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OHUAfl XAP.AKTEPHCTIIBA PAEOT.l:I 

AltTya~HOCTb rrpo6JieMH. IlpeUH3HOHH8R crreKTpoMeTpIDI HH3K03Hepre­
TH'l8CKl!X SJieKTpoHOB HrpaeT BaJKHYID poJIL B pememrn: MHOrmc 3~'! COBpe­
Memiol g)H3mtH. 0,ItHol H3 8XTy-aJILHeilmHx 3~8'! RBM8TCR rrpo6JieMa H8HY­
JI8BOI Ma.OCH (aHTH)HeATpmm. CtmTaDT, 'ITO HaH60Jiee -qyllCTIDITe~HHM Me­
TO~OM lil3Mepemra MaCCH 3JI8KTpOHROro 8.HTHHeiTpHHO ( mv- ) .JIBJIJJ8TCR lilC­
CJie~oB8Hlile ipopMH 6eTa-crreKTpa TPHTRII B o6JiacTR r~ofi aHeprRH 
, .... ra,6 KaB).HM8HHO ST.HM M8TO,D;OM B axcrrep.HM8HTax HT:»(K03HK B.C. lil .JU), 
.ffi[), I980,T.32,c.30I) BIT8PBH8 6WIO ITOJIY:l8HO JK838.HH8 Ha HaJllI~e MaCCH 
y aHTHH8~TpHHO 

14 aB < m;;c2 < 46 aB • 

0,ItHaKO BHBO,D; 0 BeJI:lf'DlHe Maccu 8HTRHelTpHHO OCHOBHB8.8TCR Ha HeCKOJll,­
JtllX rrpe~OJIOX8HHRX, rJiaBHW lI9 .KOTOpHX JIBJIJI8TCR B03MOXHOCTI, TOtmoro 
orrpe.n;eJieHHJI rrpx6opHO! (Jlop,ra .7D11tD (rr~i) CHCTeMH KCTO'llllllt-CITeKTp0M8TP­
B CBOll o-irepe.n;r,, TO'IHOCTI, orrpe.n;eJiemm ITIM rrpm.ru:M o6pa30M CBSl9aHa C 
Y'l8TOM (JlopMH It8JIH6poBO'IHHX JIHHJd, B tta'l8CTB8 KOTOpllX o6wmo RCITOJIL-
3'JDT JDUlllll M8KTpoHOB BHy-TpeHHeff KOHBepco (3BK) HJilil Oxe-3JI8KTp0HOB, 
B 'l8CTHOCTH, H8YtI8T JllIIDJ, 8CTeCTB8HHOfl nm:pmru (r) lt8JDl6p0BO'lHHX Jll!Hd 
MOllt8T IlpHB8C'?'H K reH8paulll[ M8CC!l aHTKHelTpRHO IlpH KCTRHHOM HyJieBOM 
3H8'l8HKK (B.H.IloxpoBCKK! K .n;p. OHBH, P6-85-405, 1985). 

B 3KCil8pEM8HTax HT:» (a ll03llt8 H .JU)yr.WC rpynn - SIN 
(IIIBefln.ap,rn:) H IN3 (Hnoruu1)) B Ka'l8CTB8 K8JllI6poB0'1HllX mmd HCllOJIJ,30-
BSJIHCJ, M1- R Li-KOHBepcHOUHHe JIHHml rrepexo~a 20,? KSB lil:3 pac~ 
1!'.) . 

'Yb. 0,ItHaxo .n;o HaCTOSllllero BpeMeI[l npm111a: axcnepRMeHTaJILHliX .n;amna: 
i:Io B8JIH'IHJtaM r ( Mp L 1) H3 pacrra.n;a 1 9Yh B JIHTepaType He ony6JinoBaHo. 

Jlpyro no.n;xo.n;oM K onpe.n;eJieHlilll UM JIBJIJI8TCJI HCITOJI1,30Ba.HH8 Jll'IHld 
K-C8J)l!ll Oxe-MeKTpoHOB 3JI8M8HTOB C M8HLl!IRMH Z • B 'laCTHOCTK, rpymm 
INS HCITOJIL3Y8T JDIHHlil KLL-Oxe-nepexo.n;oB H3 pacnMa 109

cd. TO'!HOCTI, orr­
pe.n;eJieHRR Illl] rrpH 3TOM rro.n;xo~e 38BHCHT OT npaBWILHOI o~emot COOTHOme­
HRH HHT8HCHBHOCTel Mexp;y XOMIIOU8HTEIJOI Oxe-rrepexo.n;oB. K COXaJiemm, 
3Kcnepn!eHTaJ[LHHe ,D;aHH!le 06 3Heprzmc H IIIHT8HCHBHOCTJlX Oxe-nepexo.n;oB, 
a TaKXe HX illHJ)RHax B STOA o6JiaCTH z B8CLM8 HeMHorOtJ][CJl8HHll, .l{o68BJDI 
Taue, 'ITO OTCyTCTBHe TrutHX ,D;aHHHX (B 'l8CTHOCTH, no KLM- lil KMll-nepe-
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XO,ItaM B aTOMax C Z < 35) He nosBOJIJieT .neJiaTI, 0,ItH03HalIJUle BHBO,Itll O llpl!­
M8HB'.MOCTl! TeopeTlI'!eCKE:X np.r.t6JIIDJtelll!i, HCnOJII,3yeM!lX ;u,,m OmtCamrJI O:a:e-
nepexo,noB. ,,:, 

PemeHHe STRX sa.n;a~ CBJI38HO c paspa60TKOI Texrunm l! MeTO,ItHrul npe­
nK3HOHBOI cne1tTpoMeTpu: aneKTpoHOB B 06.J.racTR SHepr:im rume 50 KSB. 

ijm pa.6oTH. Cos,naHHe KOM6mmpoBa.HHoro arie1tTpocTamecxoro 6eTa­
cne1tTpoMeTpa ;u,,m HCCJie,no:eamrn SJieKTpoHOB B 06.J.rac'.rll SHeprd 0,5-50 xsB. 
HcCJie,noBaim:e OTHOCHTeJII,HOit scfqieKTlIBHOCTH ,neTeltTOpa aneKTp0HOB (Ka­
HmHHff SJieKTpoHHH:lf YMHOlmTem,) cne1tTpoMeTpa H OllTBMH3artWI pemwa ero 
pa60TH. 

YcoBepneHCTBOBaHHe·MeTO,ItHltlt npxroTOBJreHHH•pa,ltHOaltTRBHHX HCTO~­
HltltOB SJieltTpoHOB xcnapeHHeM B Baityylle. 

Ilpenas.r.tOHH!le l!3MepeHRH ecTeCTBemmx mHpRH aTOMHHX ypoBHeff TYJIHSI 
c noNOBtI>D HHSKOSHepreTlI'!ecitHX 8BK xs pacna,na · 169Yb •. 

· Hcc.ne,noBaHHe K-cepxx Oxe-SJie1tTpoHOB xe.nesa xs pacna,na 57co. 
A.Haims pesym,TaTOB l!3Mepem H CpaBHeHHe l!X C llpe,ItClta3aHH8MH 

Teopd. 

