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OEIJWI XAPAKTEPHCTHKA PABOTH 

HacTOJmtlle KCCJI8,ttO:eamm Blill0JIH8Hl,[ B HayqHo-axcnepHM8HT8Jll,HOM OT
,1t8JI8 JJJt8PHOI cneRTpoCROllKK K pa.ne:OXKMHK Ja6opaTOpml JJJt8PHllX npo6~eM 
OIDIH C HCllOJII,SOBrumeM HM8illlt8rOCJI B 8TOM OT,1t8JI8 KOMIL7I8RCa a~eRTpoHHott 
annapaTYIH, llOJIYIIpoBO.ttHHROBHX Cll8R'l'poMeTpoB H 6eSllt8JI88HOro 6eTa
Cll8RTPOMeTpa C TOpoH,Itam,mm MaI'HKTHHM llOJI8M. 

ARzya.m,HOCTL pa6om. 3xcnepKM8HTaJILHOe HCCJI8,1t0Brum8 CTIJYRTY.PH H 
CBOICTB BOS6yJgtemmx: COCTO.a:mrlt aTOMHHX JJJtep .IIBJISI8TC~ O,IOiOtt HS BalltHel
lllHX Sa,ttaq JJJtepHol qMSKRH. 0TCYTCTBH8 SaBepmeHHOI T80pml aTOMllOro JJJtPa 
CTBMY~PY8T ll0JIY'l8HH8 HOBWC 8RCll8p:e:M8HT8Jll,HllX .ltaHHWC C ~e~lD YT0'!JH8-
~ CY1118CTByD!tRX MO,tt8JILHHX npe,ttCTal!Jiemnt, 'ITO B CBOlD otJepen llOBllllla
eT Tpe6o~ R Ratl8CTBY H ,1tOCTOB8pMOCTH JJJt8pHO-Cll8RTpoCROllHtleCROtt 
mtqlO~ • 

HsyqaeMM OMacTL·CHJILHO ,tteqiop,mpo:eammx JJJtep.npe.ttCT~eT SHa
tlHTe~H!ll HHTepec HM8BHO C TO'IKII spe~ npoBepRH llOJmOTH OllHCaHM 
COBpeMeHHHMH MO,lteJLCJMH peam,HWC CBOICTB 8THX JJJtep. 

Paspa6oTamme B ,ltHCCepT~ M8To.ztli 6wm llPHM8H8Hll JtJIJI ll0JIY'l8~ 
HOBWC H 60Jiee TO'IHWC 8RCll8PHM8RT8Jll,HWC .ttammx O cxeMaX pacna.tta pa.ne:o- . 
aRTKBHHX JJJtep, ti:To cnoco6cTByeT 60Jiee llOJIHOMY no~ saxoHoMep:ii:oc
Tel pa,ltl![OaltTHBHOro paona,tta H ,ltaJll,HeflmeMY pasBHTHlD npe,ttCTal!JieHHI O xa
paRTepe Jlltepmn BSaHMO,ttelcTBHI B oMacTH CMLHoll .tt$J)MB.Um. 

ll8JIL pa6om. Cos.ttamre MeTO.ttHRH npe~sHommx: HSMepemnt aHeprKH 
raMMa-RBaHTOB llPK llOMOl!lll llOJIYllpoB0,1tHHROBHX ,1t8T8RTOpoB (IIlU() C HCll0~-
80BaHH8M :3IN JtJIJI o6pa60TRH pesy~TaTOB. 

Paspa60TRa M8TO,ltHRH HSMepe~ MSJIOHHT8HCHBHl:,IX ROMllOH8HTOB llOSl!
TpoHOB Ha 6ase OB8TOCWILHOro 6esxe~esHoro 6eTa-cneRTpoMeTpa c TOpo
H,ItaJll,HHM 148.l'HHTHHM ll0JI8M • 

IlpoBe,tteHHe HCCJI8,1tOBruml pacna,tta ,tteqiopr,mpo:eammx JJJt8P I 5%o, 
16'Tm H 165Tm Ha OCHOBe paspa60Trumwt M8TO,ItHK JtJIJI llOJIYtl8~ MaR

CHM8JILHO BOSMOllHOro o6~eMa npe~SHOHHOil HHq)Op,!~ o CTPYRTYP8 OOOTOR
Hd l(Oti:epHHX JJJtep 159ny , 16~ H 165Er • 

AHamt8 oco6eHHOCTe! cxeM pacna.tta yxasammx JJJt8P H CBOIOTB HX 
BOS6Ylr,ltemmx COCTOJUIHI, a TaDe CHCT8MaTH8~ H CpaBHeJm8 C pesyJII,
TaTaMH M0,1t8JILHHX pacti:eTOB. 
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HaV'!HruJ HOBllSHa. Paspa6oTrum HOBI,Ie MeTO,ItHRH npeQHSROHHoro HSMe
peHlUI 8Heprmi: ra.MMa-RBaHTOB C nOMOllt&JD IDlI{ H KSMepeHRJI cneXTpoB MBJIO
HHTeHCllBHl:DC KOMIIOHeHTOB nosHTpOHOB C Kcnom,soBrumeM 6esxenesHoro 6e
Ta-cneKTPOMeTpa C TOpolf,I(8JlbHllM MaI'HKTHllM n?JieM, KOTOp!ie nosBOJmDT 
onpe'AeJIJITb aHeprmi: raMMa-nepexo'AOB c norpeII1HocTm.m B Hecxonxo a~eKT
poH-BonT H nOJIY"qaTb CBe'AeHRJI (rpamr<IHHe aHeprmi:, HHTeHCHBHOCTH) 0 
nOSHTPOHax C RHTeHCllBHOCTI,JD 'AO !0-5 pacn.-I. 

BnepBI,Ie o6HapyiteHO nosnTpoHHoe RSJIY'leHRe 159Ho R c BUCOKOil TQq
HOCTblD onpe'AeneHa paSHOCTb MaCC 159Ho --159ny. B cnexTpax ll08HTPO
HOB 16~m R 165Tm YCTaHOMeH!l 5 HOBHX KOMIIOHeHTOB noaRTpoHOB, qTo 
noaBOJmJIO Ha nopR,ItOK y.ey,:mIRTb TO~OCTb onpe'Aenemm 8HeprRR pacna,IJ;a 
R CH.lI,Tb HeO'AHOSHa~OCTR B onpe'Aenemm 8TOtt BeJIRlmHl,l, cyniecTBOBaBDllie 
pattee. 

Ilpe.14,1IOXeHl:l HOBl,le cxew pacna.n:a Hccne'AOBammx R80TOnOB, OTJllllta!O
DtKeCH Bl,ICOKOi TO~OCTI,JD onpe'AMeHRH 8Heprntt R XOpolllIDJI 68JlaHCOM HHTeH
CHBHOCTett BOS6Yl!Utemmx COCTO.mmil. 3TO o6CTOHTencTBO ll08BOJillJIO 'AaTI>. 
aHepreTnqecxoe o60CHOBaHHe lJYMeTY ypoBHett npoTRBOllOJIOXHOtt qeTHOCTH 
npR aHeprRR 590 ;SB B 165Er • Ha CYl!leCTBOBaHHe KOTOporo YltaBl:lBaJIOCb 
pa.Hee. Bnep:eue Onpe'AeneHa pasHOCTb 8Heprd ypoBHett 8TOro lJYMeTa, KOTO
pru:r COCTaMHeT !54 ± !3 aB. 

