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OEIUAH XAPAKTEPHCTHKA PAEOTbl 

AKTyanbHOCTb TeMU. Hccne.noBamie peaKUlU! (n, 1') 1rneeT 

6onbillOe 3HaqeHHe ,llnH H,llepHoA· cneKTpOCKOil~H H .nnH H3yqeHHH Me­

xaHH3Ma caMoA peaKUHH. I13yqeHHe .llafHOH peaKUHH C npHMeHeHHeM 

HMnynhCHUX HCTOqHHKOB Me.nneHHUX HeATpOHOB H C HCilOnb30BaHHeM 

MeTO,lla BpeMeHH nponeTa .nnH onpe.neneHHH 3HeprHH HeAT~OHa_HBnH­

eTCH HOBUM KaqecTBeHHUM rnaroM, TaK KaK OHO .naeT B03MOmHOCTb 

H3yqaTb _3aXBaT O,llHOBpeMeHHO .nnH pa3HUX 3Hepr~A HeATpOHOB, B 

H30nHpOBaHHUX pe.3QHaHcax. Hcc;:ie)lOl)aHlrn _ pa)lliil-Ul:IOIH!Oro .. 3aXlla:ra 

pe30HaHCHUX HeATpOHOB npo~O.llHTCH B JIH<t> · OHHH 20. neT H .nano PH.ll 

HHTepeCHUX pe3ynhTaTOB, Ba:>1rnux ,llnH IlOHHMaHHH peaKUHH,, (n, 1'). 

HaH6onbrnee BHHMaHHe y .nenHnOCb cpe,llHHM H THmenuM H,llpaM, TaK 

KaK HMeHHO npH H3 yqeHHH 3THX H,llep. ripoHBnHIOTCH npeHMymecTBa 

6a30BOA ycTaHOBKH Jia6opaTOpH~ --.peaKTOpa HEP-30 C YCKOpHTe­

neM JIYS-40. BnH Bcex Hccne.noBaHHUX H.llep 6una nonyqeHa HOBaH 

cneKTpOCKOilHqecKaH HH~OpMaUHH. KpoMe Toro, 6una o6HapymeHa 

CTaTHCTHqecKH ,llOCTOBepHaH KOppenHUHH Mem.ny npHBe.neHHUMH HeAT­

pOHHUMH lliHpHHaMH H napuHanbHUMH pa.nHaUHOHHUMH lliHpHHaMH npH 

3axBaTe HeATpOHOB B s-pe30HaHcax H,llpaMH 
167

Er H 1 ~
1

Yb- (CM. 

pa6oTy 111 ). BUHCHHnOCb, qTo KOppenHUHH lliHpHH B qeTHO- qeTHUX 

H,llpax-npo.nyKTaX y.noBneTBOpHTenbHO OilHCUBaeTcH KBa3HqaCTHqHo­

~OHOHHOA MO,ll~nbJO B. f. ConOBbeBa. Il03TOMY HBnHeTCH aKTyanb_HUM 

BOnpoc .nanhHeArneA npoBepKH cymecTBOBaHHH KOppenHUHH -lliHpHH B 

o6nacTH THmenux H.llep. 

Uenh pa6oTu 3aKn10qanacb B cne.ny10meM: 

1) npo.nonmeHHe 3KCnepHMeHTanbHUX ttccne,llOBaHHA peaKUHH 

pa.nHaUHOHHOro 3aXBaTa pe30HaHCHUX HeATpOHOB THmenUMH H.llpaMH, 

2) nonyqeHHe cneKTpOCKOilHqecKHX xapaKTepttCTHK -pe30HaHCOB 

H.llep-MHllieHeA. 

3) nonyqeHHe ~neKTpOCKOnHqecKHX xapaKTepHC~HK HH3Kone­

mamHx ypoBHeA COCTaBHUX H,llep, IlOCTpOeHHe cxeM ypOBHeA H cpaB-i 

··;t,;;~~1-
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cmrna 11 tteTHOCTH H.npa-MHl!leHH H op611TaJibHoro MOMeHTa 1 3axBa-

tteHHoro HeATpoHa. npH 3akBaTe HeATpOHOB Ct <30 K3B cpe.UHHMH . . . n . . , 
; 11 TH~enllMl1 H.ripaMH .llOCTaTOttHO yttHTUBaTh TOJibKO .UBa op6HTaJibHllX 

MOMeHTa l=O 11 1=1 .. 

raMMa-nepexo.nu no THny .neJIHTCH Ha 3JieKTpHttecKHe · ( E) 11 

MarHHTHU~ ~M) H MoryT HMeTb paiHyKJ MYJibTHilOJibHOCTb 1=1,2,3: ., 

H T . .n. H113K03Heprei11tteCKHe nepexo.nu B cneKTpax. -'- 3To nepe­

xo.nu Mel!C.ny HH3KOJielKalUHMH COCTOHHHHMH H.npa. Hx 'HHTeHCHBHOCTb 

nponopuHoHaJibHa 3aceJieHHOCTH ypoBHH, c KOToporo 11neT nepexo.n. 

3aceJieHHOCTH · HH3KOJielKalUHX .ypoBHeA B cpe.UHHX H T.SilKeJIUX H.npax 
' ' ' ' 

Mano qlJ1yKTy11py10T B. pe3oHaHcax o.nHoro cnHHa B pe3yJibTaTe _cTa-

TicTHttecKHX CBOACTB pa3pH.UKH H.npa. ~eCTKHe nepexo.nu B .cneKT-
' ' . . ' ' ,' . ~ 

pax HBnHIOTb.51 ~epBHttHUM11 E1- HJIH M1-nepexo.naMH: HHTeHCHBHO~TH 
. . ' . ' \ 

E1-nepexo.noa, ycpe.nHeHHUe no MHdrHM pe3oHaHCaM, B He,CKOJibKO 

pa3 6oJibllle HHTeHCHBHOCTeA Mi~nepexo.noB. 0603~attHi peaKUHIO pa­

.n11au110HHoro 3aXBaTa pe30HaHCHllX HeATpOHOB KaK (n ,r). npH-' •· · , · • • , · res . , 
BO.UHTC.51 npHMepu noJiytteHHH H.nepHO-qJH3HqecKoA HHqlOpMaQHH H3 

3KcnepHMeHTOB (n. , 7). .· res 
l!anee : H3Jiara10T_CH npe.nnocuJIKH cTa THCTHqe c~oro paccMoTpe-

HHH pa~pH.nKH cocTaBHOro ~.ripa l1 qiopMyJ111pyIOTCH CTaTHCTH~eCKHe 

CBOACTBa HHTeHC11BHpCTeA nepa11quux nepexo.noB; a TaKlKe onHCUBa­

e_TCH MO)leJib KacKa.UHOA pa3pH.UKH B036ylK,neHHOro H.npa. CTaTHCTH-

qecKHe CBOACTBa •:p~3pH.UKH HCnOJib3YIOTCH )lJIH nonyqeHHH 

H.nepHO-qlH3HqecKHk napaMeTpOB. 

pH.na 
L . 