· MeTOlt HCCJiel{OBrumH H HaytIHQH HOBR3Ha pesym,TaTOB. )l;.nsr llCCJie,no:sa­
mui: cne1tTpoB MeltTp0HOB B 06.iracTH·SHepr.r.tl 0,5-50 KSB.C03i:ta.H HOB!lff 
THll ltOM6RHHpOBaHHoro SJieltTp0CT2TlI'!eCKOro cne1tTpo11eTpa. B STOM cnex­
TpoMeTpe BnepBI:le ;u,,m sa.n;a~ H,Itepnol cp:11smar 06'l>e,ItHHeHH HHTerpam,md 
ana.mrsaTop co cipePll'Iecrom saMe)tJDl'fe.ne11 JI ~peHI\lUlnWll aH&lll!3aTop 
Tmra .ItBOIHoro IlJ!JDDlJ@Jl'leCKoro se~. HcnOJII,somume Taxol 1to116HHa­
nKH aHa.mt32TOp0B nosBOJlllJIO B'.CltJIJl'IJ!'fI, OTpmJ.aTmHoe BJ!llmm:e peJJSl'fH­

BB'.CTCltHX sqq>eltTOB, nomnrxaDDtJ!X npx 60JWIIJ!X sneprlt!IX ana.ims:e:pyew:x: 
SJielt'fpoHOB, Ha xapaxTepxcTHucne1tTpoMeTpa. ltOCTlll'nyTOe Ilpl!6opnoe 
paspemen:e:e AE-== 5 sB (IIpH Ee- 20 xsB) JlllJIJieTCH · H8l!JIY"llllIDI ;u,,m cnexTpo- · 
MeTpoB, pa60TarJ!ll!X B STOl.06.irac'fl! SHeprd. 

C ·um11 .OIITmmsan;o pema . pa6om cnexTp011eTpa .r.ts~ena ajxpe:rtTKB­
nocTl>. per:e:cTpan;im .iteTeKTopa. aneK'fpoHOB - xanannoro SJie1tTp0HHoro YM­
HOlmTeJI.II · (KSY) • Ilo.:ny-qena SaBHClilllocn sqq>e1tDBHOCTH OT sneprmr penc'!'­
JlHW8MHX s~eKTp0HOB B ,lt:e'.anasone 60-IOOO sB. Onpe.ite~en onTm1anHHff pe­
DM pa6om KSY, llpH ltOTOp0M MOZHO ,Jt06HTI,CH YBe~eH:e:H OTHOmemm 
mm/q,on·Ilpl1Mepno B 2 pasa <5ei3 sa..ernoro Y%Y.itmeHHH annapaTyJmoff 4)0JIIH 
·~.: 

YcoBepneHCTBOBaHa M6TO,ltll[lt8. llpxrOTOBJremt11 pa,ltHOaltTHBmlX HCTO~~ 
ltOB OOieltTp0HOB MeTO,ltOM JlcnapeHHH B BaXyyJre. 

Ba:epBHe npoBe,JteHH npmrae nuepemca: ecTecTBeHHux mHpKH aToMHUX 
ypoBHel TYJWI C noMOl!ILI) HH3lt03HepremecJDIX SBK HS pacna.na 169Yb, HC­
nonsyeimx B xa~ecTBe ltallll6poB01DmX B sxcnepoeHTax no onpe,1te.nemm 
MaCC!l aHTimelTp:e:HO l!3 aH8.lllt3a qiopm 6eTa-cnexTpa TJ)HTRH. 
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IlpoBe,JtSH!l l!CC~e,ItOBaHHH K-cepu: Oxe-aneKTPOHOB lltMesa (Z = 26) 
l!S pacna,Jta 57co. HsMepeHl!H l!HTeHCHBHOCTeit .r.t SHeprrui KLM- H KMM-nepe­
XO,ltOB llpOBO.D;WmCI, BllepBHe. HS aH~3a pesym,TaTOB RSMepeHHff OTHOCR­
TeJII,lllllC HHTeHClmHOCTeit KLM-nepeXO,ltOB BllepBHe c,neJiaH BHBO,lt O HenpHMe­
Hl!MOCTH pe~l!Bl!CTCKIDC pac~eTOB, BllIIO~eHHIDC B pa.MKaX TeOpHl! jj-CBH-
3l!, ;u,,m OmtCaHHH HHTeHCHBHOCTeH 3Tfil; nepeXO,ltOB B 06JI8.CTH z - 25. 

HaY'll!aH H Il1)8.KTH~8CKaR 3Ha'D!MOCTI, pa.60T!l. C03,ltaHHHH 3~8KTpOCTa­
TH~8CKl!H cneKTpoMeTp H ycoBepmeHCTBOBaHH!lli M8TO,It rrpHrOTOM8HHH l!CTO~­
HHitOB HCnapeHHeM B BaKYYM8 ll03BOJIJlllT npoBO.I(HTI, rrpell;l!:3HOHHH8 H3M8peHHH 
cneKTpoB M8KTp0HOB B Ma~OH3~8l!HOfi HH3K03HepreT~eCKOH 06.JiaCTl! SHep­
rHH E8~ 50 xsB. 

Peay~I,TaTH H3MepeHHH ecTeCTB8HHIDC illHPHH aTOMHIDC ypoBIIeil Ty~ C 
IlOMOIIU>ll JIHHIDi 3BK l'I3 pacna,na 169Yb, a TaKJKe OTHOCRTe~HHX HHTeHcHB­
HOCT8H K-cepHl! 0xe-s~eKTp0HOB llte~esa (Z = 26), B03HHKallllRX IlpH pacrra­
,Jte 57co, rrpe,ncTa~T HHTepec c TO'IltlI speHHH TO~OCTH OU8Hltl! Il~JI B 
sxcnepH!',!8HTax C Tpl'ITl!eM. KpoMe Toro, CBe~eHHH 06 HHT8HCl!BIIOCTHX K­
cepxH Oxe-MeKTpOHOB xe~esa pacmHPJll)T 6asy .ltaHHHX ~ npoBepKH cymecT­
BymtRX MO,Ite~I,HHX pac~eTOB H MoryT 6HTI, .HCilOJII,30BaHli (B oco6eHHOCTR 
OTHOmeHHH HHTeHCHBHOCTeil Ollte-rpynn) rrpx orrpe,ne~eHHl! BllXO,ItOB ipJJ:ropec­
ueHnKH, BepoHTHOCTeil K-saxBaTa l! ,np. 

Ha SaJitRTY BmiocmcH c~e,JlVIlltl!e no~o~eHHH H pesyJII,TaTH: 

I. HoBHff Tl!ll KOM6RHl!pOBaHHOro 3~8KTp0CTaTH~ecxoro 6eTa-cneKTpo­
MeTpa B 06JI8.CTl! SHeprHl! 0,5-50 K3B. 

2. Onpe,ne~eHHe OTHOC:e:T8JII,HOI sqxpeltTHBIIOCTH ltaH8Jll,HOro MeKTpoH­
Horo j'MHOlmT~ cneKTpoMeTpa H onTl11Ml!3anKH pEllKHMa ero pa60Tll. 

3. YcoBepmeHCTBOBaHRe MeTO,Ita Ilpl!I'OTOM8HHR pa,ItHOaKTHBH!ll HCTO~­
HHKOB aJI8ltTp0HOB xcnapeHR8M B BaKyyMe. 

4. Pesym,TaTH npmrax HSMepemdl ecTecTBeHHHX lllllp:e:H aTOMHHX.ypoB-
nel TYJilIJI c nOMOIIU,ll 3BK H3 pacna,na 169Yb. . · 

5. Pesym,TaTH KSYepewtl ornocRT~HHX HHTeHCHBHocTel JI anepr:e:I 
cnexTpoB KLL-, KLM-, KMM-0:se-nepexo,noB B xe.n:ese. BllBo.ltll HS cpaBHeH:e:H 
JrISUepeHHHX :e:HT8HCHBHOCTel C npe.ItCKa3amuoot Teopd,. 

Anpo6amm pa.60T!l. 0CHOBHlle pesynTaTli ,ItllCC8PTarot:e: .ltOltJI8.JtliB8JICI, 
R o6Cy:s,JtaJIHCI, Ha IIXIII (MocKBa, 1983), XXXYl (XapI,ltOB, I986) Bceco1l3-
HHX coBeutaHHmc no H,ItepHol cne1tTPOC1tomtR z cTpyxType aToMHoro .R;lij)a; 

IIIKOJie no Jt?t8pHOff ipB:sHKe (XoJII,nay, r,n:p, 1986); MeJt,eyHapo,ItHOM CHMII03Ji!YM8 
"EeTa-pacna.n; R HelTpRHo" (Ocaxa, Hnomm, 1986); MellOJ:Yllapo,ItHOM cl!Mllo­
s:eyMe no CJia6HM R anexTpoMarHHTHllM Bsru1Mo,neilcTBIDIM B SJ.ItP8X (ra:A.nm-
6epr, ~PI', 1986); XYil ceccm1 Bcecomnofl mxo~ no Jt?tepnol cp:11sl!lte m.1. 