B Rccne'AOBaHltlDC HeqeTHl:lX HSOTOllOB .ItHCllP08M BnepBl:le n~eHO 
yxasrume Ha BOS6Yl!UteHRe llPR paCna,IJ;e I59Ho COCTOHHRJ:i, RMelllltllX 6eTa
BR6paQHOHIWe nPRMeCR. B smpe 16:3Er lf,I(eHTHqimn!poBaHa raMMa-BR6pa
QHOHHruJ nonoca, KoTopru:r pattee He Ha6Jm,ltaJiacb. JJ.,m ypoBHett 16:3Er H 

165Er c 8HeprRHMR BOS6Yl!UteHM BWIIe I,3 MaB o6HapyiteHO SHaqnTenHoe 
~parMeHTRPOBaHRe COCTO.mmil TpeXKBasnqac~oro MYnTRnneTa 

{ p 1/2+ /411/ + p 7/2- /52:3/ + n 5/2- /52:3/} • 

Ilpaxmqecxru:r ueHHOCTb. Paspa60TaHHru:r MeTO'ARKa RSMepeHRH 8HeJr
m raMMa-KBaHTOB c ycnexoM 6~a ncnom,soBaHa ,It.7I1I nocTpoeH:wr llOJIHOro 
Ha6opa HOPMaJiett 8Hepr:l!ltt raMMa-RBaHTOB, KOTOpi:ltt MOEeT 61:lTb npRMeHeH 
npR rp8,ll:yRpoBKe cneKTPOMeTpoB ,It.7III ~aMeHTaJII,Hl:DC R npnMa,ttHI,IX RC
Me'AOBamrll. Il~emwe peaynTaTl:l 6~ ncnonsoBaHl:l npR COS'AaHRR ro
cy'AapcTBeHHl:lX CTruJ'AapTHl:lX cnpanO'llll:lX 'AaHHl:DC (fCC.l{) MHOropenepHWC 06-
pasQOB!:lX cneKTpoMeTpnqec.KRX ra.MMa-RCTO~KOB. 

Ilpe.14JI01temwe cxew pacna,IJ;a 159Ho · , 16:3Tm H 165Tm R cBe
'AeHR!I 06 RSJIY!IeHIDDC 8TRX HSOTOllOB paCD!lip!D)T 8KCllePRMeHTanHYD OCHOBY 
npoBe'AeHM KCMe'AoBaHd HettTpoHO'AeqimnITHl:lX JJ,Itep, e111e 60Jiee y,ItaJiemmx 
OT no.'IOCl:l 6eTa-cTa6wn.HOCTH. 

Il~eHRe TO'llll:lX 'AaHHHX O lI:Y6~eTe ypoBHeil npoTRBOllOJIO:EHOtt qeT-
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HOCTR B 165Er npe'ACT~eT RHTepec C TOqltH_SpeHRH B08MOXHOro Hay
qe™ HecoxpaHeHM qeTHOCTR B aneKTpoMarHRTHl:lX nepexo'Aax MellQ:C" JJ,IteJr
Hl:lMR COCTOHliMMR• 

Ha SalJllJTY' Bl:lHOCHTCH cneIIVJJllme nOJIOXeHM R peaynTaTl:l: 

I. MeTO;ItlIRS. npeQHSROHHl:lX RSMepeHRtt aHeprd raMMa-KBa.HTOB C no-
MOllt&JD nonynpOBO'AHRKOBHX 'AeTeKTOPOB. • 

2. MeTo~ecRHe pemeHM'npo6new RSMepeHRtt MaJIORHT8HCllBHl:lX KOM
noHeHTOB nosRTpoHHoro KSJIYIIeHM C llOMOllt&JD 6esxenesHoro 6eTa-cneKTpo
MeTpa C TOpolf.I(MbHliM M8.I'HRTHllM nOJieM. 

3. 3xcnePRMeHT8JlbHl:le pesynTaTl:l HSytleH:wr cneKTpoB nosHTp0HOB H 
aHeprmt 6eTa-pacll8,Il;a 'A*pt,mpoBaHHWC H,D;ep 159Ho , 16:3Tm 11 

16
5Tm 

4. 3xcnePRMeHT~Hl:le.'ASHHl:l8 06 aHeprRHX R RHTeHCRBHOCT.IDC raMMa
KB8HTOB K 3BK, MYnbTHnOJ.II,HOCTJDC raMMa-nepeXO'AOB H e - J - CO}lllaJl:eHR-
JDC npR pacna.n:e 159Ho , 16:3Tm H 

165Tm • 
5. CxeMl:l pacna.n:a . 159Ho , 16:3Tm H 165Tm • IlHBO.D;li o KBaH-

TOBl:lX xapaKT8PRCTRKax B086Yl!UteHHl:lX COCTOHHHil 159ny , 
16

:3Er R 

165Er • 
6. PesynTaTl:l anaJIHaa 11 RHTepnpeTanim c:oottcTB ooa6Y1t,JteHHl:lX coc

TO.mmil 'Ae~pt,mpoBaHHl:lX JJ,Itep 159ny , .16:3Er H 165Er • 
7. IlHBO.D;li o SaKOHOMepHOCT.IDC 6eTa-CWIOBHX qiyHKQH:lt pacna,n:a HetJeT

Hl:lX l'ISOTOnOB .rOJII>MXR: R TY~• 
Anpo6amrn pa60Tl:l. 0CHOBHl:le pesynTaTll HCC~e'AOBaHRJ:i, l'IMOJteHHl:le 

B ,ItHCCepTaQHR, 'AOM8,Il;l:lB8JllICb R o6cyx,n~cb Ha XXYI1 (!977 r~. Tam-
KeHT), XXYIII (!978 r., A.nMa-ATa), mx (!979 r., PHra), XXX 
(!980 r., Jiemrnrpa.n:) H XXXII (!982 r., Kl!:eB) BceCOJDSHl:lX COB8IIIS-
HRRX no H,JJ;epHol cnexTpocxomm: R CTPYRTYPe aTor.moro 8~, Ha XIY 
(!975 r.) l'I XY (!978 r.) MeJr,IzyHapo~ COBelll8,Hl'IJDC no JJ,ItePHOil cneKTpo
CKOIIlm l'I TeOpml JJ.Itpa B ,IJ,y6He, Ha MellJtYHapo'AHOil xo~pe~ no qnISHKe 
smpa B EepMH (!980 r., CIIlA), Ha ceMHHapax no qm:snxe aroMHoro JJ.ItPa 
.nmr oIDrn. 

Ily6nRxa1pm. OcHOBHl:le peaynTaTll nccne'AOBSHd, n~emwe B .ItHC
cepTaQHR, npe'ACTaMeHl:l BIO pa6oTax, ony6JnmoBaHHl:lX B neHT~Hl:lX 
HS,wumlil'. RB BR'A8 npenPRHTOB OIDili. 

06:J,eM paqom • .l{RccePTSQHH COCTORT HS BBe'AeHW!, Tpex rnan H aa
KJID'IeHM 11 CO'A8PDT 85 cTpamm TeKcTa, 2I Ta~ Ha 39 cTpammax, 
65 PRCYHROB Ha 44 CTpammBX :a: CllRCOK .mrrepaTYJ)l:l HS 99 Ham.ieHo:aamdt 
Ha II CTpammax. 
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CO.nEPJKAJIKE P.AEOTH 

Bo BBe~emm $8TCJI o6ocHOBrum8 rutTy-aJII,HOCTH Tem HCCJie.n:oBaim:H: 
C\P()pMy.7lllpOBamt ~e.mt. Haytm8JI HOBHSHa R OCHOBHJie IIOJIOJEeHWI )tHccepTa
~. BllHOCE'M!le Ha Sa.IIIKTY-

B nepBO:lt rJiaBe ormcamt pesyJII,TaTH M8TO,ItR'I8CRIDC paspa60TOIC .ItJill 

IIpoBe.n:emtr1 npeni,tSHOHHlDC HCCJie,n:oBa.Im:lt raMMa-H3JIY'l8HWI R 3BK c IIOMOll!I,IO 
mm H RSMepeimff ClleXTpoB MBJIORHT8HCHBHHX ItOMllOH8HTOB IIOSRTpoHOB C 
RCllOJII,SOBrumeM 6eszeJI83HOro 6eTa-cneRTpoMeTpa C TOpo:e;n;am,HWI! MBI'mlT
mtM nOJieM. 