60JibUJOe BHHMaHHe y.neJIHeTCH pacCMOTpeHHIO HeCTaTHCTHqeCKHX 

3qiqieKTOB, B ,peaKUHH (nres'7), npelK.ne BCero, 3qiqieKTOB KOppeJIH­

UHH MelK.UY pa3JIHtJHllMH irnHaJiaMH pa3pH.UKH H.npa. PaccMOTpHM" ,IlBa 
, • • , I • ~ 

T11na KOppenHU11A: . 

L KoppeJI.HUHIO PA .UJI.H qlHKCHpOBaHHOro pe30HaHca A Me>K.ny_ f Aof H 

cneKTpOCKOnH'ieCKH~ qiaKTOpOM sdp, f" _l!JI.H nonyqemiH. rno6aJib,HOA 

BeJIHtt11_HU KOppe,/IHUHH BBe.neM cpe.nHee 3Ha'ieHHe 3Toro. K03qlqlHUHeH- .• 

Ta S~<pl>A 11 6y.neM TaKyKJ KOppeJI.HUHIO Ha3~B~Tb KOppeJI.HUHeA THna 

s. 
,2. KoppeJI51UH19 Pr, npH. qlliKCHpoaaHHOM KOHetJHOM ypoBHe f M8lK.IlY 

r Aaf H r~n~ .. KaK H_B npe.nu.nymeM ~nyqae, BBe.heM rno6aiihHUA K·o-

3cJlcJlHUHeHT_ KoppeJIHUHH R=<pf>f 11, Ha3.oBeM TaKy10 Koppennu1110 ,R­

KoppeJIHUHeA. 
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npHBO.UHTC.H npHMepu H HeKOTOpUX .npyrHX HeCTaTHCTHqecKHX 3qlql~K­

TOB. 

l!aJiee KpaTKO H3JiaraKJTC.H HeKOTOpue cne.ncTBH.H KBa3H'iaCTHtt­

HO-qJOHOHHOA MO,IleJIH n.npa (Kq¢M), B qacTHOCTH, BUBO.UU 3TOA MO­

,neJIH O~HOCHTeJibHO noHCKa s HR KOppeJIHUHA. 

B KOHUe nepaoA rnaBu' nepeq11cJIHIOTC.H Te Bonpocu, KOTopue 

pel!lalOTCH np11 HCCJie,IlOBaHHH peaKUHH (n ,7) Ha cpe.nHHX H THlKe-. res . . 
nux n.npax: 

perHC_TpaUHH . pe30HaHCOB onpe.neJieHHUX ,1130TOnOB, . onpe.neJieHHe 

HX EA H3 cneKTpOB l{HCTUX JIHHHA BTOpHttHUX nepexojoB; 

onpe.neJieHHe 3HaqeHHA JA Hi ~HaJIH3a nepBHttHUX nepexo.noB Ha 

cneKTpax; 

, -- onpe.neJieHHe 3HaqeHHA JA H3 aHaJIH3a OTHOl!leHHA HHTeHCHBHOC­

TeA BTOpHqHUX nepexo.noa; 

onpe.neJieHHe 3HeprHH CB.H3H HeATpOHa C 113yqaeMUM H,IlpOMj 

onpe,neJieHHe 3HaqeHHA Ef HH3KOJI,elK~IUHX ypoBHeA; 

onpe.neJieHHe OTHOCHTeJibHUX HHTeHc11BHocTeA nepaHqHux nepexo­

.noB B pe3oHaHcax; 

onpe.neJieHHe OTHOCHTeJibHUX 3HaKOB aMnJIHTY.U pa.n11au110HHUX lll11-

pHH nepexo.noB; 

onpe.neJieHHe a6COJIIOTHUX HHTeHCHBHOCTeA nepexo.noa B pe30HaH­

cax; 

113 yqeHHe pa.nHaUHOHHOA CHJIOBOH qiyHKUHH H.nep, cpaBHemrn C 

TeopeTHqecKHMH MO,IleJI.HMH; 

onpe.neJieHHe tteTHOCTH HH3KOJielKalUHX ypoBHeA COCTaBHOro H,Ilpa; 

onpe.neJieHHe nOJIHOTU CHCTeMU HH3KOJielKalUHX ypoaHeA, Ha KOTO-
·" ' . ' 

pue H.UYT E1-nepexo.nu B COCTaBHOM n.npe; 

113yqeHHe CBOACTB qJJIYKTyauHA HHTeHCHBHOCTeA nepaHqHUX nepe:­

x,o.noa, noHCK HeCTaTHCTHqecKHX 3qlqleKTOB; 

IlOHCK R-KoppeJI.HUHH; ' 

no11cK S-Koppehnu11A; 

CB.H3b HeCTaTHCTHtteCKHX 3qiqieKTOB R- H S-KoppeJI.HUHH C COBpe­

MeHHUMH TeopeTHqeCK11MH MO,IleJI.HMH B036ylK.UeHHOrO .H,npa, B 
I ' , • 

qacTHOCTH C Kq¢M. 

:3TOT; CIIHCOK He HBJI.HeTcn _noJIHUM. MOlKHO 3aKJIKJqHTh, qTo O'ieHb 

HeMHor11e MeTo.n11qeCKHe HanpaBJieHHll B H.nepHoA qlH3HKe MOlKHO 
' ' ' ' 

cpaBHHTb no o6~eMy, pa3H006pa3HIO H IlOJIHOTe noJiyqaeMqA HHqlOp-

5 



i 

MaUHH O CTPYKType H.npa C peaKUHefi (nres'o). 

