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IDICTHTYTa ·.imepHHX HCM6'AOB8.HH:ll, 

OqMUHaJil,HHe orrrroHeHTH: 

'AOKTOP cpH3HKo-M8TeMaTilt!ecrorx Hayit, rrpocpeccop A.r.3eJieHKOB 
(lfA3 HM,M.B.Kyp~aTOBa) 

'AOKTOp cpH3HKO-MaTeMaTH~6CKHX HByit, rrpoweccop l0,A,lliep68.KOB 
( OIDill) 

'AOKTOP qiH3ID<O--MaTeMBT~ecKHX HBYK, rrpocpeccop A.l1.W60KTHCTOB 
(IDill AH YCCP, KHeB) 

Be.IIYlllee Hay'IBO-HCMe'AOB8TMbCKOe ~pelK,Il;eHHe - MocKOBCKHtt HH~eHepHO

c}lHa~ecKHff HHCTHTYT. 

3a111HTa ~ccepTal.l;HR COCTOHTCJI "_" ---- B --- ~ac: Ha 

aace~amm Cil6UllaJIH3HJ)OBBHHOro COBeTa n047.01.03 IlpH .1IHII OIDill 

r • .Il.y6Ha, MocKOBCKOff o6JIBCTH, 

ABTope~paT pasoCJI8H" II----- 1980 r, 

C ~ccepTal\Heff MOllCHO 03H8KOMRTbC.lI B 6H6JIHOTeKe OIDIM. 

Y~emrl! cexpeTapb crreIUJaJIH3HpoBB.HIIoro coBeTa 
RB1WmaT ipH:sRKD-MaTeMaT~ecrorx HaYK JO.A.Ea Ty-COB 

AxT:VB.Jll,HOCTb rrpoMeMH. C03'AB1ill6 H COBepmeHCTBOBrurn:e rro~po
BO~OBHX 'AeTeKTOpoB (I1IUO l!MeJio rrpmmimHB.Jll,HOe sHa~eHHe B 3Ma
~ax crrexTpoMeTpRH H3~eHRD p~OHYKJIH.Il:OB, Xopomee sHepreTH~ecxoe 
paspemeHHe H BHCOKaJI l$i/6KTHBHOCTb, OTHOCHT6JII,HaJI rrpocToTa IlpH 
ITOCTaHOBKe axcrrepHM8HTa H B03MOlKHOCTb IlpHMeHeHHJI 3BM IlpH o6pa6oT
xe 'AaHHHX o6ecrre~ MaccoBJ:lfl ITOTOK HOBOff H 6oJiee TO~HO:ll HHWoprlla-
1.l;HR. CerO'AHJI ffiUl CTa.mI rJiaBHHM HHCTPYM6HTOM B cpH3HKe HH3KHX 3Hep
rlitt. 

MeTO~ HSMepeHIDI aHeprHtt H HHTeHCHBHOCTe:ll H3~6HH:ll OCHO
BaHa Ha cpaBHeHRH arrrrapaTypHHX crreKTpOB HCCJie'AYeMoro H 3T8JIOHHO
ro HYKJIH,Il;OB. K COJKaJiemno, B HaCTOJilll8e BpeMJI He CYIIleCTByeT ITOJIHO,.;. 
ro H cor~COBaHHOro Ha6opa HOprllaJie:ll 3Heprlitt H HHTeHCHBHOCTe:ll 'AHC
xpeTHHX H3~eHHil, Ha6opa, KOTOp!I:ll JIBJIJIJICJI OH OOJI3aTeJII,HHM Me~
Hapo'AH!IM CTaH'AapTOM rrpH IlpoBe'AeHRH cpaBHHTeJII,HHX H3MepeHH:ll. Ta
KHM o6pasoM, H6CMOTPJI Ha TO, ~TO H3MepeHHJI MOryT rrpOBO'A:HTbC.lI C 
rrpeIUJ3HOHHO:ll TO~OCTbID (B TOM CMHMe, ~TO rrorpemHOCTH H3Mep.ll6MHX 
Be~~ CpaBHHMH C rrorpemHOCT.RMH HOpMaJie:ll), pesym,TaTH 3THX H3Me
peHHil B RalK,I(OM ~ae 3aBHCJIT OT BHOOpa 3T8JIOHOB. 

BosHHKaeT BOITpoc - Ka.KHM ~e o6pa30M MOJKHO HCilOJII,30BaTb B03-
MOlKHOCTH, KOTOpHe rrpe'AOCT~eT HaM TeXHHKa crrexTpoMeTpRH Ha ce
rO'AHJimHH:ll 'A6Hb, ~TOOH He OKa38TbC.lI B aHaJIOr~o:ll CHTYaIUIH B 0Y'AY-
111eM. IIo HameMy MH6HHID, e'AHHCTBeHHHM rryTeM JIBJJ.f.leTCJI paspaOOTKa rro
M6'AOB8T6Jll,HO:ll MeTO'AHKH H3MepeHHJI C ~eTKO:ll MO'Aem,ro pac~eTa rrorpem
HOCTe:ll H.ITpHMeHeHHe corJiaCOBaHHoro Ha6opa HOprilaJie:ll 'AHCKpeTHHX H3-
~eHHff. Tor'Aa H3MeH6HHJI, KOTOpHe MOryT B 'AMbHe:llmeM rrpoH30:llTH, 
'AOCTaTo~o rrpocTO MOlKHO CBJI38Tb C HMel!Il{HMHCJI 'AaHHh!MH. 

Uem, pa.OOTH, Ycrrex pemeHHJI rrpo6JieMH rrpeIUJ3HOHHo:ll crreKTpocKo
ITHH B 3Ha~TeJII,HO:ll Mepe 3aBHCHT OT xa~eCTBa crrexTpoMeTp~ecxo:ll 
arrrrapaTypH H OprB1m38IUIH 3KCITepHM6HTa C illHpOKHM rrpHMeHeHHeM BH
~CJIHTem,Ho:ll TeXHHKH, Il03TOMy rrepBH:ll 3TaIT peaJIH3al.l;HR rrporpaMMH 
OHJI CBJI3aH C pemeHHeM 3TO:ll 3Ma~. 3a.TeM OHJia paspa6oTaHa MeTO'A:H
Ka rrpeIUJ3HOHHO:ll crreKTpoM6TpHH H, Ha.KOHeu, C ee ITOMOll!bID IlOCTpoeH 
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corJiaCOBaHHwl Ha6op HOpMa.n:ell 8Heprnll n llHT8HCHBHOCTell 1-Jf:{t{ell n 
8JI8KTpoHOB BeyTpeHHell KOHBepcllll (SEK), a TalQKe KOaqxiliru;H8HTOB 
BeyTpeHHell KOHBepcnn (KBK). 

BTopoll 8Tan 6wr CBJI3aH C IlpHMeHeHReM pa3pa6oTaHHOH M8TO,nHKll 
~ pemeHHJI H8CKOJll,KllX aKTy-aJU,HllX 3a,na~ smepHOll cneKTpoCKOrnm. 
STo, BO-nepBHX, 003,naHRe aTJiaca annapaTy-pHIIX cneKTpOB cl-, p -, 
1- n X-H3JIY"tJ8HRll. Bo-BTOpHX, - IlOJIY"tJ8HR8 BllCOKOKa~eCTB8HHIIX 
8KCilepHMeHTaJU,HIIX ,naHHIIX 06 8HeprWIX ll HHT8HCHBHOCTSIX .nncKpeTHIIX 
ll3JIY"tJ8W pa,nHO~OB, y,noBJieTBOp.lIRllltlIX cipopMYJmpoB8HH1™ BNllle 
TpeOOBaHHJIM. YcnemHOe pemeHHe 8TOll 38,Il;a~ JI8JKHT B OCHOBe COBpe
MeHHHX KH6epHeTn~ecKHX CHCTeM OCMllCJIHBaHWI·,IJ;aHHHX.B-'l'peTJillX,8TO -
ncCJie,no:srume CBOilCTB He~eTHUX smep caMapWI n eBpomrn nepexo.n
HOll o6JiacTn A~I45+I51, y,noBJieTBopnTeJII,Horo TeopeT~ec&oro onnca
HWI KOTOpUX H8T, n IlOTOMy Tpe6yunee OOJiee IlOJIHOro, TOWOro n Ha
,nelKHOro 8KCnepHMeHT8JihHOro M8TepnaJia. H, H8KOHen, HOBOe ll3Mepe
HRe 8H8prllll CBJI3ll ,nellTpoHa. STO, B KaKOll-TO Mepe, npHMep npm.ie
HeHWI IIIJ.Jl B HOBOll n llCRJIIO~T8Jll,HO nepcneKTHBHOll 06JiaCTll - npe
Ull3llOHHUe llBMepeHWI 8Hep~ 1-JIY"tJell B pa3JIH'lllllX <pll3~8CKHX npo
ueccax (3aXBaT HellTpoHa n onpe,neJieHne aHeprnll cBJisn noCJie,nHero 
HellTpoHa; Me3opeHTr8HOBCKH8 cneKTpll ll onpe,neJieHne M8CCU M830HOB 
H sapH,IJ;oBoro pacnpe,neJieHWI smep H T.,n.). 

Ha;rrnruI HOBH3Ha pa60TU 3aKJID~aeTCH B CJie,Dy1(111eM: 
I. Ha OCHOBe BCeCTOpoHHero 8H8Jm38 poJIR Bcex 8JieMeHTOB cneK

TpOMeTpa C IIIJ.Jl C03,Il;8H COBpeMeHHUll KOMTIJI8KC annapaTy-pu ~ llCCJie
,Il;OB8HRfl ,Il;HCKpeTHHX H3JIY"tJ8HRll, _Il8paM8TpU KOToporo H8XO,Il;HTCH Ha 
ypOBHe ~x ,Il;OCTHJKeHnll. 

2. Pa3pa.6oTaHa Opm'HH8Jll,H8JI MeTO,Itlll(a npeun3HOHHHX H3Mepe
Hllll aHeprllll ll HHTeHCHBHOCTBll ,Il;HCKpeTHHX ll3JIY"tJ8W, a TalOKe co
OTB8TCTBYJW1ee nporpaMMHoe o6ecne~eHRe. 

3. C IlOMOmhD 8TOll M8TO,Il;HKH IlOCTpo8H corJiacoBaHHIIA Ha6op 
HOp.!aJiell 8HeprHll'n llHT8HCKBHOCTell 1.....JrYTiell n SEK, a TaIOKe KBK. 

4. C03,Il;8H aTJiaC l'I3 500 annapaTy-pHIIX cneKTpoB aJU,qi8.-, 6eTa-, 
raMMa- n peHTreHOBCKoro ll3.7IY"tJeHllil ~ 200 pa,Il;HOHYKJm,lJ;OB. 

5. C npHMeHeHReM paspa60TaHHOll M8TO.u;mcn C pasJIHWOll CTe
neHhD IlOJIHOTU ncCJie,Il;OBaH pa,Il;HOaKTHBHIIll pacna.n 180 HYKJIR.nOB 
(B1LJ1l0~8HHIIX B aTJiac), B pH,IJ;e CJIY"tJ88B - BTiepBUe. 0TKpllTO OOJiee 
1000 HOB!,IX nepexo,noB. B TOA HJm IDIOI CTeneHH IlOJIY"tJ8HHUe ,naHHIIe 
llCilOJI1,30BaHU npn pa3pa6oTKe llJm YTO~ewm IOO cxeM pacna,na. 
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6. neTaJII,HO, C IlpHMeHeHHeM IlpaKT~ecKH Bcex M8TO,Il;OB KJiaccn
~ecKoff Cil8KTIJOCKOilllll, llCCJie,IJ;OBaH pa,Il;HOaKTHBHUll pacna,n He~eTHIIX 
HYKJill,Il;OB eBpomm (A= 145, 147, 149) n ra,IJ;OJIHHHJI (A= 147, 149, 
151). 

06HapyiiteHo 6oJiee !IO HOBUX nepexo,noB n BTiepBue H3MepeHU HH
TeHcnBHocTn 6oJiee 40 KOHBepcnOHHUX JIRHRll. BnepBue c BUCOKOll TO~
HOCThD (2-3%) ll3Me~eHU KBK Han6oJiee HHTeHCHBHUX nepexo.noB npn 
pacna,ne 

149
Eu, 

14 
Gd n 151Ga. B cxeMax pacna,na BBe,neHo 20 HO

BUX COCTOHHntt, IlO,IJ;TBep)K,neHo 23 n llCltJIIOtieHO OOJiee IO YPOBHell, 
npe,nnOJIOJKllT8Jil,HO BBe,neHH11x paHee pa3HUMll aBTOpaMn. BnepBue onpe
,neJieHU KBaHTOBUe XBpaKTepllCTllKH 14 COCTOHHnft. 

7. BnepBue no mmy noJIHoro norJiomeHWI npn perncTpaium B 
Ge (Li )-,neTeKTOpax J-.rry-qen OT 8axBaTa TellJIOBUX HellTpoHOB BO,Il;O
po,nOM BWIOJIH8HO ll3MepeHne 3Heprnn CBJI3ll .nellTpoHa. 

IlpaKTll~8CKy10 yeHHOCTh paOOTU MOlKHO CipopMYJIHI)OBaTh CJI8.ltYJOlllllM 
o6pa30M: 

I. Bl:l6paHHue B npone.nype onTmra3annn napaMeTpu cncTeMR IIIJ.Jl
IlY nosxe 6wm npHMeHeHU npn n3roT0MeHnn cneKTpoMeTpoB ~ neJio
ro psma .npyrnx 8Kcnepm.ieHTOB, B TOM ~CJie ll BHe OIDIB. 

2. OnuT aKCTIJIYaTannn KoMWieKca cneKTpoMeTp~ecKott annapaTY
pu JI8JKHT B OCHOBe OpraHnsannn B Hamett Jla.60paTopmr nepapXlll!eCKOff 
cncTeMII c6opa, o6pa6oTKH n BHaJmsa cneKTpOMeTp~ec&ott HHipop.ia
unn. 

