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osmAg XAPAKTEPHCTHKA PAEOTU 

AKTyanbHOCTb TeHH BHCCepTaUHH. cneKTpOMeTpHff 
r-H3ny4eHHff, Ha6nD.naeMoro npH pacna,ne ~a,nHOaKTHBHHX HyKnH,nOB, 
ffBnffeTCff O,ZIHHM H3 BaJtHHX HeTO.ZIOB n~H onpe,neneH~H 
xapaKTepHCTHK aTOMHHX g,nep. Eonbmoe 3Ha4eHHe, KOTOpoe HMeeT 
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onpe,neneHHe TaKHX KBaHTOBHX xap~KTepHCTHK KaK cnHHH g.nepHl:lX 
ypoBHSH, sepOffTHOCTH sneKTpOMarHHTHl:lX nepexo,noB H HX 
MynhTHTTOnhHl:lH COCTaB, o6ycnoBJ£eHO TeM, 4TO 9TH q)H3H4eCKH8 
se-nH4HHl:l npe,ncTaBnffDT co6ott 4YBCTBHTenhHHe KpHTepHH nposepKH 
g.nepHHX noTeHuHanos H sonHOBHX 4JYHKUHH B TeopeTH48CKHX 
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MO,nengx g,nep. Cpe,nH MHOfHX acneKTOB H3Y48HHff CTPYKTYPH 
aTOHHoro g.npa B nocne,nHee speMff 6onhmoe BHHHaHHe y,nengei'cii 
H3Y48HHD CBOHCTB R,llep, y,naneHHHX OT nonocH ~-CTa6HnhHOCTH c~. 
HanpHMep pa60TH B Con·ference, Abstract - 5th int. · conf. on 
! ' ' '< ' • ' , • 

nuclei far from stability, Sept. 14-19, 1987, Rosseau Lake, 
Ontario," Canada. n~cKonbKY nepHOAH_ nonypacna.na· ·TaKHX g,nep 

'.1'1 /2!!.1 . HHH., TO , sqiqieKTHBHOe HX Hccne,&oBaHHe MOJtHO npoBO,&HTb 
TOnbKO Ha "H3OJlb"-ycTaHOBKax. 

HacTosuqag pa6oTa sunonHeHa B Hay4HO-9KcnepttMeHTanbHOM 
OT,llene g,nepHOH cneKTpOCKOTTHH H pa,nHOXHMHH Jla66paT'opHH g.nepHHX 
npo6neH QHgH, OHa nocsgmeHa pa3pa60TKe H CO3,llaHHD . . . 
HHOfO,lleTeKTOpHoro cneKTpOHeTpa MYK (MHoro.neTeKTOpHHe yrnosue 
KOppenffUHH), npe.nHa3Ha4eHHOro .nng Hccne,&OBaHHH pa,&HOaKTHBHOro 
pacna.zta KOpOTKOJCHBymHx . H8HTpOHHO- ,neq)HQHTHl:lX HyKnH,nOB, 
y,llaneHHHX OT nonocu 
9KcnepHM8HTanbHOro "H3OJlb_" 
g.ztepHaff cneKTpOCKOTTHH Ha 
Hcc.ne,nqsaHHH .ff,nep c noHom~D 

Uenb_pa6oTH: 

6eTa CTa6HnbHOCTH, 
KoMnneKca gcttAnn-2 

' ' 
ny4Ke npoTOHOB) H 

cneKTPO!-ieTp~_MYK'. 

B pa"!Kax 
(gCHAnn 
npoB~,lleHHD 

1 . Pa3pa60TKa H CO3J(aHHe MHOro,neTeKTOpHoro cneKTpOMeTpa 
• • • • I • 

MYK Ha 6a~e Ge(Li)-,lleTeKTOpOB ~ng H3Y48HHH g,nepHoro 
r-H3ny4eHHR 8 peXHMaX "OH-naAH" H "oqiqi-naHH". 

2.. cos,&aHHe M8TO,llHKH o6pa6oT~H 9KCnep~MeHTanbHNX .naHHHX 
,llna cneKTpoMeTpa. _MYK. 

3 • Pa3pa6oTKa naKeTa 
o6pa6,0TKH 9KCnep~HeHTS.nbHOH 

BH4HCn~TenbHHX 
HHq)OpMaqHH, 
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cneKTpOMeTpe MYK. 

4. HCCJie,llOBaHHe pacna,llOB 211 Rn➔211 At H 
159Yb➔ 159Tm c 

noMOillbD cneKTpOMeTpa MYK. 

MeTon HccnenosaHHH H HayqHaSI HOBH3Ha pe3yJibTaTOB. C03,llaH 

MHOro,lleTeKTOpHNH cneKTpOMeTp MYK C CeMbD Ge(Li)-,lleTeKTOpaMH, 

n03BOJISIDIIIHH npOBO,llHTb H3MepeHHSI ,-,-cosnaµeHHH, speMeHHNX 

cneKTpOB, yrnosux r-r·-KOppeJISIQHH H O,llHHOqHl:,IX r-cneKTpOB, KaK 

s pe:atHMe "oH-naHH" Ha nyqKe q,a3oTpoHa .um omrn, TaK H s 

pe:atHMe "oq,q,-naHH" ,llJISI ,llOJirOlitHBYIIIHX ~a,llHOaKTHBHNX HYKJIH,llOB. 

BNJIH OTpa6oTaHN MeTO,llHKH H3MepeHHH O,llHHOqHNX ,-cneKTpoB, 

cneKTpos r-r-cosna,lleHHH, speMeHHNX cneKTpos H yrnosux 

,-,-KoppeJISIQHH, a TaK:ate MeTO,llHKa o6pa60TKH 9KcnepHMeHTaJibHNX 

,llaHHNX no 9THM H3MepeHHSIM. ~Jl8 "cmHBaHH8" ,llaHHNX no yrJIOBNM 

,-,-KoppeJI8QH8M, nonyqeHHNX Ha pa3JIHqHl:,IX napax ,lleTeKTOpOB, 

6un npe,llJIO:lteH MeTO,ll, OCHOBaHHHH Ha HCil0Jlb30BaHHH HHq,opMaQHH 

no cnyqaHHNM ,-,-cosna,lleHHSIM, KOTOpue perHCTPHPYDTC8 B XO,lle 

9KCnepHMeHTa Ha cneKTpoMeTpe MYK. 
HanHcaH naKeT suqHCJIHTeJibHNX nporpaMM ,llJISI o6pa60TKH 

HHq,opMaQHH, nonyqaeMOH Ha cneKTpOMeTpe MYK. 

npe,llJIOllteHa MeTO,llHKa o6pa60TKH pe3yJibTaTOB 

KOppeJI8QHOHHOro 9KCnepHMeHTa. MeTO,llHKa OCHOBaHa Ha aHaJIH3e 
u 2 g 3HaqeHHH BeJIHqHH ~. TaKOn no,llXO,ll Il03BOJISleT npH onpe,lleJieHHH 

cnHHOB ypoBHeH nonyqHTb KOppeKTHOe 3HaqeHHe ,llOBepHTeJibHOro 

HHTepsana. 

B pe:1tHMe "oq,q,-naHH" 6unH npose,lleHu H3MepeHH8 yrnosux 

r-1-KoppenS1QHH, Ha6nD,llaeMux npH pacna,lle 211Rn➔211 At. 