HMOJEeHH cnoco6H IIOJiytI8IDISI R !Iplll'OTOMemm PSJtR08.RTID3HHX RCTO"I
IilntOB, HCIIOJll,30Bal3IlllDCCJt 13 RSMepemmx. Ilo.n:po6HO OllRCaHa M8TO,n:Rlta RS
Mepemm 8Heprd H MHT8HCRBHOCTell rBMMa-RBaHTOB R 3BK c IIOMOll!I,IO nony
npoBO~ItOBWC cneKTpOMeTpoB. PaCCMOTpeHH oco6eHHOCTH !IpRMeHemISI pas
Jllf<IHWC ltOM6IDirunnl mm, CII8XTpoMeTp:a-qecRWC lta.H8JIOB lI B.HBJm3H.PYDI18i!: 
arrnapaTY1)ll .ItJill RCCJ!e,ItOBaHRJI crreKTPOB rBMMa-RBaHTOB R 3BK ll}ll[ peme
HRR XOHRpeTmoc sa,n:a-q. 3.n:ec:& xe npm3e.n:eHH .xapaRTep:acm:im RCllOJII,SOBaH
HWC cneXTpoMeTpoB R Cq>opMyJmp0Baml Tpe6oBaHRJI X RX napaM8TpaM R yc
JIOBW!M npeni,tSHOHHlDC RCCJie,ItoBa.Hllfl. 

TO"IHOCT:& RSMepemr.a aHeprd R lltHT8HCRBHOCTett )tHC!tpeTHHX RSJJY"Ie
Hd pa,ttl!OaKTHBHWC HYR,7IIJ.ltOB orrpe,IteJIJieTCJI :xapaRTep:aCTRKaMI! CII8XTpoMeT
poB C IIIU{, M8TO,It:1UtOit HSMepeimff H, .I'JiaBHHM o6pasOM, llpm48H8HH8M 3BM 
.ItJIJt o6pa6oT.KH cneXTpaJ.U,HWC .7Illlllift. PaCCMOTpeHH qio,PMa ammpaTYPHOro 
cneKTpa H BonpocH o6pa60Tim crreICTpaJ.U,HOi!:.mnnm C IIOMOll!I,IO 3:BM. lisyqe
HO MRJIHRe HaR60Jiee B8.llll!WC napaMeTpoB arrnapaTy-PHOro Cll8KTpa Ha TO"I
HOCT:& R BOCnpo:e:sBO,n:RMOCT:& IIOJJY"Ia8WX pesyJII,TaTOB; c.n:eJiaH mmo.n: 0 BOS
MOEHOCTR nOJiytieHWI sHa"!emm nos~ IIRROB R xx: IIJioma.n:ett c norpemHoc
T.m.m, COOTB8TCTB8HHO, ~I0-3 Ka.Ham R 0,3 i- 0,5% np:a co6.mQJtemm orrpe
,IteJieHHl:lX Tpe6o:aamrli, llllT8RB.IDIIIHX RS RCCJie,n:oBaHHWC SaBRCRMOCTe:lt. 

JlaH IIO,Itpo6Hlltt aHSJmS aqxl)eICTOB pasJm"IHOi!: np:apo.JtH, XOTOpie Il!)HBO
MT R HCKa.ZeHRlll anrrapaTYPHOro cneICTpa. Ci.Pc>PMYJmPOBamt Tpe6oBamm .It 

YCJIOBlmM 8ItCll8pm48HTa .It,1IJt npoBe,IteHWI npeD;KSHOHlOOC RSMepeHRtt lit C.IteJiaHH 

131lBO,ItH O .ItOCTHD:MO:lt TO"IHOCTH pesyJII,TaTOB. 

OrmcaH MeTo.n: onpe,n:eJiemm aHeprd lI RHT8HCRBHOCTett raMMa-IraaHTOB 
HS CII8ltTpoB, IIOJJY"Ia8MWC C IlOMOll!I,IO IlIU(. 0TJm"IKT8JII,HOit OC068HHOCT:&IO 
paspa60'l'aHHOi!: M8'l'O,n:RR]I[ lltSMepeHWI 8Heprd r8l'l!Ma-RBaHTOB JD3JIJI8TCJI IlOJIY
"IeHRe TO"IHWC SHa"Iemd 8Heprd 130 l3C8M RCCJie,n:yeMOM Jtll[allasoHe cneXTpa 
raMMa-lltSJIY"I8HWI PSJtROHYltJil:I,ItOB. HCIIOJII,SOBamre .It,1IJt 8HepreTll"!ecROI xa
JIR6p0Bim mecTH penepoB o6ecne'!DmaeT MmmMaJI1,mte l'rCitaZeHWI annapaTyp
Horo cneRTpa :e: llllCORYD .n:ocTOBepHOC'l':& IlOJiytiaeMWC peSYJil,TaTOB. 3Ta oco-
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6eHHOC'l':& OR8.38Jiac:& pemaiomett llJ)H npoBe,n:eHRR llOTO"IHWC HSMepeHRll CJIOZ
ma: Cll8R'l'p0B rBMMa-RBaHTOB. 

MeTo.n: BKJIIJllaeT B ce6Jt npe.n;BapxTeJI:&HyD ItoppeKni,tD pesyJI:&TaToB o6-
pa6oTRR annapazypma: cneRTp0B (nosRni,ttt llRROB :e: we llJIODta.n:e:lt) :e: llOCJie
.n:ylllll88 JIRHe:ltHoe rrpeo6pasoBrume "rros~ rmRa - aHepI'lm", "wroma,n:1, rm
Ra - lltHT8HClltBHOCT:&". IIPH onpe.n:eJieHRR0 8Hepnm raMMa-RBaHTOB rrpe,n:Ba
J>HT8JI:&HO rrpono.n;:e:TCJI HCCJie.n:oBaHRe Hemme:ltHOCTR cneRTpoMeTpa. HeJIRHeil
HOCT:& cneRTPOMeTpa 0( p ) orrpe.n:eJIJteTCJt Kalt OTICJIOHeHHe IIOSmtmr rrn:
Ra p C 8H8pI'He:lt E OT npOHSBOJI:&HO B!,16paHHOit IIpm,!Oit p =A+ BE. 

Ha nprutTHKe H8M8,PJI8TCJI CII8RTP K8JIR6p0BO"IHWC lltCTO"IHHROB, IIO .n:BYM 
JmHrulM Pr H P2 C 8H8p!'HJIMH Er H E2 IIp0BO,n::e:TCJt llpl!MM R no OT
ICJIOH8HHJIM 

i;:" [P2-P1 P1•E2-P2•E1] 
0 1 = pi - E

2
-;, ·E1 + ~-E.i 

CTeneHHHM .PJI.n:OM B:e;n;a 

M 
a' ( P ) = 2:= ~.pU-1 (M ~ 5) 

n=1 
annpoRcm.mpyeTCJt Hemme:ltHOCT:&. IIapaM8Tp!,I ~ COXpaHSD'.lTCJt llJ>H He-
HSM8HHWC yCJiomm:t HSMepeHHtt (crreRTpoMeTp, aHepreTR"!ecm ,n::e:anasoH H 
T.~.) lit lltCllOJII,SYJlTCJt II.PR pac"!eTe KoppeRTHJlYlllll8:lt IIOllPaBRH It IIOSm:tRR:M 
lllltROB B lltCCJie,n:yemx CII8KTpax. 