3. Ha6op HOp.!aJieff 8Heprntt n llHTeHCllBHOCTett 1...;JIJ'iell n SEK, a 
TalOKe KBK .no HaCTO.ffi11ero BpeMeHR SlllJJReTCH rrpa&Tn~ecKH 8,Il;HHCTBeH
HUM (3a llCKJID~eHReM 1-JIY"tJett), KOTOpwl Il03BOJISI8T IlpoBO,Il;HTh 8Kcne
PHM8HTU no rrpeun3noHHott cneKTpoc&onnn. 

4. Pon BTJiaca annapaTypHUX crre&TpoB n cncTeMaTnsnpoBBHHUX 
,D;BHHUX 06 o<.-' fa - ' 1- ll X-ll3JIY"tJ8HWIX pa,nHO~OB TPY.nHO rrepe
oneHRTh KaK B 38,Il;a~ax IlJiaHRpoBaHHJI HOBUX 8KCil8pllMeHTOB H HCCJie
,IJ;OBaHRH CBOilCTB B036YJK,IJ;eHH11x COCTOHHllil smep, TaK ll npn pemeHllll 
pH,IJ;a ~Tn~ecrurx sa.na~. 

5. AliaJIR3 ,Il;BHHUX O B036YJK,IJ;eHHUX COCTOJlHMX He~eTHHX smep 
caMapHH n eBpomm noaBoJIJieT npoCJie,nHn TIJiaBHUil nepexo,n OT cqiepn

,~ecrurx K ~8ifiop.!Hp0B8HHUM COCTOHHHHM C pocTOM N. 
6. HoBoe sHa~eHne aHeprnn CBJran ,nellTpoHa noBJie~eT aa cooon 

ll3MeHeHRe Be.mrnmu ~ - ~ • 
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06~eM H CTpyttTypa pa6OTll • .llRcc~pTau;wI COCTOHT H3 BBe~emm, 
tieTupex rJiaB H saRJIBJtiemm, H3JIOllteHHl:IX Ha 287 cTpamnr.ax, BltlIKJ'laJI 
I3? PHCYHKOB H 5? Ta6.mm (Ha I04 CTpamnr,ax) H 268 6H6JIRorpaipr
'!ecrurx CCWIOK, pas~eJieHiruX IIO rJI8B8M (Ha I? CTpamnr,ax) • 

Anpo6agim pa6oTu H ny6JIRKBIJ;Im no TeMe wcc'epTap;im. Pesym,
TaTu HcCJie~ol38HIIfi ~oKJia~BBJIRCl> Ha XI+ XY MeJK.nYHapo~x coBe
maHIDIX IIO R,Il;epHoff cneKTpoCKOIIllli H Teopmr RJJ:pa B )Jy6He (I969, 
I9?I, I9?3, I9?5, I9?8 rr.), Ha BcecomHUX elltero~x XIX - XXIX 
COBemammx no R,Il;epHOil CIIeKTpoCKOITHH H CTpyxType aTOMHoro R.D:P8 
(I969-I9?9 rr.), a TaKllte o6c~aJIRcl> Ha ceMHHapax H8YtJH0-3KcITe
pIDlleHTam,Horo OT~eJia R,Il;epHoil cITeKTpOCKOIIHH H ~OXHMllli JiffiI OIDrn. 
OcHOBHlle pe3yJil,T8Tll orry6.mm:OB8Hhl B 24 pa6OT8X (B ~e ITpeITpHHTOB 
II coo6meHHff OIDrn; B c6opHHKe "IlpIIKJia,IJ;HaJI R,I1;epHa.1I cITeKTpocKoIIH.!I" 
- ATOMII3~aT; B ITpeITpHHTe UeHTpam,Horo IIHCTHTYTa R,Il;epHUX IICCJie~o
BaHI!ff - Pocce~opqi, r.llP; B KHHre II3~. <liAH; B JKYPHMax 81IAH, Ms
necTM AH CCCP, "JmepHM qJ!I3IIKa11

) II 2 c6opmmax Te3HCOB ~OKJ18,IJ;OB. 

KPATKOE CO,llEPJKAHME PAEOT!l 

Bo BBe8eHHH KpaTKO paccMaTpIIB8eTC.!I aKTY8JII,HOCTI:, ITpo6JieMU 
paspa6OTKII MeTO~ rrpeIJ,ll3IIOHHOil cITeKTPOMeTpllli II3JIY'leHIIil p~o
~OB II ee ITpIDl!eHeHHe B ITpaKTIJ:Ke qJ!I3:II'leCKOro 3KCITepHMeHTa, 8 
TaKllte ~aeTc.!I o6sop ~ccepTaIJ,llR ITO rJiaBaM, 

B ITepBoff rJiaBe H3JIOllteHu pesym,TaTll paspa6oTOK II IICCJie~oBa
HHil xapaKTepIICTHK cneKTpoMeTpoB C mm. a T810Ke anITapaTypHaJI op
raHH3au;wl smepHO-CITeKTpOCKOII:II'lecrurx 3KCITepHMeHTOB ITO II3Mepemno 
CITeKTpoB ~cKpeTHl:IX IISJiy'leHIIff /IO,I?/. 

IlpoBe~eH CIICTeMaTII'leCKHff 8H8Jm3 CTPYKTypHOff CXeMU / 5,ro/ H 
C~IJMYJIRpoB8Hll Tpe6OB8HII.!I, ITpe~~eMUe K aJieMeHT8M cITeKTpOMeT
pa C mm. Ha 3TOff OCHOB8 peaJIR3OB8Hll OITTID118Jll,Hlle YCJIOBII.!I ~ 
K8~Off KOHKpeTHOff CIICTeMU ~eTeKTOp-IIpe,nyc:IIJillTeJII:,. 

XOTSLK HacTORmeMY BpeMeHH H IDlleIDTC.!I HeKOTOpue ~OCTHlltemm B 
TeXHOJIOrHH II3rOTOBJieHH.!I ~eTeKTOpoB H3 GaAs II CdTe' Tpe6oB8.HIDl'.M 
3KCITepm.!eHTa ITOKa y~oBJieTBOpmoT TOJil>KO ~eTeKTOpll H3 Si H Ge• 
Hru.m; ITpm.!eH.!IJillCl:, ~eTeKTOpll, H3rOTOBJieHHue B rpyrrrre E.II.OcIIIIeHKO 
H B psme CJIYt!aeB - C HeIIocpe~CTBeHHHM y'!8CTII8M aBTOpa. Jllm o6ec
ITetieHRII OIITID/18.Jil,HOro TeMIIepaTypHOro pelltllMa 3H8'lHTeJil>HOe BHID/laHHe 
y~eJI.!IJIOCl:, BOITpocaM yIIaKOBKH ~eTeKTOpoB H KOHCTpyxIJ,llR ITepBoro xac-
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PHc. 2. CrreKTpOM8TPH'!8CKM arrrrapaTypa ~ HCCJie~o:samm xapaKTe
pJICTHK lI3Jiytiemrll P~OHy~OB (I9?4 r): f - 'laCTOTa 

·reHepaTopHoff cepHH aHaJioro-umpponoro rrpeo6pasoBaTe.mr 
(AUIT); tp- npeWI o6pamemm: R sarroMHHammeMy ycTpoftCTBY 
(3Y); M - llIHTeHcm.1eTp; JIY - .mraeffHllil ycHJIHTeJil>; I'3M -
renepaTop 3TMOHHllX HMIIYJil>COB ~ CTa6HJIR38IJ;lm ycJJJieHH.!I 
CII8KTpOM8TPHtiecxoro TpaRTa; BH - HCTOtJ.HHK BHCORoro Harr
pm!t8HH.!I ~ IIHTamm: mm; IlY - rrpe~ycHJmTeJil> 
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K8,ll;a npe,nycRJmTeJISI, KOTOpw!, KaK Ilpa.BHJIO, pacIIOJiaI'aJICJI BHYTPH 
KpHOCTaTa. 

KOHCTpyimIDII cneKTpoMeTpOB paapa6aTHB8.lllICb c y-qeTOM oco6eH
HOCTett perHCTpau;mi a.m,qa-, 6eTa-, raMMa- H X-H3Jiy,IeHlltt - pHc.I. 
CrreKTpoMeTpH C B~O.nmn,m OKH8Mll C'A8JiaHH Ha OCHOBe KpHOCTaTa C XJia
'AOIIpOBO'AOM n cop6eHTOM, KOTOpw! IIOrPYlK!leTCJI B CT~apTHlltt COCY'A 
.ZU,mpa C lKlI,ItKRM 830TOM. B8ltyyM lite B KaMepax crreKTpoMeTpoB aapa
EeHHWC llaCTHU C03'AaeTCR C IIOMOlll1>ID CHCTeMH Ha 6aae MBrHHTHOro 
sJieKTpopaa~oro Hacoca HOPJL-IOO. Ilpe,nyCMoTpeHa B03MOlKHOCTb aa
MeHH HCTO~ 6ea HapymeHRR BaKYYMa, II~eM upo:u;e,nypa 3aM8HH co
CTaBJIII8T 3+5 MRHYT• 

HcxOM H3 ycJIOBmt qM3:IN8CKOit a~a~, Mll: IIpRMelifIJilI pa.a
JIH1lHH8 KOM6RHan;im 'A8T8KTOpoB, CIIeKTpoMeTpH1l8CKHX KaHaJIOB H perH
CTpHpyllllett rumapaTYPH, Bu6op 9JI8KTpoHHWC MOKOD 00Ylll8CTBJISIJICJI Ha 
OCHO:sarum CJie,nyIIIIWC Tpe6oBBHmt: rro.nytieHHe OilTlIMa.ID,HOro OTHO!lleHHR 
cHrHaJI/myM, xopo!lllie aarpyao~e xapaKTepnoTHKM ('AO 5°10

4 
m.m./c), 

TeMnepaTYPHM CTa6Rm,HOCTb H JIHHettHOOTb, 
B 38llHCHMOCTH OT ypoBHJI npHMeHReMoA TeXHHKR MOlltHO YKB-3aTb 

Tpli STarra D C03'AaHKH KOMnJieKca CII8KTpoMeTp:1NeCKOA arrrrapaTYPH: 
a) nepBw! (1969-1974 rr.) - paapa6oTKa, HaroToMeHHe H Hc

CJie.rtoBaHne pa~HX TllllOD mm, a T8l<l!te MOKOD aHaJioroBOtt SJieK
TpoHHKM JtJJJl a~all npeI.J;R3HOHHOtt crreKTpoMeTplllI H3.nyti8Hml ~OHYK
Jlll'AOB; 

6) BTOpo! (1974-1979 rr.) - 'AOB8'A8HH8 Bcex IIapaMeTpoB crreK
TpoMeT~ecKoro KOMnJieKca 'AO ~ero ypoBHR; 

B) TpeTH! (HallaJIO pe8JIH38ll;lm 1978 r.) - OpI'aHH38Il;lm Hepap
~eCKO! CHCTeMbl c6opa, o6pa60TKH H aH8JIH3a CII8KTpoMeTp:1NeCKOtt 
RHgop.la:u;mI Ha 6aae COBpeMeHHOA B~CJIRT8J!bHO-H3MepHT8J!bHOA TeX
mnui: (8BM ID-1040, ID-IOIO H 113JT-3IO). 

OcHOBHM pa6oTa IIO C03'A8HRD COBpeMeHHoro KOMilJI8KCa crreKTpo
MeT~ecKOA rumapaTYPU 6HJia wnoJIHeHa Ha nepBOM sTarre (pnc.2). 
CJlcTeMaTH3RpoB8HHll8 X8paKTepHCTHKM mm H IlY, a TalQ!te H8KOTOpHe 
XBpaKTepHUe rumapaTYPHHe CIIeKTpH npnBe'AeHll B Ta6JI.I H Ha pnc.3-8, 
COOTB8TCTBeHHo.·Ha BTOpoM STarre B pa6oTe 6HJIH HCllOJll,30BaHH KOM
M8p1leOKH8 'A8T8KTOpH (H3 CB8~CToro Ge H Ge ( Li )-'AeTeKTOPH C 
BHCOKOI s®eKTRBHOCTbD) C BUCOKHM 8HepreT:IN8CKHM paapemeHReM, na
pBM8TpH KOTOpux H8'AOCTmmMI:l B HanmX YCJIOBHJDC, a Tma.e 6JIOKR aHa
JIOrooott 3JI8KTpoHHKH HeKOTOpWC qMpM ( ORT:ED , roT , Polon ) H aHa
JIR3aTOpH DIDA.C -1000 ( Intertechnique ) • TpeTd STarr RMReTCJI JIO-

8 

r:INeOKHM IIp0'AOJJlt8HHeM HallaTott pa6oTU, O'AffaKO 'A8T8.llbHOe ero OIIH
CaHHe BUXO'AHT Sa paMKlI HaCTO/lllleA 'AnCCepTrunm. 

B KOHne rJiaBU OllHCaHa M8TO'AHK8 IIpol3epKH Ka1l8CTBa CHCT8Mll B 
U8JIOM ll CHOT8MaTH3RpoBaHH s®eRTH, BJm.fllJl!ll8 H8°8HepreT:1N8CK08 
paapemerure CII8KTpOM8Tpa C mm. 

Bo BTOPQA rJI8B8 HSJIOllteHa MeTO,nmta npeD,HSHOHHOi! OII8KT~CKO
mm 'AHCKPE!THUX HS.nytieHHff pB.l(HO~OB C llOMOlll1>Jl mm /I2 , 3 ,I7/. 