B.M.r~oro (~H, 1986); UeJll'.,ltYHapo,ItHol xoncpepeHnaH no Jt?tepnol cp:11-
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amte (Xappore:AT, .AHrJIHJI, 1986); ira ceMllHapax rro qM3mte aToMHoro .ff.IlPa 
JiffiI Olliill, Ka.(pe,Iij)ll pa.n:munmHHO:i! qll:t3ll!W qll:t3II'!eCKOro qruty'JII,TeTa Taml'Y 
HM. B.M.]erurna H OIIy6JIHKOBaHll B 5 pa6oTax B BH,Ite CTaTeil B :m:ypHaJie 
Nucl. Instr. and Meth. , c6. "IlpIDCJ.Ia.n;HaJI JI,D;epHaJI crreKTIJOCKOIIHJI", :a TaK­
lKe B BH,Ite coo6~eHH:i! H rrpeIIpmITOB Olliill. 

06~eM pa6oTH • .IurccepTruum COCTOHT li3 BBe,neHHJI, Tpex rJiaB li aa­
KJIJJqeHHJI H co.nepEHT I32 CTpamru;!l: TeKCTa, 8 Ta6,n:im Ha IO CTpa.mm;ax, 
52 pHCYl!Ka. Ha 35 ci-pamn~ax H cmrnKa JIHTepaTYJlll Ha 148 HaHMeHo:BaHlrli 
Ha IS cTpa.mm;ax. 

COJJ.EPlKAIDIE PAEOTU 

Bo BBe8eHHH .naeTCJI o6OCHOBaHHe aKTyaJII,HOCTH TeMH HCcJie.noBaHHJI, 
Cq>OPMYJIHp0BaHll UeJIH pa6OTll li OIIHCHBaeTCJI CTPYKTYpa ,IJ;HCCepTa:rnm. 

B rrepBo:i! r~aBe rrpoBe.neH o6aop ocHomrnx MeTo,noB aHepreTHqecKoro 
aHaJIH3a B M8KTpOHHO:i! crreKTpOCKOmm: •. · 

MeTo,nu rrpell,llan:oHHoro aHaJIHaa aHepreTHqecKoro pacrrpe.ne~eHHJI a~eK­
TPOHOB OCHOBaHll Ha IIpHMeHeHHH MeKTpOCTaTnqecKO:i! li MaI'IDITHOil OIITmm. 
B TeqeHHe MHOrmc ~eT r~aBHHM MeTO'AOM .Jt,1IJl aHaJIH3a 6eTa-'JB.CTHU JIBJIJIJICJI 
MarHHTHH:i! aHaJIH3. 2a 3TO BpeMJI 6~ paapa6OTaHll pa3JmqHHe KOHCTpyronm 
MarHHTHHX crreKTpOMeTpoB. B!IcoKHe paapememm .<< O,I%) .nocTHraIDTCJI, B 
OCHOBHOM, B o6~aCTH 60JII,mmc 3HeprH:A Ee> 50 K3B. Ilp.n: ::mepI'IDlX a~eKTpO­
HOB HHlKe 50 R3B BO3HHKruoT 3Ha'!HTMI,Hlle TPY.In:IOCTH, CBJI3aHHHe C pa6OTO:i! 
B o6~aCTll Ma61:lX MarHHTHl:lX rro~efi. 

B CIIeKTpoMeTpax c JKe~eamm JipMOM, rrp.n: H~25 3, q>Opila IIOM Haqn­
HaeT li3M8HJITI,CJI C li3MeHeHHeM Be~H HarrproKeHHOCTli MarHHTHOro IIOM. 
K liCitaJKe:mno IIpHBO,nHT Taltlll'.e ll OCTaTOqHaJI HaMaI'Hll:qeHHOCTI, JKe~eaa. B ~­
'Jae 6eaJKe~eaHl:lX crreKTpoMeTpoB Heo6xo.IJ;HMa T~aTeJII,HaJI a~Ta crreKTpoMeT­
poB OT BHemHRX MarHHTHl:lX IIMeff PI. BllCOitaJI CTa6HJII,HOCTI, llCTOqHHKOB IIPI- · 
TaHPIJI 1taTYWe1t. BHemHHe IIOM 'AOJilKH!:l 6HTJ, CKOMIIeHcnpoBaHH c IIOMO~JD Ka­
TylileK reJII,MrOJII,ua .no ypoBHJI ~ ro-4 3 (B aaBPICHMOCTll OT paaMepoB crreK­
TPOMeTpa). Ilp.n: 8TOM,, O,nHaKO, HyxHO yqllTHBaTI, r~BHH:0 He,nOCTaTOK K8.TY­
me1t reJII,MrOJII,ua - Hli3Ityio a@?eKTHBHOCTJ, B rrp.n:cyTCTBllli 6HCTpO MeH.m::tltlIX­
CJI BHemHRX IIMe:i!. 

~OCTHlKeHHJI B paapa6OTlte 3~8KTp0CTaTHqeciaDC CIIeKTpOMeTpoB CBJI3aHll 
C pa3BPIT_HeM MeKTpOHHOii CIIeKTpOCKOIIllli .Jt,1IJl :xm.mqecKoro aHaJIH3a (3CXA),. 
JJ.)rJI liCMe,noBalillil 3CXA B o6~CTH I aB - 2 K8,B 3~eKTp0CTaT~ecKHe crreK­
TpoMeTpll o6~a.nam pSI,ll;OM rrpe~eCTB rrepe.n MarHHTHIDm, a ml!eHHO: rrpoc­
TOTOii q>OPIIHPOBaHHJI pacqemoro IIOM li 3Kpa.Hlil)OBKH MarHHTHHX IIMeii, 
MeHI,illmllli ra6ap.n:TaMH li He_3Ha'!HTeJII,HllMH llHepreTHqecKHMH aaTpaTaMH Ha 
IIHTaHHe HCTO~OB HaIIpmiteHHJI. 
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IlpH IIOIIHTKe paclllllp.n:TI, o6~CTJ, aHaJIH3a .no I0-50 K3B B03HliK8DT 
Tpy;ztHOCTH, CB.1138HHHe C OTpliuaTMl>HllM BJlW'IHRieM peMTHBRCTCKl!lC aqxlleK­
TOB Ha paa~ememte CIIeKTPOMeTpoB. llruI y~eHRJI paapememra HyXHO HC~ 
IIOJil,3OBaTJ, rrpe,nBap.n:Te~oe 3aMe~HHe aHaJIH3npyeMHX MeKTpoHOB, qTo 
IIO3BOMeT CYl!leCTBeHHO IIOBHCHTJ, BO3MOlllllOCTH a~eKTpocTaT~eCKHX CIIeK­
TpOMeTpoB .Jt,1IJl aIIaJIH3a CIIeKTpoB 3~eKTp0H9B C BHCOKHM paapemeHHeM B lllR-
poKOM ,IJ;HaIIa3OHe 3HeprHff. • 