Mero.n: Tpe6yeT HSJm1IHJi B lltCCJie,n:yemx cneRTpax Boero mecT:e: penep
HWC JIHHm1: C TO"!HO H3B8CTHHMII aHeprrun.m. IloCJie ItoppeRD;KH nosimmt JIR

m lltCCJie,n:yeMoro cneRTpa Ha HeJIRHe:ltHocT1> MeTo,n:oM HaHMeH:&lIIHX RBa.n:pa
TOB no mecTH penepaM orrpe.n:emmTca napaMeTpH npeo6pasoBaHWI "nosRUWI 
ImRa - 8HeprWI" E =Br+ B2P H npOBO.n:HTCJt pac"!eT aHepr:e:tt ~cex Jm

HHit HCCJie,n:yeMoro cneRTpa. 
JVUI onpe,n:eJieHWI HHT8HCHBHOCTett raMMa-RBaHTOB rrpe,n:BapHT8JII,HO lltC

CJie,n:yeTCJt aqxl)eRTRBHOCT:& cneRTpoMeTpa. C llOMOlljI,D HCTO"IHHROB C HSB8CT
HHMH RHT8HCRBHOCTJ'IMR (a6COJmTHl:lMH lL7IlI OTHOCHTeJI:&HW.m) rrudMa-RBaHTOB 
orrpe,n:emmTCJt 8RCnepHM8HT8JI1,HH8 SHa"!eHHJI e( E1) , IIO ROTOPf™ Me
TO~OM HaRM8Hl,lIIHX ItBa,n:paTOB annpoRcm.mpyeTCn SaBHCHMOCTI, 

M 

1n 8( E ) = ~ Cn• (ln E)n-1 (M~5) • 
n=1 

3Rcrrepm.1eaT8Jil,HO llOJJY"I8HHHe SHa"!eHWI wroma.n:ett ImROB KoppeICTRPYJJTCJt Ha 
aip:peRTRBHOCT:& lit c llOMOll!I,IO mmei!:Horo RO~eHTa rrpeo6pasOBamJJI, no
JIY"I8HHOro rro RSBecTHol (.mr6o npozsBOJI:&Ho sa.n:aBaeMoit B CJJY"Ia8 ornocH
TeJI:&HHX HSMepem) lltHT8HClltBHOCTR O,n:Horo HS raMMa-rrepexo,n:OB B HCCJie-
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,DyeMOM oneRTpe, nepeBQ,ltliTOJI B HHTeHORBHOOTl! (a600JIJOTH!le :wm: OTHOOH
Tem,HHe). 

B ,ItlICoepT~ IIp:HBO,ItlITOJI 4K>PMY.1lll, llOllOJII,SyeM!le IIPH paotreTe aaep
:rmt, HHTeHoHBHooTett H me norpelllHooTeii B CJ!Y'IMX omtoRpaTHHX H MHoro
KpaTHHX HSMepeHHii; .ItaHO Ollllorume nporpaMM. 

B llOCJI8,ItH8M pas.ztene rna:eu HSnOllteHa MeTO,ItHRa HSMepemm MaJIOllHTeH
OHBHBX ROMIIOHeHTOB llOSHTpoHOB O IIOMOntT>D 6esxenesaoro 6eTa-oneRTPOM8T
pa o TopoH.zt8.1I1,HllM Ma!'HHTHl:IM noneM. CetreHHe npn6opa oxeMaTHtreo.rm Hso-
6paxeao Ha PHO. I. PaooTOJIHHe Me,r,Jty HCTOtrHHROM HSJIY'l8HHJI (2) H ouim-

3 

2 

6 

TlIJl'JIJinlIOHHl:,IM ,It8T8RTOpoM (6) PaBHO 
700 MM; anepzypa npR6opa orpaHHtre
Ha RpyrJIID.m Heno,ItlllDltH!lMH (4) R 
IIO.ItBHmmMH (5) ,ItHaq>parwmm, Sa.zta
Dlltm,m ,ItHanasoH yrnoB mco.zta traomq 
30° (nPH MaROHMaJILHOii OB8TOOHJie 
20%)f 75°; paspemaJlllllaJi onooo6Hocn 
oneRT,POM8Tpa 0,5 + !~I% (no l'IM

nyJII,oy) llpH OBeTOOHJie !0+20%, OO
OTB8TCTBeHHO. 

B HOCJI8,ItOBaHJm HORa.llta!OIIlHX 
qirutTopoB annapazypHoro oneRTpa, 
onpe.zteMeM!lX ROHOTPYRTHllHHMH ooo-
6eHHOOT.m.m: HOIIOJII,SyeMoro 6eTa
Oll8RTPOMeTpa, YCTaHOMeHo, trTO: 

a) DCTHpoBrumeM nJ)H6opa 
PHo • I. CxeMa Oll8RTpoMeTpa .ItOOTlll'Hy"Ta xopomaJI OID.1M8TPHJI q,op-
aneRTp0HOB O TOPOH.zt8JI1,.IWM W Oll8KTP8JI1,HOii Jll!HIDr IIPH f.m.ROH-
MarHHTHIIM llMeM (CT-2). M8Jll,HOii TPaHOMl!OOim; 

'I - Ropnyo oneKTpoMeTpa, 2 - pa- 6) Bepxwm oqeHRa paooeJIHHJI 
,ItHOaRTRBH!ltt HOTOtJHl!IK, 3 _ 0,ItHH aneKTPOHOB o Ee ;;i:. 35 KaB. Ha MMe-
HS BHTROB TOROBOii KazymRH, 4,5- eynax rasa, llonytraJlllllaJiOJI HS YCTa
,ItHaq>parM!l, 6 _ OinrHTlIJl'JIJinlIOHHWt HOMeHHoi!: SaBHCHMOOTK pacoeJIHHJI OT 
,IteTeRrop, 7 _ OBIIHqOBaJI SaII!IITa. BeJIHtmHU OOTaTOtrHOro .ItaMeHIDI B 

06'I>eMe RaMepll, OOOTaBMeT ~0,0!% 
npn pa6otreM .ztaMemm 5• ro-5 + ro-4 Topp; 

B) npH ,ItOCTHI'nyTOM YPOBHe KOMneHC~ BHemHHX MarHHTHWC nonett 
( < 0, or rayoc) He Ha6Jm,ItaeTCJI HORalltemrlt q,opw oneRTpB.1I1,Hott .mmmr 
rrpn aHeprHJDC 3BK, 6om,mmc IO RaB; 

r) B YCJIOBHJIX llPHHy,ItHTem,noro OXJiax,IteHHJI TOKOBOil KazymRH BJIHJIHHe 
TeMnepazypaott .zteq,oPMainrH BHTKOB H OOOTBeTOTBYJ)lllero HSMeHeHHJI ROHqlHI'y
!)aitlIH MarHHTHoro nMJI He npeBl:llllaeT 
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0,003 A/°C Ha llMOllteHHe Oll8RTpB.1I1,HOil mrHHH; 
0,06%/0c Ha paspem8DlllYJ) onooo6HooTL np116opa; 
0,05 %!°c Ha Tpru!CMl!OOIID. 
HoCJie,Ito:erum q,oHoBHe yCJIOBHJI rrpoBe,IteHHJI HSMepeHHii ll03HTPOHOB 0 

llOMOIIlI>D TOp0H,It8JI1,HOro 6eTa-cneRTpoMeTpa, SaBHOHMOCTK 8qx,p0RTHBHOOTH 
peI'HCTP~ OT 8HeprHR ll03HTpoHOB H aneRTPOHOB, a Ta!Ot8 MHJIHHe 06-
paTHoro paooeJIHHJI llOSHTPOHOB OT llO,ItnOltltll ROTOtrHHKa Ha 4K>PMY HenpepllB
Hl:DC 6eTa-cneRTpoB. 

PaOOMOTpeHO MHJIHHe <po.J?Mll OII8KTpB.1I1,HOtt mrmm Ha armapaTYPHOe 
paonpe.zteneHHe HenpepllBHoro 6eTa-cneRTpa. C aTott qem,n npoBe.zteHo Hsy
treHHe q,opw oneRTpam,nott nHHRH TOp0H,It8JI1,HOro 6eTa-cneRTp0M8Tpa, BH-
6pano MO,It8Jll,H08 npe.ztOTaM8HR8 ee B·BH,Ite: 

rayooOBOROe paonpeneneHHe + 8ROIIOH8HIJlI8JI1,H!ltt "XBOOT" 
H YOTaHOM8H!l SaBHOHMOOTl! napaMeTpoB 8Toro npe.ztOTaM8HHJI OT m.mynL
oa (aHeprHR) traoTHq. IIony-qeHo mi:paxemre MJI Ro~eHTa RoppeRJnrH 
annapaTYPHHX 6eTa-oneRTpoB, ytrHTHB8lOIIlero BJIHJIHHe peaJII,HOll q,op.lll oneKT
paJII,Holl mrmm. 