KoppeJI8QHH ,llJISI 15 KacKa,llOB 6UJIH H3MepeHU snepsue. B 

9HepreTHqecKOM cneKTpe 211A t 6UJIH ycTaHOBJieHN O,llH03HaqHo 

cnHHN ,llJISI 10 yposHeH npH 3HaqeHHH ,!lOBepHTeJibHOro HHTepsana 

95%. ~JISI 8 1-nepexo.D,OB 6UJIH ycTaHOBJieHN 3HaqeHH8 OTHOWeHHH 

CMeCH 6. AHaJIH3 9THX 3HaqeHHH BMeCTe C ,llpyrHMH 

9JleKTPOMarHHTH,.MH xapaKTepHCTHKaMH 8,llpa 
211

At B paMKax 

MHoroqacTHqHoH o6onoqeqHoH MO,lleJIH noKa3aJI, qTo B 6a3HC 

npoTOHHNX BOJIHOBNX q,yHKQHH, o6NqHo HcnOJib3YeMNX npH pacqeTaX 

(T.e. h9/2' f7/2 H 113/2), Heo6XO,llHMO BBeCTH TaK:ate 

O,llHoqaCTHqHue COCTOSIHH8' f5/2' P312· Pi12· 
npoee,lleHN "oif-JiaHH" 9KcnepHMeHTN B JIHHHD c 
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Macc-cenapaTopoM· KOMnJieKca 5ICHAnn-2. HccneµosanHCb 

KOpOTKO~HBYIIIHe HYKJIH,llN c A=159 C uenbD nonyqqHHSI HOBUX ,llaHHNX 
159 sys. 

no pacna,lly Yb tT112=1.4 MHH, O~+ =4.6 M9Bl. npose,lleH 

aHaJIH3 H3MepeHHNX O.!lHHoqnux r-cneKTpos, cneKTpos 

r-r-cosna,lleHHH H cneKTpoe 3a,llepxaHHNX 1-r-coena,lleHHH. B 

pe3yJibTaTe aHaJIH3a 9KcnepHMeHTaJibHNX ,llaHHNX 6uno 

H,lleHTHq,HQHpOBaHo 36 HOBUX ,-nepeXO,llOB. npe,llJIOllteHa cxeMa 

pacna,lla 
159

Yb, B KOTopyD, B ,llononHeHHe K paHee H3BeCTHUM .llBYM 

B036y:at,lleHHUM COCT08HH8M 159Tm,· BBe,lleHo 17 HOBUX YPOBHeH. 

YToqHeHO epeMSI ll:H3HH COCT08HH8 C 9HeprHeH 166. 1 K98, 

T112=37. 5±1. 3 HC, ~- H onpe,lleJieHU npHBe,lleHHNe eepo8THOCTH .llBYX 
1-nepeXO,llOB. 

noaKTHqecKaSI 3HaqHMOCTb oa60TN. C03,!laHHUH 

MHOrO,lleTeKTOpHNH cneKTpOMeTp MYK C ceMbD Ge(Li)-,lleTeKTopaMH, 

no3BOJI8eT npoBO,llHTb B O,llHOM 9KcnepHMeHTe H3MepeHH8 

,-,-coena,lleHHH, BpeMeH 7.tH3HH B036y,i::,lleHHblX COCTOSIHHH Sl,llep B 

,llHana3oHe OT 7 HC ,LIO HeCKOJlbKHX COT HaHOCeKyH,ll, yrnOBNX 

1-r-KoppeJ18QHH H O,llHHOqffl:,IX r-cneKTpoe, KaK B pe%HMe "OH-JiaHH" 

,llJISI KOpOTKO%HBYIIIHX 8,llep, nonyqaeMblX Ha Macc-cenapaTope 

KOMnJieKca SICHAnn-2, TaK H B pelltHMe "oqup-naAH" ,llJl8 

,llOJ1ro1mey111Hx pa,llHOaKTHBHNX HYKJIH,llOB. Yr Jll:,I Me:atµy ,lleTeKTopaMH 

cneKTpOMeTpa MYK q,HKCHpoeaHU, H OHH Il03BOJISIDT H3Mep8Tb 

KoppeJISIQHOHHYD q,yHKUHD B O,llHOM 9KcnepHMeHTe. 3TO 03HaqaeT, 

qTo npH o6pa60TKe 9KCnepHMeHTaJibHblX ,llaHHUX no yrnoBNM 

1-r-KoppeJISIQHSIM HeT Heo6XO,llHMOCTH BBe,lleHH8 nonpasoK Ha pacna,ll 

pa,llHOaKTHBHOro HCTOqHHK;i H Ha q,nyKTyaUHD HHTeHCHBHOCTH 

HOHHoro nyqita Hacc-cenapaTopa. nepeqHcneHHNe eume H3MepeHH8 

no3BOJISIDT onpe,lleJl8Tb 9HeprHH H HHTeHCHBHOCTH ,-nepeXO,llOB, 

ycTaHaBJIHBa Tb cxeMy pacna,lla pa,llHOaKTHBHNX HYKJIH,llOB I 

onpe,lleJISIT~ OTHOWeHHSI CMeCH r-nepeXO,llOB H npHBe,lleHHUe 

eep08THOCTH nepexo,lla B cnyqae HaJIHqHSI HHq,opMaQHH O THne 

r-nepexo,lla (MarHHTHUH HJIH 9JleKTpuqecKHH). 

MeTO,ll "CWHBaHHSI" ,llaHHUX no yrJIOBNM r-r-KoppeJI8QH8M, 

nonyqeHHNX .!lJISI pa3JIHqHux nap ,lleTeKTOpoe, npH KOTopoM 

HCnOJib3YDTC8 ,llaHHNe no cnyqaHHUM coena,lleHH8M, MOlitHO npHMeHHTb 

H Ha ,llpyrHx MHoro,lleTeKTOpHNX CHCTeMax. 

HOBaSI MeTO,llHKa o6pa60TKH KoppeJI8QHOHHNX ,llaHHNX Ha OCHOBe 
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aHaJIH3a 3HaqeHHR BeJIHqHHH :\'.2 , KOTOpaR BKJIDqaeT B ce6R TaKl!te 

.11aHHNe no KOHBepcHH, no3BOJl8eT nonyqaTb KoppeKTHOe 3HaqeHHe 

.11osepHTeRbHoro HHTepsaRa npH onpe.11eReHHH cnHHOB R.11epHHX 

yposHeH H OTHOmeHHH CMeCH o. 

Ha samHTY BNHOC8TC8 CRenynmHe noJIOl!teHH8 H pesyRbTaTH: 

1 . cos.n.aHHe MHoro.11eTeKTOpHoro cneKTpoMeTpa MYK Ha 6ase 

Ge(Li)-,ll.eTeKTOpOB ,!I.RR HsyqeHHR 8,!1.epHoro 1-HsRyqeHHR 8 peltHMaX 

"oH-RaHH" H "ott-RaHH". 

2. Cos.n.aHHe MeTO,ll.HKH o6pa6oTKH 3KCnepHMeHTaRbHHX .naHHHX 

,ll.Jl8 cneKTpOMeTpa MYK. 

3 • Paspa6oTKa naKeTa BNqHcRHTeRbHHX nporpaMH .llRR 

o6pa60TKH 3KcnepHMeHTaRbHOH HHtOpMaUHH, noRyqaeMOH Ha 

cneKTpOMeTpe MYK. 