Bo BTopofi rnaBe npe.ncTaBneHa MeTO.UHKa H3MepeHHfi H o6pa-

6oTKH .naHHI1X peaKUHH (n ,o). BJIH H3yqeHHH peaKUHH (n ,o) · res • . - res 
HCnOJlh3yeTCH annapaTypa .UJIH .UBYXMepHoro c'rnaJIH3a HHCpOpMaUHH, 

noc~ynaIDmefi OT Ge(Li)-.neTeKTopa. 3HeprHH 3axBaqeHHoro HefiTpo­

Ha cinpe.nenHeTCH no MeTo.ny BpeMeHH nponeTa. BpeMH nponeTa aHa­

JIH3HpyeTcH BpeMH-umppOBI1M npeo6pa30BaTeJleM (BUTT)' B KOTOpOM 

BI1pa6aTI1BaeTCH KO.U BpeMeHH nponeTa (BK). 3HeprHH o-KBaHTa, 

conpoBmK.na10mero 3aXBaT HefiTpOHa' aHaJIH3HpyeTCH .neTeKTOpOM. 

AMnJIHTY .na HMny Jib ca OT .neTeKTopa npeo6pa3 yeTCH B aMnJIHTY .UHO­

UH¢pOBOM npeo6pa30BaTeJle (AUTT) B COOTBeTCTByIDmHfi KO.U aMnJIHTy­

.nu (AK-). TaKHM o6pa30M, KaJK.noe 3aperHcTpnpoBaHHOe co6uTHe 3a­

XBaTa HefiTpoHa_HMeeT AK H BK. Ranee 3TH .UBa KO.Ua nocTynaIDT Ha 
' . . . 

3BM THna CM-3, r.ne nponcioiHT npe.nBapHTeJlhH~fi OT6op HH¢0pMa-

UHH. Ko.nu, . npowe.nurne npe.nBapHTeJ1hHI1fi OT6op, 3anHCI1BaIDTCH" Ha 

MarHHTHYID JleHTY (Mn). TTocne OKOHqaHHH 3KCnepHMeHTa Ha nyqKe 

HefiTpOHO.B npoBO.UHTCH copTHpOBKa HH¢0pMaUHH. TTpH copTHpOBKe C . '. 

MarHHTHI1X JleHT OT6HpaeTCK 60JlhWOe KOJIHqecTBO cneKTpOB .UBYX 

THnoB: cneKTpI1 AK, CBH3aHHI1e C onpe.neneHHI1MH, 3apaHee BI16paH­

HI1MH 3HaqeHHHMH BK (.nanee TaKHe cneKTpI1 6y,nyT Ha3UBaTbCH 0 -

cneKTpaMH) H cneKTpI1 BK, COOTBeTCTBYIDmHe onpe.neneHHI1M 3Haqe­

HHHM AK ("BpeMeHHUe cneKTJJI1"). 

B KOHCTPYKUHID AUTT 3anoJKeH~ cxeMa cTa6nn~3~UHH ycnneHHH 

JIHHefiHoio 6neKTpoMeTpnqecK6io TpaKTa c noMomhID HMnynhCOB npe­

UH3iOHHOro"reHepaT6pa CTa611J1hHOfi aMnJl~TY.UI1 (TTf).· HcnOJlh3YIDTCH 

AUTT H BUTT, HMeIDmne no 12 pa3pH.UOB.'Ha pnc.1 11306paJKeHa cxeMa 

BK.imqeHHH annapa-rypu .UJIH H3MepeHHfi peaKUHH (n , o), BpeMH . . res • 
o6~a60TKH o.nHoro HMnynhca B. AUTT H i'3~M coc'raBJl~eT ~135 iKc. 

TTpH ncnoJlh3yeMux 3arpy3Kax noTepH HH¢opMauirn n3-3a MepTBoro 

BpeMeHH oKa3UBaIDTCH cymecTBeHHI1MH. B 6oni~nHriTBe· cnyqaeB, 

Kor.na H3MepHIDTCH. 6THOCHTeJlhH~e HHT~HCHBHOCTH o-nepexo.noB B 

HefiTpOHHI1X pe3ottaHcax, MepTBoe BpeMH He HCKaJKaeT nonyqeHHYID 

HH¢0pMaUHID, T.K. BCe C06I1THH, OTHOCHmHeCH K O.UHOMY pejciHaHcy, 

HMeIOT O)lHHaKOBOe MeJ)TBOe B peMH. O.nHaKo' ripn onpe.ne.ri:eHHH . a6co­

JIIDTHI1X HHTe~CHBHoc'Tefi o-~ep_exo.noB B HeflTJ)OHHI1X pe:foHaHcax He:... 
o6xo.riHMO B Iio)lwd, nonpaii KH Ha 11 :irnBoe a peMir 11 

( JKB) ·cneKTpOMeTpi-1-
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PHC. 1. cxeMa ycTaHOBKH .UJIH H3MepeHHfi peaKUHH (nres'o). 
1 -- peaKTOp, 2 -- MHWeHh, 3 -- Ge(Li)-.neTeKTOp, 4 

npe.nfcHJIHTeJlh, 5 -- YCHJIHTeJlh, 6 -- npeUH3HOHHI1fi re~ 

HepaTop CTa6HJlhHOfi aMnJIHTy.nu, 7 -- AUTT, 8 -- BUTT, 

9 -- 3BM, 10 -- MarHHT0¢0H. 

qecKo~ti'TpaKT~. BnH 3Toro 6una pa3pa6pTaHa MeTO.UHKa HenpepuB~' 

Hofi perncTpaUHH lKHBoro BpeMeHH JIHHefiHoro cneKTpoMeTpnqecKofo 

TpaKTa (HPJKB) 121, KOTOpaH COCTOHT .B 3anHCH Ha Mn KO.UOB ·HM­

riynhCOB OT TTf co cneuHaJlhHUM npH3HaKOM. BJIH ocymecTBJleHHH Me­

TO.UHKH HPJKB B cxeMy AUTT BHeceHI1 H3MeHeHHH, KOTopue no3BOJIHJIH 

Ha BI1XO.Ue AUTT. nonyqaTh C '.nonoJIHHTeJlhHI1M npH3HaKOM AK. TeX HM­

nynhCOB TTf, KOTOpue rionaJIH B aHaJIH3HpyeMyID BpeMeHHYID o6naCTh. 