TollHooTi KBMepefu aHeprd H HHTeHCHilHOCTeff 'AHCKpeTHHX Ha
JJY1!8mtl! B 3Ha~T8Jll,HOt! CTerremr CBllSEIHa C npHM8H8HH8M 8BM JtJJJl o6-
pa6oTIW OII8KTpaJ!blWX JIRHHA. CYll!ecTBYilT pa3JIH1lHll8 crroco6H MO'A8JIH
poBamIJI IIHKOB, O'AffaKO _DCJI8'ACTBH8 MaTeMaT:INectwA·upocTOTH, Olle
BH'AHOCTH qM3H1l8CKOfl RHTepnpeTan;im napaMeTpoB lI MHHHMaJ!bHllX Tpe-
6oBaHlitt K o6~8MY ll8MJITR ll 6HCTp0'A8ACTBRD 8BM HaH60Jiee IlllipoKOe 
npRMeHeHHe IlOJiy,IlIJ!a arrnpoKCRM8I.J;RR lllIKa CHMM8TplI'llWM rayccHaHOM. 
B H8lllRX aKorrepRMeHT8X 8TOT IIO'AXO~ pea.m:tSOB8H C IlOMOl!ll>ID rrporpaM
MH "KaTOK11 *. Jl,,m npaBRm,HOro BHOOpa YCJIOBHff HaMepeHHR HCCJie~o
BaHH TOllHOOTb H ~OCTO,epHOCTb pesyJIDTaTOB o6pa60TKH OT pa3JIH1lHHX 
rrapaMeTpoB Mo~eJIH /II • 

Bru!arnM M8M8HTOM M8TO'AHKH npeD,HSHOHHOtt cneKTpoMeTpHH o/rf-
8TCR y-qeT aqq>eKTOB, HCK8Jlt8llllRX rioPMY arrrrapazypHoro crreKTpa II/ 
(Ta6JI.2).B KalleCTBe WIJIIJCTpaIJ,Hll Ha ~Hc.9 llOKa3aH crreKTp 1-Jiy-qett 
139ce, HSMepeHHw! c ITOMOl!ll>D 200 MM x 5 MM Ge(Li )-~eTeKTOpa 
(HCTO'llrnK HaHeceH Ha M8'AHOtt rro~olltKe TOJlllllIHOtt 500 MKM). Ilpn pac
rr~e 139ce HMeeTcR Bcero O'AHH 1-nepexo~ (165,9 KaB), B anrrapaTYIJ
HOM ~e crreKTpe Ha6Jm,naeM 6o~ee 20 llHKOB, rrpeo6JI~8llllM llaCTb KO
TOpHX CBll3aHa C HCKallta.mtm,m iIX>P.!Y oneKTpa Sqq>eKTaMlt. B 'Al{ccepTa
I.J;RH rrpoBe~eH noJIHHtt aHWm3 STHX aclxpeKTOB lI CgoIJMYJmpOBaHH peKO
Me~a:u;mr Mf[ HX YCTpaH8HIDI, 

MeTO'AllKa HSMepemm 8H8prd H HHT8HCHBHOCTett 'AHCKpeTHHX H3-
JJY1!8Hml npe~oJiaraeT npe~pnTEl.7ll,HOe HCCJie~o:srume He.mmettHocTH :a 
aqq>eKTHBHOOTH crreKTpoMeTpa B aapaHee BUOpaHHUX yCJIOBWIX (Kosq$r
IJ,ll8HTH ycHJieHHR, qMJ!bTpU rror~omeHHR H T,'A,), 8Hepr8TH1l8CKM Ka
JllIOpoBRa ·00Ylll8CTBJISI8TCJI C llOMOl!ll>JJ IIp!IMOI, IIapaMeTpH KOTOpoff Ha
XO,Itl!T M8TO~OM Hal!M8Hl,Il!HX KB8,ttpaTOB (nporpaMMa "FUMILI 11 

-) ,nJill 

* B.r8,Il,JtOKOB, IlT8, 5 5 (!970) 82. 
H 11.H.CHJIHH. OIDIB, II-3362, · ,lJy6Ha, !967. 
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~parMeHT armapaTypHoro crreRTpa HSJiy'lemrn 147Eu, naMepeH
mrll c IT0M0IJU,IO 50 MM2 x 4 MM Si(Li) -,n;eTeKTopa (1973 r.
AE = 1, 1 RaB rrpn Ee~ 100 RaB) • 
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AE = 880 aB rrpH Ee~lO0 RaB). 
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Pllc. 7. ~parMeHT armapaTypHoro crreKTpa HSJiy'lemrn 137cs, HaMe
peHmrll c ITOM0~m 80 MM2 x 5 MM Ge(Li,Au) -,n;eTeRTopa 
(1976 r. - L>E = 1,59 RaB rrpH Ee~600 RaB). 
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Pllc. 8. CrreRTp 3BR 206Po+206Bi, HaMepemrnfi c IT0M0~bID Si(Li)-,n;e
TeRTopa. ,lJ,7m wrun,Tpamm corrpoB0JK.naIOlllliX HaJIY'IeHID1 rrpm.1eHe
H0 MarHHTH0e 6ea,IJ;HcrrepcH0HH0e ycTpOHCTB0. 

~ m~-~l KI(Lo) 

200 w2 X 5 Ill Gelli) 
TI•\51 T2•2'1 
P•ICII «T-HET ~ 

CYIMIPOBAffi!"E HllllYJlhCOB 165.9 
LX(Lo) + KI(Lo) 1 I 

10
5 

f RX(Lo) ♦ KX(Lo) l ,.,,trul!POBJ.HH H11111JLCOB J 

OEPJ.THOE PACCEHHHE 
rAIDU.-JIYllllt C SHEP

~ IO l-'llf--h.W+-----J+- !'Mill 165.9 KJB 

- I t KI(Cu) -
15 HY JIET KI(ue) 

DEPA THOE P.&CCE!UfflE 
KI(Lo )-u,Dl 

165.9 
+ 165.9 
a)+ 165.9 

IO.II.76 

a21 \ I '/ I ~j Cil''l.lllHLIE llJIIIIIIPOBAIOOI llllll7ll,COB 
I \u(La) -BWIET lX(Ge) + 165.9 IX( La) + lll(La) + 165.9 

C1VllllPOB!HWE Hll!l7ll,COB 11.t... .c .,, I 165.9 ♦ 165.9 
B03E7111EllllE •JlllOP!l:llEH!lllll B CBKH!lOBOV lllllilllld. \ 

IO 1---------"-'lHTHOI EOKCE lETEKTOPl 

I 0 1000 2000 lOOO 
BOID' IAIIW 

Pllc. 9. Crre.RTp raMMa-JIY'Iett 139ce, H8MepeHmrll C Il0M0~bID 
200 ~ x 5 MM Ge(Li) -,n;eTeRT0pa. 

13 

<COO 



i 
"" i 
ill 

~ 
~ 
t> 

"" ;~ 
i; 
,:i 

i"lfi 

H 
6 

~ 
o,., 
""o "'"" ills! 
;'lfi 
l!io 
t>ts: ... 
i"lil! 
"""' ,.,~ 
i ... 

.. i !:I 
t a ... a ~ 
! C. ~ • • ~ i:t Id t: H ~ lid: 
0. 0 ., ., 
Jal .... - f 
0 fill • CO O CD 

IQ a: = !. :: t -·= ~ I! = a, flJU::CI> Col ., Q, 

<>,•~ co a f-t N .. Id 0. :-: Cl> 
Cl)G) 'O "':t'. ., b" 
:1111!1 0 r=: t: 0 
DON r=: U t: 

t~e .!- M a, :I:~ 
Ot:OH l5 =- o• 
t: MmM Cl •:II 8M 
O!:jO"l5 !!J" ■ "' 
..,K::ft.l!hC~=lil !A:Z 
Ci~ ll., :i:; it" !:I • =: ~ 
0501t•a:toC:. 11::11511 Ill 

::a3!.i l ll ... !1:n: ar: ~ 3 
0 a> OCI> MIZ:Cl>COU 14 
J:IIQttNIQI-I• l>C.OS ~ 
11:f: MN aJCl.>CDNG>N ~ 

""'l'!.i:! "'"&lilili!l"'!!. Ii 
~l.1:l~ I ~ig ■ l'!.t: N 
0~ u· ~!lo..~ IUS O .... ., ... . ,...l!l!l.ill-""'., 
.,l!l.l:!.,§t:.,ig .. .,., ·= 
~:!4> '5!1f:!CD r.:CD=~~ 
a: co~i.°co11:oao~CD:f0.: 
g;-gH~~8ii:!~Br.,& 
A:E~ II~ ~'1:~c'! ~~~ t-~ 
0 H N .,,,~II\ \Dr,.. CO 
'"! ~ '""! t--!""':""': '""!'""! '""! ......................................... 

. ., 
"'"' u d §f ;e ;g =~ e: 
:"'-I :a :11 °= ,:~ ~~ ~~g!-
:r::is ·= •C>t::l=["O 
Cl>CP :s;O. S:14 00 
::rE!._ :i::c :i::ldCQJ;1o ~({ ~ ·ng,-= 