IIpne.zteHO OnHorume nporpaMMl,l o6pa60TRH MHOrOROMIIOH8HTHWC 6eTa
oneRTpoB. 

Bo BTOpott r~aBe RSnoxeH!i pesy~LTaTH 8KCnepHMeHT8JI1,HWC HOCJI8,ItO
BaHHil oneRTp0B H3JIY'l8HHii llPH paona,Ite ,Iteq,ol)MHpoBaHHHX H,ltep 159 Ho, 

163Tm H 165Tm MeTO,ItaMH 6eTa- H raMMa-orreRTPOOKOllHH. . 

B oepHH IIOCJI8,ItOBaTe~LHWC HSMepeHHii oneKTpa raMMa-H3JIY'l8HHII 
159 Ho' o~.zteneHo sHatreHHe rrep110.zta rronypaona.zta aTOro HSOTona:· T1; 2 = 
= 33,05 ± O,II wm. . . . • . 

Il08HTPQHH08 HSnytreHHe 159 Ho Ha6Jm.zta.nooL HaMH Bnepmi:e; Ha PHO. 2 
npne.zteH O.ItRH HS aRonepHMeHTam,ma: 

NI 
' ,, 
', ' 

' I 

Plio. 2 

,,+ - Oll8KTp0B Hero rpaqJHK 
~epMl!-KDpH. 06Ha~mme TPH ROM
llOH8HTa II03HTpoHOB 159tto o OYMP,fap
HOil HHT8HOHBHOOTLD 0,25! ± 0,017% 
paona.ztOB II03BO~ Ha,It8JKHO YOT~O
BHTL ero aHeprHD paona.zta: Q

8
+ = 

= 1838 ± 3 RSB. I 

B oneRTpax rSMMa-IalaHTOB H 
3BK I59ffo H.It8H~p0BaHO !08 
rBMMa-rrepeXO,ItOB H MJI 65 HS HHX 

yoTaHOMeH!l MfJll,TKnMLHOOTH. BIIep
BHe MJI 159Ho HSMepena HHT8HOHB
HOOTI, HonyoRaeMoro IIPH pacna.zte xa-
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paRTepncTHqecxoro KX-H3JIY'leHIDI ll rrpoB9'AeHa 8KcrrepHMeHTaJII,H8SJ 
oueHKa BepoJITHOCTll 6eTa-pacrr~a Ha OCHOBHOe COCTomme 159ny 

ITO CPaBHeHIDO C rrrs~ pa60TaMR 06~eM ITOJJY'i8HllllX CBe'AeHJrll: 0 
raMMa-rrepexo'Aax 59Ho B~Oe 60JII,me, IIPH 8TOM TOtJHOCTI, HSMepemur lIH
TeHCRBHOCTeil raMMa- KBaHTOB ll 3BR B 3-4 pasa, a - 8Heprml raMMa
rrepeXO'AOB Ha IIOp!J.ItOK mme. 

IlpH llSMepeHRR cneKTPOB COBII~emrtt raMMa-KBaHTOB c 3BR B pacn~e 
I 59Ho llOJIY'leH!l CBe'AeHIDI 06 RHTeHCHBHOCTJDC COBn~eHmi WI.II 30 raMMa
nepeXO'AOB, nosBomrnnme 'AaTI> y6e'AHTeJII,HOe o6ocHoBrume rrpe,IµIoxeHHoil 
cxeMe paclla'Aa. 

HsMepeHo SHaqeHRe nepllO'Aa nOJiypacn~a 163Tm TI/2 = I,8I0 ± 
± 0,005 qaca, qTO npRMepHO BIO pas TOtJHee ~ee llSBeCTHOro. 

IlPR nccne'AOBaHHH cneKTpa llOSHTpOHOB 1 3Tm YCTaHOMeBll 5 KOM
ITOHeHTOB (Hs mrx 3 Ho:aax) c cyw,iapHoil HHTeHCRBHOCTI>D 0,424±,0,0I6% 
pacn~oB. Ha6.7IXUtemre HOBHX ROMllOHeHTOB B COBORYITHOCTll c YTOtJHeHReM 
BepOHTHOCTH aneKTPOHHoro SaxBaTa WI.II COCTOHHHR 163Er IIOSBOJm:JIO 
H~eXHO onpe'Ae~TI, SHaqeHRe paSHOCTH MaCC 163Tm --+ 163Er 

Q_,e+ = 2439 ± 2 RSB ll CHHTI, npoTRBope'!ru!, CYllleCTBOBaBl!IRe pa.Hee. 
0'Allal(O paCXOlr,I(emta: 8KCllePRMeHT8JII,Hl:IX ll pacqeTH!:IX OTHOmemni_ 6/ /3+, 
c~T yxasrumeM Ha ellle 6onee MolltHllii xapaRTep /' + - cneRTpa 

63Tm • 

Ilpn Hsyqemm cneKTpoB raMMa-KBaHTOB n 3BR 163Tm H,IteH~
poBaHO 254 raMMa-nepeXO'Aa ll WI.II I74 HS mrx: onpe'Ae~eBll MyJII,TRIIOJII,HOC
TH. IlorpemHOCTll onpe'Aenemur 8Heprml ll HHTeHCRBHOCTeH 60JII,Il!HHCTBa raM
Ma-rrepeXO'AOB COCTaBJUmT, COOTBeTCTBeHHo, I0+50 aB H 3+IO% •. Ha OCHO
BaHHR IIOJIY'leHHott B HSMepeHMX JIH~eHCRBHOCTH peHTr8HOBCROro,KX-Hs.7JY'ie
HWI, COIIPOBOlr,I(aDlll9rO pacrr~ 163Tm , IIpoBe.neHa oqeHRa BepoHTHOCTH 
aneKTPOHHoro saxBaTa Ha OCHOBH09 COCTO.mme 163Er H HaH'A8lill K08q>-
\Pll!tKeHT!i nepeHOpMHpoBRH OTHOCHTenI>Hl:IX HHTeHCRBHOCT9H H3JJY1iemrll: B 
npoueHT!i pacn~OB. IIPR STOM He06XO,Iti!MO OTMeTHTI>, l!TO Haib:l:9HH08 OTHO
meime I( J I04,3)/I(KX) = 0,135 ± 0,003 B OT.11H'm8 OT llSM9peHHoro 
pa.Hee J (!04,3)/KX = 0,08 nosBMHeT xopomo o6a.nrurcnpoBaTI> JIHTeH-
CHBHOCTH ra.MMa-nepeXO'AOB B CX8M8 pacrr~a 163Tm 

B 8KOII9PHM8HTaJl1,HOM Hccne,noBamm: e - J -COBII~em npH pac-
n~e 163Tm nonyqeH!l HHTeHCRBHOCTH COB~emrll ,IµIH IIB raMMa-ne-
P9XO'AOB, KOTOpue 'AaJIH BOSMOXHOCTI, BB8'A8HRH H y68'AHT8n!>HOro o60CHOBa
HHlJ 42 Bos6YJIU(eHHWC cocTOJIHJm 163Er • .ll:amme xaqecTBeHHo xopomo 
cornaCYDTCH C HMeBmm.mCH pesyJII,TaTaMH HSyqeHHH J - J - COBmmem. 

HsMepeH nepHO'A no.n:ypacn~a 165Tm T1; 2 = 30,22 ± 0,08 l!aca. 
B pesynTaTe Hccne,noBaHlI.lI crreKTpa ll03RTpoHOB 165Tm YCTaHOMe

HO 3 KOMITOHeHTa C 0611leil HHTeHCRBHOCTI,D (9,4 ± 0,8)·!0-3% pacn~OB. 
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3Haqemra BepxHHX rpaHHU aHeprml KOMITOHeHTOB 'AOCTOBepHO onpe'Ae~ 
Be.mr<mHY aHepnm pacn~a 165Tm : Qp+ = !59! .± 2 KaB. 