. B. KaqeCTBe .nonOJIHHTeJlhHOro KO.Ua BI16paH 13-fi pa3pH.U AUTT. EI1-

JIO BBe.neHo'orpaHHqeHHe -~ HCnOJlh30BaTh He 6oJlbWe 11 pa3pH.UOB· 

BUTT. B nporpaMMe o6pa6oTKH npepuBaHHfi OT AUTT Ha. 3BM nocne 

qTeHHH AK npOBO.UHTCH · aHaJIH3 Ha cymecTBOBaHHe 13:--ro pa3pH.na 

AK. ECJIH 13.:.fi pa3 pH.n npHCYTCTByeT, nporpaMMa ero 3aHy JIHeT H 

BI1bTaBJ1HeT 12-fi pa3pH.n B BK. TaKHM o6pa30M, HMnyJ1hCI1 TTf nony~ 

qaIDT .BK c .nonOJIHHTeJlhHI1M 12-M pa3pH.UOM. TTpH copTHpOBKe HH¢op­

MaUHH aHaJll-13 KO.UOB TTf no3BOJIHeT c.neJiaT!> nonpaBKH Ha .lKHBOe 

BpeMH annapaTypu .. 
nanee BO BTopofi rnaBe onncuBaeTcH nporpaMMa HaKonneHHH. 

· /3 4/ HH¢0pMaUHH , ' · H MeTO.UI1 copTHp_OBKH nonyqeHHI1X .naHHI1X .. TTo.n-
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po6HO H3JiaraeTell MeTO,nHKa o6pa60TKH ~-eneKTpOB / 5/. OnHeaHU 

TaKlKe npbrpaMMl1 ,nJill onpe.neJieHHll' tJeTHOeTH y_pOBHe11, . Ha KOTOpUe 

H~YT JKeeTKHe nepexo.nu, H .nJill noHeKa HeeTaTHeTH'IeeKHX '3~~eKTOB 

KOppeJillUl-111 H ~JIYKTyaUl-111, B KOHUe rJiaBu H3JIOJKeHl1 MeTo.nu· H KpH­

TepHH, HenoJih3yeMue .nJill noJiy'IeHHll .naHHl1X_ peaKUHH (nres'7). 

B TpeThel1 rJiaBe npHBe.neHU 

(nres'7) Ha ll.npax 
173

Yb, 
175

Lu 

pe3yJI&TaT!~ H3MepeHHl1 peaKUHH 

H 176Lu. npeJK.ne Beero .naeTell 

o6oeHoBaHHe B116opa HMeHHO 3THX ll.nep .nJill npoBe.neHHll 3KenepH-

MeHTOB, npHBO.nllTell xapaKTepHeTHKH MHWeHel1 H UHKJIOB H3MepeHH11. 

"EUJIO npoBeixeHO 6 eeaHeOB H3MepeHH11.; Bee H3MepeHHll npoBo.nHJIHeh_ 

Ha peaKTOpe HEP-30 RH¢ OHHH. Bo Beex ~eaHeax H3MepeHHl1 pae­

eTOllHHe MHWeHH OT aKTHBHOl1 30Hl1 peaKTopa eoeTa~JillJIO 50 M. no 

.nBa eeaHea H3MepeHHl1 611JIO npoBe.neHO .nJill HeeJie.noBaHHll peaKUHH 

( nres, 7) Ha 
173

Yb H 'Ha 
175

.• 17~Lu. B ,nB yx H3MepeHHllX :npoBO,nH­

JIOeh onpe.neJieHHe a6eOJIIOTHl1X HHTeHeHBHOeTe11 (OAH) 7~nepexo.n0B 

B pe3oHaHeax 173Yb H 175 • 176Lu. npH H3MepeHHH a6eOJIIOTHl1X ~H-­

TeHeHBHOeTel1 7-nepexo.noB B pe3oHaHeax 175 ~1T6Lu"pa3peweHHe no 

BpeMeHH npoJieTa He11TpOHOB eoeTaBJillJIO 4, 5 MKe/M, _B , oeTaJihHUX 

H3MepeHdllX OHO paBHllJIOeh 70 He/M. npHBO.nHTeH o6mee onHeaHHe 

noJiy'IeHHOl1 3KenepHMeHTaJihH011 HH~OpMaUHH; 

llaJiee npHBe.neHU pe3yJihTaTJ1 H3MepeHH11 peaKUHH 
173

Yb( nres·• 7). EUJIH noJiy'IeHu eneKTp11 l-13 23 :pe30HaHeOB 
173

Yb e 
I 

3HeprHllMH HHJKe ·318 .3B. KpoMe Toro 611JIH ·Il(:)Jly'IeHU cneKTp11 l-13 

HeeKOJihKHX HHTepBaJIOB 3HeprHH He11Tp0HOB, ,eOOTBeTeTBYIOmHx,eyM~ 

Me .nByx H 6oJiee· pe3oHaHeOB, KOTOpue He y.naJIOeh pa3peWHTh H3-

3a HX 6JIH30eTH. B oT.neJihHOM H3MepeHHH 6UJIO npoBe.neHO onpe.ne­

JieHHe a6eOJIIOTHl1X HHTeHeHBHOeTel1 ( OAH) pll,na nepexo,nOB B pe30-

HaHeax.' · 

CnHH pe30HaHeOB onpe.neJillJiell .nBYMll enoeo62MH: Ha oeH~Ba­

HHH 3HatJeHHl1 OTHOWeHl-111 nJioma.ne11 .nByX nap nHKOB HH3K03HepreTH­

qeeKHX nepexo.noB ij l-13 aHaJIH3a noBe.neHHH HHTeHeHBHOeTe11 nep­

BH'IHl1X nepexo.noB Ha eeMh ·ypoBHel1, HMe10mHX 3Ha'IeHHe J7r=4+ H 

3HeprHH. 253;7; 1700,4; 1715,2; 1805,3; 1858,7;: 2123,0 .H 
. . rr + 

2335,9 K3B, H Ha .nBa ypoBHll, HMe!OmHX 3HatJeHHe J =1 H 3HeprHH 

1624, 2 H 2067, 8 K3 B. lIJill onpe.neJieHHll enHHa nepBUM enoeo6oM 

B116paHa napa nepexo.noB 273 H 177 K3B H napa ·273 H 288 K3B. 