C TO'!KH apeHHJI COBpeMeHHO:i! 4JR3HKH, O,nHO:i! li3 aKTyaJII,HeiimRX aa_naq 
JIBJDieTCJI BOIIpOC O HaJIH'!HPI MaCCll y (aHTH)He:i!Tpimo. CqxT8.IJT, qTO HaH-
6o~ee -qyBCTBHT8Jll,HllM MeTO'AOM li3MepeHHJI MaccH aHTmieffTpimo J!BJIJleTCJI 
aHaJIH3 q>OpMll 6eTa-crreKTpa TPHTHJI B6JIH3H r~off 3HeprHH (.:::: IS, 6 K3B). 
Ilpx 3TOM KOppeKTHOCTJ, pemeHHJI aa.na'!H B 3HatJ:HTeJII,HO:i! CTeIIeHH onpe.neM­
CTCJI TOqHOCTJ,D HCMe.noBaHHJI m] CHCTeMH HCTO~-cIIeKTpoMeTp. B CBOD 
oqepe.nI, 3Ta aa_naqa CBJI3aHa C MeTo.naMH rrpeUH3HOHHOff CIIeKTpoMeTpHH crreK­
TpOB ,IJ;HCKpeTHl:lX li3~eHHff Ka.Jm6pOBO~ ~OB. YtJ:HTHBaJI olKH,naeMHe 
oueHKH BeJlli'!HHH Maccu aHTHHeffTpHHO ( myc2 - I0+30 aB) , TaKHe HCMe­
.noBaHHJI .noJilKHl:l 6HTJ, IIpOBe.neHH c rrpn6opaMH, o6~amun,m: BHCOKHM 3Hep.­
reTHqecKHM paapemeHHeM (~e IO aB)' B o6~CTH 20 KaB. 3TO H SIBJIJieTCJI 
o.nttoff Ha nepBooqepe,nHHX aa_rtaq ]I)IJI pemeinm rrpo6~eMH HaJIH~ Macau y 
a~eKTpoHHoro aHTHHeffTpHHO. 

BTOpa/I r~aBa IIOC~eHa OIIPICaHHD HOBoro KOM6HHnpOBaHHOro 3~eKTpo­
CTaTxqec1toro CijeKTJ)OMeTpa ]I)IJI HayqeHHJI a~eKTpoHOB c aHeprHe! OT 0,5 
.no 50 xaB /I, 21 • . 

B 3TOM CIIeKTpoMeTpe (p.n:c.I) BIIePBHe ]I)IJI 38,ll;aq .IJ,ll;epHOff !pli3HKH 06~­
e.nmieHH ,nBa Tlma aHaJIH3aTOpoB: HHTerpaJII,HHff C TOpilO3.RIIIHM nMeM H ,ll;liq>-

, ...... ,,,.~ 

~---~, ,,,f []l ,c()J(l).. 
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XPEJT 
K J. U J. K 

MJ!lll!TO><J! 

ill a ,~~1 1e .. ~1,,,J~!lg t.~I Iii Ill ,.,i!! 111£;~~') 

.~ 
PIiie.I. Bnox-cxeua aneKTpocTaTHqecxoro cnexTpoMeTpa. 

5 



~epemmam.Hlill C ,nBOHHliM IJ;HJIIDI,lJJ)If'I8CKHM sepKaJIOM. TaROH ITO,ItXO'A IT03BO­
JillJI liCKJIJO'IHTb peJ.UITliBHCTClllie ajqleKTli, xaprutTepHlie ,nJIJI crreKTpoMeTpoB 
C O,nHHM aHaJm3aTOpOM • .AHaJm3aTop C TOJlM03SlllllIM ITOReM cqcTOllT'H3 'ABYX 
KOHneHTpnqecKirx C~ep l H 2, Mex,ny KOTOpliMH IlpoROlK8HO,ITOROJKHTeJII,HOe 
TOp.!03RIJl88 H8ITpmKeHHe U. PannoaKTliBHHH HCTO~K HaxO~TCR Ha ITOBepx­
HOCTH c~epli 1. HanpSDKeHHe 38M8'AR8HllR rrpMOlK8HO K llCTO"llilIBY, a c~epa 
2 3838MReHa. MsMepeHne 3Heprlill 38M8'AR8HHliX 3R8KTpoHOB ITpOBO~TCR C 
ITOMOl!lI,ID ,nBOHHOro ~~If'I8CKOro sep~. HanpmeHne aHaJm3a U ITpMO­
lK8HO K BHellIHeMy IlllJlli~PY,, 8 BHYTP8HHllH saseMReH ~ 

3.JieKTpOHli B~eTaroT us ncTo~a c aHepruen E0 , n:voxoM c~epu l 
ll 2, 38Me~TCR 'AO 3Heprnli Ea ll qepes KOHHqecKYID me~ f llOll~aioT B 
IJ,IL)Ill~pnqecm aHaJlli38TOp. 3HeprnR·aHaJlli3HpyeMliX aReKTpoHOB paBHa 

Ea = E0 + qU = aqu , (I) 

r'Ae a - ITOCTORHHaR rrpn6opa, q = -l - sap.im 3R8KTpOHa. 
PerncTpaD;ruI aReKTpoHOB OCYil{8CTMR8TCR BO BTOpOM ~Kyce D2 C llOMOl!lI,ID 
KaHam.Horo 3R8KTp0lllIOro YMHOlKHTeM (K3Y) THlla Bendix.CEM 4503, ~a­
MeTp BXO~oro OKHa KOTOporo COCT~eT 12 MM. 

Pa3BepTKa Cil8KTpa Ilp0ll3BO~TCR llO 38MeMmll!eMy HallpmKeHHID U. 
Ilpn TaROM cnoco6e aHaJmsa aHeprnR aReKTpOHOB (Ea), perncTpnpyeMHX 'Ae­
TeKTOpoM, a TaKJKe a6CORIDTHHH pasperuaeMHH HHTepBM aHeprntt ( A Ea) oc­
TaIDTCR rrpn6Rn3HT8RbHO IlOCTORllliliMH BO BC8M ~anasoHe naMepeHHH (0,5t 
50 KaB). PacqeT MeKTPOHHliX 

0

TpaeKTOpd B IJ;WIHH,DJllf'IeCKOM sepKaJie Bli­
llORHeH 'IHM8lllIO ll rrpOaHaJlli3HpoBaH llpoCTliM rpa~eCKHM MeTO'AOM~ B pe­
ayRbTaTe 6IlRH BH6paHli Me.eyKl!llle OllTHM8.lII,Hlie napaMeTpli npn6opa: 

r 1 = 50 MM; r 2 = I05 MM; 2L = 615 MM; a = 1,96 , (2) 

r'Ae r1 H r2 - COOTB8TCTB8HHO pa.nnycli BHyTpeHHero H BHelllHero D;llJIIDI.Il;­

poB, 2L - paCCTORHHe Me)K'Ay HC'l'O'lllliKOM H 'A8T0KTOpOM. Tor'Aa ,nJIJI aHepre­
TRqecKoro paaperueHHR cneKTpoMeTpa B neRoM MOlKHO samrcaTb: 

AE 
_Q:::: 0,02 ~ (3) 

Eo 
3To npn6JIIDKeHHe rro~eHO B npe'AUMOlKeHHR BliCOKOH TO'll!OCTH CTa6Mnaa­
nRH u' KOTOpaR paBHa - 10-5• CR0'AOBaTeRbHO' ,nJIJI 'AOCTIDKeHHR BliCOKOro 
aHepreTnqecKoro pasperueHHR Heo6xo,ItllM·pem aHa;msa c MMEMR sHaqeIDIJI­
MH U OTHOCRTe~HO U •. 

CiieKTpoMeTp aammneH TpeMR IJ;HJillH,IJJ)If'IeCKllMH MarHRTHliMH 3KpaHaMH Ha 
~eTaJIJia, ROTOplie pasMemeHli BHyTpn BaltyytmOff KaM8pli H rrepeKpliBa.lllT 
Bee npOCTpaHCTBO cwepli R IJ;WIHH,DJlif'IeCKOrO aHaJm3aTopa. C.aTOH xe neRbll 
meCTb IJ;HJillH,lJJ)OB M0Hbllll:IX pa3MepOB paaMemeHH BOKpyl' HCTOqHHKa H 'AeTeK­
Topa. B pesyRbTaTe BeRif'IHHa OCTaTO'll!Oro MarHHTHoro ITMR B crreKTpoMeT­
pe MeHbme I Ml'c. 