4. 0Tpa60TKa MeTO,ll.HKH H3BReqeHHR cnHHOB R,!1.epHHX ypoBHeH 

H OTHOmeHHH CMeCH o 1-nepexo.1100 C HcnORb30BaHHeM .n.aHHHX no 

yrROBHM 1-1-KoppeRRUHRM H .n.aHHNX no KOHBepcHOHHHM 3ReKTpOHaM, 

Ha OCHOBe aHaRH3a BeRHqHHH :\'. 2 . • 

5. PesyRbTaTN HCCRe,llOBaHHR pacna,1108 211 Rn➔211 At H 
159Yb➔ 159Tm. 

Anpo6aUH8 pa60TN. 

OCHOBHNe pesyRbTaTN pa60TH ,ll.OKRa,ll.NBaRHCb H 06cyJ1:,ll.aRHCb 

Ha 21°" ceccHH KOMHTeTa no CTPYKType 8,llpa CeKUHH YqeHoro 

COBeTa mum no tH3HKe HH3KHX 3Heprnii (,lly6Ha, 1986 r. I , Ha 

Pa604HX cose~aHH8X no HCHATITI-2 (,lly6Ha, 1987 r., 1990 r.), Ha 

37°M. 39°M, BcecoD3HHX cosemaHH8X no g.11epHOH cneKTpOCKOnHH H 

CTPYKType aTOMHoro R,llpa, Ha ceMHHapax no tH3HKe aTOMHOro R,llpa 

JlHTI OHHH. 

rRaBHNe noROllteHH8 )lHCCepTaUHH OTpal!teHH B 8 

ony6RHKOBaHHHX pa6oTax. 

06oeM H CTPYKTypa pa60TH. ,llHccepTaUHR COCTOHT H3 

BBe,ll.eHHR, qeTHpex rRaB, 3aKRD4eHH8 H .llBYX npHROllteHHH. Pa6oTa 

H3ROi!teHa Ha 152 CTpaHHUaX MamHHOnHCHOrn TeKCTa, 

Ta6RHU H 34 pHCYHKa. CnHCOK HCnORb30BaHHOH 

BKRD4aeT 105 HaHMeHOBaHHR. 

CO,llEPXAHHE PABOT~ 

co.nepu!T 17 

RHTepaTypH 

so se.ne1-nn1 noKasaHa aKTyaRbHOCTb HCCRe.n.osaHHH g,nep, 

- 4 - ·. 

r;, 

.. 
j 
! . 

I ... 
I 
Ii 
f 
I, 

f 

i 

y.naReHHHX OT noROCH 6eTa~c,a6HRbHOCTH, ctOPMYRHpOBaHi QeRb 

pa6oTH H onHCHBaeTCR CTPYKTypa ,ll.HCCepTaUHH. 

~ nepBOH r RaBe H3JIOlteHa TeOpHR yr ROBHX KoppeRRUHH raMMa 

H.3Ry4eHHR, KaK cpe.n.cTBa noRyqeHHR R,!1.epHO-,H3H4eCKOH 

HHtopMaUHH H npHBe.11eHN OCHOBHNe fopMyRH, He06X0,11HMUe _.11R8 

HHTepnpetaUHH pe3yRbTaTOB H3MepeHHH KoppeRSIUHOHHOH fYHKUHH. 

06cyx,11aDTC8 M8T0.11H o6pa60TKH pe3yRbTaTOB H3MepeHHH 

KOppeRRUHOHHOH fyHKUHH. 

TipH o6pa60TKe 3KCnepHM8HTaRbHHX .naHHNX .no yr ROBNM 

1-1-KoppeRRUHRM onpe.11eRRDTCR 3Ha4eHHR K03ffHUHeHTOB A~~c., 

(A=2,4) KOppeRRUHOHHOH fYHKUHH. ,llaRbHeHillHH Tpa.11HUHO~HNH 

aHamrn, T. e. onpe.11eReH1-1e cnHHOB 8,llepHHX ypOBHeH H . OT_HomeHHH 

CMecH o 1-nepexo.1100, npoB0.11HTCR MeTo~OM KoReMaHa (Coleman 

C.F. - Nucl. Phys.,. 1958, 5, p. 495-503) HRH ApHca H 

BH,ll.eH6eKa (Arns R. G. , 

111, p. 1631-1633). 

Wiedenbeck M.L. - Phys. Rev., 1958, 

YKa3aHHNe no.nxo.11H 06Ra.nanT HeKOTopHMH 

H8,ll.OCTaTKaMH: 1- 8 HHX He yKa3HBaDTCR 3Ha4eHH8 .11osepHTeRbHOrO 

HHTepsaJia, noRyqeHHOro pe3yRbTaTa, 2- B HHX He yqHTHBaeTCR 

TOT faKT, 4TO K03ffHUH8HTU A22 -H A44 He 88RRDTCR 

CTaTHCTH4eCKH He3aBHCHMHMH, 3- npH onpe.11eReHHH A~:c. (06N4HO 

nyTeM HHHHMH3aUHH seRH4HHH :t2 ) He HaKRa,ll.HBal)TCR YCROBHR Ha 

seRH4HHY AAA' XOTR .11onycTHMHe 3Ha4eHHR K03,fHUHeHTOB AAA 

RellaT B orpaHH48HHOM HHTepsane. TioMHMO Toro B pa6oTax no 

H3yqeHHD yr ROBHX KoppeRRUHH HCnORb3yeTCJ1 TaKllte HHfOpMaUHR 0 

MYRbTHnORbHOCTH nepexo.1100, KOTopaR, 6HRa noRy4eHa H3 

KOHBepCHOHHHX .naHHHX. Bee 3TH o6cTORTeRbCTBa npHBO,ll.RT K TOMY, 

qTo .11osepHT8RbHHH HHTepsaR ,!I.RR KOHe4Horo pe3yRbTaTa, T.e. 

RJ-160 ,!I.RR ycTaHOBReHHR 3Ha48HHH cnHHOB .R,!1.epHUX yposHeH, RH60 

,!I.RR HHTepBaRa 3HaqeHHH napaMeTpa o, CTaHOBHTC8 .11pyrHM no 

cpasHeHHD C ,OlltH.naeMHM. npe,!1.ROXeHHNH HaHH MeTo.n, OCHOBaHHNH Ha 

aHaRH3e 3Ha4eHHH seRH4HHH :\'.2 , BKRD4anmeii noMHMO ,naHHNX no 

yrRoBHM 1-1-KoppeRRUHRM, TaKllte .naHHNe no KOHBepcHOHHHM 

onpe.neReHHOe H 3ReKTpoHaM, no3BORReT noRy4aTb snoRHe 

KoppeKTHoe 3Ha4eHHe .11osepHTeRbHoro HHTepsaRa. 

BTopaR rRaBa. CneKTPOMeTp MYK COCTOHT H3 ceMH 

HCTHHHO-KOaKCHaRbHHX Ge!Li)-,neTeKTOpOB, pacnOROllteHHHX 8 O,ZIHOH 

TIROCKOCTH CHMMeTpH4HO no OKPYltHOCTH, 8 ueHTpe KOTopoH 
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PHC.1. cneKTpOMeTp MYK ana "oH-naHH" H3MepeHHH. Ha CHHMKe 

noKa3aH KOppenRUHOHHblH CTOn C Ge(Lil-aeTeKTOpaMH H 

TpaHcnopTHOe ycTpOHCTBO pa)lHOaKTHBHblX HCTO'-IHHKOB. 

