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3KcnepHMeHTaJibHbie HCcnenoBaHHSI CBOiiCTB aTOMHblX SIAep SIBJISIIOTCSI oa30I1, Ha OCHOBa

HHH KOTOpOi! liOCTpoeHbl COBpeMeHHbie MOAeJibHbie npeACTilBJieHHSI 00 aTOMHOM stUpe R, B oy

AymeM 6yueT coauaaa enHHast TeopHSI aToMaoro stnpa. BalKHast ponh npnuaunelKHT auech 

SIAepnoii CIIeKTpOCKOIIHH. nnst npoaepKH H AaJibHei!mero p113BIITHSI 0 a TaKlKe AJISI OUeHKH rpa- _ 

HHU npnMeHHMOCTH SIAepHbiX MOAenei! HeooXOAHMbl BCe HOBbie H oonee TO'!Ilbie 9KCIIepHMeH

TaJibHbie Aai!Hble 0 CIICTeMax 9HepreTH'!eCKHX ypOBHei! SIA9p H 0 nepeXOAaX MelKAY HHMH. 

Bonhwoi! HHTepec AJISI pa3BHTHSI TeopHH npeAcTaanstroT nccneAoBa!IHSI aeiiTpoHoAe¢nuHTHhlX 

Ae¢opMHpOBa!IHbiX SIAep, a TaKlKe SIAep nepeXOAIIOii OOJiaCTH OT c¢epH'!OCKHX K A9¢0pMHpOBaH-
167 

Hb!M SIApaM. J1CCJIOAOBaHHbl9 B HaWHX paooTaX S!Apa OTHOCSITCSI xax K nepaoii (pacnaAhl Yb 

H 
161 145 UT 

Ho ) , TaK H KO BTopoii rpynne ( pacnaAbi Eu Eo 
147 

Gd ). 

MeToAaMn y -CliOKTpOMOTpHII, llpHMeUOH!IbiMH B HaWRX paooTaX, MOX<HO onpeAOJIHTb 

TaKHe OCHOBHbiO xapaKTOpHCTIIKH SIAep, KaK 9HeprHH paCllllAI1 0 nepHOAbl nonypacnaAa, 9HeprHH 

H HHTOHCHBHOCTH y -nepeXOAOB H • liOCpO,QCTBOM HCCJIOAOBaHHSI aH!IHrHJISIUHOHHOro H3JIY'!OHHSI -

HOKOTOpblO xapaKTOpHCTHKH ll03HTpOHHOro pacna11a. 3TII peayJibTilTbl SIBJISIIOTCSI UOHHOii HII

¢opMil!lHei!, ll03BOJISIIOWeii CAOJiaTb 311KJIIO'!eHHe 0 IIpHpOAe H 0 xapaKTOpHCT!IKaX B030YlKAOH

HblX H OCHOB!Ib!X COCTOSIIIHil SIAOp H 0 CBOiiCTBaX nepeXOllOB MO>KllY HHMH, 

1. AnnapaTypa 

nnst I'ICCJIOAOBSHHSI oeTa- H raMMS-H3JIY'!OHHSI paAIIOaKT!IBHblX SIAOp (jb!Jl C03AaH KOM

llJIOKC H3MOpHTOJlb!IOil annapaTypbl Ha oaae CIIHHTHJIJISIIIHO!IHbiX C'!OT'!HKOB B KS'!OCTBe AOTOK

TOpOBo AnnapaTypa ll03BOJISieT OllpOAOJlllTb 9Heprnn ll HHTOHCHBIIOCTII ll3Jly'!OHHSI H HaMepe

HHe ObiCTpbiX uaoiiHhiX n TpoilnbiX coanaueanil. Oco6oe BHHManne YAOJISIJIOCh aoaMOlKHOCTH · 

HccneAoBaHHSI noaHTpoanoro pacnaua no annHrHnstUHOHHoMy nany'!eHHIO. Bnox-cxeMa anna

paTypbi AJISI naMepenHSI Tpol!HbiX 11 ABOiiHhtx· 'cyMMapnwx' cosnaAeHnii nao6palKeHa na pnc.1 

11 2. BbtJIII paapaooTaHbi TaKne aneKTpOHHbte 6noxn, KaK BbiCOKOCTaonnhHhtii aerreperpy>ICaro

mniicst nnnet1Hblil ycnnnTenh, ABS aapnanTa :>AHOKaHanhHbiX AHCKpHMnHaTopoa, cxeMa obtCT

pbiX ABOiiHbiX H TpQ!lHblX COBliaAOIIHii AJISI paoOTbi C HMIIyJihCaMl! OT AOTOKTOpOB C 'MOAJIOH

HbiMH' CUHHTHJIJISITOpaMH H npHOOpbl AJISI aBTOMilTH'!OCKOrO anaJIH3a H 311IIHCH CllOKTpOB ll ,-