1 ~ coa:::o~ 
~~-:a :H~SE\g 
~:Er!~:1;~[i:i 
~~~s~~a~ti'35P=t 
:!IOJlfCl>:ZS 0:l!l ■ OCl>t:: 

coo co om SQltSl(l)l4111!1<"' OF.: 
"!""•~o ~o~P: .111 

~ "? r-: ~°! 
M H .... MM 

I I 
• I f'>CO = ~-0 

SI: •OOIQ 
IC 00 ..... 

"' i=-:c.os n =:!~., 
t=I ptl,;IQJI<: 

:,f •is.:;il! 
C CDOCOCl>t=I • 

.. 15"'"1::,J:l 
o l!l,:qoa:::c=s; 

•CO •o SI: 

E13 Hili:-:2 
a:::ffl,qa:::5~-o 
CP~Ot>~o:i::• 
000.0'IO ldG> 
Ofet::OM0&:0 
a,OOCOOCI> 0 

P: •~ii:P! P' a 
~ "!~4; 
M HMM 

YIUIYJ 

ii 
;:~ 
=i::: 
.. 0 ~~= .,., 
=i ~ 
~- 8. 0 .. 

0 ... '" ~OHO> 
OJl::•Ut 
:dU"ICI) .,.,., 
d" .. !!,!:! 
1<1~::H .. 
:lUl!l g 
i!;w~;~ 
::s.h.:~Ji 
:~~f;l~= 
cqCI)•-=== .,1:1 .§; .. 
I:!" 8.1,;'" 
li~t~B. 
:rn .. ~9! 
~~1&:°:l? 
:::~ ~~~ 
NC\I C\JNN 

co~ 

. ; ~ii 
A, § G)i go ti~ 
:11 •• :in,: co :-:a. 

N §§§~~ = m: 
~-

0
14111:~ :; ~ .. !:"o IQO .c. :co 

f;fr!~!:~~ im 
-g:;~~ 0 !:!tco 0 ~= go. ~~l§a•~ r::?! 

oo=1 caa:::o tQltSI 
~§JQftS:M:;g t~ 
~~;~~eg~a ·:e: 
lllilt:za:::~C?=o.>f"/:i:: •OC.:C 

i=iiiti!.:!i~~=iit 
~:!~8~~of~IQ"!5~ 

• • • • • 0 M 
""! "?C-:~~ ~ ~ 
N Nt\U"N N N 

I I 
• I com 

a::: ~so = •OOIQ 
CDG>S~ 

W ■ Cl>ld ■ ild C.OS 

I! i:!tl;l:l 
.. •il'!.gl! 
:,f ooa,a," • 
C !5NHt§t 
.. l:IIIQCl>:Ct::SZ 
o •OJ ,i:u :x: 

°'iUD:IC.IQt,' l>ld • ., =· :,:500:i Cl>gt~'3~S~~ 
g ~g,g-g ~:: :a 
cuooa:,oG>t-,ao 
P.SUPitQt,'t::; JI 

~ N~.; 
N NNN 

Yli!I 

14 

ii 
I'! 
e 
0 ,. .. 
il ., ... 

tctu §0 

=· ~~ 
11~ 
G>O .... 
0 
,:o .,., 
"'Sl.; 
a:oo 
■ <OO ...... 
t>ls:; • 

:Jt:1"'s 
" lie, ., .. 
~ffioll§ 
s:: .. •= ~=· o~:;:E 
000.m 
"''"!110 -g:::al! 
car>t,,,,ci? 
ll-.~U~ 

~c:~~ 
"""""""' 

,I, 

"'" I ,c:s; = t::g .,,. 
N i:j_, 

ts 0
~ 

ca!:~a ~c.:i::s: 
G>G>l'::['IO. a!;agg 
t:so~-iza 
,Q~IQO 
.. t:: oca gc::::~, 
=~=~~ OCOG>Mco 

lill'!.8" 
CtlCl>COfi 
~ .. ~"!t=I 
~ 4;"! 

"' "'"' 

I, 
• 

!:i " I! r: 
.. 0 

:,f : " ., .... 
0 .. ., .; ., 
l:!"'!:!ai fiSti: 
000:C 
Ol40tf' 
coocvo 
p..p.. .. 

~ ~ 
"' "' 
Y~ICY 

~ 
E-< 
0 

al 

t 
Q) 

5 
0 

~ 

~ 
~ 
§' 

~ 

i 
I 
~ 

f 
i . 
C\2 

J 
al 

E-i 

} 

! 
! 
I 
l 

t 

I 

!. 
ji 
i1 

mecTH HopMa~en no !pOPMJ~e: 

Ei = B1 + B2Pi. 
3,n;ecb P{ - KOppeKTnpOBBHHHe C Y'{eTOM HeJIIDieffHOCTR cneKTpoMeTpa 
no~o~emrR MBRCRMj'MOB mmoB; ~ - COOTBeTCTBYiJmlle 3Heprmr HOpMa
~en. B KatJ:eCTBe BeCOB ncnOJll,3Y1(lT B~JllI'IHHbl 
f< t.~)2 + (B2· APi) 2 J-1 , npntJ:eM A~ He BKJilOtJ:BeT CHCTeMaTlitJ:ec
KOH 'laCTH norpellIHOCTH 3Heprmr. ITorpellIHOCTb R3Mepemm paCC"'lliTll
BaIOT no !pOpMy~e: 

f 2 2_;) 21112 Ei = t(AB1) + (AB2) J:':i: + rPi + (B2~Pi) . 

3~ecb nepBble TPH lJJieHa onpe~eJISIIOT KOpH,ll;op OWH6OK rpa.nynpoBO'IHOll 
npm1ott; rPi - KOppeJIJlll;IIOHHHH lJJieH; tJ:eTBepTllll lJJieH YtJ:l!TblBBeT nor
pellIHOCTb onpe~e~emm noY.o~emm MBRCRMYMa ruma. 

Rl6op 6 HOpMa~eil (nporpaMMa npe,IJyCMaTpRBaeT OT 2 ~o 6) CBlI
saH c TeM, 'ITO MeTO~ npe,Il;IIO~araeT pa36HeHHe KpRBOll HeJil!Hell
HOCTR Ha Y'{aCTKli R, TallliM o6pa3OM, KBJK,I(BJI o6~aCTb 6y~eT npe~cTaB
Y,eHa no MeHbmen Mepe o,IUiott HOpMBJII,ID. KpoMe Toro, B psme CJIY1IaeB 
BOSMOJKHll ncKBJltemm BeJmtJHH Pisa ctJ:eT pas.IDI'!HblX annapaTypHHX sqi
!peKTOB (HeRsBeCTHble nepexo,nu, npID.leCH, CYMMHPOBBHHe m.myJII,COB, 
BWieT xapaKTepHCTli'leCKOrO R3JIY'{elllm R8 mm RT.~.). Bbi6prurnoe 
'IHC~O HOpMMell nO3BOJIJieT O6HapyiiraTL BRJIB,I{ Tarone 8qXpeKTOB. 

OTHOCRTeJll,Hble siplleKTRBHOCTH H RX norpellIHOCTH BWIBCJifIJOT no 
!pOpMy~aM: 

Si 
Ii=---- ___ :11 Ali = I. {(AS./si)2 + (ASH/sH/? 112 

! S IE l. i j · 
i H' H 

3~ecb £, i - sqxpeKTHBHOCTb cneKTpoMeTpa .lT,JlfI tJ:ac~ c 3Heprnett Bi_ ; 
IH H SH - HHTeHCHBHOCTb n Moma.zu, mma, Bl16paHHOro B Ka.tJ:eCTBe 
HOpMHpoBOtJ:Horo; s 1 - Moma.rt& ruum:6pyeMoro mma. 

PesyJII,TaTbl R3MepeHmf Ha pa3JmlIHllX mm, cneKTpoMeTpli'leCKHX 
TpaRTax n np:ir pasJllllIHHX itosqxpm~rnHTax ycwremm o6pa6aTu:sa.m no 
Me.IJYllltEM !pOPMJJiaM: 

n 
~ E1 (1/4Ei)2 E = __ n _____ _ 

I = 

~ (1/aE1)2 
n 2 
~ I. (1/.Hi) 
1=1 l. --

n 2 
~ (1/llli) i=1 

AE1 

AE2 

AI1 

2 = (oC.1 + 

m 
Z: "'2 )1/2 
i=3 i 
m 

= (c,{2 
2 

+ ~,<_2 ) 1/2 
l.=3 1 

= (ft~ + 

m . 
~ ~2) 1/2 
i=3 r i 
m 

.a.r2 = c; ~ + ~If ) 112 

15 



1 
o<, 2 

= --n-~-- 2 1 

L.. (1/AEi) i=1 

n 2 
~ (1/dE. ) 2 (E - Ei) 

_/ 2 J.:1 J. -----"' 2 = ----- n 
(n - 1) "'fS(1/.;1Ei)2 

n 
1 

f ~ = -±-(1/,Hi)2 
i:1 

L.. 2 2 
2 i=1 (1/i!Ii) (I - Ii) 

/32 - ---------- n-----------
(n - 1) ¼(1/Aii)2 . 

~em, t'I - 'IRCJIO H3Mepemrff; ot.. (rrpn: i. ?:- 3) H JS, ( i. ~ 3) - B03-
MOJKHble CliCTeMaTH'!ecrure KOMIIOH0HTbl rrorpeIIIHOCTH. B K8.1IeCTBe .<1E 
n AI Bb!Onpa.IOT rrorpell!HocT1,, HaHOoJII,myio na AEr, t:1E2 n AI1 , 
{J, I2, COOTB0TCTBeHHo. 

,Uanee paccMaTpHBaeTCR rrpHMeHeHHe MeTO,I(IDW B aJII,qia_-, OeTa
H raMMa-crreKTpoCKOIIllli. 

a) raMMa-crreKTP9CKOIIHR 
~ec1,, rrpe:ar,ne Bcero, paCCMOTpeHO COCTORHHe ~eJI C HOµ.!aJI.RMll 

3Heprmt rrepBoro, BTOporo H TpeT1,ero IIOpJW(.8., IIOJIY1I8HHHMH C IIO
Mom1,ro aOcOJIIOTHblX MSTO~OB H3MepeHHa. 3TH pe3yJII,TaTll .fIBJIRIOTCR HC
XO~blMH B ~aJII,HeHIDett rrpone,nype. 

B Ka'ISCTBe HOpMaJiel TpeT1,ero IIOpJW(.8. ~o 612 KBB HCII0Jll,30Ba
HU 3HeprHH raMMa-JIY1Ieff 182Ta H 192rr *, li3MepeHHble C IIOMOml>ID 
K~HCTaJIJI-~ipparom:OHHoro CIISKTJ)OMeTpa B rrpe~o~o~emm E (4II,8 -
I 8.s:g) = 411,794±0,007 K3B M3E (HOpMaJII, BTOporo IIOpJW(.8.). Hop
MaJm BHeprn:I BU!lle 600 K3B C03~C1, C HCIIOJI1,30B8HliSM 3Ha1IeHlllt 
eHeprnff rrepexo~OB, IIO~eHHblX CJMMHpoBaHHeM KOHKYPHIJYllll1HX KaC
~x rrepexo~OB JJ,JLfI ~OB C xopomo HCCJIS~OBBHHID.m CXSMaMH 
pacrr~a: g5:nTc, 134cs , IIClnAg , I'14ce ll 56Co. IlOCKOJII,Ky 'lliC~O 
TaKHX KaC~OB orpaHH1IeHO, rrpone,nypa BblIIO~eHa MaJiblMH maraMH 
( ,v 300 K3B) H C HCIIOJI1,30BaHH8M qmtTa coxpaHeHIDI HeJIHHeffHOCTH 
cneKTpoMeTpa IIpll ll3MeHemm KOBqqlKUl!eHTa ycMeHHJI C IIOMOml>ID 1IaC
TOTHO-H88aBHCHMOro aTTSHmTopa. 

PesyJII,TaTu oo~ee 800 cepmt nsMepeHlllt Ha pas~x ~eTeKTO-

* w.Beer, J.Kern. NDI, .!!1 (1974) 183. 
HG.Murray et al. Nucl. Phys., 63 (1965) 313. 
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IIYK.lllll Q q E U -~2 AE B1UllA Q q I U t2 •E7 
182Ta 3 - 31.7J?U - - 0.0007 110-..g 5 9 620.353 0.005 0.006 0.014 I 
182Ta 3 - 42.7143 0.0009 17)LI& •4 - 636.129 0.004 0.006 O.OI3 I 
2'1Aa 5 6 59. 538 0.002 0.001 0.002 110-..1 5 8 657. 744 0.002 0.002 0.013 
16'Jb 3 - 63. Illl2 - - O.OOil 07Ce 5 Il 661 .648 0.002 0.002 0.013 

:~~ ~ : i~:WJ : : 8:ffiB n:=: ~ l i~:Ut · 8:~ 8:~ 8:8U 
182Ta 3 - 84.2517 - - U.0015 144Ce 5 IO 696.492 0.004 O.OOJ O.OIJ 
182Ta 3 - 84.6002 - - 0.0016 • 8211r 6 5 698.J6I 0.004 O.OOJ O.OIJ 
160Tb 4 6 $.700 O.OOI O.OUI 0.002 110a.lg 5 IO ?06.672 0.002 O.OOJ 0.014 

:n;t. ! 1
: ~:~ 8:&l½ 8:&l½ 8:!fil ::=: ~ ~ ~:fJ 8:00 8:~ 8:8Ii 

1m: l J ~:~ 8:ffi¥ 8:&!¥ 8:00 1~t i ~ ~:ii~ 8:!fil 8:~ 8:8U 
m~ ~ 12 I~:rnr 0:001 0:001 8:&i19 ,ur.· ·i 10 ~=M2 8:~ 8:883 8:8Il 
169Jb 5 9 109.784 0.001 0.001 O.OOJ 1l4Ce 5 Il 001.957 O.OOJ 0.004 0.016 
182Ta 3 - Il3.6677 - - 0.0022 110-..g 5 9 818.028 0.004 0.007 0.015 
182Ta 3 - Il6.4172 - - 0.0023 95■Tc •4 - lla).632 O.OII 0.012 0.019 
169Tb 5 9 118.191 0.001 0.001 0.003 828r 7 5 827.828 0.005 0.007 0.016 
75S• 4 12 121.117 G.001 0.001 O.OOJ S.lo, 5 14 834.858 0.002 0.002 0.015 

152Eu 4 14 121.782 0.001 0.001 O.OOJ 56Co 6 13 846.777 0.004 0.001 0.016 
57Co 4 15 122.060 0.001 0.001 0.002 152Eu 6 5 867.383 0.006 0.003 0.016 

:m: i i if!:~~ 8:&ll 8:&lf 8:~ l~~g t ~ 879:l~ 8:~ 8:&!3 8:Bil 
75S• 4 12 136.000 0.001 0.001 0.003 88Y 6 Il ffl.048 0.004 0.005 0.019 
57Co 4 6 136.475 0.001 0.002 0.005 110-..g 5 9 937.fQI O.OOJ 0.002 0.017 

141Ce 6 4 145.443 0.001 0.001 O.OOJ 160Tb 6 5 962.347 0.007 0.003 0.018 
182Ta 3 - 152.4298 - - 0.0029 1521u 6 8 964.CYIO 0.003 0.002 0.018 
182Ta 3 lGG.3819 0.0030 160Tb 6 5 966.163 0.005 0.002 0.019 
1)9Ce 4 32 165.854 0.001 0.001 O.OOJ 56Co 6 l8 1037.841 O.OOJ 0.002 0.018 

m~ ~ 1i m:fS~ 8:&ll 8:&li 8:&ll 2~~r l l~ I~t~ 8:&l~ 8:&!¥ 8:8fg 
17)Lu 5 9 179.363 0.001 0.001 0.004 152Eu 6 7 1085.835 0.004 0.004 0.019 