6 

Jla!tyyMliaR CHCTeMa CileKTpoMeTpa o6ecrre'IHBa8T 6eaMaMRHID! BaicyyM 
~ 7•I0-7 Topp, KOTOpliH 'AOCTnraeTCR B TeqeHHe 15-20 MHH. c IlOMOl!lI,ll 
~pBaRyytmoro Hacoca 2HBP-5E C a30THOH ROBymKOli H MarHHTHOro 3R8KTpo­
pa3pJWIOro Hacoca HOPE-250 • .1ilm ycTpaHeHHR nOMex OT rrapaanTHHX HMY­
qemdi, CBRSaHHliX c pa6oTofi HOPE-250 (xaprutTepncTR'l:ecKoe ns~eIDie, 
BTOpH'llllie 3R0KTpOHH) H llpnBOMmUX K YB0Jlliqeimll ~Ha 'A0TeKTOpa, C03'Aa­
Ha cn~am.HaR 3KpaHHpyxmaJI CHCTeMa: 

B OCHOBHOM, cneKTpoMeTp C'A0Rali Ha HeMarHHTHOH H8px8.B01i1118li CTaJm. 
Ilpe'ABaPllT8RbHOe 3aM8,It1IeHRe 3R8KTpoHOB noaBOMeT o6offTHCb 6e3 Tpe6ye­
MOli ,nJIJI 06HqHOro IJ;WIHH,DJlif'IeCKoro aHaJm3aTopa TO'll!OCTH naroTOMeHHR 
H HacTpoliKR 'A0TMeff. IlpocTOTa ROHCTp~H o6ecne'IHBa0T Y'A06CTBO 'A8-
MOHTalKa Bcex 3R8M0HTOB crreKTpoMeTpa, qTO CYil{eCTBeHHO npn ero sarpRa­
H0HHH ~OaKTIDlHHMll rrperrapaTaMH. Ilpone,eypa IlORHOff pas6opKR H c6opKH 
crreKTpoMeTpa 3aHHMaeT HeCKORbKO qacoB. 

CHcTeMa yrrpaMeIDIJI crreKTpoMeTpa (CM. pnc.I) ITORHOCTbll aBTOMaTH­
anpoBaHa Ha OCHOBe 6ROKOB H_MHKpo3BM B CT~apTe KA.MAK. Paapa60TaH­
HHff nruteT rrporpaMM o6ecrre'lllll8eT: 

a) yrrpaMeHHe peUMaMH pa60TH; 
6) yrrpaMeHHe aaMe,ltJIJili111HM HanpSDitelilleM u li ero cTa6MHaauHD; 
B) ~pMHpOBaHHe li cqeT HMITYRhCOB OT K3Y; 
r) Bli3YaJm3anHIJ H npe'ABaPHT~Hyll o6pa6oTKy 'AaHHliX; 
'A) CBR8b c 6aaoBOff 3BM ,nJIJI IlOM8.JzyDll0li IlORHOH o6pa60TKH 'AaHHHX. 
MccR8'AOBaHHe xapaRTepHCTliK crreKTpOMeTpa 6~o npoBe'AeHO C llOMO~ll 

HCTO'lllliKa, IlpHrOTOMeHHoro BHe~eHHeM HOHOB 169Yb c 3Heprneff ~ 500 aB 
B 6epHJIJIHeByn IlO,ItlIOXKy Ha an:eKTPOMarHHTHOM Macc-cerrapaTope. iparMeH­
Tli cneKTpoB M0KTpoHOB L120, 7 (Ee:::: IO, 6 KaB) H M20, 7 (Ee::::. I8,4 KaB) 

· npnBe'A8Hli Ha pnc.2 li 3, COOTB8TCTB8HHO. KaK B~O. n~eHHOe 3Hepre­
THqecKOe paapemeHHe B 06Jia.CTH IO KaB cocTaMReT A E::: 5 aB ( AE/E 
== 0,05%; APIP~ 0,025%), qTo RMReTcR HaruryqnmM ,n;m cneKTpoMeTpoB, 
pa60Tali111HX B 'ABHHOff o6JiacTH aHeprd. OueHKa lite a6cOJ11JTHoff 3!MeRTHB­
HOCTH cneRTpOMeTpa 'AMa 3Haqemrn ~ 0,1% OT 47T. 

KaR yxe OTMeqMOCb, HaMyqmee aHepreTmecKOe paspemeHHe 'AOCTHra­
eTCJl npn MMHX aHeprHJIX 8HMH3a Ea {CM. (I)' (3)). O~axo npH MaJIHX 
Ea yi4emmaeTCJI H aqxpeKTHBHOCTb perHCTpanRH 3R0RTp0HOB C IlOMOl!lI,ll KSY. 
Ji,m 'AOCTHll8IDIJI ROMllpoMll:cca MeJ!,IlY 'ABYMR OCHOBHHMH napaMeTpaMH (aHepre­
THqecRHM paapemeHHeM H ajqleKTHBHOCThll) cneKTpoMeTpa 6wm npoBe'AeHH 
3KCllepHMeHTli no HCM0'AOB8HHJJ OTHOCHTMbHOli aqxpeKTHBHOCTH K3Y/B o6~ac­
TH OT 60 'AO 1000 aB n BH6opy onTHM~Horo peJKHMa ero pa6oTH 31. He~ 
IlORh30Ba.i,CJl M8TO'A CpaBH8HHR HHT0HCHBHOCTH ,nByx KOHBepcHOHHHX ~ -
KI4,4 H L1I4,4 H3 paClla'Aa 57eo. OnHT noxaaM, no B HCM0'AYeMOM 'AUa­
naaoHe ajxpeRTHBHOCTb K:31 H3M8HR8TCR npHMepHO B 3 paaa. B CBRSH C 3TlIM 
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PB:c.3. ~pa.I'MSHT cneKTpa MSKTpoHOB 
(M20, ?)nim: pacna.zte 169Yb. 

6Wl npe):tJIOXSH H peaJIRsoBaH·MeTO~ yCKopelllUI 8JISKTpoHOB nepe~ me perH­
CT~e:lt Kar, llOSBOJilIBlllllfl ~06HTl>CS! YJIY"'ll!ISHHS! OTHOWeHHSI ajqleKT/qioH 
npm1epHO B 2 pasa 6es saMeTHOro yxy,IijlleHHSI annapaTypH:O:lt .mnum B USJIOM 
{pHc.4) • 

B TpeT1,e:lt rme HSJIOXSHU pesy~TaTH HSMepemnl ecTeCTBemrnx llll!PIDI 
aTOJ,!Rl,IX ypoBIIel Tm C llOMOil!l>ll HHSK08HepreTH'l:8CrutX am HS pacna,l{a 
IS9n/4{a TBU8 OTHOCHT8J.WililC RHT8BCUHOCTel K-cepm,; OJte~uexTpOHOB 

&8.ll8Sa (Z=26),BOSW!K8DIIRX npH pac~e 57ccl5( 3TH HCOJIEl.t{OBaWUI CBS!­
srum C oneHKol TO'IHOCTH onpe.zteJieHHSI mJI B TJ)HT.l!:SBWC 8KCll8PHMSHTax, KO­
'l'Opasr, E8lt llpamt1IO, CTpoHTCS! C llOMOil!l>ll JimUrlt 8JI8KTpoHOB BIIYTpeHHel . 
KOHBepcu wm Oxe-MeKTpOHOB. IloCROJil,K7 paspa60TRa M8TO,ItHRK npenm:sHOH­
HOI Cll8KTp0CROIDUI HHSK08HepreTH'l:8CIWX 8JISK'l'p0HOB B·sHa"llt'l'8Jll,HOI 0'1'8-
nemi: CBS!SaHa C Ka'!eCTBOM pa.ztHOa.KTHBHUX HCTO'lllllltOB, TO s~ec1, xe omrca­
Ha '1'8:xmnta H MSTO~ HSrOTOBJI8HlUI TOHKOCJIOIHWC HCTO'lllllltOB 169Yb, 57cc 
.a 201'1'1. . 