IIpH Hsyqemm cneKTpoB raMMa-KBaHTOB H SER K pacrra,u,y 165Tm 
OTHeceH!l 142 raMMa-nepexo'Aa; )tJill: IOI nepexo'Aa c,nenruw :euBo.I(l,l'o Myn
THIIOJII,HOCTH. Oco6oe BHHMaHRe 6wro cocpe'AOTOl!eHo Ha onpe'Aenemm aHep
rml H HHTeHCRBHOCTeil HHSKOSHepreTHqecKoro raMMa-HSJJYlieHIDI H xapaRTe
PRCTHl!ecKoro KX-peHTreHoBcKoro HsnyqeHHH, KOTopue paHee axcne!)lIMeH
TaJII>HO H9 HCc~e'AOBaJIHCI,. IIonyqemme CBe'AeHHH O raMMa-nepexo.nax 165Tm 

SHal!HTeJII,HO ,nonOJIRmOT H CYllleCTBeHHO npeBOCXO,nilT no TOtJHOCTH llMeBmHe
CH 'AaHHlle. 

lfHT9HClIBHOCTH COBIT~emrli 57 raMMa-nepeXO'AOB onpe'AeneHH B axcne-
pHM8HTax IIO HsyqeHHD e - J - COBIT~emrli llPR pacn~e 165Tm ' 
qTQ IT03BeJIHJIO 'AaTI> 'A0ll0.7llIHT9JII,H09 o6ocHOBaHHe 13 B036Yl!U(eHH!:lM COCTOH
HlLQM 

165Er • 3TH ,ItaHHll9 Kal!eCTB9HHO cor~aCYDTCH C pesynTaT&m BU
nonHemmx paHee nsMepemm· J - J - coBn~em n paspemamT npaxTHtrec
RH Bee npoTRBopel!HH, HM8BllllleCH B npe.I(Ll.zzyutBX pa6oTax. 

TpeTM rnaBa IlOCBHlll8Ha aHanHSY npe,IµIOXeHH!:IX CX8M pacn~a nsy
l!8HHHX HSOTOIIOB H o6CYJIU(8HllD CBOHCTB Bos6YJtr,D;emmx COCTOHmrll: 'Ae(!IOpMH
poBaHHWC H,D;ep 159D;y' • 163Er H 165Er. 

CxeMa pacn:~a 159Ho BKJIIOT!aeT 16 B036YJtr,D;eHHWC COCTOJnmii, Melr,I(y 
KOTOp!:lMII pasMellleim 76 raMMa-nepeXO'AOB. C;yM1,1apH8SI RHT9HCHBHOCTI, He
pasMelll8HBliX nepeXO'AOB COCTaBJISl:8T 0,84 ± 0,04% pacn~OB. 

B Cll8KTpe HH3KM9lt8.lllHX Yl)OBHefl: (0+505 KSB) 159D;y' H,1(9HTHqJH
~poB8.Hl:l TPR BPautaT8nl>Bll8 IIMOCH, OOHOBaHHH9 Ha COCTOHHHHX O npeo6-
n~8llllllHM BM~OM BMHOBJ,IX qiymm1dt O'AHOqaoTlll!HWC KOMIIOH9HTOB 
3/2- /52!/, 5/2+ /642/ H 5/2- /523/. B paAutax ~a6aTlftl9CKOil poTa~ 
~oHHott MO'Aenll onpe'AeneHH napaMeTpu nHep~ arnx BPautaTOJII,JmX nonoc 
ll npOB8'A8H ruranns B9POHTHOCTett aneKTPOMarHHTHHX nepeXO'AOB Melr,I(y rue. 
ypomm:MII. ,lJ;JrJI BPautaTenHott llMOCH nonODT8n!>HOfi qeTHOOTH IlO,ItTBeplr,I(e
HO 8.HOMa.Jll,HOe llOBe.n;eHHe ee ypoBHett, o6yMOM8HH09 KOPHOJIRCOBSM Bsa-
llMO'AettcTBHeM COCTOmmil IlO'A06MOtmll 1 !3/2" SaceneHHe COCTOHHHR Bpa-
lllaT8JII,HWC llMOC 3/2- / 52!/ n 5/2+ / 642/ B 6eTa-pacn~e saTOPMO.EeHO 
( lg ft = 6,0 + 7,2) ns-sa Hapymemm npamur OT6opa no acmmTO~ec
KHM KBaHTOBHM 'IHO~aM. 

Eonee 87% pacn~oB 159Ho OOYllleCTBJIR:BTCH paspemeHHIDrm He3MBP
lt8.HHl,IMK ( au , p /523/f - n /523/, ) 6eTa-nepeXo'AaMH Ha ypoBHH 
BPaillaTenHott IIMOCH 5/2- /523/. 3Ta oco6eHHOOTI, npocnemmaeTCH WI.II 
pacn~a Bcex H8ll'.9THllX ll30TOllOB rOJII>MHJJ CA= !57 f !69 npH 8.Ha.mI39 
n:x OMOB!iX ~ 6eTa-pacn~a • .1viiI HettTpoHO,Iteqrm:tliTHHX ll30TOllOB 
ronMruI o6HapyxeHO Ta.Kllte 3aMeTH08 (B I,5+2 pasa) YCKOpeHHe 6eTa-ne-
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pe.xo,n;OB Ha eoeTOmm:e 5/2- /5I2/. IIoRasaHo, '!ITO BBe.n;eime IIOnpaBOR,IIO 
eBepxTeKYtiett MO,IteJIII H y-qeT eTaTHeTHtieeRoro MHOmITeM He 06'bJ'IeHJmT 
Ha6Jm.n;aeMWC ]J)U! STHX 6eTa-rrepexo,n;oB sHatiemm lg ft 

IIo.ny-qeHo y6e'Al!TeJILHoe rro.n;TBePllt,I(eHHe H.n;eHTHg/HR~ Ha6Jill;ltaeMWC 
B paerra.n;e ypoBHett.5/2- IOI6:2 R8B H 7/2- !090,5 R8B .KaK eoeTommit 
BPantaTeJII,HOff IIOJIOeH 5/2- /5I2/. B pesyJII,TaTe TlllaTeJII,HOro aHSJmsa 
o6HapylteHa E0-ROMIIOH8HTa B·raMMa-rrepexo.n:ax e ypoBHett 8TOff IIOJIOeH 
Ha ypoBHH Bpa111aTeJII,HOtt IIOJIOeH oeHOBHOro eoeTO.IIHHJI, '!ITO IIOSBOJm.7!0 
e.n;MaTL ·:ea:Bo,n;•o H8JIH'mH npm.ieeett 6eTa-BH6p~oHHott IIl)llpO,n;H B STHX 
eoeTOJmWDC, a TaRllte B eoeTOJIHml 5/2- I075,8 RSB. 

CpaBHeHHe HMeBI!IHXeH paetieTHWC eBe,n;eHHtt O eTPYRTYP8 BMHOBHX 
WR~ H aHeprHHX Bos6y'l!r,ll;emmx eoeToHHHtt 159ny e rro~emnoor .n:aH
mn.m eBH.n;eTeJII,eTl3Y8T 06 y.n;oBJieTBOpHTeJII,HOM eorJiae:im T80l)lIH e SRCIIe
pHMeHTOM B npe.n:eJiax TOtIHOeTH paetieTOB. 

B. cxeMe paeIIB,I(a 163Tm • BKJIRltiamteii 44 B036yJS,Itemmx eoeTOsmru!. 
pasMe111eHO 220 raMMa-nepexo.n:oB, yeTaHOl3JI8lW eIIHHH H tI8THOeTH ;ir;m: 42 
eoeTO~; ej'MMapHBJJ HHTeHeHBHOeTL HepasMe111emrux ra.MMa-rrepexo.n:oB eo
eTaBJm8T 4,44 ± O,IO% Ha paena,I(. 