8 

11 

n 

1\~ ./ \} 
I 

Y,naJIOeh o.nH03Ha'IHO onpe.neJIHTh 3HatJeHHll J .nJill 28 pe3oHaHeOB, 

l-13 HHX .nJill . 19 pe30HaH~OB J onpe.neJieHO . .nB YMll enoeo6aMH •. ·no 

epaBHeHHIO e H3BeeTHl1MH pe3yJihTaTaMH YTO'IHeHU 3HatJeHHll j .nJill 

pe30HaHeOB 154,2 H·197,3 3B. 

JlaJiee npoBo.nHTell no.npo6H1111 aHaJIH3 ~JIYKTyauH11 OTHoweHH11 

nJioma.ne11 DHKOB .nJill napu nepexo.noB 177 H 288 K3B, npHBO,nllTell . . 

pe3yn&TaTl1 onpe.neJieHHll a6eOJIIOTHl1X HHT8HCHBHOeTe11 ps.na nepexo-

.noB H pe3yJI&TaT11· onpe,neJieHHll Jrr ypOBHel1, Ha . KOTOpUe H,nyT 

JKeeTKHe nepBH'IHUe· nepexo.nu. B · enHeoK nepexo.noB H3 H3ytJaeM011 

peaKU~H . BK_JIIO'IeHO 77. nepexo.noB. 3Ha'IeHHll Jrr 77 ypoBHe11. 1 
'~Yb 

onpe.neJillJIHeh l-13_ aHaJIH3a HHTeHeHBHoeie11 nepexo.noB, yepe.nHeHHui 
. , . rr . . .. ; 

no . pll.ny eneKTp_OB; npHnHeaHO o.nH03Ha'IHOe 3HatJeHHe J .nJill 14 

y,pOBHe11,. ,llJill nllTH l-13 HHX iinepBue, ,nJill OCTaJihHl1X ypOBHe11 y'eTa­

HOBJieHU orpaHH'IeHHll Ha 3Ha'IeHHe Jrr. 9TH orpaHH'IeHHH He npOTH­

BOpe'IaT ·o.nHo3HatJHl1M 3H;'IeH~llM Jrr, yeTaHOBJieHHUM,paHee ,llJill 26 

yp~BHe11. OrpaHH'IeHHll J{JISI 28. ypoBHel1 yeTaHOBJie~u BnepBue .. or:... 
rr .. . . 

paHH'IeHHll Ha J , noJiytJeHHUe B Hae_TOll¼Uel1 pa6oTe H eymeeTBy10mHe 

paHee, no3 BOJIHJIH e,neJia Th o.nH03HatJ1:10e 3aKJIIO'IeHHe O TOM, 'ITO 
rr + . . .. - . ·-

ypoBeHh 2361 K3B HMeeT J =1. OrpaHH'IeHHll ,nJill tJeTupex ypoBHeH 
. ' 

npOTHBOpe'IaT pe3yJI&TaTaM, noJiy'IeHHUM pa_Hee. 

JlaJiee npoBO,nHTell aHaJIH3 KOppeJillUl-111 BeJIH'IH~ rl7f e WHpH­

HaMH r~n· lIJill KOJIH'IeeTBeHHOro eonoeTaBJieH~ll ~KeqepHMeHTaJihHUX 

-~ MO,lleJihHUX 3HatJeHHl1 PC¢ npH ~HKeHpOBaHHOM J, Bl1'IHeJillJIHeh'6e3-

pa3MepH11e BeJIH'IHHl1 
· ' 2 2 

qlf= (3 (rrhc) rl7f)/(E7 DJ UGDR(E7)) ' 
r .ne DJ -;-- paeeTOllHHe Me_JK.llY pe30HaHeaMH e ~HKeHpo_BaHHUM 3HatJe­

HHeM enHHa H tJeTHO_eTH Jrr, a UGDR(E7) -- 3KeTpanOJillUHH_ erJI_aJKern-. 

Haro no 3HeprHH eetJeHHll ~oToriorJiomeHHll ll.llpa~npo,nyKTa ,nJill Es 
. ' ·.• . 7 

B • _ O'IeI!H.nHo, 'ITO, eeJIH enpaBe,llJIHBa MO,lleJih AKeeJill-EpHHKa, OJKH-n ,. . •.. . , 
,naeiwe 3HatieHHe Bee~ qlf paBHO e,nHHHUe. lIJIH aHaJIH3a KoppeJill-

UH11 011Jl B11,lleJieH Ha6op . pe30HaHeOB' B KOT?Pl111 BXO,llHT .neBSITh 

pe3oHaHeOB e Jrr=2- H 3HeprHllMH 17,6; 31,4; 45,2; 68,9; 76,1; 
. rr -

105,8; 111,1; 124,3 H 145,3 3B, a TBKJKe 14 pe30HaHeOB e J =3 

H 3~eprHHMH 4,51; 35,7; 53,5; 58,9; 66,2; 74,5; ?6,4;. 128,8; 

134, 8; 168, 8; 210, 2; 250, 6; 256, 6 H 307, 1 3B. MOlKHO 3aKJIIO­

'IHTh, 'ITO . Bee 3HatieHHll BeJIH'IHHU Q HaXO,llllTeH B y ,llOBJieTBOpH~ 

TeJihHOM eorJiaeHH e Q~1. no3TOMy eJie,nyeT etIHTaTh, 'ITO MO,lleJih 
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' . 174 · 
'AKceJHI-Ep11HKa no.nTBeplK,llaeTC51 ,llJI51 51,llpa . Yb. AHaJil13 R-Koppe-

' . " . rr -
JI5IU1111 noKa3UBaeT, qTQ B pe30HaHcax CJ =2 ,llJI5l 18 lli11p11H nepe-

. rr + . 
XO,llOB Ha YPOBHl1 nonocu c K =2 11 CTpyKTypoH n512f-n510f nony-

qaeTC51· BUCOKOe 3HaqeH11e ycpe,nHeHHoro Koacpcp11u11eHTa R=O, 592, a 

,nJIH Ha6opa Bcex Koppen11poBaHHUX rn11p11H B 23 pe3oHaHcax no':rryqe­

HO _3HaqeH11e R=0,30, CBl1,lleTeJibCTBYIDmee a HaJI11q1111 KoppeJI5IU1111 C 

.nocToBepHoCThID 99, 99%. Han11q11e KoppenHu1111 npo11nnrocTp11poBaHo 

Ha p11c.2, r.ne np11Be.neHa 3aBl1C11MOCTb MeJK.ny <qAf>f 11 r~n ,llJI51 

Bcex nepeXO,llOB C HeHTpOHHOH .UBYXKBa311'IaCTl1qHQH CTPYKTypoH. 