noMe~aeTCR pa)lHOaKTHBHblH HCTO'-IHHK (CM. pHC. 1). 
y 6 3 qyscTBHTeRbHblH o 'beM )leTeKTOpOB paseH ~ 40 CM . Yron Mexay 

coce)lHHMH )leTeKTOpaMH COCTasnaeT 51.4° H, TaKHM o6pa3OM, npH 

H3MepeHHH yrnoBblX 1-1-KoppengUHH HMeDTCSI TPH yrna 51.4° 

102. 9° H 154. 3°, KaX,llblH H3 KOTOpblX peanH3HpyeTcg ,11ng 7 i:iap 
)leTeKTOpOB. nonymHpHHa KpHBOH MrHOBeHHblX 1-1-cosna,11eHHH (KMC) 

ana Kall,llOH napbl )leTeKTOpOB B OT)lenbHOCTH C HCTO'-IHHKOM 
60

cc 
COCTasnaeT 8. 0-12. 9 HC npH 9HeprHH r-H3ny'-leHHg B HHTepsane 
60-1333 K9B. Jna o6ecne'-leHHR H3MepeHHH B peEHMe "ott-naAH" 
6uno CO3)laHO TpaHcnopTHOe ycTpOHCTBO pa)lHOaKTHBHblX HCTO'-IHHKOB 
( TYPH) C ,llBHllY~HMCR KOnneKTOpOM, KOTOpblH nepHO,llH'-leCKH 
nepeHOCHT HaKonneHHYD aKTHBHOCTb K ,11eTeKTOpaM H 3aTeM ee 
y6HpaeT. YcTpOHCTBO TYPH pa6oTaeT Ha npHHUHne KaTyme'-IHOro 
MarHHTO$OHa. B Ka'-leCTBe KOnneKTopa HCil0Rb3yeTC8 neHTa mHpHHOH 
12.5 MM. CKOpOCTb nepe)lBHEeHHR neHTbl COCTaBnReT 76 CM/C. 
YnpasneHHe TYPH ocy~eCTBngeTcg MHKponpouecopHblM ycTpOHCTBOM, 
C IlOMO~bD KOTOporo 3a)laeTcg BpeMR HaKonneHHR. KoMnneKC 
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PHC.2. BnoK-cXeMa 9ReKTpOHHOH annapaTyp1:,1 cneKTpOMeTpa MYK. 

nY-npe)lyCHRHTenb, BY-6blCTpHH ycHnHTenb, AY-nHHeHHblH ycHnHTenb, 
~Bn-~opMHposaTenb apeMeHHOH npHBR3KH, cnK-6noK cosnaaeHHH, 

KK-KOHTponnep, rP-rpeAaep,oq-oattoaapecttoe '-ITeHHe, AUn Haun
aMnnHTYJlHO- H speMeHHO- UH$pOBOH npeo6pa30BaTenb, BH-6y$epHblH 
HaKOnHTenb, KM086-KOHTponnep, HMA-MarHHTO$OH, nK-nepcottanbHblH 
KOMilbDTep. 

9ReKTpOHHOH annapaTyp1:,1, 6noK-CXeMa KOTOporo npHBe)leHa Ha 

pHC. 2, npeaHa3Ha'-leH )lng OJlHOBpeMeHHOrO H3MepeHHg MrHOBeHHblX 
H 3aaeplltaHHblX r'-r'-coana,iteHHH, 3aperHcTpHposaHHblX nD6oH napoA 
H3 ceMH Ge(Li)-)leTeKTOpoB, H OJlHHO'-IHblX r-cneKTpOB, 

3aperHCTp~posaHHblX 8 ,z,.syx Bb16paHHblX ,z,.eTeKTOpax. MHoroMepHaR 

HH$OpMaUHR O KaE)l0M cnyqae cosna,z,.eHHR, T.e. napaMeTpbl 
~-r1-r2-t 3anHcblsaDTCR s xo,z,.e 9KcnepHMeHTa nocne,z,.oeaTenbHO Ha 
MarHHTHble neHTbl. C uenbD yMeHbmeHHg KOnH'-leCTBa MarHHTHblX neHT 
8 H3MepeHHSIX 6una npe,ztyCMOTpeHa 8O3MOEHOCTb npose,iteHHSI 

$HnbTpauHH MHOrOMepHHX ,ltaHHHX. 
TpeTbR rnasa. npH H9MepeHHH r-r-cosna,z,.eHHH Ha 

MHOro,zteTeKTOpHOM cneKTPOMeTpe 8O3HHKaeT sonpoc O ~OpMe 
npeacTasneHHR nonyqaeMOH HH$OpMaUH~ s y,1to6HOM ,qng attanH3a 
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BH,lle. H3MepeHHe r-r-cosna,lleHHH Ha cneKTpoMeTpe MYK MO%HO 

npeacTaBHTb KaK COBMeCTHHH 9KcnepHMeHT Ha 21 asyxaeTeKTOpHOM 

cneKTpOMeTpe, H o6pa6aTHBaTb 9TH H3MepeHHSI TpaaHUHOHHHM 

cnoco60M, T.e. ansi 3aaaHHHX 9HepreTH9eCKHX OKOH Ha oaHOM 

,lleTeKTope nonyqaTb cneKTPH oTseTa Ha apyroM ,lleTeKTope (aHaJIH3 

ceqeHHH MaTpHUH cosnaaeHHHl. Ho npH TaKOM cnoco6e o6pa6oTKH 

no;ryqaeTCSI ·cJIHWKOM 60Jibmoe KOJIH9eCTBO cneKTpos. 3Ta npo6JieMa 

6una pemeHa nyTeM TaKOH HaCTpOHKH 9JieKTpOHHblX TpaKTOB' npH 

KOTOpoA MaKCHMYMH TTHKOB OT 1-nepexoaos B TpaKTe Kaxaoro 

aeTeKTOpa HaxoasiTCSI B KaHaJie C oaHHM H TeM xe HOMepoM, 9TO 

no3BOJISleT cyMMHposaTb 21 MaTpHUY cosna,lleHHH B oaHy, KOTopaSI 

o6pa6aTHsaeTcsi sumeynoMsiHyTHM cnoco6oM. 

