 
11 80'"' 

11]18 
1101,59 

1:666 
lul.45 

1(JJ52 
10247 

012 81 
024 79 

02'l 8D 
26 71 

012 i\5 
014 85 

09 77 
J!l 84 

9554 05 81 
94523 2-7 73 

93740 0.3 82 
~2550 02'. 84 

865.6 GS 82 
8576 04 82 

821() 03 84 
782 65 (l65 B 2 

/ 
I 

~~:i ~i!l; ~~ 
:i:~k~~~N~~~ ~ ~ 
O[J~~~~~~~ ~ ..:, 

-~--- n,;50 0.4 s. 

~;_ I I I fN I I W ~ N 
,o:,r-~__. Ii,._:.--• ' ~ 
c•\n~~~~-;::- UJ~ LJ ·~ 
I t- NQ; a1X 10(0 "- ,_ 

s-:,r- ~~~ ' «:>q ~ l: 
6'A§§~\::;~~ 0"' r--, I l(T)NM~' IN«> 

;~fal'f~~~ .;~ .:!.a:-:r::-~Y.L1~- ~ . 
~~~~~?~~Ri . '::::~~~':-'7~~ 

-----+ -+-,q ~r_:::....,o-;::-~ ""8 
h, ~~!!!l; ~ N 

: il'l8::-i !!! .1.. 
I I i 1~\!l ~i; 

r-lM Min 

g~ 

15] 

b4 Gd09 

w 
ill ,, 
,r 

w 
~ 
~ 
£g 
~ 
0 
C: 

~ 

,r. 
N 

:J, 

w 
vi 
g:!l 
,I!! 

73160 
m82 

709.0 
63600 

61565 
59185 

/ 548.~ 
- 541.35 

53145 
508,87 

49055 

04 
021 

0.5 
0.14 

0.0 
0.07 

0.4 
016 

0.0 
0,4 

0.3 
484.06 0.14 

448.30 
442.17 

43633 
42063 

368.70 
36160 1 -

~ .6 
:l §===== 316.08 

31524 
30152 

24951 '!' ::::::::::::_ 

,: --­
li!--
::; ----... 

212D4 
19522 

18151 
129.18 

109.76 
9143 

4156 
o 

Eyi, 

PHc. IE. CxeMa pacna.na 153Tb -"""153 Gd • 

11 

84 
87 

84 
90 

90 
' 94 

86 
90 

8.9 
86 

8,7 
92 

0.24 8.9 
0.17 88 

0.08 94 
0.00 94 

0.5 &7 
0.5 8.6 

05 8,7 
<03 >8.9 

5.2 7_7 
2.9 8.0 

50 6.8 
023 91 

16 81 
Ob B.7 

2,2 8.2 
J_J SD 

18 73 
<10 >7.6 

(n•J')'I. lgft 



B 3aKnDqeHnH AHCCepTa.I.lHH AaHa KpaTKaH CBOAKa OCHODHWC pe3yRb­

raTOB padOTll, KOTOpue no,11;pOdHO OTpa.JJteHll B COOTBeTCTBYDmnx pa3-

Aenax antope¢epata. 

OcuOBHlle pe3ynuaTll :IICCReAODaJrnll dllR:11 npeACTaBReHJl Ha 

XXlY, XXY H XXYil BCeCOD3HUX conemaH:IIHX no HAepHOH cneKTpOCKOTI:1111 
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