Hcxo.t{S! HS KOHKpSTHOfl 38,l{a'!H B-Ka'ISCTBe HaD:60Jiee OllT:IDlaJII,HOro 6Wl 
BH:6paH M8TO~ llpHI'OTOBJI8HlUI HCTO'lllllltOB HCnapeHHeM B :aaeyyMe. B ,D;Kccep­
T~ pacc.uoTpeHH HeKoTopue oonpocu uexmm:sMa sToro nponecca, a Taiate 
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PB:c.4. ~OJ)Ma JIHHlm KI4,4 ( 57Co), 
n:sMepeHHasr B peJmMe yc­
KOpelllUI ( cn.nonmasr .nmmsr) 
H 6es ycxopeHHSI (IIyHK-
. T:IIpHSJI JIHHHSI) • 

Jll!Cb ~ llOCJI8.ztYl)lllHX HSMepeHHI. 

np:irne~eHO omrcrume SKCllSIJHMSHT~­
HO:ilycTaHOBIUt. OTMeTHM ~Ba ocHomwx 
3qq)SKTa, YJCY~a.Jll1RX Ka'l8CTBO HCTO'l­
HHKOB, :irsrOTaBJIHBa.eMU:X: STHM MSTO~OM: 
yJieTyrm:BaHn:e T8HT~ HS TaHTaJIOBO­
:ro narpeBa.TeJISI H yJieTy-qn:BaHHe opra­
HH'!ecIWX coe~eHHi!, HBXO.ltRIIIHXCSI B 
HCXO.I\HOM p8.l{HOaKTHBHOM npenapaTe. 
.Itnsr YMSHl>meHHsr BJIWmIDI nepBoro Ha 
HHX MSTO~OM HeflTpoHHO-aKTHBall;I!OHHO­
ro aHamrna 6wra noxasaHa Heo6xo,D;K­
MOcT1, npe~BaIJHTe~uoro OTEKI'a Ha­
rpeBaTeJISI B Ba.KyyMe npH TeMIIepaTy­
pe, SaMeTHO npeBI:mlaJJII(e:li TSMIIepaTy­
PY n:cnapeHHSI HCcJie~eMoro BemecTBa., 
a~ YMSHl,IDSHHS! BJin:S!HWI BToporo 
peJKXM HSrOTOBJISHlUI HCTO"!HHKa BU6H­
pa.7!CS! Taitn:M o6paaoM, 'ITO 6o~masr 
'laCTl> oprrum-qecKKX coe~em ocruK­
~a.nac1,·Ha llO~IDKirait T8HT8JIOBufl SR­
paH. 

MeTO~OM n:cnapeHHSI B ~e 
6wrn:·nsrOTOBJI8Hll HCTO'lHHKH 5 Co, 
169yb H 201 Tl, KOTOpue HCllO~SOBa-

B ~ccepTamm paccMoTpeH Bonpoc 06 onpe~eJiemm ecTeCTBSHHoff WH-
~ aTOMHU:X: ypoBlleff C llOMO~l,11 JmHmi SJISKTpoHOB BIIYTPSHHe:li 1KOHB8p­
cm114{npo8HaJin:Sn:poBaHa IlpaBOM8pHOC'l'l, Ilpn:M8H8HHS! llOJIYSMimpH'!8CKOrO 
COOTHOID8HHS! 

wn = R11 + r11 ' (4) 

r.n;e r - llln:pmia JIOpSHnm:aHEl Ha llOJiyBUCOTe {eCT8CTB8HHaSI WHpHHa aTOMHOrO 
ypoBHSI) , ··R - Dmpmla HCXO.I\HOro rayccHaHa (paspemeHHe cneKTpoMeTpa c 
rayCCOBCKOi! ql()p.lOfl JmHmI), W - llll!Pn:Ha CBSpTKH JIOpeHimaHa C rayCCHaHOM; 
D = I,2+I;3. IloKaSaHO, '!TOHCll~80BaHHe qiopM,YJIU (4) C ~CHpoBaHHUM 
SHa'!eHHeM n MOE8T np:imecm''K 8aMSTHUM norpeWHOCT.f.lM B orrpe~eJieHHH r·no 
xsBecTmni w H R {cM. pxc.5). . · · ·• 

· Ilpx onpe~eJiemm BMH'IHH r 1 ( Tm) HS pacn8.l{a 169Yb MU n:cno~aoBaJIH 
nim:6mxemi:e, corJiaCHO KOTOp0JIY B ~e CBElpTKH G * L npe~CTa.BJIS!JiaCl, 
Jlllilll, lltJSBaS! 'laCTl, SJISKTpOHHOI .mm:im, He HCKaEeHHasr nponeccru.m BSam.!O­
~e:ltcTBHSI SJISKTpoHOB c Be~eCTBOM~ .ltnsr o6pa60TK111 cneKTp0B Ha 3BM CM-4 
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Tue. 5. IloI'}JelilHOCTI, B orrpe.zie;re:mm r IIpl! H3BeCTHHX w H R IIpl! 

n ,,; 1,25; 1,3. 

6wra C03~8Ha rrporpa.MMa ,nl!aJIOrOBOH rpaipl!'leCROH OIITlIMH3annH. XapaRTep­
HUH ~parMeHT armapaTypHoro crreRTpa (M:[20,7, 169Yb) H pesyJIJ,TaT ero 
o6pa60TKH IIOKa38H Ha pHC.6. J{oOamm, ~TO pgspemeHHe CIIeRTpoMeTpa R 

6WIO orrpe~eJieHO lI3 o6pa60TKH Jil!lilm KI4,4 (57Co) IIplI qJHRCHpOBaHHOM 3Ha­
~eHlIH r(K) = 1,25 sB H COCTaBJI.ff.JIO 

u ~ -30 B 
u = -50 B 

R = 4 , 9,±0, 3 sB , 
R = 6,8±0,2 aB. 

C neJIJ,D IIpOBepKH rrpe,IUIOJIOXeHWI O He3aBRCRMOCTH ROT 3Hepr.m SJieRTpO­
HOB 3Ta BeJIR'llJHa orrpe~eJIRJiac1, TaKJB:e H IIO Jil!HWIM L130,6 (Ee,::: 15,8 sB) 
H L132,3 (Ee"'- !7,4 R3B) H3 pacrr~a 201 Tl IIpH qJHKCl!pOBaHHOM rL (Hg) :: 
-::: lI,3 sB. PesyJIJ,TaTu rro~TBep.I(WII! HamR o~rum:R. 1 

OCHOBHUe pesyJIJ,TaTU HSMepeHd ecTeCTBeHHHX WRPHH aTOMHHX ypoBHeff 
TyJmR ( Z = 69) c IIOMOillhD 3.BK HS. pac~a · 169Yb CBe~eHll B Ta6.lu!ey I. 
~ cpaBHeHWI TaM xe rrpirne~eHU H ~aHHUe ]U)YI'IDC aBTOpOB. CJie~eT OTMe­
THTI,, ~TO pesyJIJ,TaTll EeHHeTa lI ~P- (Phys.Rev.a. 1985, v.31, p.197) 
orrpe~eJIRJIHch H3 RocBeHHHX sRcrrepHMeHTOB - H3 HSMepeHRff peHTreHOBCKIDC 
rrepexo~OB THIIa L1M2,J H M1N3-,llaml:Re JK8 Kpayse H OJmBepa {J.Phys.Chem. 
Ref.Dat., 1979, v.8, p.329) SIBJil!MCR IIOJIY3MimpK'IeCIGIMlI pac~eTaMH. ~TO 
KacaeTCR pesyJIJ,TaTOB KecKH~PaKXOHeHa (ADNDT, 1974, v.14, p.!39) H CH­
BI,8pa (B KH.:·Low Energy Electron Spectrometry. - Willey Interscince, 

10 

• 
;;- 4 16CJn, _ 169Tm 

0 

!! M1-20.7 

3 E8=18445 3B 
0 

0 . I 
0 r/R = 2.1 I (') 

' 2 
11' ,, 

~ 
,, 

·••' I 

" 
l ................ 