182Ta 3 - 179.3895 0.0034 152Eu 6 8 1Il2.065 0.008 0.004 0.022 
160Tb 5 4 197.026 O.OOJ 0.002 0.004 65Zn 6 12 Ill5.555 0.004 0.001 0.020 
169Tb 5 9 197.948 0.001 0.001 0.004 182Ta 6 8 ll2l.200 0.004 0.002 0.020 
182Ta 3 - 198.3478 - - 0.0038 60Co 6 8 ll?J.236 0.005 0.004 0.021 
75S• 5 6 198.603 0.002 0.002 U.005 56Co 6 ll ll75.095 0.006 0.008 0.023 

167T~ 6 4 207.797 0.001 0.001 0.004 160Tb 6 5 ll77.970 0.007 U.001 0.022 
160Tb 4 6 215.641 0.001 0.001 0.004 1B2Ta 6 8 1189.034 0.004 0.002 0.021 
82Er 6 5 221.476 0 0 002 0.001 0.006 160Tb 6 5 1199.904 0.008 0.006 0.02J rn~~= 1 : ~~=!~ri - - 8:&li~ m~ ~ g m¥:!l§i 8:&ii 8:&i~ 8:8~ mt ~ 1: ~~:~i 8:&l¥ 8:&lI 8:&i~ 1~~ ~ 1~ Im:~ 8:&i1 8:&i~ 8:8~ 

11)Sn 4 15 255.132 0.007 0.002 0.008 182Ta 6 8 1257.416 0.007 0.006 0.02J 
169Tb 5 9 261.069 0.007 0.004 0.009 160Tb 6 5 1271.896 0.007 0.003 0.024 
182Ta 3 - 264.07ll 0.0050 182Ta 6 8 1273. 711 0.010 0.005 0.024 
75S• 5 6 264.652 0.001 0.001 0.005 221& 6 8 1274.531 0.004 0.002 0.023 

17)Lu 5 6 272.lll 0.001 0.001 0.005 182Ta 6 8 l289.Il9 0.007 0.015 0.024 
1))Ea 4 7 276.397 0.003 0.003 0.005 152h 6 5 1299.108 0.009 0.007 0.024 
20)Rg 4 10 279.189 0.001 0.001 0.006 160Tb 6 5 1312.174 0.007 0.0il 0.026 
75S• 5 9 279.535 0.001 0.001 0.006 82Br 7 5 1317.459 0.007 0.007 0.025 

17)Lu 5 5 285.369 0.002 0.003 0.006 60Co 6 8 1332.485 0.005 O.OOJ 0.025 
192Ir 3 - 295.9483 0.0052 56Co 6 15 IJG0.209 0.005 0.005 0.024 
160Tb 5 5 298.571 0.002 0.002 0.006 1)4Co ♦5 - 1365.177 O.OOJ 0.002 0.024 
1H~ i ? ~=~ 8:&l~ 8:&l3 8:m 1~~g +% ~ I~:~~ 8:88% 8:~ 8:8~ 
169Tb •5 - 307.732 0.002 0.003 0.006 152h 6 8 1407.974 o.006 0.004 0.026 
192Ir 3 - 308.4464 - - 0.0054 110aAg +5 1475. 778 0.009 0.006 0.027 
192Ir 3 316.4977 - 0.0056 144Co 6 IO 1489.132 0.009 0.006 0.027 
1521u 4 II 3'4.267 0.001 0.001 0.007 110-.., +5 - 1505.036 0.005 0.006 0.028 
133a. 4 7 356.005 0.002 0.002 0.007 110■Ac +5 - 1562.303 o.004 o.006 0.029 
1JJEa 4 7 383.831 0.003 0.004 0.008 207"1 7 6 1770.253 0.013 0.006 0.034 
10Sn 4 17 391.688 0.002 0.002 0.007 56Co 7 13 1771.347 0.006 0.007 O.OJ2 
75S• ♦5 9 400.650 0.002 0.003 O.OOe 56Co 7 ,9 1810. 768 0.018 0.018 0.037 

1m: ~ ~ m:~t 0
:

006 0
:

007 8:86~ ~~o ~ IS I~:fJ 8:&¥i 8:bW 8:85~ 
192Ir 3 - 416.4501 0.0079 56Co 7 lJ 2015.196 0.018 0.008 0.040 
152h 5 5 443.940 0.005 0.003 0.009 56Co 7 13 2034.772 0.007 0.006 0.037 
110■Ag 5 9 446.002 0.004 0.005 O.Oll 56Co 7 7 2Il3.I54 O.OJO 0.015 0.048 
192Ir 3 - 468.0546 - - 0.0082 144Ce ~ - 2185.607 0.007 - 0.041 
82Br 6 5 554.JJO 0.004 0.005 O.Oil 56Co 7 7 2212.859 0.036 0.038 0.055 

:m: ~ t ~tm 8:&l1 8:&i~ 8:8H m: , ;; ~~:~M 8:~ 8:~~ 8:8t1 
20781 . 4 16 569.683 0 0 001 0.002 O.Oll 56Co 7 7 J009.587 0.023 0.017 0.059 
192Ir 3 - 588.5562 - - 0.0106 56Co 7 7 3201.987 0.019 0.009 0.060 
192Ir 3 604.3942 - - 0.0106 56Co ~ - J25J.414 0.013 0.006 0.060 
1)4Co 5 Il 604. 707 0.001 0.002 0.012 56Co 7 7 3273.000 0.020 0.022 0.062 
192Ir 3 - 612.4460 - - 0.0106 56Co 7 7 3451.173 0.024 0.018 0.070 

Ta6mru;a 3. HopM~ sHep:rmi ra.MMa-~eil. 06osHa'Iemm: Q - no~oR 
HopM~, q - 'IBC~o sRcrrep~eHTOB, ~I H ~2 - rrorpem
HOCTH olr ll ~, COOTBSTCTBeHHO. 
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pax, crreKTpoMeTpH'!ecruoc TpaltT8X H Ill)H pa3HllX KOaqqm:J.'l{eHT8X ycWie
HlI.fI rrp,rae,I(eHH B Ta6JI.3. CJie,Izy"SI *, MU rrp,rao,mm IlOp.ll;IJ;KH HOpMaJieil. 
HopMaJIH K8.lK,Il;Oro CJie.nyKJJlero IlOp.imKS. IlOJJY'leHH B Herrocpe.I(CTBeHHOM 
cpaBHeHJm C HOpM8JIJIMlI rrpe,I(1,I.IT,yllllX. 3HaK + YKa3HBaeT Ha TO, 'ITO 
3Hal!eHHe 1meprHH ITOJIYl!eHO rryTeM CYMMHJ)OBa.HHSI aHeprmt KOHKYPHPYJ>
lllHX KaCKa)Ull,lX rrepeXO,I(OB. 

3Hal!HTeJI1,HOe mmMaHHe B ,I(HCCepTaIJ;Jm Y'AeJieHO BOrrpocy corJia
COBaHHOCTH rrpe,I(JlaraeMoro Ha6opa HOpMaJiett 8Heprmt. 

)lJm llCCJie,I(O_BaHHSI aq$lKTHBHOCTH crreKTpoMeTpOB HCITOJI1,30B8JIHCI, 
ITSITI, pa3JIH'IHH~Ha6opoB o6pa3UOBWC crreKTpoMeTplil!eCrotX raMMa-llCTO'I
HHKOB (OCI'H): 0.I(HH, llSrOTOBJieHHHfl crreUHaJII,HO, IDJieJI rrperrapaTU C 
8KTHBHOCTI,l0 ro6 pacrr./c; l!eTupe, 

0

IlOJIYl!eHHHe HS B/0 "HsOTOil11
, co

,I(epl!t8JIH rrperrapaTU c aKTHBHOCTi>D ro5 pacrr./c. TpH Ha6opa 6wm aT
TecToBBHU ITO aKTHBHOCTH O 6oJiee BUCOKOfl TO'IHOCTI,ll BO BHlfilM 
HM • .n;.H.MeH.I(eJieeBa. HsMepeHHSI rrpooo,I(HJ!Rci> Ha pasJIH'IHWC mm rrpH 
qJHKCRpoB8HHUX 3Hal!eHHSIX TeJieCHOro yrJia H C YlleTOM aq$lKTOB, llC
~ qJ()pMy arrrrapaTYPHOro crreKTpa. ,UaJ:ree, B STHX YCJIOBHSIX H3-
MepeHH OTHOCHTeJI1,HHe RHTeHCRBHOCTH 1-JIY'Iefl pa.I(HOHYJt)m.Il;OB, nplIMe
HSI6MUX ,JJ,JJSI KaJIH6poBKll Cil6KTpoMeTpoB (Ta6JI.4). 

B ,I(HCC6pTaIJ;Jm TIO.I(po6HO paccMOTpeHH BOilpOCU corJiaCOB81IIDI no
JIYl!eHHHX HaMR ,I(aHHilX C ll3B8CTHUMH (H peKOMeH,mreMUMH) pe3yJI1,TaTa
Mll. 

6) 3BK-cneKTP9CKOilHSI 
OcHOBHaSI 38,I(al!a crreKTpoMeTpllll 3BK CBO,I(HTCSI K orrpe.I(eJI8HlllO 

MYJII,TllITOJll,HOCTeff nepeXO,I(OB H, CJI8,I(OBaT8Jll,HO, B03MOl!UlllX KBaHTOBUX 
xapa1tTepllCTHK (I:n-) B036YJ!t.n8HHHX COCTOSIHHfl. Hcxo,I(SI ll3 SToro, pac
CMOTpeHU M8TO,ltl:l H8M6p6HHSI KBK OT,I(8Jll,HUX rrepeXO,I(OB H, ,naJiee, C 
IlOMO~I,10 8TllX ,I(aHHUX - M8TO,ltl:l HSMepeHIDl KBK rpymm rrepexo.noB C 
IlOCJI8.DYIWll™ orrpe,neJieHneM MYJll,TllITOJll,HOCTeil 8JI8KTpoMarHllTHHX rrepe
XO,I(OB. 

Oco6oe M6CTO B 3TOM rraparpaipe srumMaeT BOTipoc IlOCTpoeHHSI 
Ha6opa HOpMaJieil KBK. IlpH BTOM B Kal!8CTB6 HOpMaJill nepBoro TIOp.imKS. 
Mll IlpRHIDJ!aeM 

olK (66I,65 KaB - 137cs ) = 0,0905±0,00IO • 

B 8TOM rrpe~OJIOJKSHllll ll3MepeHU KBK 33 Han6oJiee llHT8HCllBHUX rrepexo-

* B.C.,UllteJieITOB. MeTO,ltl:l paspa60TKll CJIO;KHUX cxeM pacrra,I(a. JI., 
"liaYKa", I974. 
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' 

,nOB ,JJ,JJSI I5 IzyKJill,JJ;OB, KOTOpUe Mll Cl!llTa.eM HOpM8JISIMll KBK BTOporo 
TIOPR,l(K8 (Ta6JI.5). HsMepeHU TaroKe OTHOCllTeJll,HUS llHTSHCHBHOCTll 3BK 
Ha.6opa pa,nnoeyKJIH,nOB, npllMeHSISMllX ,JJ,JJSI K8Jill6pOBKll cneKTpOMeTpOB 
(Ta6JI.6). 

B 3!IBJIIO'IeHne npoBe,neH aHaJill3 ITOJIY'ISHHUX ,naHHUX. 
B) .A.m,q.3.-crreKTP9CKOTIIDI 
B OTJill'Ille OT raMMa- H 3BK-crreKTpOCKOilllH, B aJII,qE.-CTI8KTpo

CKOilllH yxe npe.n;roJKeH IlOCJie,nOB8T8JII,HUH Ha6op HOpMaJieil aJii>ql8.-l!ac
T~ *. Ilo3TOMY rJIBBHOe BHllMaHlle s.necI, y,neJieHO rrpUMeHeHlllO MSTO.I(H
Kll npeUHSllOHHOH cneKTpoMeTpllll ,I(HCKp6THHX H3JIY'I6Hllli ,JJ,JJSI CJIY'IaSI 
8Jll,qE.-'I8CT~. IlpH BTOM paccMOTpeHU KOHKpeTHHe rrpHMepu rrpllMeHeHIDI 
MSTO,IU!Kll "BHSillllefi" H 11 BHYTP8HH8H11 K8Jlll6poBRH ,JJ,JJSI pacrra,I(a 238 

Pu 
ll 226Ra • 

B TpeTi>ett rJiaEe H3JIOJKeHU IlpllHUHITU OpI'aHll3aIJ;lm aTJiaca. (500) 
rumapaTYPHUX cneKTpoB aJII,qa-, 6eTa,-, raMMa- H X-ll3JIY'I8Hlltt, l!SMe
peHHUX C qOMOUU,10 mm, a TaroKe IlpOBe,neH aHaJill3 TIOJIY'I8HHUX pesyJII>
TaTOB /I8/. 

~est cos,naHI!SI aTJiaca a.nrrapaTYPHllX crreKTpoB BOSHUKJia B cMsn 
c TeM, 'ITO K cepe,I(HHe 70-x rr. IlOSIBllJIOCI, CTpeMJieHne K CTaH.I(apTH-
38UHll reoMeTpli'IeCKUX pasMepOB Kl)HCTaJIJia, CBSI3a.HHOe C H8KOTOPHM 
HaCl:llll8HlleM B TeXHOJIOrllll ll3rOTOBJI8HlI.fI IIIUl, 'ITO, CO CBOefl CTOpoHU, 
cos.naeT YCJlOBIDI ,JJ,JJSI CTaH.1(8.pTI!3aIJ;lm ll3MepeHldi. B TaKllX ycJIOBHSIX 
po.7I1, aTJiaca rrpn IIJiairnpoBaHllll ll npoBe.neHllll HOBUX 3KCil8pnM8HTOB, a 
T810Ke IIJlll aHaJIHse ,naHHllX Tpy,nHo rrepeoueHHTi>, 

ATJiaC a.nrrapaTYPHWC crreKTpoB orry6JIHKOBaH B pa6oTe /IB/, B 
,nnccepTanim: JKe paccMoTpeHu Jillllll, TIPRHUHilU ero opraHHSBUHll, 06~eK,
TOM HaIIIHX aKcnepllMeHTOB SIBJISIJII!CI, pa.I(HOHYJt)m.Il;U: 

a) IlpllMeHSieMUe ,JJ,JJSI KaJIH6poBKll ol.-, f->- n 1-crreKTpoMeTpoB; 
6) noJIYl!aewe B peaKUHSIX rJIY60Koro pac~eITJieHIDI X (p, xp, 

yn ) Y c TIOMOUU,10 6UCTpUX IlpOTOHOB (~ = 660 MsB) H rrpe,nCTaBJJJilO
~e RHTepec C TO'IKH speHIDl HCCJIS,I(OBaHllSI CTpyKTYPU aTOMHUX smep; 

B) IlOJIYl!8eMUe B peaKUHU ( ~ ) ll rrpe,nCT8BJIJUiltRe RHTepec C 
TO'!Kll speHlI.fI HeflTpoHHO-aKTI!BaUHOHHOro aHaJIHsa; 

r) IlOJIYl!aewe B peaKUHSIX (Jp) I! (Jn) C TIOMOUU,ll TOpM03HOro 