TaM' JKe noKa3a1:1u Jil1Hl111 perpe_cc1111 11 npe.nenu CTaH.napTHUX cpnyKTy­

au11u BeJI11q11H ( KOp11.nopu MelK,ny nyHKT11paMl1). AHaJil13 3Ha'IeHl1H 

<qAr?r yKa3UBaeT Ha HapyrneH11e cnyqauHoro xapaKTepa cpparMeH­

Tau1111 r,li3P. 

nanee B TpeTbeH rJiaBe np11Be,lleHU pe3yJibTaTU 113MepeHl1H pe­

aKQl1H 175 • 176Lu(n · ,1). Eun11 rionyqeHu cneKi~u 113 31 pe3oHaH-
175 · 176 · res . · · · . · • 

ca Lu 11 , Lu 11 O.U11H cneKTp 113 o6JiaCTl1 3Hepr1111 He11TpOHOB, 

He co.nep~ameft pe30HaHCOB. Cpe.n11 pe36HaHCHUX cneKTpOB HeCKOJib­

KO HBJIHIDTCH cyMMaM11 Hepa3perneHHUX pe3oHa.HcOB. OT,lleJihHO npoBo-
: j -~- • 

.U11JIOCb. OAH p51,lla nepeXO,llOB. Y,naJIOCb npoBeCTl1 OAH B . .llBYX pe30-
' 175. , · ' ·-. ,· : . 

HaHcax . Lu C pa3HUMl1 3HaqeHl15IMl1 Cill1Ha: B pe3oHaHce 2,59 3B 
·rr·+ .: · · · ·rr + •.: 

CJ =4 11 B pe30HaHce 5,22 3B CJ =3, 11 TOJibKO B O,llHOM pe30-
' ·•.·176 · ·· ·. rr :....: 

HaHce Lu C 3Hepr11eu 1,565 3B 11 J =15/2. TT03TOMY B pe30-
. 176 . ·, . rr · - · . ···•· . . 

HaHcax Lu CJ =13/2 a6COJIIDTl13aQl151 11HTeHCl1BHOCTeft He npo-

' BO,lll1JiaCb, 11 3HaqeH11e PC~ ,llJI51 3Tl1X pe30HaHCOB He 6uno nonyqe-

HO. 

H3 aHaJI113a nnoma.neft nl1KOB Hl13K03HepreT11qecKHX nepeXO,llOB 

6un onpe,neJieH 1130TonHuft cocTaB nonyqeHHUX cneKTpoB. cn11Hu pe-
. . I 

30HaH_COB onpe,lleJI5IJil1Cb .llBYM51 CilOC06aMl1 -- 113 aHaJil13.,a OTHornemift 

KOM611iiau11u nnoma.neft n11KOB o'npe.neJieHHUX Hl13K03HepreT11qecKl1X 
, . ~-

nepeXO,llOB 11 ,no perjcTpau1111 11HTeHCl1BHUX nepBl1'IHU~ nepXO,llOB Ha . . . . .. . . rr ' .... 
ypoBHl1 COCTaBHOro 51,npa C 113BeCTHUMl1 3Ha'IeHl15IMl1 J, 0,llH03Ha'IHO 

. . 175 · 
6un11 onpe.neneHu 3HaqeH1151 · J .UJIH 13 pe3oHaHcoB Lu .. ny6JieT 

pejoHaHCOB 13,9311 14,16 3B 11MeeT.J=3 11 4. He onpe.neneH9 3Ha-
' •. · 176 · ... 

qeH11e J'pe30HaHca 41,16 3B. llJI5I 2Q pe30HaHCOB . ~~ O,ll~o31:1aq7 

Ho onpe.neneHu 3HaqeH11H J. Pe3oHaHcaM 29, 34 · 11 · 45; f3·. a B. np11n11-

caHo 3H~qeHl1e J=( 13/2). He' onpe.neneHO 3Haqeli11e j pe3oHaHca 

42,55 3B. 
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P11c. 2. 3aBl1Cl1MOCTb <qAf>f OT rAn ,llJIH pe30HaHCOB CJ =2 11 
rr - . 

J =3. BKJIID'IeHu Jil1llib 3HaqeHl1H,COOTBeTCTByIDm11e nepB11q~ 

HUM E1-nepexo,nat.i Ha ypoBHl1 H,npa 

.II.B yxKBa311qacT11'IHoft cTpy'KTY poft. 

174Yb C , HeftTpOHHoi\ 

·nanee np11Be,lleHU ~e3yJibTaTU o6pa6oTKl1 cneKTpOB JKeCTKl1X ,­

nyqeu. B K~JK,llOM cneKTpe . 3a,llaBaJil1Cb 110JIOlKeHl1H 264 1111KOB, .ITJIO­

ma.n11 KOTOp~x 6u~·l1' Haii.ileHlJ B pe3'ynhTaTe 06pa60TK11. B Clll1COK 
. . ,· ' ·175 · · .·. · . · " '· · · :, · 

rrepeXO,llOB 113 peaKQttl1 Lu(n , .)· BKJIID'IeHO 115, a 113 peaKU1111 
176 . . res . . . 