······•···• ................... , ..... 
0 

19250 19290 19330 19370 
u (B) 

Plic.6. Jfu:HHR· Mr20, 7 (169Yb), HSMepeHHaR IIplI R = 6,8 aB; 
1 2 = 0,87. . 

New-York, 1972, p.220), TO 3TH ~aHHHe ~aIOT JI}!WI, Ka~ecTBeHHyD HHg)OpMa­
IJ;liD o ri(Tm), TaK KaK rrpe~cTaBJieHu B rpa~H~ecRoR l])OpMe. 

Ta6~. EcTeCTBeHHUe WRPHHU aTOMHliX ypoBHeH MR Z = 69 
(Tm), sB. B CR06KaX ~aHU. IIOJIHUe OWH6RH 

ATOMHUH 
ypoBeH1, 

K 

L1 . 

L2 , 
L3 
M1 
M2 

M3 

HacT. 
pa6oTa 

35,5(3) 
4,4(3) 
4,0(4) 
4,0(5) 
13, 9(3) 
9,2(8) 
9,5(12). 

Bennett 
et al. 

(3RCII.) 

!4(3) 
7 ,1(20) 
7,7(14) 

Krause Keski- Sevier 
et al. Rahkonen 

(IIOJIY3MII.) (pac~.) (IIOJIY3MII. ) 

30,I(IO) 32 30 
5,47(80) 7 5 
4,49(50) 5 3 
4,48(40) 4 3 

20 !4 
II 9 
II 7 

CrreRTpu K-cepHH Oxe-sJieRTpoHOB xe;resa HS pacrr~a 57co ~sMepR­
JIHCh Ii 3He'5eTKtieCROM ~anasoHe 5,2+7,l RBB rrpH IIpH60pHOM paspemeHHH 
6 E !:::: 7 sB 5/. McTo~ 57 Co HsroTaBJIHBaJIHCI, MeTo~oivi ncrrapeHHR B Ba­

RYYMe. 06pa60TKa crreRTpoB IIpOHSBO~ac1, Ha 3BM EC-1040 c IlOMOilll,D rrpo­
rpaMMH, B RoTopo:li l])Op,m JilUilm BUpaJKaJiac1, aHaJIHTriecRoff 1PYHKinrnri. IlpII­
Mep HsMepeHHoro KLM-crreRTpa H pesyJIJ,TaT ero o6pa6oTRH noKasaH Ha 
pIIC.7. 

II 



! 
I 
1· 

d 

+3 

'o 0 

-3 

.;-a 
!! 

8 
u 

0 
0 .. 
' ► 4 .. ,,. 
u 

2 

0 

--~~;:--~_.::::·-.··:":-:--•.--°--;;"-· :... --- ... --.. ..-.-. --.·:·.-. .-·-·~·;('-; _.: .. ;._2 ... · ·: ·-:. 
... • 

"I 

( :C ... ... 
" " 

8.1 8.2 

KLzMz.3 

l 

zz .... • • t ~., ...... 
"" 

:-:.:, 

6.3 6.4 
3HEPrKSI (kaB) 

PHc.?. KLlf--ClleKTp Oxe-:meKTpoHOB xe.nesa. B Bepme:11 tJ.aCTH 
pzcyima IIpllBe,I{eH!l HOp.mJ)OBaHH!le HeBII3KR. 

OCHOBH!le BllBO.I{ll H3 pesym,TaTOB H3Mepem K-cep.l!:.I{ Oxe-an:eKTpOHOB 
xe~e3a 3aK.1llltJ.allTCJI B c~e.D;YU11eM. 

0THOCHTeJII,Hlle HHTeHCHBHOCTH HaR6o~ee C.l{JII,H!lX KL1L2(1p1)-, . 
K~L3(

1
d1)- H KL1L1( 1ao)-nepexo,I{OB CYllteCTBeHHO pacXOMTCH c pe3yJJi,Ta­

TaMR PMHTHBRCTCKHX H HepeJISTHBHCTCKBX pacqeTOB B CXeMe npoMezrro~ott 
CBII3H C ~eTOM B3aRMO.I{effcTBRH KOH~ypan:im. qTQ llO,I{TBeim,naeT CHCTeMa~ 
THqecKRI :X:apaKTep 3TOrO paCXOX.I{eHRH ,It1lJl aTOMOB C Z < 40. 3-ro 06CTOH­
TeJII,CTBO CB.l{,I{eTeJII,cTByeT O He06XO;rt111MOCTH ~eTa B pacqeTax 6o~ee TOH­
RWC SCW>eKTOB. 0THOCHTeJII,HHe 3HeprRR KLL-nepexo,I{OB ,I{OBOJII,HO xopomo cor­
Jiacymc.si: c pe3ym,TaTmm no~3MIIRpzqecKRX pacqeToB lfapKRHca (ADNDT, 
19??, v.20, p.311). 

H3 Cpamie:ims (Ta6~.2) H3Mepemmx OTHOCHTeJII,HWC RHTeHCHBHOCTefl 
(B tJ.aCTHOCTR, .1{3 OTHOmeHIDI KL3M 3/KL~,J) C pe3y~TaTaMR pMHTl!lll!CT­
ClWX pacqeTOB B cxeMe jj-CBII3H i~H H 'AP· - ADNDT, 19?9, v.24, p.13) H 
HepeMTRmtCTCKll pacqeTOB B cxe:Me np0MeZj'TO~oft CBSI3H (Ea.6eHXOB H 'AP• 
- B c6.: B'JtepH.ClleKTp0CKOll. H CTpyltT •. aT.JJJJJ)a. Te3HC!l ,I{ORJI. 36 COBe~. 
- JI., Hayxa, 1986, c.268) BilepB!le C.I{eJiaH BllBO,I{ o HeIIp.l!:MelllD,IOCTH pe.lISTH-
mtCTCKHX pacqeTOB B cxeMe jj-CBII3H ,ttJili OID[caHRH KLlf--llepexo,I{OB B aTOMax 
c Z=- 26 • .AJteRBaTHWI Teopzs, OilHCW3aDIIWI XLJt-IIepexo.I{ll B aTol oCSJiacm, 
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Ta6~. 0THOCHTeJU,HHe HHTeHCHBHOCTH H 3HeprHH KIJiT,..nepeXO,I{OB 
B xe~ese (Z = 26) 

IIepeXO.I{ll 

KL1M1 
KL1¾,J 
KL2M1 

KLJM1 

KL2¾,J 
KLJ~,J 
KL2M4,5N1 
KL3M4,5N1 

0THOCHTeJII,HHe HHTeHCHBHOCTH 
KL1M/KL1M1 

Hamn Teop. a) ,._,. Teop. a) .I{aHHHe 
3RCll. pe~., jj-cB~" -Hepe~. ,npoM. 

CB. 

1,00 I,00 I,00 
1,6?{8) 1,50 1,62 
0,32{!5) 0,48 0,58 
0, 75(15) 0,86 0,90 
4,73(30) 2,16 4,II 
2,90(20) 4.,33 3,62 
0,!5(7) 0,!4 -
0,43(6) 0,30 -

0THOCHTeJU,H!le 
3HeprHH {3B) 

Hamn JlapKRHC 
.I{aHHHe Teop. 6) aRcn. 