ll3JIY'I6HlI.fI MHKpoTpoHOB ll npe,nCTaBJ!J'IlOOllle mITepec C TO'IKR speHHSI 
aKTHBaUHOHHOro aHaJIHSa; 

.n) IlOCT8BJISieMUe B/0 "HsoTorr"; 

* A.Rytz. Atomic Data and NUcl. Data Sheets. g (1973) 479. 
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e) llpol!He llCTO'llillKli, upe~CTa.BIDin!!Re RHTepec upn llCCJie~OBa
Hllll oco6eHHOCTefl pa,ItHOaKTHBHOro pa,cua,na. 

B aTJiace ll3JIOl!tellll MeTO.D;l:l UOJIY'IeH.lm llCCJie.nyeMUX p~OHYKJIH
~OB, cuocoou ll3rOTOBJieHHJI llCTO~HllKOB, CllCTeMaTH3llpoBaHHaJI TaOJIH
~ anuapaTypHIDC crreKTpoB C IJ;IITllpoBaHHeM OPHI'HH8JII,HllX IIyOJ.lllKaIJ;lill 
C HaJllllMll 3KcnepHMeHTaJ!l,Hli!Mll ~aHHID.m. Bee annapaTYPHlle cne:KTpll 
npnBe~eHU B ITOPJI,IU<e BO3paCT8HIDI A, B Kru!t,Il;Ofl cepllll ll3OOap - B no
PJI,IU<e BO3paCT8.HR/I z • CneKTPll KruK,IJ;oro ~a pa3~eJieHll no THIIy 
ll3Jly'IeHHJI, np~eM IIPim.lITll CJie.IJY.Kl!llle ~eKCll: I - aJII,qia_-cneKTpll; 
2 - OeTa-cneKTpu; 3 - X- ll 1-cneKTpll. B Tex CJIY'IMX, KOr~a pe
rHCTPllpoBaJIOCh HeCKOJihKO ll3JIY'IeHHn o~oBpeMeHHO, ~eKc IlOKa3ll
BaeT, ,IT,JI.lI ncCJie~oBaHHJI KaKoro H3JIY'Iemm UJiaHHpoBaJIM aKcnepH
MeHT. If, HaKOHeu, ,IT,JI.lI K~oro ll3JIY'IeH.IIJI IlpllBO~TCJI IlOPJI,IU<OBllit 
HOMep cneKTpa. CJie.nyeT 3aMeTHTh, ~TO B pJUJ;e CJiy'IaeB Mll IlpOBO~llJill 
llJIJIJOCTpaTIDlHlle ll3MepeHHJI B YCJIOBHJIX, KOr~a llCKal!tal!llllle annapaTyp
Hhlll cneKTp agipeKTll Hrpa!OT cymecTBeHHyJO poJII,. 8TO I1O3BOJIJieT 
~eCTh ueJIUfl pJm <paKTOpoB IIpll UJiaHllpOBaHllll ll npoBe~eH.lll HOBllX 
3KcrrepHMeHTOB. 

Ha Krul!,Jl;OM pllCYHKe annapaTYPHOro cneKTpa YK33aHll YCJIOBHJI ll3-

MepeHHJI (CM., HanpHMep, pllc.4, 6, 9): . 

TI - BpeMJI, npome.IUJ]ee C MOMeHTa H3rOTOMeHHJI llCTO~HKa; 
T2 - BpeMJI ll3MepeHHJI; 
P - paCCTOJIHHe llCTO~llK - rum; 
~IT - (pllJII,Tp IIOrJiomeHHJI Mel!t.IJY llCTO~OM ll rum; 
B -~ o~opo~Horo MarHHTHOro IIOJIJI CIIeKTpoMeTpa 

C Si ( Li )-~eTeKTOpoM. 

YICa38Hhl T810!te napaMeTpll mm ll ~aTa ll3MepeHHJI. 
B 38.KJIJO'l:eHHe rrpoBe~eH aHaJIH3 HBHOoJiee xapaKTepHHX annapa

TYPHHX cneKTpOB aJib<pa-, OeTa-, raMMa- ll X-H3Jly'IeHHit. 

B ~eTBepTOit rJiaBe ll3JIOlKeHa opraHH38IJ;IIJI 3KCITep.HMeHTOB ITO ll3-
MepeHmo cneKTpoB ~llCKpeTHllX ll3Jly'IeHHll pa~OHyKJIH,nOB C ITpHMeHeHH
eM CO3~8HHOro HaMll Ha6opa HOJ)MaJiefl aneprnn ll llHTeHCllBHOCTett 
J-Jly'Iefl ll 8BK (rJI.Il). 

OpraHH3amno ITOTo~·ux ll3MepeHllll aneprnn ll RHTeHCllBHOCTett 
~llCKpeTHllX ll3Jly'IeHllll Y~OOHO paCCMOTpeTb Ha npHMepe raMMa-cneK
TpoCKOITllll (pllc.IO) - KBR HaHOOJiee CJIOlKHoro cnocooa llCCJie~OBaHllll, 
BKJlIO'Ia.Kl!lero B ce6JI oco6eHHocTH aJIDqia_- n 6eTa-cneKTpocKoIIllll. 
rJiaBHUMll aJieMeHTaMH MeTO~ JIBJI.flIDTCJI: 
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en EKTPOIIETP!l 

OEPAEOTKA CilEKTPA C 
nOIIOIIU,ll 3B11: 
_P,11P. S. AS, o 

KOPPEKUllff HA HEJil!HalHOCTI,: 
"HFJ!IIHE0HOCTl," 

BBO)l JlAHHblX O 6 PEllEPAX 

KAl!IIEPOBKA no 3HEPI'llffll 

KAJIIIEPOBKA no 
IIHTEHCIIBHOCTRM •~EKTIIBHOCTI,• 

HOPIIIIPOBKA IIHTEHCIIBHOCTE0 KO~UIIEHT HOPIIIIPOBKII 

PE3Ylll,TAT!l: E,AE, I. t.l, h 

OTEOP nOJIE3HOl,I ll~OPIIAUIIII: 
I. nAPAIIETP!l PEIIIIIA 11311EPEHl!ff; 
2. KA'IEx:TBO OEPAEOTKII n11KA • 
3 .BKJIA)l DPOUECCA OEPA30BAmlff OAP• 
4.BKJIA)l noqEPHblX II DPl1MECHblX HYKlllJlOB; 
5."PY'IHOO PEIIIII". 

OEPAEOTKA JlAHHblX IIHO!'OKPATHblX 113MEPEHII~: 
I .BKJIA)l DPOUECCA OEPA30BAHIIH nAP· 
2.CPABHIBIIE PE3.YJ!l>TATOB SKCnEPllilfHTA C 

PE3YJ!I,TATAMII J!IITEPATYPHblX IICTO'IHIIKOB; 
3.PACC'IET CTTEKTPA SBK; 
4.Y'IET ~EKTA OT)lAqll ffJlPA. 

PE3Ylll>TAT!l 3KCilEPIUolEHTOB: 

E, AE, I, Al ___ _ 

CTpyitTypHaJI CXeMa aKcnepHMeHTa ITO ll3Mepelll'IIO aHeprnn ll 
) 

RHTSHCRBHOCTefl raMMa-Jiy'Iett pa,IOtOHYKJm,Il;OB C ITOMOUlI,lO 
ITOJIYIIPOBO~KOBllX ~eTeKTOpOB. 
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a) ~or:mta Bll6opa cneKTpoMeTpa n OilTIDv'IaJil,HllX YMOBllfJ. ll3Mepe
HIDI (Tllll n napaMeTpu IIIUl, aHepreTK'iecKHfJ. ,ll;llanasoH, BpeMSI nsMepe
Hmt, nor~omalCllllle qwn,Tpn); 

6) npe,n13apnTem.Hoe ncc~e,noBaHHe He~ettHocTn n aqqieKTnBHoc
Tn cneKTpOMeTpoB; 

B) oT6op no~esHolr HHqx:>pManmIB O.I{HOKpaTHllX n MHOroKpaTHllX 
nsMepemmx n noBTopeHne, B CJiy'!ae Heo6xo,lUIMocTn, no~ofJ. npone.ny
pu O,!{HOKpaTHoro ll3MepeHIDI. 

B ,ll;lICCepTan;m paCCMOTpeHll KOHKpeTHlle IlpllMepu: 1-JT:Y'Il'! 8~r, 
3BK I 3IBa n ol.-lJaCTHnll 242ii1Am • 

C IlOMOUU,ID paspa60TaHHOi1 MeTO~ ncc~e,noBaH pacn~ IBO pa
,ll;lIO~OB. CHCTeMaTH3lipoBaHHlle pesym.TaTll npnBe,neHll B pa6o
Te 9 • B COOTBeTCTBlill c MeTO,!{aMli IlOJJYl!eHRII B~MeHll c~e.n:yx:uure 
rpynnu 8KCilepllMeHTam.HllX ,!{aHHllX: 

a) ,!{aHHlle 06 OCHOBHllX xapaKTepncTIIBa.X pa,ll;lIOHYKJIH,I(a: T1;2 
(c), aHeprIDI ol.-, fo--, p-t--, £- -pacn~a wm: nsoMepHoro cocTORHIDI 
n COOTBeTCTBYJ(IIU'Ie ,!{O~ (B %) pacn~a; 

6) ,naHHHe 06 a~eKTpoMarHHTHllX nepexo,nax: E1, I1, IK; 
B) ,!{8HHlle 06 HHTeHCHBHOCTHX 3BK Ha pa3JllilJHllX no,no6o~ol!Kax; 
r) ,naHHlle 06 aHeprHRX n HHTeHCRBHOCTJOC c,(-lJaCTHn
IloMe,!{OBaTem.HOCTI, npe,ncT~eHM Ta6JllilJHoro MaTepnMa·TolJ-

HO TaKafl JJte, KaK li B aTM.ce annapaTypHllX crreKTpOB. Ee~ B03MOJK
HO ,'IIpHBO,ll;lITCJI Taroite MHOJKHTeJII, q ' rrepeBO.wmtmt OTHOCllTem.Hlle llH
TeHCllBHOCTli B % Ha pacrr~. Ilpn Hop,rnpoBKe Il H I.,c. sa IOO e,ll;lIHHn 
IIPHHRT HaH6o~ee llHTeHCHBHlitt rrepexo,n, a B CJiy'!ae 3BK 8TO YMOBne 
co6.7II(),!{eHo Jlli1ll1, ,!{JIil Ee:;,,, IOO KaB. IloMe.I{Hee saMe'!aHne cMsaHo c 
rrorpeWHOCTI,ID ll3MepeHHR OTHOCllTem.HllX llHTeHCRBHOCTel 3BK. 

OTMeTHM HaH~o~ee BaJKHHe BllBO,IUI ll3 pa60Tll /IB/. 
I. AH~3 ,!{aHHllX raMMa-crreKTpoCKOIIlill llOKa3llBaeT, 'ITO TOlJ

HOCTI, ll3Mepelilltt E1 ITO CpaBHeHm:i C ypoBHeM 1970-1974 rr. yJiy'I[!Ie
Ha 6o~ee '!eM Ha llOpsr,I(OK, a TO'll!OCTI, ll3MepeHM I1 - B 2+4 pasa. 
TeH.I(e:m:nm, IIO-BH.nliMOMY, co:xprumTCH n B 6.n:mtaihnee BpeMSI, IIOCKOJll,
KY H.I{yT llHTeHCllBHlle pa60Tll IIO C03,!{aHHID HOBHX HOpMMett aHeprd ll 
llHTeHCRBHOCTefJ. raMMa-.7lYlJett. 

2. Rrraro.naPR BHCOKOI H~exHOCTll C03.I{aHHlDC cneKTpoMeTpoB IIO
JJY"'I8Hll ,!{aHHlle 06 mITeHCRBHOCTJOC 3ll{ ,!{JIil 95 pa,ll;lIOHYKJIH,I(OB. 0TMe
TllM, 'ITO B psr,n:e CJiy'!aeB 8Tll pesyJU,TaTU YHmcaJII,Hll R llOJT:'j'mTI, RX 
.npyrm.m MeTO,!{aMll Ha cero,!{H.IIIIIHlll ,neHI, IIpaKTK'IeCKR HeB03MOl!HO. 
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3. CpaBHRT8Jll,HO MMO 8KCII8pIDv'!eHTMLHllX ,!{aHHllX O CIIeKTpax 
8..1Il4ia-lJaCTHn. 0,!{HaKO, IIO Mepe npo,nBIDitelllI.fI B CTOpoHy liCMe,!{OBaHM 
KOpoTKOl!WBYJ!lllX HYKJIH,I(OB, pom. IIlUl 6y,neT B03pacTaTL. 

4. EMR li3MepeHIDI HeKOTOpl:lX KOHCTaHT He IIpoBO~CI,, pe
sym.TaTH 3anMCTBOBaHl:l, KaK IlpaBMO,. li3 KOMIIMRTHBHllX pa6oT wm: 
6o~ee II03,!{HRX O!)HI'HHMLHllX pa6oT. B Ta6~ 8Tll .I{aHHlle Ha6paHH 
,lijJYl'llM IllpliqJTOM. 

5. B pesym.TaTe aH~3a BCefJ. COBOeynHOCTli 8KCIIepnMeHTaJil,
HllX ,!{aHHllX C pa3JllilJHOI CTeIIeHI,ID IIO~OTll IIOCTpoeHll cXeMU pacrra.na 
6o~ee lJeM wm IOO pa,ll;lIOHYKJilmOB. 

6. BaJJtHllM yc~oBlleM, KOTOpoM,Y y,noMeTBOpRIDT rrpnBe,neHHl:le ,!{aH
Hl:le, JmJllleTCR B03MOlKHOCTI, llX rrepeclJeTa B CJiy'!ae BBe,neHIDI HOBllX 
HOpMMefJ. aHeprd n HHTeHcnBHOcTett .nncxpeTHl:lX ll3JJY'!elilltt. 

IlpoBe,neHHlitt aH~3 c,neJmH C nem.D C03,!{aHIDI HepapXK'leCKOfl 
cncTew c6opa, o6pa6oTKR n aH~sa crreKTpoMeTpK'!ecxofJ. HHqx:>pMan;m. 
Ka.K yxe OTM8'!MOCI,, pe~3aintlt TaKOI cncTeMU B Hamett JJa6opaTO
p:t.m Ha'!aTa ,~ornKa opraHRsaiimr B ,ll;lICCepTan;im: KOpoTKO paCCMOTpe
Ha), O,!{HaKO, ,neTMLHOe ee OIIRCaHRe BUXO,ll;lIT sa paMKR H8CTOJI111efJ. 
,ll;llccepTmum. 

B MTOA r~e npRBe,!{eHll pesym.TaTH llCMe,!{OBalll!.fI B036yx,neH
HUX COCTOJIHRit HetreTHHX sr,n;e~ CaMapwr ( 145sm , 14 7 

Sm , 
149

sm ) K 
eBpoIIRR (147Eu, 149:Eu, l ~u ). XapaKTepHott oco6eHHOCTLD .I{aH
HOro ll;lllt1I8. llCMe,!{OBaHd .IIBJilleTCR npHMeHeHKe Ha BllCOKOM 8KCIIepn
MeHT8JI1,HOM ypoBHe IIpaKTK'IeCKR BCeX M8TO,!{OB KJiaCCK'I8CKO! CII8KTpo
CKOIIBll (T~.7), tJ:TO, KpoMe IIO~OTU aH~sa, Il03BOJI/leT IIporH03R