TeXHHKa 3aaep~aHHNX cosnaaeHHH SIBJISleTCSI oaHHH H3 HaH6onee 

pacnpocTpaHeHHHX MeTO)lOB nonyqeHHSI HH~OpHaUHH O speMeHaX 

%H3HH siaepHHX COCTOSIHHH. IlpH CTaH,llapTHOH HacTpoAKe annapaTypH 

Ha cneKTpoMeTpe MYK H B cnyqae HCilOJib30BaHHSI MeTO)la HaKJIOHa 

npH o6pa6oTKe KpHsoA 3aaepxaHHHX cosna,lleHHH HHTepsan 

HMepsieMblX nepHO)lOB nonypacnaaa COCTaBJISleT OT -::::7 HC )lO 

HeCKOJibKHX COT HaHOCeKyHa. CO CTOpOHH MaJINX 3Ha9eHHH nepHoaos 

nonypacnaaa 9TOT auana30H onpeaensieTcsi seJIH9HHOH cKJioHa KMC, 

a co CTOpOHbl 60JibWHX 3Ha9eHHH 3a,llaHHblM speMeHHHM HHTepsaJIOH 

6noKa cosnaaeHHA. · 

3Ha9eHHSI HHTeHCHBHOCTeA 1-1-cosnaaeHHH I( i,k), k=1, 2, 3, 

onpe,lleJieHHHe )lJISI COOTBeTCTBYD~HX yrJIOB Mexay aeTeKTOpaMH, 

HCnOJib3YDTCSI npH BN9HCJieHHH K09~~HUHeHTOB yr JIOBOH KppeJISIUHH 

A22 H A44. HHTeHCHBHOCTH I (i,k) nonyqaDTC.>I nocne copTHpOBKH 

.naHHblX no yrnos1,1M r-r-KoppeJISIUHSIM, nocne sseaeHHSI nonpasoK Ha 

cosnaaeHHSI c ~oHOM H c;ryqaAHNe cosna.neHHSI, a TaKxe nonpasoK 

Ha OTHOCHTeJibHYD 9~~eKTHBHOCTb• perHCTpaUHH raHMa KBaHTOB 

pa3JIH9HHMH TpaKTaMH. .llJISI cneKTpOMeTpa MYK 6blJIH pa3pa6oTaHbl 

asa HeToaa BBe,lleHHSI nonpaBOK Ha 9~~eKTHBHOCTb perHCTpauHH 

cosna)leHHH. 8 nepBOM MeToae perHcTpHpyDTCSI O)lHH09HHe 

1-cneKTpbl C nOMO~bD aMnJIHTyaHo-uu~pOBHX npeo6pa30BaTeJieA, 

ynpaBJISleMHX OT ~OpMHposaTeJieH speMeHHOH npHBSl3KH, nooqepe,!!HO 

.nnsi KaJt)loro TpaKTa ao HiIH nocne 9KcnepHMeHTa. ,llnsi sse)leHJ.rn 

nonpaBOK HCTTOJib3YDTCSI OTHomeHHSI nno~a,lleH JIHHHH, BXO)lSl~HX -8 

HCCJie,llyeMble KacKaau. Bo BTOpOM MeTO,lle BBe,lleHHSI nonpaBOK Ha 
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9~~eKTHBHOCTb perHCTpaUHH r-H3Jiy9eHHSI aeTeKTOpaMH 

HCnOJib3yeTCSI HH~OpMaUHSI H3BJieKaeHaSI H3 cneKTpOB c;ryqaAHHX 

cosnaaeHHH, KOTOpNe TaKxe perHCTPHPYDTCSI B XO)le 3KCnepHMeHTa 

Ha cneKTpOMeTpe MYK. HcnOJib30BaHHe 3TOro MeTO,lla, KOTOpNH ,llO 

CHX nap B JIHTepaType He ynoHl:1HaJICSI, CTaJIO B HamHX 

HCCJieaosaHHSIX npeo6naaaD~HH. MeToa OCHOBaH Ha ,!!BYX ~aKTax: 

a) HHTeHCHBHOCTH KaK HCTHHHNX' TaK H cnyqaHHNX cosnaaeHHH 

KBaHTOB T1 c .npyrHMH r-KBaHTaH~ nponopuHoHaJibHN 9~~eKTHBHOCTH 

perHCTpauHH T1 B ,lleTeKTOpe e(r1>, 

6) raHHa KBaHTN, KOTOpNe CJiy9aHHO cosnaJIH, He KOppenHposaHH B 

npocTpaHCTBe, H 3TO 03HaqaeT, 9TO ansi HHX A22=A44=0. 

IlpH aHaJIH3e yrnosoA KoppeJISIUHH KacKaaa r 1-r
2 

HaH6onee npocTNH 

cnoco6oM sseaeHHSI nonpaBOK SIBJISleTCSI HCnOJib30BaHHe cnyqaHHNX 

cosnaaeHHH r 1 c r 2 , n9cKOJibKY 9Hcno 9THX cosnaaeHHA TaKxe KaK 

H 9HCJIO HCTHHHNX cosna,lleHHH nponopuHoHaJibHO npOH3Be,lleHHD 

ei(r1 )*ej(r2 >, rae i, j o6o3Ha9aDT HOMepa ,lleTeKTopos. 3ToT 

no.nxo)l He aaeT xopomero pe3yJibTaTa, nocKoJibKY s peaJibHOH 

3KcnepHMeHTe TaKHX cosna.neHHH Ha6JID,llaeTCSI oqeHb Hano, 9TO 

npHBe,lleT K 60JibWHH OWH6KaM nonpaBOK, H TeH caHNM, K 60JibWHM 

OWH6KaM 3Ha9eHHH K03~~HUHeHTOB yrnosoA KOppeJISIUHH. KOJIH9eCTBO 

cnyqaAHNX cosna,lleHHH, Kor.na T1 KBaHT perHCTpHpyeTCSI B 

onpe,!!eJieHHOH ,lleTeKTOpe H JID6oA ,!!pyroA raHMa KBaHT B JID60H 

.npyroM )leTeKTOpe' 3Ha9HTeJibHO 60JibWe. TaKoro po,!!a CJiy9aHHNe 

cosna,lleHHSI HOXHO HCnOJib30BaTb ,!!JISI BBe,lleHHSI nonpaBOK Ha 

3~~eKTHBHOCTb perHCTpaUHH r-H3JiyqeHHSI. HcnoJib30BaHHe 

cnyqaHHNX cosna.neHHH ansi "CWHBaHHSI" ,llaHHNX, OTpa3HJIOCb Ha 

anropHTMe ~HJibTpaUHH ,llaHHNX. ~HJibTpaUHSI nposoaHnacb C noHO~bD 

BN60pKH UH~pOBNX OKOH no OCSIH 3HeprHH H speHeHH. I..IH~pOBNe 

OKHa BBOaHJIHCb KaK BXO,!!HNe ,llaHHNe nepe.n Ha9aJIOH 3KcnepHHeHTa 

B nporpa~MY Ha6opa. OKHa ycTaHaBJIHBaJIHCb Ha 3aaaHHNX r-JIHHHSIX 

B 3HepreTH9eCKOH cneKTpe Kaxaoro ,lleTeKTOpa. TaKHH o6pa30M 6NJI 

nonyqeH ar.si KaX)lOH napu )leTeKTOpOB B COOTBeTCTBHH C 3a,llaHHNHH 

KaCKa)laMH Ha6op .llBYXHepHNX OKOH. Ha pHc. 3. 3TH OKHa 

o603Ha9eHN T09KaHH HJIH HaKJIOHHHMH JIHHHSIHH. 8 sepxHeA qacTH 

pHCYHKa noKa3aH ~parHeHT CXeHN yposHeH Sl,llpa C KaCKa,llaMH 

nepeXO)lOB 1-2, 1-3, KOTOpNe HccneaosaJIHCb B OTTNTe. 

3amTpHxosaHHNe OKHa o6o3Ha9aDT Te cnyqau cosnaaeHHH, 
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HH!pOpMaQHR O • KOTopux 3anHcusanacb Ha MarHHTHYD JleHTY 

He3aBHCHMO OT 3Ha9eHHR speMeHHOH KOOp,llHHaTU, T.e. ee 3Ha9eHHe 

onpe,lleJIRJIOCb TOJlbKO BpeMeHHUM HHTepsaJIOM 6J10Ka cosna,lleHHH. H3 

9THX cosna,lleHHH onpe,lleJIRJIHCb 9HCJla HCTHHHUX cosna,lleHHH. 

A) 

E,) 

~ 

~ ' ·-,VVU I I , 2o6o 
BPEMII IKAHAAI 

co6uTHR, KOTopue nonaaairn B 

.llBYXMepHNe OKHa, OTMe9eHue 

T09KaMH, 3anHCHBaJ1HCb Ha 

MarHHTHYD JleHTY TOr,lla, KOr,lla HX 

speMeHHaR KOOp,llHHaTa HaXO,llHJlaCb 

B ,llHana3oHax BHe KMC. 