I7 HHSROJielE811llDC ypoBHett ( < 700 RaB). 163Er . HHTeprrpeTHpyx>TeH KaK 

eoeTOJIHHR: BPantaTeJII,HHX IIOJIOe 5/2- /523/, 5/2+ /642/, 3/2- /52!/, 
r;2- /52I/, 3/2+ /402/, r;2+·;400/ H 3/2+ /65I/. Ha.oeHOBe poT~OH
HOii MO,IteJIH onpe.n:eJieHH napaMeTp!:l HHepo;im H IIapaMeTp!:l pasBHSHBaHWt 
(wm: IIOJIOe e K = I/2) aTHX BP81llaTeJII,HHX IIOJioe. 

YeTaHOl3JleHo BOS6yJS,IteHHe B paeIIB,I(e 163Tm Tpex ypoBHeff raw.m
BH6p~ommii IIOJIOeH {/~23/J + Q22} .: I/2- 683,8 RSB, 3/2- 7I7,4 
xaB H 5/2- 779,7 RSB •. He paBHOe HYJm SHatieHHe napaMeTpa paSBHSHBaHWi 
a = - 0,054 8TOtt IIOJIOeH 06MeHeHO Ha.7m'meM rrl)lIMeeH BMHOBOii 4JY}!Ritlm. 
eoeTOmllUI I/2- /5IO/. Ilpirne.n:eH 8H8JIHS SaBHeZMOeTH. aHeprnR raMMa-,. . 

BH6paintOHHWC eoeTOJIHR! B tieTHWC H HetieTHWC HsoTorrax ap6HH. 
.llBa eoeTOJDIHR 163Er' 3/2+ !538:73 xaB l'I r12+, 3/2+ ISOI,53 

RSB OTHeeeim R TpeXRBasli{tlaeTll'lliOMY MYJII,TmrJieTY {p/411/l+-:c/523/l+p/523/t} 
e K~ = 3/2+ H I/2+, COOTB8TeTB8HHO, Ha oeHOBaHm'I yeTaHOBJiemna: pas
pemeHHHX au 6eTa-rrepexo.n:oB Ha aTH eoeTO.fIHWi. B TO ze BpeMR: ;ir;m: 

Been eoBORyIIHOeTH eoeTO.mm! 163Er e SHepI'W!MH Bllllle I MaB o6Ha-
pymraamca ,ItBe oeo6emtoern:' • 

a) saMeTHoe yeRopemi:e 6eTa-rrepexo.n:oB Ha Bee ypoBHH aTott o~eTH 
8Heprmi BOS6~emm ( lg ft = 5,3 + 6,5); 75% paeIIB,I(OB 163Tm 
OeY111eeTBJ11Ie'l;'CR Ha 8TH ypoB:im; 

6) aHOMaJII,HO :ea:eORaH IJJIOTHOeTL ypoBHeli e K T,' = 3/~. 
Ha6Jm.n;aeMae oeo6eHHOeTH erreRTpa ypoBHeii 163Er 06'},geHeim WpaI'MeHTH
poBBlmeM eoeTo.mm! TpeXRBasl!'l!aeTHtIHoro M;V'JII,~eTa. 

IO 

IIpewraraeMaSJ exeMa paena,I(a 165Tm BMIOtiaeT 28 eoeTommtt H 
I28 raMMa-nepexo.n:oB; .ItJIH Beex eoeTommil yeTaHOl3JI8Hll eIIHHH H tieTHoe
rn; eyw.rapHBJJ HHTeHeHBHOeTL HepasMe111eHHWC B e~eMe paerra,I(a raMMa
nepexo.n:oB eoeTaBJIR:eT 0,4I9 ± O,OI6% paerra,I(oB. 

Ha l)lle • 3 IIpHBe.n:eH WparMeHT exeM!l Bos6Y'llr,ll:emmx eoeTommtt 165Er, • 
OTHoesmnn!:ea R .n:y6Jr.ercy ypoBHeii npoTmlOIIOJIOintOii tieTHoern IIl)ll 8Heprmi 
590 RsB. EOJiee :ea:eoRag T01lHOeTL pesyJIT,TaTOB B HaeTOHl!leM neeJie,ItoBa-, 
mm nosBOJmJia BrrepBHe .n:aTL y6e,ItHTeJII,HOe aHepreTHtieeRoe o6oeHOBamte 
aTHM ypommM, npoBeeTH .ItH~epeHI!;l!poBrum:e raMMa-rrepexo.n:oB, saeeJililO!lt]ilX 
H paspsmall)lllWC RaJK;D;Qe,'Hs 8THX eoeTO.!IHRli, H orrpe.n:eJIHTL pasHOeTL SHeP'.
rnil M8:lJUtY mn.m: ~ E = I54 ± I3 aB. YTOtIHeHo Truate SHatiemre eIIHHa 
eoeTO.a:HHJl OTpHIJ;aTeJII,HOii ·'IIeTHOeTH: I 'Ji = 3/2-. IIo.ny-qemme eBe.n:emm 
IIOSBOJIJmT paecMaTl)HBaTL Ha6qaewil .n:y6Jr.eT muc HCKJmtm:TeJII,HO y.n:o6imtt 
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RaH.ItH.n:aT .ltJIH IIOeTaHOBRH SRerrepa
MeHTOB IIO HSytieHIJIO HeeoxpaHe.HIDI 
tieTHoeTH B 8JI8RTp0MaI'HHTHHX IIepe
xo.n:ax Me:lJUtY sr.n;epHHMll: eoeTOJtHKR:MB:. 

Ill)ll mtTeprrpeT~ CBOtteTB I7 
HHSROJieltalIIHX ypoBHeii 165Er rro.n:
TBePl!QteHl:l Bpal!laTe~Ime IIOJIOeH9 

.o.ttROtiaeTKtIImX eooTO.mnn! co CJie.n:y»
l!IID.m aom.mro'ffl1teoitmm RBaHTOB!iMll 
xapaRTeJ)HOTHRaMH: 5/2- /523/, -
5/2+ /642/, 3/2- /52I/, I/2-/52!/, 
5/2- /5I2/, I/2+ /660/, 3/2+/402/, 
r;2+ /400/ i 3/2+ /65!/. Orrpe.n:eJie
Hl:l napaMeTp!:l 8THX poT~ommx IIO
JIOO. H.n:eHTHWHRanwI oorJiaoyeTOH o 
pesyJILTaTm.m HOCJie.n;oBaHHtt eBottoTli 
8'fflX OOOTO.mmii B sr.n;e,PHHX perumwa:. 
YTOtIH8Hl:l BepoaTHOOTL saoeJieHWJ B 
6eTa-paerra.n;e H sHatieHHe lg ft 
TpeXKBasHtiaOTHtIHoro OOOTOJ!HHR: 
3/2+ I427,4 RaB 165Er :• 0THOOH-

Plic. 3 TeJil,HO Bl:lOORaH BepoHTHOeTL BOS6yz
.n:emm B pacrra,I(e 165Tm ypoBWI 
o sHepr.irett I528,II RaB o6MoHeHa 

IIpmdeO:&D ROMIIOHeHTa, o6yCJIOBJieHHoro ~parMeHTan;aeii OOOTOamtll TpeXRBa
SRtia.eTRtIHoro MYJII,TmIJieTa. 

IIPH aHBJIHSe OHJIOBO! qJj'HRqmr 6eTa-paorr8,I(a HetieTHWC HSOTOIIOB rcy
JIHH o A= I63+I75 o.n:eJiaH BHBO,It o TOM, '!ITO e.n;mroTBeHHHM RaHMOM, 
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IIPHBO.lVIlltllM R 38MeTHOMY ycRopemm 6eTa-rrepexo.ttOB B pacna,I(e 8THX SI,Itep, 
J'IBJIIIeTCH B036YJ:JteHHe ypoBHett, no ROTOpHM ~parMeHrnpoBaml (B 60JI1,mett 
HJW Me~meil CTerre:im) COCTOHHRH Tp0XKBa3li'iaCTH11HOro M;yJII,TmIJieTa. 