poB8.TI, rrepcrreKTllBll rro,no6HHX ncMe.n;oBaHd B 6o~ee nmpoKOfl o6~ac
Tn sr,n;ep n Heo6XO,!{RMOCTI, paspa60TKR HOBlDC 8KCIIepnMeHT8JI1,HllX Me
TO,!{OB K YCTaHOBOK. 

Pesym.TaTl:l KCMe,noBaHRtt MOJEHO cncTeMaTR3RpoBaTI, Me,llYllllllM 
06pa30M! 

I. Ilpn aH~se cnexTpoB 1-JJY'!efJ. n 3BK npn pacn~e 145
Eu 

/ 20/ Ha6Jm,IteHH 94 nepexo,na, ns HllX 35 ra.MMa~rrepexo,noB BnepBUe. 
BnepBil8 ,!{JIil 12 nepexo.n;oB YCTaHOMeHll MYJII,TKllOJll,HOCTll. IIo pesym.
TaTSM 11-coBna.n;elilltt llO.I{TBSpz.T.teHO CYI!l8CTBOBaHlle 13 ypoBHe!. Bnep
Bll8 BB8,Il;8Hll ypoBHH c :xapaKTepncTHKaMll 1962,35 K8B (I/2+, 3/2+) 
n 2385,35 xaB (3/~ + 7/2+). Ha amumsa axcnepnMeHTOB 11(e ) 
ycTaHOM8Hll cnmm Me.n;yJJltllX ypoBHe!: 1436,30 (l/2}, 1627,55 (I/2, 
3/2) B 1658,50 K8B (3/2). YcT8HOM8Hll KBaHTOBlle xapaKT8pnCTmat 
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ypoBlleff: 1843,38 (I/2-, 3/2-), 1972,73 (3/:r"), 2192,96 (5/2- + 
9/2-), 2276,60 (5/2- + 9/:r"), 2293,03 (5/2-, 7/:r"), 2340,60 
(5/:r" + 9/2-), 248!,98 (3/2+ + 7/zt), 2508,22 (3/zt + 7/2+), 
2513,33 (5/:r", 7/2-) H 2558,89 It8B (3/2+ + 7/zt'). Ha OCHOB8HIDI 
6aJiaHca aHeprmt rrepexo,noB ,no1ta881IO cy111ecTBOBaHRe ypoBllefA: 
!843,38; 1950,76; 2340,60 H 2558,89 KBB. 

2. B crre1tTpax 1-Jr:f4efA H 3BK rrpll pacrra.ne 147Eu / 2I/ Ha6Jm
,neHu 68 rrepexo,nOB, H8 HHX 25 - BrrepB!le. BrrepBUe YCTaHOBJieHl:l 
J\IY.1II,THITOJII,HOCTH II rrepexo,noB, ~TO Il08BOJIWIO YCTaHOBHTh KB8HTOB!le 
xapaKTepirCTHKH CJie,u;yxmruc ypoBlle:11: I006,67 (5/2-), I043,50 (3/2-), 
!054,24 (3/2+), !077,04 (5/2-), 1303,73 (3/2+, 5/2+), 1449,II 
(3/2 + 7/2), I453,2I (3/2+, 5/2+) H 1548,53 1taB (3/2-, 5/2-). 
Ha OCHOB8HHH peayJII,TaTOB eJ-coBIIa,neHmt H 6aJiaHca 8HeprHtt BBe,ne
Hll HOB!le ypoBHH: 872,97; !228,08; I3I7,66 (3/2-); I3I7,82 (3/2 + 
7/2)+; I3I8,06 (3/2-, 5/2-); I47I,44 (3/2-, 5/2-); 1471,90 
(3/2-, 5/:r") 111629,98 1taB, a Taitllte rro,nTBep,r.IJ;eHo cymecTBOBaHRe 
COCTO.IIHHfi: I2I,22; 197,28; 798,72; 1006,67; 1043,50; 1054,24; 
!077,04; II80,23; I449,II; I453,2I 11 1548,53 KBB. )J.IDI I5 ItaCita
,IJ;OB HSMepeHl:l 1/-yrJIOBlle ItOppeJIJIJJ;lllI, WIil 8 118 ImX BIIepBUe. MsMe
peHl:l BpeMeHa l!W8Hll BOS6yJ!t,I(ellllUX COCTOJIHllff B 147sm: I2I,2 K8B 
(TI/2 = 0,83(3) HC) H 197,3 KSB (TI/2 = I,30(5) He). 

3. Bee Ha6~,e1.w:e rrepexo,nu B crreKTpax J-JryqefA H 3BK rrpn 
pacrra.ne 149Eu paaMe111eHH B cxeMe pacrra.na. BrrepBue c BllCOKoii 
TO"llIOCThD ll8MepeHU 8Ha~eHlUI KBK WIil rrepexo,noB: ollt (277,I ItaB) = 
0,0808(23f H o(It (327,5 ItaB) = 0,05I4(I5). MaMepeHO BpeMSI lKll8Hll 
ypoBHJI B 49sm 22,5 ItaB: TI/2 = 7,31(5) HC. 

4. B crreKTpax J-Jryqelt H 3BK IlpH pacrra.ne 147Gd / 23/ Ha6Jm
,neHu, I42 raMMa-rrepexo,na. Brrepme orrpe,neJieHH HHTeHCllBllOCTH 8 1toH
Bepc1romrux K-.mnntlt. B crreKTpe Il08HTp0HOB 06HapyxeHO ,ll;Ba ItOMITO
HeHTa c· I'paHll'llIW,ll 8H0pI'll8MH E.,ot (II60j;I3) ItaB H E,4 ..... (933±5) ItaB. 
IlOJiy1IeH1l 8HatreHWI r,,... /IK229 = (4,36±0,44) .ro-3 H I;5; /IK229 = 
(2 !9+0,15)•10-2. Orrpe,neJieHa pasHOCTh MaCC 147Gd ~ 
I4~Eu-: Qit = (2IB5,±5) 1taB. Ms 8H8Jlll8a crreKTpoB e1-conrra.nemnt H. 

aHepreT~ecKOro 6aJiaHca BBe,neHU HOB!le COCTO.mnm: 1007,40 (3/zt + 
7/2+); !337,70 (5/2+ + 9/2+); I77I,93 (5/~ + 9/2-); I8I6,06 
(5/2+, 7/2+); !838,82; !874,69 (5/2+, 7/2+) JI !905,64 K8B (7/2+). 
BrrepBue orrpe,neJieHll xapaKTepllCTllKR YJ>OBRII !474,57 It8B (5/2-, 
7/:r"). 
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5. Ilpu aHa.Jm88 CIIeKTpoB J--:,ryqet.t. H SEK IIPH pacIIa,ne 149
Gd 

/ 24/ 06Hapyi1teHo 94 ra.MMa-IIepexo.na,'us HIIX 53 - BIIepBHe • .TI.ml 
OOJII,lIIHHCTBa nepexo,noB ycTaHOBJieHH MYJII,THIIOJII,HOCTlt. BnepBHe H8Me
peHH sHaqeHWI KBK ]].JUI IIepexo,noB: ..lK (I49,7 K8B) = 0,459(I5), 
olK (298,6 KSB) = 0,0723(20) 1t ..lK (346,7 KsB) = O,I87(6). Ha 
8HaJIH8a CII8KTpoB eJ- H 11-coBIIa,neHHtt, a TaroKe Ha OCHOBe 6aJiaHca 
SHeprutt lt mIT8HCHBHOCTett SJieKTpoMarHHTHHX IIepexo,noB BBe,neHH ,D;Ba 

HOBWC ypoBHJI (869,0I u I050,86 KSB), a TaroKe IIO,D;TB8l)llt.n:8HO CYllle
CTBOBaHHe cJie,IJylJIIHX COCTO.RHHtt: 534,30; 666,29; 748,6I; ?94,98; 
875, 9I_; 933, I3; 938, 6I; IOI2, 67 R I097, 59 KsB. H8MepeHo BpeMSI 
lltli3HH ypoBHJI I49,? KSB B 149Eu - Tr;2 = 0,3I(2) HC. Onpe,neJieHa 
,D;OJIJI am,qia-pa.cna,na - re,(. (30I8 KSB - 149

Gd ) = (6,3+I,2) •I□-4%. 
6. B cneKTpax J--:,ryqett u 3BK IIPH pacIIa,ne 151

Gd /'Z5l o6Hapy
JKeHo TpH HOBHX nepexo,na. C BHCOKOit TO~OCTJ:,IO ( ,._, 2%) lt8MepeHa HH
T8HCHBHOCTJ:, ISc....JIY'Ieil. BnepBHe H8MepeHH C BHCOKOtt TO~OCTJ:,10 KBK 
M8,eyDlllIX IIepexo,noB: olK (I53,6 KSB) = 0,426(I3),«'.K (I?4,7 KSB) 
= I, 73I(43), olK (243,3 KSB) = 0,0202(6) H o<'.K (307,5 K8B) = 
0,0605(20). H8 8HaJIH3a CII8KTPOB eJ-coBIIa,neHutt BBe,neH HOBHit ypo
BeHJ:, - 2I6,I8 K8B, a T8.Rllte IIO,D;TB8l)llt.n:8HO cymeCTBOBaHHe COCTOJIHillt 
260,46; 307,52; 349,89 H 353,64 KSB, 

7. IlpoBe,neHa CHCTeMaTHKa HeqeTHo-HettTpoHHHX smep C8MapH.SI 
(A= I45, I47, I49) H HeqeTHO-!IpOTOHHHX smep eBpollWI (A= I4?, 
I49, I5I). B smpax caMapH.SI Ha6JIIO,ll;8IOTCJI ypoBHH c O,D;HH8KOBblMU xa
p8KT8pHCTmtaMH I.Jr = 7 ;2-, 3/2-, 5/2-, B smpax eBpollH.SI MOlKHO npo
M8,D;lITJ:, IIOBe,neHue aHaJIOrR'IHWC ypoBHeit c Ir = 5/2+, 7 ;2+, n;2-, 
?/2+ H 7/2- B 3aBltCllMOCTH OT YB~8HRII ~Ma HeitTpOHOB, Ha OC
HOB8HHH COBOJCYIIHOCTH 8KCIIepUMeHTaJil,HHX ,naHHHX IIOKa3aHO, qTo B 
pacCMaTpHBaeMHX smpax CYlll8CTBylDT COCTOSIHHJI MHOroo6pa8HOil !Ipltpo
,D;H: 

a) cqiep~ecKHe cocTo.RHRJt (mmme B I45sm ) ; 
6) COCTO.RHWI, o6yCJIOBJieHHHe CBfI3J:,JO KOJLJI8KTHBHHX ,D;BIDKeHuit 

qeTHo-qeTHoro OCTOBa C O,D;HoqacTlt'rnliMU H KBa8~aCT~HllMH ,D;BIDKeHIDI
MH HeqeTHOil qacTUDµ (I2I,23 KSB (3/2-) 1t I9?,28 KSB (5/2-) B 
I4?sm); 

B) COCTOSIHHJI c MHOro~CTR'!HOit KOHipn:ryp8D;l{eit (995,I2 KSB 
(9/2-) lt I554,I7 K8B (9/2-) B I47Eu )f 

r) ,necpopMRpOBaHHHe COCTO.RHWI (B 5IEu ). 
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B mecToit rJiaBe np:1rne,neH pesyJII,TaT HOBoro 1rnMepeH1IJI sHeprutt 
CBlt3H .nettTpoHa, 

3HeprWI CBfI3H ,IteilTpoHa ( € D) .fIBJI.1!8TC.fI O,D;HOH H3 ipyH,n8M8HTaJil,
HHX KOHCTaHT, CBfI3HBamtett MaCCH HettTpoHa, IIpoTOHa H .nettTpoHa H, 
TaKHM o6pa30M, HeIIocpe,ncTB8HHO BJIWimteff Ha DIKaJiy aTOMHHX Mace. 
0,D;HaKO IIpoBe.n;eHHHil aH8.JIH3 8KCnepuMeHTOB no H3MepeHUIO E.. D IIOKa-
3aJI, qTo, no-BH.n;uMOMY, MOrJia OHTJ:, ,nonymeHa CHCTeMaTuqecKa.rr nor
pellIHOCTJ:,, CBlt3aHHa.fI C npuMeHeHHeM IIltKa )U30HHOro BHJI8Ta aHHHrH
JI.RimOHHHX KBaHTOB U3 IIIJ,U, 8TOT qia.KT CTlJMYJIUpoBaJI nocTBHOBKY HO
BOrO 8KCnepUMeHTa no ll3MepeHHIO GD C nOMO!lll>lO paspaelOTaHHOro Ha-
6opa HOpMaJiett aHeprutt J--:,ryqett. 

reoMeT~WI 8KCnepHMeHTOB lt800pa.llteHa Ha pHc,II. Po-Be HCToq
HHK ( 9' I. IO HettTpoHOB/ C ). noMelllaJICJI B napaipmIOBlitt napaJIJieJienHIIe,It 
pa8M8paMll 34x34x40 cM3 , KOTOphltt O,D;HOBpeMeHHO BlillOJIHHJI ~ 
38M8,D;JillTeJIJI HettTpOHOB ll BO,ItOpo,D;Hoff MllI118HH, TnnnqHUf.t. annapaTYIJHlitt 
CII8KTp C !IpHM8H8HH8M pa8JIHqHHX KaJIHOpoBOqHHX HCTO~OB nOKa3aH 
na pltc,I2. PesyJIJ:,TaTH oelpa60TKlI IO cepd ll3Mepemtlt C noMO!lll>IO 38 
cM3 Ge(Li )-,neTeKTopa H C ncnOJII,30BaHH8M pa8~ ycrumTeJiett 
H aH8JIOro-wrqipoBHX npeo6pa30BaTeJiei1 npHBe,neHH B Ta6JI,8, !um BH,n
HO, RCnOJIJ:,30BaHHe 8H8pI'HH nHKOB BHJieTa aHHHrHJI.RimOHHHX KBaHTOB 
MOXeT !IpHBO,D;lITJ:, K CHCTeMarnqecKHM omu6KaM np:a O!Ip8,D;eJI8HHH g D· 
TaKHM oelpa80M, SHeprH.rr CBfI3H .nettTpona paBHa: 

E.n = En+ E.rro = 2224,5?2:!::0,040 K8B • 

0TM8THM, qTQ OCHOBHa.rr norpellIHOCTJ:, CB.fI8aHa C norpellIHOCTJ:,JO HOpMa
JllI J4II,8 (CM, Ta6JI.8). C IIOMO!lll>lO STOil B8JIWmHI,I H pa3HOCTH Mace 
cneKTpoCKO~ecKoro . .n;y6JieTa (H2 - 2n ) = I442,232(4) miB * MOlKHO 
nOJiy"'IHTJ:,: 

n - In = D - (H2 - 2n ) = ?82,34D_t0,040 KSB • 

YqlJTHBa.rr 3H8pI'HIO CB.FISH K-SJieKTpona D BO,nopo,ne (0,0I4 ItsB) H Mac
ey noKO.fI SJieKTpoHa (5II,0034(I4) K8B iBE), IIOJiytiaeM: 

n - p = I293,329 :!: 0,040 KSB. 

CorJiaCHO . (g)' 
n - p = I293,43 :!: 0,04 K8B. 