PHC. 3. cxeMaTH9eCKOe H306paxe

HHe nonoxeHHR OKOH lflHJlbTpaqHH 

,llaHHNX ,llJIR cnyqa~ .llBYX KaCKa

,llOB. A-O,llHOMepHNe OKHa Ha OCRX 

,lleTeKTOpOB i H j H COOTBeTCTsy

D~He ABYXMepHNe OKHa; B-asa 

O,llHOMepHHX OKHa, ycTaHaBJIHBa

eMNe Ha qioHe cnyqaiiHHX cosnaae

HHH o6~eii speMeHHOH KpHBOH. 

~JIR o6pa60TKH HHlf!OpMaQHH, nonyqaeMOH B 3KcnepHMeHTaX Ha 

MHOro,lleTeKTOpHOM cneKTpOMeTpe MYK. 6NJI pa3pa6oTaH KOMnJieKC 

nporpaMM. nporpaMMU HanHcaHU Ha S13UKe ~OPTPAH-4 H nocTaBJleHU 

Ha 98M EC-1040 AHn OHHH, BAKC RBTA OHHH H npaseq-16. 

nporpaHMU o6pa6oTKH O,llHOMepHOH HHlf!OpMaQHH: 

1- LEV- onpe,lleJleHHe nonozeHHSI MaKCHMYMOB 1-JIHHHH, HX nnomaaeH 

H nonymHpHH npH o6pa60TKe O,llHH09HUX r-cneKTPOB. 

2- PS- npHrOTOBJleHHe qiaHJIOB C rpalflH9eCKHMH ,llaHHUMH ,llJISI 

BU9ep9HBaHHSI r-cneKTpOB Ha rpacponocTpOHTeJie. 

nporpaMMU o6pa6oTKH MHOroMepHOH HHlf!OpHaQHH: 

1- SIS- copTHpOBKa 3HepreTH9eCKHX H speMeHHUX HHTerpaJlbHUX 

cneKTpOB cosna,lleHHH, no KOTOpUM onpe,lleJISIDTCSI OKHa Ha OCSIX 

9HeprHH H BpeHeHH. 9TH OKHa HCnOJlb3YDTCSI 8 Ka9eCTBe BXO,llHUX 

,llaHHUX ,llJISI nporpaHM scs, STS, SADC. 

2- scs- copTHpOBKa ceqeHHH MaTpHUN 1-1-cosna,lleHHH. 
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3- STS- copTHpOBKa BpeHeHHUX pacnpe,lleJleHHH cosnaaeHHH ,llJIR 

aaaaHHUX KacKa,llOB 1-KBaHTOB OT ecex nap ,lleTeKTOpOB, 

4- SADC- AJISI aaaaHHUX-KaCKa,llOB 1-KBaHTOB onpe,lleJISIDTCSI 9HCJla 

HCTHHHHX cosnaaeHHH ,llJISI ecex nap ,lleTeKTOpOB H 9HCJla cnyqaHHUX 

coenaaeHHH, He06XO,llHMUX ,llJIR BBe,lleHHSI nonpaBOK Ha 

91fllfleKTHBHOCTb perHCTpaQHH r-coena,lleHHH. BU9HCJISIDTCSI 

HeHOpMHpOBaHHUe HHTeHCHBHOCTH coenaaeHHH KBaHTOB 11 c 

KBaHTaMH 12 AJIR napu ,lleTeKTopo~ (i, j) I'(11,T2,i, j), KOTopue 

HcnOJlb3YDTCSI B Ka9eCTBe BXO,llHUX ,llaHHUX B nporpaMMe ECDIF HJIH 

ADC1 (CH. mute) . 8 TOM cnyqae, Kor ,lla 91fllfleKTHBHOCTH 

perHCTpaUHH raHMa KBaHTOB aapaHee H3BeCTHU, npOH3B0,llHTCR 

pac9eT HHTeHCHBHOCTeH coenaaeHHH ,llJISI KaX,llOH napu ,lleTeKTOpOB, 

H3 K·oTopux nonyqaDTCSI 3Ha9eHHSI I(ttK) KaK cpe,llHeB3BemeHHOe. 

KoHe9HNH pe3yJlbTaTOM ~BJISIDTCSI 3Ha9eHHSI K091fllf!HUHeHTOB A22 H 

A44· 
nporpaMHU aHaJIH3a KOppenRQHOHHOH lflYHKUHH: 

1- ECDIF- BXO,llHUMH ,llaHHHMH SIBJISIDTCSI HeHOpMHpOBaHHHe 

HHTeHCHBHOCTH coena,lleHHH I' {i,j,J1•T2l· Pe3yJlbTaTOM nporpaMMU 

SIBJIRDTCR K091fllfJHQHeHTU xn n=1,2, ..• 7, KOTOpue HCilOJlb3YDTCSI B 

Ka9eCTBe nonpaBOK ,llJISI I' (i,j,Ja,rbl. 

2- ADC1 - ,llJISI 3a,llaHHOro KaCICa,lla BU9HCJIS!DTCSI 3Ha9eHHSI 

K091fl!pHQHeHTOB A22 H A44. BXO,llHUMH ,llaHHNMH SIBJIRDTCSI: Ha6op 

HHTeHCHBHOCTeH I' {i,j,Ja,1bl, Ha6op 3Ha9eHHH xn n=i,2, ... 7, H 

nonpaeKH Ha TenecHue yrnu. 

3- ADC2- npoBO,llHTCSI pacqeT BeJIH9HH A22 H A44 nyTeM 

MHHHMl13aQHH 3Ha"!eHHSI :t2 . 8 Ka9eCTBe BXO,llHNX ,llaHHUX CJlylltaT 

HHTeHCHBHOCTH coena,lleHHH Ijl~k), onpe,lleJleHH~e ,llJIR yrnoe ~i 8 

HeCKOJlbKHX H3MepeHHSIX (j=l,2, •• ). 

4- SACE H AQQ- c noMombD 9THX nporpaMM npOBO,llHTCR pacqeT 

nonpaeoK .. -Ha KOHe9HUH TeneCHUH yron QA. Ir) ,llJIR HCTHHHO 

KOaKCHaJlbHOro Ge(Li)-,lleTeKTopa. 

5- CLSD- npOBO,llHTCR MHHHMH3aQHSI 3Ha9eHHSI :t2 , KOTOpUH nocTpoeH 

Ha OCHOBe ,llaHHUX no yrJIOBUM 1-1-KoppeJISIQHSIM H ,llaHHUX no 

KOHBepcHOHHUM 3JleKTpoHaM. PeayJibTaTOM pact1eTOB SIBJISIDTCSI 

aHat1eHHR OTHomeHHH cMecH MYJlbTHnoneA H eeJ1Ht1HHa :t;in• 

qeTeepTaa rnaea. c uenbD nposepKH pa60Tocnoco6HocTH 

cneKTpOMeTpa MYK Oun npose~eH PR.ll KOHTpOJlbHUX H3MepeHHH 
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yrnOBHX r-,-KoppenRQHH B pelltHMe "oipip-naHH". 8 9THX H3MepeHHRX 

HCnOJlb30BaJIHCb pa.nHoaKTHBHHe HCTQqHHKH 
60

cc, 
160

Tb, 
119

Te 
152Eu. noqTH see nonyqeHHHe HaMH 3HaqeHHRMH A22 H A44 

cosna,naDT B npe.nenax OAHOH omH6KH C H3BeCTHHMH pesyJlbTaTaMH-
Ha cneKTpOMeTpe MYK 6HJIH npose,neHH H3MepeHHR yr JIOBblX 