B 3rutJlll'llemm IIPBBOMTCH OCHOBH!le pesym,TaTH, Jio.nylJerume B ,ItHC
cepTaumI: 

l. Paspa6oTaaa MeTo,IUUta npen;Hsnommx nsMepemrlt aHeprm1 raMMa
RBaHTOB pa,I(llOaRTHBHIDC HYK,1IH.ItOB IIpn IIOMOmll crreRTpoMeTpoB C mm. ~p
M;yJIHp0BalW OCHOBHl:le RPHTep.m, npe,JU,.!raJIHeme R aneRTPOHHOtt amrapaTYPe 
B 38,I(a'llax npei:ni:snoHHott cneRTpoMeTp.m. C neJII,ro onpe,tteneHRH Tpe6oBalilltt 
R ycnOBRHM 3RcnepnMeHTa npoBe,IteHO lICCRe,ItOBaHRe 8!ppeRTOB, HCRallt8.lllltlDC 
~PMY amrapaTYi>HllX cneRTPOB, paCCMOTpeHl:l oco6eHHOCTH ~l)M!,t amrapam
HllX cneRTpOB rBMMa-RBaHTOB, H3Me,PJiemx c IlOMOIJ1J>]I) mm. H onoco6H o6-
pa60TKH cneRTpa.7II,HOtt JIHHHH, a Ta.KXe npOaHaJIH3Hp0B8Ha SaBHCHMOCTL pe-
3yJII,TaTOB o6pa60TKH cneRTpoB c noMOIIII>ID nporpaMMR "RaTOR" OT napaMeT-

poB amrapaTYPHOtt .mnnm. 
Paspa6oTrum aJII'OPllTM!l rpa,eynpoBOlJHllX npone,eyp , onpe,ttenemm: 

8Heprntt H HHT8HCHBHOCTett raMMa-RB8HTOB H OCYJ!l8CTBneHa mt nporpaMMHM 
peamrnani,m Ha :3BM. 

2. Paspa60T8Ha M8TO,ItHRa H3Mepemrlt MHOrOROMIIOH8HTHllX cneRTPOB 
Il03HTp0HOB MaJIOtt HHT8HCHBHOCTH (,tto 10-5 pacn.-1) C IIOMOIIII>ID 6esEenes
}!OrO 6eTa-cneRTpoMeTpa C TOp0H,ItaJII,HllM MarHHTHllM noneM, Ilpn 8TOM ,Ite

T8Jll,HO HCMe,ItOBa.Hbl xapaRTepHCTHKH H napaMeTp!l npn6opa; ~3YlJeHO BJIH.II

HH8 HaH6onee BaEHWC ~aRTOPOB, HCR8llt8IOlltHX ~PMY amrapaTYPHllX 6eTa-
CII8RTpoB; rrpoBe,IteHO HSYlJeHHe annapaTYpHott ~~ nHHHH 6eTa-crreKTPOMeT
pa H BlillMH8H pac'lleT IIOllpaBKH, ROTOpM yl!HTHBaeT HCRaEe:ime Henpep!iB
HllX 6eTa-crreRTpoB, o6ycnoMeHHoe peam,Hott ~p.tott JIHHHH, Paspa6oTaHa 
MeTO,IUUta aBTOMaTHSHpoBaHHott o6pa60TRll MHOrOROMIIOHeHTHllX 6eTa-cneRT
poB. 

3. IlpH llOMOmR TOp0H,ItaJII,HOro 6eTa-crreRTpOM8Tpa no.nylJeHl:l HaH6onee 
TO'IIHlle 3Ha'll8HRH 8Hepl'Htt H HHT8HCHBHOCTett ,-,+ - nepeXO,ItOB B pac-
ITB,l(ax 163Tm H 165Tm • CymecTBeHHo yTo'IIHeHl:l 3Heprm1 pacrr8,I(a 
8THX pa,IUIOHYK,1IH.ItOB, BnepB!ie npoBe,IteHO HSMepeHHe cneRTpa ll03HTp0HOB 
159tto H onpe,tteneHa ero aHepI'WI pacll8,I(a. 

4. C IIOMOIIII>ID paspa60TEUIHOtt M8TO,ItHKH Ha cneRTpoMeTpax C mm rrpo
B8,'lt8Hll HSMepeHIDi CII8RTpoB raMMa-RBaHTOB, :3BK, KX-JJY'llett 159tto, 163Tm 

n 165Tm • BnepB!ie rro.nylJeHH cBe.n;emm 6onee qeM o 120 rSMMa-nepexo.ttax 
B 8THX smpax. :3HeprHH 60JI1,I11HHCTBa nepexo,ItOB yTO'IIHeHH Ha llOp.lI,I(OR, a 
mtT8HCHBHOCTH rmm.m-RB8HTOB H :3BK - B 3+4 pasa no cpaBHeHHID C H3B8CT
mn.m ,It8.HHl,IMH • 

5. HsYlJeHl:l e - J - COBITB,l(eHHH B pacrra,I(e 159Iio, 163Tm H 165Tm • 
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BnepB!ie IIo.nylJ8HH RMH'll8CTB8HHiile cBe,ttemm: 0 COBn8,I(eHHHX CB!ime 200 
rBMMa-rrepexo,ttoB B pacll8,I(e aTEX SI,Itep. 

6. Ilpe,?tJIOJE8Hl:l HOBHe cxew pa01Ia,I(a 159tto, 163Tm lI 165Tm , B 
ROTOp!le BBe,IteHO Z'/ HOB!iX yp0BHe! lil:3 88, B036YJ:Jta8MHX IIPlI pacll8,I(e. 
IlpoBe.tteH a.H8JilI3 CMOB!iX ~ 6eTa-pacn8,I(a aTEX .a:ztep, 

7. Bnepme rrpm.mm lI3M8pe!llIHMK y6e,ItHTeJII,HO ,It0Ra38HO CYJ!l8CTBOBa
Ime B 16

5Er JI.BYX cocTCllDD!l1!: 1Ip0TlilBOITOJIODOtt '118THOCTH O aHeprnett 
590 RBB, pasmma, SHep:rml ROTOp!lX COCTaBRHeT 154 ± 13 aB. 

8. IlpoBe,IteH aHa.mtS CBOICTB BOS6YJ:Jtemmx COCTOHHHff 159Dy 
16

3Er H 16
5Er B paMKax RBaslil'laO'l'lil'IIH~HOHHottMO,IteJm. Y COCTOH

Jmf!: 159Dy c SHeprnel ~I MaB Bnepme o6aapyzeHa npHMeoL 6eTa
BH6PartHOHHoro xapaRTepa~ B JJJU)e 163Er YOTSHOM8HO BOS6YJ:JteHHe 
Bpa!JtaT8JII,HOI IIOJIOCH raMMa-BH6pan;HOHHO! npnpo,Itll, IloRasaHo, 'ITO BMHO
BaH ~ raMMa-BH6pan;HOHHOro OOOTOHHRH co.n;epmrT IIpnM80L 0,ItHO'llaC
'l'lil'IIHOit RO~ /5!0/f, 

,ll;7m BOS6YJ:Jt8HHHX OOOTomm:lt 163Er lI 165Er C 8H8pl'lIHMlil Ba

me I,3 MaB llo.nylJ8HO SRcrrepHMeHTBJII,HOe IIO,ItTBepia:zteime SHa'lllIT8JII,HOro 
~PaI'MeHTHp0BaHHH COOTomm:i TpeXRBaslil'laOTH'lHOl'O JqJII,TmIJieTa, ROTOpoe 
Iq)HBO)tlIT R SaMeTHor.,y ( ~ ro2) yoxopemm 6eTa-nepe:x:o,ItOB Ha 8TH OOCTOH
mm: lil cyuieoTBeBHOMy BOspaoTamm IIJIOTHOO'l'H ypoBHeit C O,ItlIHaROBliMH Kg;. 
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