* L.C.Smitt and A.H.Wapstra. Phys.Rev. c., 11 (1975) 1892. 
•dE ~8M8lITaJil,Hil8 qiRsmecKHe KOHCTaHTH. rcCCJ(I-76. Ha,n. CTaH,IJ;ap

TOD, M., I976. 
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tr/>.-------~-----~-----~----~ 

Ill37.8 - "" D 2l!ll.Z 

1.a1-/ ii•-'"'·1 , .S - 22sa ----- 2212.9 _!i'c
0 

:; r.-"'°""~- I I 1711.3 •""• 2223.3 • "D a u = 

--1 
_ _ _ n 1~1712.2 

I 1,"
6 

xm.r-
10 1-- 89B.0 ~l~ - 65 -=-• ~ =-•I I \ OB ..... , , K. .. '""·· I 

hii ""' ""° ,ax] ...., ,._....,. 
-- P11Ic. I2. Ilpl!Mep aRcrrep:HMeHTa no 11!3Mepemno eHepnm CM3K 'Aettryona • 

lllI,ll IIllK E .i.E .i.E' a1 a2 a3 a, 

3D3 JlB 2223.371 0.025 0.014 0.009 0.013 o.006 o.oa:i 
Ge(Li) OB 2223,188 0.038 0.025 0.019 0.023 0.009 0,029 

~n 2223.255 0.040 0.014 0.008 0.005 o.on o.038 

20CIIM2 I EHi JlB 2223.235 0.028 0.022 0.008 0,019 0.006 0.Oa:J 
Ge(Li) 

Tael.mma a. PeaynTaTH aRcrrepm.1eHToB no KsMepemno eneprmr 1-:,r:r:r.ett 
B peamnm 1H(n,J)2D C llOMOllll>D Ge(Li) -'AeTeR'l'OPOB, 
~rr. OB H .IlB - mnm no.mtoro norJIOillemm, o,mmo,moro 111 

,nBO:lb!oro BW!8TOB, OOOTB8TOTB8HRO. 
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Krut BH.I(HO, pacXO,JtHMOCTL COCT8.BJISl8T (IDO_t20) aB. 
B ~ccepTauID{ llpRBS'ASH aH8JIH8 llOJJYt!SHHHX 9KCll8pm.l8HTaJIJ,HliX 

'AaHHliX. 

OcHOBHli8 peaynTaTH HaCTOR!llett pa6OTli MOlltHO Cq)Op.!YJIHJX)Ba.TL 
6oJiee KpaTKO B mr,n;e CJie,Izy"JIIIRX BHBO'AOB: 

I. CO8'AaH COBpeMeHHlitt KOMITJISKC cneKTpoMeTp:II'l8CKOtt annapaTY
pli C ~· napaMeTpli KOTOporo HaxO,nsITCJI Ha ypoBHe .rrytmlllX 'AOCTIDKe
Hltll /IO. IlapaMeTpu lite cne1tTpoMeTpOB SBK H Ha cero'AlJ.RlllHHff 'A8HL 
JlBJIJI!)TCJI peKOJ)'AHHMH /l7/. Ha OC,OBe BC8CTOpOHHero aHamraa poJIH 
eJieMeHTOB cneKTp0M8Tpa C nrr.n /5 peamraoBaHH OllTl'!MaJIJ,Hlie ycJIO
BWI .IVIR ItaX,ll;Off KOHKpeTHott cncTeMH mm-npe'AfCIDmTeJIL. Ilo'A pyKO
BO'ACTBOM H llpH Henocpe'ACTB8HHOM ~aCTRR aBTOpa KarOTOBJieHa aneK
TpoHHM amxapaTfpa, ltOTOP8J o6ecrre"tlraaJIB. qJR8H'l8CKH8 BKcnepl'!MeH
Tli B rrepKO'A 1969-1979 rr. 5/. neTaJIJ,HO KCCJI8'AOBallll xapaKTepKC
TlIKH Bcero ltOMIJJISKCa CII8KTp0MBTPll'l8CKOtt amxapaTYPH' ~3pa60TaH 
Ha6op T8CTOB 'AJIH KOHTpo.JIJI Ka~eCTBa CHCT8Mli B neJIOM I • 

OnuT 9ltCITJIYST8UID{ KOMITJie1tca CII8KTpOM8Tp:II'l8CKOff amxapaTYPll C 
mm JI8DT B OCHOB8 Opra.HH88UID{ COBp8M8HHOtt CKCT8Mli c6opa, 06pa-
60TKH K aHBJm3a Cll8KTpOM8Tp:II'l8CKOtt RHqlO:(NauID{ Ha 6aae SBM 
EC-I040. 

2. neTBJILHO HCCJI8'AOBaHll K_CHCT8MaTH8HpoBaHll aqilleKTll, HCKa
lltallllH8 qiop.!Y arrna~TYPHOro crreKTpa aJILqia-, 6eTa-, rBMMa- H 
X-K8JJYt!SliKtt /II,I'I/. 

3. PaccMoTpeHH Borrpocu o6pa6oTitK cneKTpam,HHX JIKHHit c rro
MOutl>ll aBM K BUT8IU\!l.YH8 ia BTOro aHamraa CJI8'ACTBIDI npH IIJiaHHpoBa.

HKR e1tcnepKM8HTa /Il,I7 • 
4. HaJioxeHa M8TO~ npeliji8HOHHUX H3MepeHKff eHeprml H OTHO

CKTeJILHllX HHT8HCHBHOCTett ~cKpeTHUX K8JJY'l8HK!, a T8.Rllt8 COOTB8T
CTeyllll88 npqrl)EIMMHoe o6ecne~eHHe 'AJIH o6pa6oTitK aKcnepl'!MeHTaJIJ,
HWC 'AaHHllX /I2-I4,I7/ • 

5. CO3'AaH corJiaCOBaHHlifl Ha6op HOp.!aJI8fl eHeprHtt H OTHOCH
TeJILHllX RHTeHCKBHOCTett r81,!!,'ja-ff.1eff K SBK, npKMeHJieMIIX 'AJIH KBJm6-
poBKK CilBKTpoMeTpoB C mm /G,I ,IG,I7/, COCTOR!llKfl H8 CJie,IzylElHX 

HY'lt,lIH.nOB: 
a) rm.lMB.-K3JJY'leHHe - 56co, 75se, IIOmAg • I33Ba, I34cJs • 

I44ce, I52Eu, I53Gd, I60,rb, I69rb, I7ILu, I73Lu, l82Ta, 
192:rr 207Bi R 22~a • • • 
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6) SBK- 149Gd, 151Gd, 152Eu, 169Yb, 173Lu H 207Bi. 
3Kcnepm.ieHT8Jll,HHe norpell!HOCTH llSMepeHlillX SHaqeHHff SHeprnff COCTaB
JI.fIIOT (l+IO) sB, 1rnTeHCHBHOcTeff - 0,5-1,5%. 

6. llsMepeHH KBK 33 Ha.Ir60Jiee HHT0HCHBHHX nepexo;n;oB ,ItJilI CJie
ID'J(JlllllX HYRJilI,ll;OB: 139ce, I41ce, 149Eu , 149Gd , 151Gd , 152Eu , 
152Tb , 156Tb , 167Tm, 169Yb , 172Lu , 173Lu , I76m.r,u , 203Pb 
n 207Bi. 8RcnepHMeHT8.Jll,HHe pesyJU,TaTH no~eHH B npemoJiollteHmr, 
qTo · K (66I,7 KsB - 137cs) = 0,0905,±0,0010. PeKoMeH,Izyewe sHa
qemm MOJKHO C"IBTaT:q HO¥,;)~ BToporo no~ npn Ka.Jrn6pomrn 
cneKTPOMeTpoB KBK 116• 71 • 

7. C:11:cTeMaTirnn:poBaHhl, npoaHamrs:11:poBaHH H ony6~oBaHH /I8/ 
500 annapaTYPHHX cneKTPOB aJI:E,ipa-, 6eTa-, raMMa- H X-ns~eHHff 
.IiJJJI 200 p~O~OB. Ha.KoMeHHHff OilHT B Ha6ope MaTepn:Ma .IiJJJI 

no;n;o6Horo aTJiaca nosB~ cqioJlMY~poBaTb npHHnmru cos;n;a.HIDI M8lillIB
Horo 6aHKa annapaTYPHHX cneKTpoB. 

8. C IlOMOUU,IO paspa6oTaHHO:lt cneKTpoMeTpH'l:eCROil annapaTYPH ll 
MeTO,IIHKH HSMepeHHff C paSJIWlHO' CTenelibJO Il~OTH HCMe;n;oBaH ~o
aKT:11:BHHff pacn~ I80 HY1(..lm.ll;OB I 9/. IIo cpaBHeHHJO c 6oJiee pammr.m: . 
9KcnepllMeHTaMH TO~OCTb HSMepemm SHeprnff raM?.ia-~e:lt yJiy'!llleHa 
6oJiee qeM Ha nopimoK, a ToqHOCTb HSMepemm OTHOCHTeJU,JillX HHTeH
CllBHOCTeil - B 2+4 pasa. ,Il,aHHue lite o cnexTpax 3BK .IiJJJI 95 pa,mw
~oB npaKT~ecKH e~cTBeHHHe Ha cero,nH.lllllHHff ;n;eHb, YJIYllllleH
HHe napaMeTpH cneKTpoMeTp~eCKO:lt anrrapaTYPll IlOBHCifJIH pesyJU,TaTHB
HOCTb n JtaqecTBO llSMepeHH:lt, qTo, B HTOre, npllBeJIO K OTKPllTlll'J 60-
Jiee IODO HOBHX nepexo,:n;OB. IIo~eHHHe ;n;aHHHe B TO:lt IfJlH HHOil CTe
rreHH :11:cnoJU,SOBaJrn: npn: paspa6oTKe It1lH yTo~eHIDt 100 cxeM pacrr~a. 

9. ieT8.Jll,HO, c npHMeHeHHeM IlpaKT~ecKH Bcex MeTo,:n;oB MaCCH
qecROit crreKTpocKOrrmt, RCCJie,:n;oBaH ~OaKTHBHHff pacn~ HeqeTiru:X 
~OB eBP,OIIIDI (A= 145, 147, 149) H r~OJIHHIDI (A= I47, 149, 
151 ) /20-257, 

IIpoBe;n;eHo 6oJiee 200 cepntt RsMepeHH:lt crreKTpOB 1-JrYTJ.eil n 3BK, 
o6HapyxeHO IIO HOBHX nepexo;n;OB n BITepBlle HSMepeiru: HHTCHCHBHOCTH 
6oJiee 40 KOHBepCHOHiru:X~. BllepBHe c BliCOKOff TOqHOCTbD HSMe
Feiru: KBK HaH6oJiee HHTeHCHBHWC rrepexo;n;oB npn pacn~e 149Eu, 
49Gd H 151Gd. C ITOMOIIII>ll COBpeMeHHOff annaW,TYPH lrCMe;n;oBaHH 

crreKTPll JJ- (14~u, 149Gd) H eJ- (147Eu, 147ci:a, 149Gd, 
151Gd) COBIT~el!H:lt. llsMepeHH H rr~aH8Jm3ffiB8Jrn: pesyJ!bTaTH 11-
yrJIOBHX KOppe.JI.!IUH:lt rrpH pacrr~e 1 ~ H I 7Eu • lfaMeieHU BpeMe
Ha DSHH WITH B036~eHHHX COCTOJmd 147sm (,IUla), I 9sm , 149Eu 
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H 151Eu • Onpe;n;eJieHa 9Hepl'HJI pacrr~a 147Gd ~ 147
Eu , a TaKllte 

;n;oM aJU,qia_-pacn~a 149Gd • · 
Ha OCHOBe COBOicylIHOCTH 9KCilepm.!eHT8JThHllX ;n;aHHHX rrocTpoeHH 

cxeM!l pacrr~a HCMe'AYeMHX JIYl(.lil<mOB. BBe;n;eHO 20 HOBHX'COCTOJIHHff, 
no,:n;TBeplK.I(eHO 23 :e: HCI(JllOqeHO 6oJiee IO ypoBHe:lt, npemoJIOlltHTeJU,HO 
BBe;n;eHHHX paHee paSHHMH 8.BTOpaMll, BllepBHe onpe,:n;eJieHll KB8llTOBH0 
xapaKT0pHCTHKH 14 COCTOJIHHff. 

Ha OCHOBaHHH no~eHHHX pesyJU,TaTOB rrpoBe;n;eH aHaJIHS CBOffCTB 
B036~eHiru:X COCTOJIHHH HCM0'AY0Ml1X .imep. B .impax cruJJapn.11 npoMe
l[llB80TCJI noBe;n;eHHe aHMOr~HX ypoBHeil c I:rr = 7 ;2-, 3/2-, 5/2-
B 38.BHCHMOCTH OT yB0JIH'l:eHHJI 'IliCJia HeilTpoHOB, B Jmpax eBpoIIHJI -
ypoBHeil c Ir= 5/2+, 7/2+, 11;2-, 7/2+ H 7/2-. EoJiee ;n;eTMbHHil 
aHaJIHS C npHBJietJ:eHHeM ,:n;aHHHX .imepHHX peruw;Hil noKaslmaeT' tJ:TO 
c~ecTBy>JT cocToJIHHJI MHoroo6pasHoil npHpO.u;H: c{pep~ecKHe (mwme 
B 45 Sm ) ; COCTOJIHHJI, o6yMoBJieHHl:le CBJl3bll KOJIJieKTHBHHX ,!UlHl!teHHil 
tJ:eTHO-tJ:eTHOro OCTOBa C O'AHOtJ:aCT:e:qHHMli H KBaSHtJ:aCTHtJ:HHMll 'ABl{lle

HHllMH He'l'.eTHOit 'l'.aCT~ (nepBH0 ,:n;Ba B 147 
Sm); COCTOJIHHJI c MHOrO

tJ:aCTK'IHOit KOH~eit (995,12 (9/2-) H I554,I7 KSB (9/~) B 
14 7 Eu ) ; ;n;eqx>p.mpoBaHHHe COCTOJOO'IJI (B 151 

Eu ) • 
IO. BllepBHe no 1IHKY noJIHoro norJiollleHHJI npH perHcTpan;mI B 

Ge ( Li )-;n;eTeKTOpax raMMa-JIY"4eit OT sana.Ta TeMOBHX HeilTpoHOB 
Bo;n;opo;n;oM BllllOJIHeHO JISMepellll:e sHeprHH CBSISH :xteffTpoHa - s D = 
2224,572±0,040 xaB. Cpa.BHeHHe BTHX ,:n;aHHHX c npe~, mm6o
Jiee TO'l'.HllMH, pesyJ!bTaT&m yKa3llBaeT Ha paSHOCTbt paBHYD 0,095± 
0,020 ItSB. MEl npemOJUU'aeM, 'ITO S8.Blllll8HHe en B npe~ pa6o
Tax Bll3BaHO HCilOJI1,3OBaHH0M ,IT,1IH RSMepeHHJI aHeprHH mn<a ,:n;BOIHoro 
BWieTa. Hs H81l1RX .re~ BHTeKaeT. 'ITO paSHOCTb Mace n -

1
H = 

/26/ 782,340j;0,040 K9B • 
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