Lu(nres••> -- 112 rrepeXO,llOB. H3 3Tl1X nepexo.noB 56 BXO,llHT B 

o6a Cil11CKa. 6,n11H.:nepexo,n 4~70 K3B .UOCTOBepHO cymecTBye~ ~~Jib­

KO B ·· crreKTpe, ·. HBJIH~meMcH cyMMOft ',nByx pe3oHaHcOB, 11p11HanJielKa­

m11x pa3HUM 1130TOITaM: 36,58 11 36,97,3B. TT03TOMY HeB03MOlKHO on~ 
. ., 

peneJil1Th era 1130TOI111YID ITpHHallJIE!lKHOCTb. bcTaJihHlle 55 nepexo-

11' 



.llOB cymecTBYIOT B 06e1-1x peaKUI-IS!X .. EUJIH onpe.lleJieH!,1 3HaqeHHSI Q 
. , 175 ~ 

peaKUHA. .lIJISI peaKu1-11-1 Lu(n ,a) nonyqeHo 3Ha'leHHe 
. res 176 

Q=(6293,09±0,30) K3B, a .llJISI peaKUHH Lu(n ,a) 
. res 

_Q=(7073,38±0,50) K3B. 

3Ha'leHHS! Jrr ypoBHeA onpe.lleJISIJIHCh l-13 aHaJIH3a 1-!HTeHCHBHOC­

TeA nepeXO.llOB, ycpe.llHeHHUX no BU6paHHUM rpynnaM cneKTpOB, a 

TaKme l-13 aHaJIH3a 3KCTpeMaJihHUX 3Ha'leHHH HHTeHCHBHOCTeA B Kam­

.llOH rpynne . .lIJISI acex 'leTupex 3Ha'leH1-1A J 6UJIH OTo6paHu cneKT­

pu, HMeI01Ul-!e MaJIUH BKJia.ll OT pe30HaHCOB .llpyroro cnHHa 1-!JIH 1-13 

.llpyroA peaKUHl-1. KpoMe 3TI-IX rpynn, 1-1cnOJih30BaJIHCh eme Tpi-1 

rpynnu .llJISI Tpex COOTBeTCTCBYI01UHX 3Ha'leHHH cn1-1Ha, B K_OTopue 

6uJIH BKJI~'leHU 'lHCTUe cneKTpU H cneKTpU, SIBJISII01Ul-1eCS1 CMeChlO pe-

30H_aHCOB .llBYX 1-130TOnOB 1-!JII-I .llBYX 3Ha'leHHH cn1-1Ha. 11, HaKoHeu, 

eme no _O.llHOH rpynne, B KOTOpue BXO.llSIT ace 14 cneKTpOB 3aXBaTa 

Ha 
175

Lu 1-1 21 cneKTp 3axaaTa Ha 176Lu 6UJII-I HCnOJih30BaHU npl-1 

aHaJil-138 nepeXO.llOB,cymecTBYI011ll-lX B pe30HaHcax C .llBYMSI 3Ha'leHHS!~ 

Ml-I cnl-!Ha. 3aKJIIO'leHHSI O cymeCTBOBaHHH,nepexo.lla .lleJiaIOTCSI Ha oc­

HOBaHHH aHaJIH3a rpynn 'lHCTUX cneKTpOB. .lIJIS! onpe.lleJieHHS!, 'leT­

HOCTl-1 ypoBHSI, Ha KOTOpuA 1-1.lleT nepeXO.ll, ero I-IHTeHCI-IBHOCTh, ye-
. ' 

pe~HeHHaSI no rpynne cneKTpoa, cpaBHHBanach co cpe.llHHM 3Ha'le-

HHeM I-IHTeHCI-IBHOCTeA E1~ 1-1 M1-nepeXO.llOB. np1-1 aHaJIH3e jKcTpe­

MaJihHUX.3Ha'leHHH ycpe.llHeHHe B rpynne He nenaJIOCh. npHiO.llSITCSI 

Ta6JIHUU 3Ha'leHHH Jrr ypoBHeA COCTaBHUX Sl.llep 1-1 naeTCSI cpaa~e~1-1e 

noJiy'leHHUX cxeM ypoa~eA C 1-13B8CTHUMH naHHUMl-1. noKa3aHO, 'lTO B 

HaCTOS11UeA pa6oTe ~O,!IY'lBH,60JihW6A ~6~eM HOBOH cneKTpOCKon1-1qec-
;, ' ' . ~ ' ', ' ,• , I ' ' ' • ' ' 1 i 

KOH HHCflopMBUl-11-1. 

nanee npoae.lleH aHaJil-13 KoppeJISIUHH Memny napu1-1aJihHUMH pa-
• I ' - \,. ' 

.llHaUHOHHUMH Wl-lpHHaMH r~ f 1-1 np1-1aeneHHUMI-I HeHTpOHHUMl-1 Wl-lpHHaMH 
0 I\Q ·176 

r~ pe30HaHCOB B peaKUI-IH Lu(n ,a) . .l{JISI Ha6opa WHpl-lH r,~f' 
"n · ·res "• 

COOTBeTCTBYI01UHX nepexonaM Ha r naau nonoc p404J, +:n514J,±n510j, 

nonyqeH ycpe.llHeHHUA Ko,3cpcp1-1u1-1eHT Koppensiu111-1 R=O, 599 , ca1-1.ne­

TBJihcTay10m1-1A O HaJIH'll-lH KOppeJIS!Ul-11-1 C .llOCTOBepHOCThlO 99, 94%. 

nepexonu Ha rJiaBU 3THX noJIOC SIBJISIIOTCSI, C TO'lKl-1 3p8HI-ISI Kq¢M, 

6nar~np~SITHUMH KaH.nH.llaTaMH inH Ha6n10neH1-1S1 R-KoppeJISIUHH,T.K.: 
177 · a) :B cnyqae SI.llpa 'Lu Kaa311qacT1-1ua n510j o6nanaeT CHJih-

HoA CTe~eHhlO 'laCTl-!'lHOCTH (uf=0,98); 

6) .· B pe3y JlhTaTe BUCOKoro 3Ha'leHHSI cnHHa Ml-!WeHH ( I=7) 
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rnaBU noJIOC p404J,+n514J,±n510j BHOCSIT npHMepHO 87% 0.llHO'laCTl-l'l­

HOH CI-IJil,I B cyMMapHyIO CHJIY acex ypoaHeA noJIOCj 

B) a·· KBa3H'll-lCTH'lHY~ cTpyKTYPY 06e11x yKa3~HH·ux nonoc axo­

.lll-lT KOHcp1-1rypau1-1S1 p404J+n514J,; coanana10maS1 c KoHcp11rypau1-1eA MH-
1 6 . .. .. . . . . ·. . · ... ' 

- WeHH 7 Lu B OCHOBHOM COCTOS!Hl-11-1. . . . 
' / 

B UBJIOM MOmHO . KOHCTaT1-1p0B aTh, 'lTO . noae,neH1-1e HHT8HCHBHOCTeA 

._,nepeXO.llQB Ha YKB3aHHUe rnaau nonoc _noJIHOCThlO COBMeCTHMO C 

· npennonomeHHeM d cnyqaAHOM xapaKTepe cpparMeHTau1-11-1 f.ll9P. 
. . . . 