-162(2) -16? 
-123(2) -124 
-37(5) -39 
-26(4) -27 

0 0 
+12(1) +12 
+56(5) 
+68(1) 

a) J{aHHHe .lt1lJl z = 26 n~eHH rpaipll:tJ:ecRo1il HHTepnomm11e1il. 
6)'3HatJ:eHHH no~qeHH c ytJ:eTOM nepepacnpe.I{e~eHHH HHTeHCHBHOCTe1il B 

6 3 1 J J lJ.Y ~eTax H RBapTeTe KL3M3( Po+ P1+ D2+ D3>• 

llO-BH,ItID.'IOMY, .I{OJilKHa. OCHOB!lBaTbCH Ha cxeMe npoMeJKyTO'IHOH CM3H+ 0THO­
CHT8Jll,Hlle sHeprHH nepexo.I{OB HaxOMTCH B xopomeM cor~acHH c n~aMITH­
pnqecRRMH .I{aHHHMH JlapKHHca. 

3Ha'fflTeJU,HHe norpemHOCTH B onpe.I{e~eHHH OTHOCHTeJII,H!lX HH·TeHCHB­
HOCTeH H3-3a Ha~oxe1rns KMM-rpynmi Ha HH3R03HepreTHqecRH1il CMOH ROH­
BepCHOHHO:li ~ml- KI_4 ,4 He ll03BOJlli.Jill c.ne~an O,nli03Ha~e BllBO,I{ll O llp.1!:­
MeHHMOCTH peMTHBHCTCKHX H HepeMTHBHCTCRHX pacqeTOB, BllllOJIHeHHHX co­
OTBeTCTBeHHO B c..xeMax jj- H npoMeXJTO'IHOH CBH3H. 

YllOMSHyTOe Bl,IIIle HMOJKeHHe llp.l!:B0,1.IHT TaRJKe R TOMY, qTO llpH HCllOJU,-
30BaHHH ~ KI4,4 R3B ,Il;JIH TOqHoro onpe,ne~eHHs IFl>Jl B TpHTHeBUX 3RC­
ll6p.1!:M6HTax H606X0,1.IHMO YtJ:HT!lBaTb H BMa.I{ KMM-rpynrrn. Hs H3Mepemtli HH­
T6HCHBHOCT6li K-cepHH Oxe-a~eKTpoHOB H ~ 3BK KI4,4 R3B HaMH onpe­
,ne~enu c~e.IJYKII!lie OTHO!I16HHH: KLL: KLM: KMM: KI4,4 = 4,0(6):I,O(I): 
0,05(2):3,0(3). 

B 3rutJIIO'I6lUIH llPHBOMTCJI OCHOBHH6 pe3ym,TaTH, no~eHHHe B ,1.IHC­
cepTanim;:- · 

l. Co3,naH HOB!l:ll ROM6IDrnpoBaHH!l:ll a~eKTp0CTaTH~6CKH:li Cll6KTpOM6Tp 
,I{MH3~6HHH 3~6RTp0HOB C 3Heprnen 0,5¼50 K3B. B 3TOM Cll6KTpOMeTpe 
BnepBHe .I{M sa,naq .ff,l(epHo1il ~sHRH o6~e,nHHeHll .I{Ba THITa aHaJm3aTopoB: 
HHTerpaJibHllH co cqiepnqecRRM TOpM03RIIIHM no~eM H ,1.111qxllepeHIJ;.IaJII,HllH THlla 
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.nBOilHoro ~H'IeoKoro aepruura. YnpaBJieH11e li KOHTpOJU, pa6oru· oneK­
TpoMeTpa OOYII!eOTBJIJieTOJi o ITOMOilll>D Ml!:Kpo3™ B OTaH.IJ;apTe KAMAI{; Ilo.rry­
'IeHHoe annapaTypHoe paaperneHlie t..E:::: 5 aB B o6JiaoTH aHeprliil ~ 20 KaB 
JIBJIJieTCH HallJIY'IllllIM ,n.mr oITeKTpoMeTpoB·, pa6oTa:taIUIX B .I(aHHoil o6JiacTli 
aHepnril. 

2. IlpoBe.I(eHH liOCJie.I(OBaHHJi OTHOOliTeRhHOH aqxpeKTliBHOOTli KaY aReK­
TpOOTaTH'IeOKOro crreKTpOMeTpa. Ilo.ny'IeHa 3aBliOliMOOTh ::iqxpeKTHBHOOTli pe­
rlioTpau;Im OT aHeprlili aReKTpoHOB.B ,It:ll:arraaoHe 60-IOOO aB. Ha aKonepn­
MeHTa CJie.nyeT, 'ITO ITpli MMHX aHeprlia:x aReKTpOHOB aqxpeKTHBHOOTh na.na­
eT llpHMepHO B 3 paaa. 

3. C neJU,D .I(OOTIDK0HM KOMrrpOMliOOa MeJK.ny ::JqxpeKTliBHOOThD perncT­
paUHH H aHepreTH'IecKHM paaperneH11eM oITeKTpoMeTpa npoBe.neH aKcITepm.'leHT 
c ycKopeHReM aReKTpoHOB, perncTpnpyeMHX K3Y. Ha aioITepHMeHTa onpe.ne­
~eH OITTHMaJU,HHli pelKliM pa60TH K3Y, llpll KOTOpoM MOlKHO .I(06liThCJi yBeRH­
'I0HM OTHOill0HliJi ITRK/qioH ITpHMepHO B 2 paaa 6ea aaMeTHOro yxy.nrneH11JI 
arrnapaTypHoil woIJMH RRHHH cITeKTpoMeTpa. 

4. Ha ocHoBe ailMRaa HBJieH11il, conpoBolK,ll;a:taIUIX ITpou;eco nonapeHRJI 
B BaKYYMe, H ::lKOllepHMeHTa ITO OIJ;eHKe ::iqxpeKTa yReTY'IliBalIIDI MaTepnaJia 
HarpeBaTeRH BH6paHa OITTHMaJU,HaJI ITpou;e.nypa rrplirOTOBJI0HliJi TOHKOOROilHHX 
pa.nROaKTHBHHX HOTO'IHHKOB ::JReKTpoHOB ,n.mr npeIJ;HaHOHHOH CITeKTpoMeTplili 
HliaKO::JHepreTH'I0CKHX·::lR0KTpOHOB. 

5. BnepBHe npoBe.I(eHH ITpHMHe HaMepeHM eoTeCTBemrux IlllipHH aTOM­
HillC ypoBHeff Tm C llOMOmhD H11aKO::JHepreTH'I0CKHX 3BK li3 paoITa.na 169Yb, 
liCllOJU,ayeMoro B Ka'IeOTBe KaM6poBO'IHOro HOTO'IHHKa B aKcnepm.ieHTax ITO 
HaMeperurm MaCCH aHTHHeffTpHHO (CM. Ta6R.I). 

6. IlpoBe,neHH ncCJie,noBaHM K-cepo Oxe-ITepexo,noB B xeReae (z = 26) 
Ra pacna.na 57cc. HaMepeHHH HHTeHOHBHOCTel H anepm KLM- H KMM-nepe­
XO.I(OB llpOBO.ll;HJIHCh BITepBHe. Ha aHMH3a peay.m.TaTOB H3MepeHHil OTHOCH­
TeJil,HWC HHTeHcHBHOcTeff K~-nepexo~oB BnepBHe,c.ne~ BHBO,n o Henpm.ie­
HRMOCTH pac'leTOB, BHllOJIHeHHIDC B paMK8X Teopmi jj-CBJil3li .n.mr OITlicaHRJi 
HHTeHCHBHOCTel'sTlDC nepexo.noB B o6JiaCTH z ~ 25. Pac'IeTH KHT8HCHBHOC­
Tel K~ITepeXO.I(OB B 3TOI o6RaCTR Z .I(OJIEHH llpOBO.I(HThCH B plMKaX Teopmr 
rrpoMe%YTO'IHOI CBH3H. 
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