/1,2/ 6 -. "' -
oTc'!eToB • PstA cxeM nocTpoen AJISI paoOTbi c nnonstpno c"'opMnpoaaHHbiMH ·AeTeKTop-

HbiMII HMnynhCaMH, '!To noBhtwaeT aeneperpyx<aeMOCTb aTHX 6noxoa H noaaonsteT oToop 
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COBllB)lGHHll B MOMGHT nepeCG'IGHHSI Hyneeoll JIHHHH1 Mano 3SBHCSIIIIHll OT 3HeprHH perHCTpH

pOBaHHbiX aanyqeanll. TaKHM oopaaoM Obma nocTHrHyTa 100-nponeaTHSH a<P<!>eKTHBHOCTb pe-

racTpanHH ccmnanenall c paapemaiOIIIHM BpeMeneM .cxeMbi coBnanenall = 20 HCeK B aMn-

nnTynaoM HHTBpBane oT 1 no 150 BOnbT, YcnnnTenb c coocTBGHHhlM epeMeHeM aapacTaHHSI 

0,15 MKCGK HCllOJib3yGTCH OJlHOBpeMGHHO KaK JlliSI SMllliHTyJlHOrO aaamma, TSK H JlJISI 113Mepe

IIHH B 10 pa3 MGHbiiiHX BpGMGH, 8o3MOJKHOCTb HCUOlib30BaHHH C03JlSHHOrO KOMUJIGKCa annapa

Typbl e <!>naaqecKOM aKcnepnMeHTe Obina noKaaana nyTeM aneKTpoaaoll npoBepKH, a TaKJKe e 

H3MGpGHHHX. CO CTaHnapTHbiMH panHoaKTHBHbiMH npenapaTaMH, 

2. II p e n a p a T hi 

HccnenyeMbie e aToll paooTe pannoaKTHBHbte aaoTonhi obinll nonyqeabt np11 oonyqeaaa· 

TaHTaJIOBOll MHIIIeHH npOTOHaMH C 3Hepraell 660 ~3B Ha CHHXpOUHKJIOTpOHG Qo~GJlHHGHHOrO 

HHCTHTyTa SIJlGpHbiX HCCJIG)lOBBHHi! C UOCJIGJlYIOIIIHM pa3)leJIGHHGM <!>paKUHll pe)lK03ElMGJibHbiX 

aneMeHTOB xpoMaTorpa<!>H'IGCKHM MGTOAOM. B aeKOTOpbiX accne)loBaHHSIX ynanocb rrony'IHTb 

HCCJIG)lyeMbifl H30TOU B 'IHCTOM BH)lG, 

H5 145 /3 4/ 
Eu- Sm ' (pnc. 3) 3. PacnaA 

li3MGpGHHeM TpOf!HbiX COBnaneHIIll MBJKny y - H aHHIIriiJISIUHOIIHbiMII KBaHTaMH 1 603-
145 

HIIKaiOIIIHMII npH pacnane Eu , ObinO ycTaHOBJIGH0 1 'ITO M!lrKaSI KOMIIOHGI!Ta II03HTpOHHOrO 

cmJKTpa c rpa!IH'IHoll aaeprnef! ( 800:!:,40) K3B nne'r aa rrepBbifl eoa6ylKJleHHbifl ypoeeab c 

3Heprnell 894,3 K3B H JKeC;KaSI - C rpaHH'IHOfl aaeprnef! (}740+40) K3B B OCHOBHOe COCTOH~ 
146 145 146 -

nne Sm • 8aeprHH pacnaAa Eu- Sm cocTaBn!leT (2760:!:,40) ·Kae. HaTeacneaocTH KOMrro-

!leHT fl03HTpOHHOrO pacna)la COCTBBJISIIOT 0,55 II 1,65 rrpoueHT8 HB pacnan, COOTBeTCTBeHHO. 

Dnll npoeeneHHH oanaaca HHTeacaeaocTef! H aeaaencnMoro onpenene!IHSI qacna pacrra)loe e 
146 

ocaoe11oe cocTo!IHHe Sm obrno orrpeneneao 'IHcno y - rrepexonoe c aaeprnef! 894,3 K3B 

npH HCIIOnb30BaHHH H3BGCTHbiX COOTHOIIIeHHfl 

n!leT (68+14)% aa pacnaA. 