KoppenRUHH r-nyqeH npH pacna.ne 211Rn B "oipqi-naRH" pe:urne. 
H30TOn 211Rn nonyqaJICR npH o6nyqeHHH TOpHeBOH MHWeHH 

npoTOHaMH c 9HeprHeH 660 M9B Ha qiasoTpOHe ja6opaTopHH R,nepHHX 

npo6JleM OHSIH. Ha pHC. 4. noKa3aH H3MepeHHNH o,nHHQqHl,IH 

10' 

I 
10 

3 
N ~~ '.'i';ci' ~ ~"' ~ ci' <D O °"~ ! - ~ 

ci' ':; ~ a. :c: "' i!S1;;~.,, :;1 " ~l h1l l1 JI,, I ' . ·"-'JU.,.,,_Jl..J.I . , 7---' L_J L_J L_J L-' ~~ 4 5 6 7 

L_J 

8 L_J 

9 

__ , __ 
500 1000 1500 2000 2500 KAHA/\ 3000 

PHC- 4- OAHHQqHl,IH r-cneKTP, Ha6JID,ztaeMHH npH pacna.ne 
211

Rn. 

r-cneKTp. Ha pHCYHKe TaKllte OTMeqeHH nonollteHHH H mHpHHl,I OKOH, 

nocTaBJleHHHX Ha JIHHHRX, KOTOpNe BOIDJIH B H3MepReHNe KaCKa,ztN. 

lliHPHHa OKOH Ha speMeHHOH KpHBOH ,ztJIR OT6opa cnyqaHHNX 
cosna,neHHH COCTaBJIRJla 2x110 HC. BbIJIH H3MepeHN K09ipipHQHeH,b! 

yrnoeoro pacnpe.neneHHR ,nnR 18 KacKa,nos, H3 HHX ,nnR 15 

KaCKa,noB sneps1,1e (CM. Ta6JI. 1). ~JIR onpe.neneHHR CflHHOB 

ypoBHeH H OTHOmeHHH CMeCH 6blJI HCnOJlb30BaH npe.nnollteHHNH HaMH 

MeTo.n aHaJIH3a senHqHHH :t2 . 3Ta npoue.nypa npo,neMOCTpHposaHa 
IJIR HeKOTOpHX KaCKa.noB Ha pHC. 5. BNJIH ycTaHOBJleHbl 3HaqeHH~ 

cnHHOB IJIR 10 ypOBHeH B 211 At npH .nosepHTeJlbHOM HHTepsane He 

HHllte 95%. 

51,npo 211At HMeeT saMKHYTYD o6onoqKy no q11cny HeHTpOHOB 
N=126 H TpH npOTOHa csepx o6onoqKH Z=82. 3TO 03Ha"!aeT, qTo 
era CBOHCTBa B o6naCTH MaJINX 9HeprHH B036yllt,neHHR ,ztOJllltHH 

onpe.nenRTbCR rnaBHblM o6pa30M nose,neHHeM Tpex npoTOHOB. BNJIH 
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Ta6n11ua 1. K09!p!pHUHeHTbl yrnOBblX r-r-KoppenRUHH IJIR 
HeKOTOpblX H3MepeHHblX KaCKa.nos B 211 At 

,. 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

s2
• I 442-674 

103 ~ \-- ',,,,, 

\ 

10' 

10 -f"95•1, ___ , 

\ 
\ 

KacKa,n 
A22 (K9B) 

442-674 0.228 (9) 

1363-442 -0.040(12) 

1363-250 -0.039 (18) 

250-866 -0.178(19) 

1363-169 -0.001(17) 

250-192 0.185 (62) 

934-866 -0.094 (50) 

853-947 0.037(30) 

678-853 -0 .103 (43) 

946-442 -0 .152 (65) 

1539-169 -0.046(58) 

1539-442 -0.053(34) 

1.363- (250) -192 -0.28 (18) 

250- (192)-674 0. 30 (16) 

1363-250 

I 

' I 
' I 
' I 
' I I I 

/ 
I 

/ 

/ 
/ 

/ 10' 

.... -------.... _ ,,,,,, ......... , 
/ ' 

I ' I ' 
I 

10' 

\ I 

' I \ I 
--- \ .. _,/512-912-9/2 

\ / 
'-'112-312-512 

10 -t"g;;,;;. 112-312-712 
312-712-912 

A44 

-0. 026 (15) 

0.007(17) 

-0.026 (62) 

-0.018(48) 

0.011 (36) 

-0.16(14) 

' -0.038(89) 

-0. 058 (61) 

-0. 029 (78) 

0.04 (14) 

-0.09 (11) 

-0.05 (8) 

-0. 02 (34) 

0.07 (28) 

-90 -60 -30 0 30 60 90 -90 _5·0 -30 
ARCTG ✓674 

0 30 60 

PHC. 5. 3aBHCHMOCTb 

3HaqeHHR :t2 OT arctg(6) 

IJIR aJlbTepHaTHBHNX onH-
w u 

s'· I 1363-442 

10
3 

10' 

tJ 

112-312-7/2 

j 

10 

10
1 

1363-169 

ARCTG 1 2,o 

1/2-3/2-712 -+-
,C -f \/ ______________ 95% 

V 112-3,2-5,2 

-~ -~ -~ 6 ~ ~ ~ -~ '~ ~b 6 m ~ ~ 
ARCTG J"1363 (fPA.D) ARCTG / 169 lfPA!ll 
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caHHH HeKOTOpNx KaCKa-
211 

.nos B At. IDTPHXOBaH-
HaR JIHHHR o6oaHaqaeT 
OTBeprHyTHH sapHaHT. 



npose.neHH TeopeTHqecKHe pacqeTH CTPYKTYPH 211At 

9TOMY 

C uenbD 

R,ll,py HHTepnpeTaQHH BCeH HaKonneHHOH no 

9KCnepHMeHTanbHOH 

OTHOmeHHRM CMeCH 

HH!popMaum1, BKnDqaR 

6. TeopeTHqecKHH attanH3 

HamH 

6un 

,naHHHe no 

npose.nett B 

paMKax MHOroqacTHqHQH Mo,nenH o6onoqeK, yqHTHBaDmeH TORbKO 

saneHTHHe npOTOHH BHme OCTOBa 208Pb. 8 9TOM cnyqae BRHRHHe 

B036yx,neHHH !pOHOHOB Ha HH3KonexamHe COCTORHHR 211At 

yqHTHBaDTCR nocpe,nCTBOM peHopManH3aUHH OCTaToqHoro 

83aHMO,neHCTBHR. 8 suqHcneHHRX 6HnH Hcnonb30BaHH 

9KCnepHMeHTanbHHe 3HaqeHHR npOTOHHHX 0,ZIHOqacTHqHHX 9HeprHH 

.nnR COCTORHHH h9/2' h7/2' i13/2' f5/2' P3;2• P112· CornacHe 
Mex,ny 9KCnepHMeHTaRbHHMH H TeopeTHqecKHMH 3HaqeHHRMH 9HeprHH 

yposHeH y,nosneTBOpHTenbHOe. 8 pacqeTax 9ReKTpOMarHHTHHX 

xapaKTepHCTHK 
211

At BRHRHHe !pOHOHHHX B036yx.neHHH yqHTHBanocb 

nyTeM BBe,neHHR 9!p!peKTHBHHX 9ReKTpOMarHHTHHX onepaTopos. 