B KOHUe TpeTheA•rJiaBU npoaHaJil-131-!pOBaHU pe3yJihTaTU IlOI-ICKa . ' ' 0 ' . 
HeCTaTHCTH'leCKI-IX 3cpcpeKTOB KOppeJISIUI-IH Memny rAof H r;\n B_ .ne-

cpop~1-1poaaHHUX S!.llpax. 113 3TOro_ aHaJil-138 .nenaeTCSI B~B0.ll O TOM,.' 

'l!O 6onhrnoe KOJIH'lecTBO naHHUX no_ 3axaaTy. HeA:rpoHoa· B 1-13on11po­

.BaHHUX pe30HaRCBX ne~OHCTpHpyeT CTaTHCTH'leCKl-1 .llOCTOBepFUB 3cp- · 
' ' 

cpeKTU R-KoppeJIS!Ul-11-1 .llJISI Sl~ep c 150<A<190. 

B 3aKJIIO'leHHI-I npHBO.llSITCSI OCHOBHUe pe3yJihTaTU pa60TU, KO-
. ' 

Topue BU.llBHraIOTCSI Ha _3a1UHTy: 

1. Pa3 pa6oTaHa MeTO.llHKa H3MepeHHH peaKUI-IH ( n , a) Ha · · res . 
HMnyJihCHOM 1-!CTO'lHl-!Ke HeHTpOHOB, Y'll-lTUBaI01UaS1 MepTBOe BpeMS! Jll-1-

HeAHoro cneKTpoMeTp1-1qecKoro TpaKTa. 

2. Pa3pa6oTaH pS!.ll MaTeMaTl-l'lBCKI-IX nporpaMM, B TOM 'lHCJie 

nporpaMMU .llJISI npo'aeneHHSI 3KCnepHMBHTOB no l-13 Y'lBHI-IK,) peaKUI-IH 

(n · , a); .llJISI copTHpOBKH nonyqeH~oAH~cpopMau~1-1;' .n;H o6pa60TKH res . . . . . 
CJIOmHUX a-cneKTPOBj .llJISI cTaTHCTH'lBCKoA ,o6pa6oTKH nony'leHHA 

1-1HcpopMau1-111 np1-1 no1-1cKe HecTaTHCTH'lecKHX 3cpcpeKTOB KoppeJISIUHA. 
. . . ' 173 · . 

3. l13y'leHa. peaKUHSI Yb(n · , a). onpeneJ1eHu 3Hepr1-111 H res . 1. .· , • , 

a6COJIIOTHUe HHTeHCHBHOCTl-1 77 nepBH'lHUX o-nepexo.noB. 113 , cono-

CTaBJIBHHSI pe3yJihTaTOB HBCTOS11UeA pa60TU l-1, HMBI01UI-IXCSI naHHUX 

n_ ony'leHU 0.llH03Ha'lHUe 3Ha'leHHSI Jrr . JlJISI .41 ypo~HSI, Ha KOTOpue 
. . ' ' . . ' 

1-1.llYT nepBH'lHUe nepexonu. Eme .llJISI 33 ypoaHeA o,nH03Ha'lHo oqpe~ 

,JleJieHa 'lBTHOCTh: 
. 175 . ) 

4. l13y'leHa p~aKUHSI · Lu(nres'·o • , Onpe.neneHu 3HeprHH H 

a6coJIIOTHUe HHTBHCHBHOCTH 6onhrne cTa nepBH'lHbIX a-:--nepexo.noa. 

JiJISI 54 -.rpoBHeA,_ Ha KOTOpHe H.llYT nepBH'lHUe nepexo,nu, O.llH03Haq­

.HO onpe,neJieHa 'lBTHOCTh • 

5. Bnepaue 1-13yqeHa •peaKUHSI 176Lu(nr ,a). -OnpeneneHu · es 
3Heprl-lH H a6coJIIOTHUe HHTBHCI-IBHOCTI-! _60JihWB.CTa nepBH'lHHX i-ne-
pexonciB .: .lIJI~ 42. ypdaHeA,' Ha KoTopue I-1.llYT nepBH'lHue nepexonu, 
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onH6~HaqHo onpe.nenelia qeTHOCTh; Ha 6cHOBaHUll iaHHUX, nonyqeH­

HUX B HacToHmeA pa60Te, npoBe.neH no.npo6HuA·aHann3 nonoc B Ha-
p~ 177L~,-npe~noieHHUX B nnTePaType; • · . 

6 .- 06HapylKeHa .· CTaTHCTllqecKH ·. '.nocTOBepHaH Koppe~H_UllH c 

npnBe.neHHUM_U HeATpOHHUMll lllllpHHaMH pe30HaHCOB HHTeHCHBHOCTeA 

nepB~qHui 7.:.nepexo.noB Ha ypoBHH .nByx nonoc ·co cTpyKTyp6A 
· · - - : 173 · ., 

n512j-n514j, H n512j-n510j B peaKUHH Yb(n ,7); · · - • . . res 
1.· BnepBue· o6HapylKeHa CTaTUCTlfqeCKH nocTOBepHBH KOppenH-

UHH ·c npHBe.neHH~~H HeATpOHHUMll lliHPHHBMU pei6HaHCOB ~HTeHCUB­

H.OCTeA nepBHqHUX .Q.:.nepexo,noB Ha r.iiaB·ll '.ilBYX nono·c CO .CTpyKTy­

poA. p404J+n514j,±n5i4j B peaKUHH 176Lu(~r ,7). - es 
· 8; ., AHaJlH3 ,naHHUX no' Koppe.JIHUllHM 

0
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