145 . y -nHHHll pacna)la H30TOna Sm ; OHO COCT8B-

IH 147 /5/ 
4. Pacna)l Eu- Sm ( pnc. 4) 

li~MepeHHGM TpOf!HbiX COBIIS)leHHll MelKJly y - H SHHHrHJIHUHOHHbiMH KBBHT8MH pac-
IH + HT 

nana Eu ObinO YCTSHOBliCH0 1 'ITO {3 -paCIIB)l npOHCXO)lHT B OCHOBHOe COCTOSIHHe Sm 

H aa rrepebie nea BoaoyJKneHHbie ypoeHSI c aaeprHSIMH 121. n 198 K3B, OrrpeneneHbi HHTea

caeaocTH aaceneHHSI 3THX COCTOSIHHSI {3 + -paCIIBJlOM1 COCTaBJISI!OIIIIIe 0,15; 0,10 II 0,13% 

Ha pacrran. Hcrronb3y!l naBecTHYIO rpaHH'<HYIO aaepr1110 caMoll JKeCTKof! KOMIIoHel!Tbi 

4 

• 

{3 + -cneKTpa, paBHYIO ( 630:!:_15) K3B 1 ynanocb onpenenHTb aneprHIO pacnana 
147 

Eu -
141 

Sm: 

( 1652+15) K3B. 8Ta HH<!>opMaUHSI U03BOJIHna HaM oonee TO'IHO llOJlC'IHTaTb 3Ha'IeHHH log(ft) 
- 147 

nn!l pacnana Eu. 

147 141 /6/ 
5. Pacnan Gd- .~? ___ (pnc. 5) 

liaMepeHHGM TpOi!HblX COBUa)lGHHi! MelKJly y - H aHHHrHJISIUHOHHbiMH KBBHT8MH npH 

pacnane 
147 

Gd obmo ycTaaoeneao, 'ITO MHrKaSI KoMnOIIGHTa {3 + -cneKTpa c rpaHH'IHOll 

3Hepraell (970+15) K3B HllGT B nepBoe. B030ylKJleHHOG COCTOSIHHG 
147 

Eu c aaepraell 229 Kae, 
147 

a JKeCTKaSI C rpaHH'IHOll 3HGprHell (1250+50) K3B- B OCHOBHOe COCTOSIHHG Eu • 8aeprHH 
14T 147 -

Gd- Eu COCTaBnSIGT ( 2,220:!:,15) pacnana K3Bo 8Ta HH<!>opMaUHSI II03BOJIHna oonee TO'IHO 
14T 

onpe)lGJIHTb 3Ha'IGHHSI log (It) AnSI pacna)la Ha ypoBHH h. HHTeHCHBHOCTII aacene-
+ 

HHSI OCHOBHOrO H nepeoro B030ylKJleHHpro COCTOSIHHSI {3 -pacrra)lOM paBHhl 0,03 H 0,19% HB 

pacrra,o. 

181 181 /71 
6. Pacrra)l Ho- Dy (pnc. 6) 

181 
IIpH H3Y'IGHHH y - crreKTpa pacrra)la Ho ohln ooaapyJKeii y -rrepexo)l c a11ep-

r·nell 760 K3B a,.eoaMoJKao, )lBa Apyrnx nepexo)la e palloae .340 H 410 K3B, Brrepebte onpe)le

neHbi HHTGHCHBHOCTH y -nepeXO)lOB, li3 OTHOIIIGHHSI k/{3+ pacrra)la HB ypoBeHb C 3lleprnell-

25,6 K3B H BBe)leHHGM ypOBHH npH 760 K3B1 HMeiOrnero, BGpOSITHO, y- BHopaUHOHHYIO npHpOily1 

181 181 
Ho-- Dy: MOJKHo ObinO orrpeAenHTb rrpeAenbi aaeprHH pacna)la 

181 
Ho 

760 < E 
an.a. 

Obin onpenenea H paBHSIJICSI (2,48:!:,(),05) qac. Ha oc-.<1200 Kae. IIepHOil nonypacnana 

aoeannn nonyqeHHbiX )laHHhiX ohm Bhmonaea aaanna HaTeacneaocTei! n onpeneneao aaaqeane · 

log (It) AnSI pacna)la aa ypoeenb c aneprnef! 25,6 Kae, paeaoe 4,8:!:,0,2. 

187 18T /8/ 
7. Pacna)l Yb- Tm (pac. 6) 

187 
IIpn nccneAoBaHHH y -cneKTpa Yb ohlnH o611apyJKeHbi 12 HOBbiX y -nepeXO)lOB 

B oonaCTH 3HeprHf! Bb!IIIG 500 K3B H aHHHrHnSIUHOHHb!ll flHK H onpeneneHbl HX 3HeprHH H HH-

TeHCHBHOCTH, fpaHH'IHBH 3HeprHH fl03HTpOHHOro cneKTpa OKaaanaCb pSBHOll (650+30) K3B 1 ·a 
167 18T-

HHTeHCHI\HOCTb fl03HTpOHOB (014+0,1)% Ha pacna)l, 8aeprHSI pacna)la Yb - Tm COCTBB-
- 187 

n!leT (1960:!:,30) Kae. IIepno)l nonypacna)la naoTona Yb cocTaBn!leT,no aamHM naMepe-

HHSIM ( 17,3+0,3) MIIH, HaiiiH )laHHhle 0 pacna)le I8T Yb . -
log (It) AnSI pacna)la B cocToHHHe c aaeprnell 292,7 Kae, pasaoe 

noaeonnnn onpeAenHTb aaaqeane 
+0,07 

4,74 -0,03" 
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8. Onpenenenae MS!J'H'IHhtX aneMeHTOB AII>I nepexonos Tnna 

7/2-[523]- 5/2-[523] 

- nony'leHHbie 3HS'leHH>I BeiiH'lHHbl log( ft) IIII>I CBepXp83pemeHHblll. nepell.OIIOB MeJK.ny 
- - - [ ·- ' Ul 

COCTO>IHHHMH 7/2 523) -5/2 [523)npH pacnane ne<jlopMHpOBSHHblll. >IAap H30TOIIOB Ho H 
leT /9/ 

Yb npencTaBII>IIDT HHTepec c TO'IKH apeHH>I Teopnu csepxTeKy'leCTH >~nep • To'IHOCTb 

onpeneneHH>I 3THX BeiiH'lHH II03BOIIHII8 IIOK838Tb 1 'ITO IIOIIpSBKH HS CBepxTeKy'leCTb He OO~HC

H>IIDT OOIIbWOJ! paaopoc 3TOII BeiiH'IHHbl OT HApS K HApy, H TSKHM oop830M HOIIy'leHbl HOBble 

IIpHMepbl TOro, 'ITO paCCM8TpHBaeMbl9 nepeXOilbl1 IIO-BHAHMOMy1 'IYBCTBI!Ten&Hbl K <jlaKTOpaM1 

/7-9/ 
KOTOl?ble ae yqTeHbt caepxTeKy'lell Monen&ID { cM, Taonnuy 1). 

+ 
9. Onpenenenne oTaomeHHH k/@ nnH nepexonoa nepsoro 

nopHAKa aanp~~ 

B CB!l3H c npennonoJKeaneM o TOM, 'ITO TeopeTn'leCKoe oTaomeane k/{3 + , Bbt'lHcnen

noe AIIH paapemeHHblll. nepell.OAOB, He IIOII)!(HO OTIIH'lSTbCH OT 3HS'leHHll k/{3 + IIIIH OAHOKpaT

HO aanpemennhtx nepexoaoa, Obtno naTepecao· nony'lHTb aKcnepHMeHTSIIbHo 3Tl! naHHbte, ocooen-
. . /10/ 

no lliiH nepexoaoa Tnna ( !11 c 1, na), JliiH KOTOpbtX 3KcnepnMeHTanhHI>tX naHHhtx ne obmo • 

B Taonnue 2 cpasnnaaiDTCH nonyqenHhte B aawnx OIIbtTax aJiaqennH c TeopeTM'leCKHMH. Oxa-

38II0Cb 0 'ITO TeOpeTH'leCKHe H 3KCIIepHMeHT81IbHbte 3H8'le!IHH JliiH paCIIS!lS B OCHOBHOe COCTOH

HHe 
145 

Sm H UTSm THIIa ( !11 ~ 1, ua) paBHht B npeuenax 3KcnepMMeHTSIIhHhtll. norpemaoc

Ter1 • .nn11 pacnaua HS B030Y)!(JleHJibte COCTO!IHHH 3THX )!(e !lllep THIIS ( ./11 = 011j na) Hao-

IIIDIISIDTCH paCXO)!(JleHHH, 

10, OnpeueneaHe aneprnfi pacnaua 

OnpenemJeMbte a aToll paooTe 5 aneprnfi pacnana Huep obmn cpaaneHbi c aaHHhiMn, Bhi-

TeKaiDWHM&- H3 CHCTeMSTHKH 3KCIIepHMeHT81IbHO onpeueneHHblX 3Heprnfi {3 -pacnana n na 

nonysMnnpnqecKnx <j>opMyn. Hannyqrnee cornacHe JiaoniDuaeTcH c sxcTpanonnposannhiMH nan
Ill/ 

HhtMH na cncTeMaTHK sneprnfi {3 -pacnana , nanxynmee - c Aal!llbtMII, nony'leHHbtMH 
. /12/ 

C IIOMOlUbiD IIOIIY3MIIt!pli'leCKHX <jlopMyii, HSIIpHMep , 

EonhmnncTso sxcnepnMeHTanhHhiX MaTepnanoa, ncnonbaoaaaHhiX B nn~cepTannn, obmo 
/1-8/ 

ony6nnxoaano B paooTax n uono)!(eJio na acecoi03HbtX coaemannHx no Hnepaofi cneKTpocxo-

nnn n cTpyKType aToMaoro nupa. 
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