Ha6nD,naeTcR xopomoe cornacHe paccqHTaHHHX 3HaqeHHH c 

9KCnepHMeHTanbHHMH ,naHHHMH ,nnR npHBe,neHHHX sepORTHOCTeH E2 

nepexo.noa H CTaTHqecKHX 9ReKTpOMarHHTHHX MOMeHTOB H 

y,noaneTBOpHTenbHOe COOTBeTCTBHe paccqHTaHHHX 3HaqeHHH 

o (E2/Ml) C 9KCnepHMeHTanbHHM. cne.nyeT OTMeTHTb, qTo npH 

pacqeTaX B paMKax o6uqHo HCnORb3y"eMoro 6a3HCa C npoTOHHHMH 

no.no6onoqKaMH h9/2' f7/2 H i13/3' 9KCnepHMeHTanbHHe 3HaqeHHR 

OTHomeHHH CMeCH He 06bRCHRDTCR. 

H3yqeHHe pacna.na 
159

Yb npOBO,ZIHROCb B "ott-naHH" pex~1Me Ha 

9KCnepHMeHTanbHOM KOMnneKce HCHAnn-2. HyKnH,n 
159

Yb (T112=1.4 

MHH.) 6un nonyqeH B peaKUHH rny6oKoro pacmenneHHR sonb!ppaMa 

npoTOHaMH, ycKopeHHHMH .no 9HeprHH Ep=660 M98 Ha ipa30TpOHe HHn 

·OHHH. HHTeHCHBHOCTb BHBe,neHHoro nyqKa npOTOHOB COCTaanRna 

z2 MKA. BHRH H3MepeHH 0,ZIHHQqHue 7-cneKTpH H cneKTpH 

7-7-coana,neHHH npH ~-pacna,ne H3o6apu A=159. c uenbD nonyqeHHR 

OilTHManbHOH 3arpy3KH Ge (Li) -,neTeKTOpOB ( 8000 perHCTpHpyeMHX 

HMnynbCOB/CeK.), TOK nyqKa npoTOHOB noHHXancR )1,0 Ip=0.3 MKA. 

O,nHHoqttue cneKTPH H cneKTPH 1-1-coana,neHHH 6unH H3MepeHH B 

)J,Hana30He 50-1700 K98. npo.nonXHTenbHOCTb 9KcnepHMeHTa 

cocTaanRna 5 qacoa. Bcero 6uno 3aperHcTpHpoaatto z107 

cosna,lleHHH. · Ha pHc. 6 npe.ztcTasnettu qacTb tta6nD,naeMoro 

O)lHHOqHoro cneKTpa H COOTBeTCTByDmHx cneKTpoa coana,neHHH. 8 
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PHC. 6. 0,ZIHHoqHHH cneKTp H cneKTpH 

coana,neHHH c 7-nyqaMH 166. 1 K9B H 

KOMilTOHOBCKHM !pOHOM, Ha6nD,1taeMHe npH 

pacna,ne H3o6apu A=159. ~nR nHHHH 
159

Yb npHae.neHH 3HaqeHHR HX 9HeprHH 
D K98 . 
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PHC. 7. 1)- apeMeHHOe 

pacnpe,neneHHe 3a,nepxaH

HHX coana,neHHH 1 (166 .1 

K9Bl-1!>1so K9Bl, H3Me

pettttoe npH pacna,ne 
159Yb. 2)- KPHBaR MrHo

BeHHHX coana,neHHH OT 

KOMilTOHOBCKoro !poHa C 

9HeprHeH 170 K98. 



pacna,ne 

irnseCTHUX 

159Yb 61rno 

r-nepexo,11os, 

HAeHTH~HUHPOBaHO, noMHMO 

36 HOBUX r-JIHHHH (CM. 

12 paHee 

Ta6n.2). 

Ta6JIHQa 2. 9HeprHH H OTHOCHTeJibHUe HHTeHCHBHOCTH r-nepexo,nos 
159.,b 

E IK38) I E IK38) I E IK3Bl I 
r 1 r r r r 

(53.0) 309.3(2) 42 (71 551. 2 131 7 141 

77. 70 (10) 69 (4) 319.1 (3) 7 (2) 559.24 (15) 36 (3) 

113.18(6) 132 (7) 322.08 (11) 24 (2) 572.5 (2) 44 (4) 

166.16(5) 1000 330.24 (8) 182 (13) 606.2 (3) 14 (2) 

176.01 (5) 142 (13) 330. 5 (2) 39 (7) 619.9 (9) 8 (2) 

177.12(5) 317 (19) 371. 40 (12) 28 (2) 656.8 (3) 7 (2) 

191.79(12) 44 (5) 374. 7 (3) 24 (5) 663. 3 (3) 13 (2) 

193. 72 (8) 70 (7) 390.20(8) 225 (12) 669.00(17) 28 (3) 

197.5(2) 40 (10) 402.15(10) 37 (4) 694.4 (2) 24 (3) 

225.85 (14) 30(4) 406. 54 (13) 46(5) 712.82(17) 27 (3) 

239.17 (11) 115 (8) 445.1 (2) 21 (4) 732.9 (3) 12 (2) 

248. 2 (3) 10 (3) 461. 9 (2) 37 (5) 740.2 (3) 10 (2) 

253.4 (3) 30 (10) 478. 38 (13) 43 (4) ~747.0(2) 42 (4) 

267.42(15) 22 (2) 496. 30 (11) 83 (5) 998.8 (3) 28 (3) 

293.34(10) 35 (2) 498.65 (14) 50(4) 1125. 7 (2) 47 (4) 

302. 7 (3) 11 (2) 542. 60 (13) 45 (3) 1385.3 (3) 12 (2) 

06pa60TKa speMeHHUX cneKTpOB, nonyqeHHUX B HamHX H3MepeHHHX, 

TT0380JIHJia yToqHHTb nepHO,ll nonypacna,na ypoBHH 166.1 K3B 

T112=37.5±1.3 HC (B 6onee paHeH pa6oTe Andres., Foin C. at 

al. - z. Phys., A231, 1985, p. 363-364 npHBO,llHTCH 3HaqeHHe 

T112=35±5 HC). Ha pHC. 7 noKa3aHU COOTBeTCTBYDmHe epeMeHHUe 

KpHBUe MrHOBeHHUX H 3a,nepxaHHUX coena,neHHH. Hcxo,nH. H3 

nonyqeHHOro 3HaqeHHff epeMeHH ll:H3HH ypoBHff 166 .1 K38, H B 

npe,nnonoxeHHH Toro, qTo nepexo,nu 113.2 H 166.1 K38 HMeDT 

MYJ!bTHnOJibHOCTb El, MU auqHCJIHJIH 3HaqeHHff npHBe,lleHH!iX 

eepOHTHOCTeH H ~aKTOpOB 3anpeTa ,llJlff 9THX nepexo,nos. 

nonyqeHHue 3HaqeHHH B(E1) H Fw(Et) xopomo yKna,nusaDTCH s 

CHCTeMaTHKY 0.llHOTHTTHUX nepexo,noe B He'leTHUX H30Tonax Tm. B 

cxeMy B036yx,11eHHUX COCTOHHHH 159Tm 6UJIO BBe,lleHO 17 HOBUX 
ypoBHeH (CM. pHC.8). 
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PHC. a. cxeMa B036yz,11eHHUX COCTOHHHH 159Tm. 

ft 3aKJIDqeHHH npHBO,llffTCff OCHOBHUe pe3yJibTaTu, nonyqeHHUe 

B AHCCepTaQHH: 

1) npH Henocpe,llCTBeHHOM yqacTHH aeTopa 6UJI C03,llaH 

MHoro,neTeKTOpHUH cneKTpOMeTp MYK Ha 6a3e 7 Ge(Li)-,neTeKTOpOB, 

TT0380JIHDmH~ npoBO,!IHTb HCCJie,noeaHHff pacna,na pa,nHOaKTHBHUX 

H30Tonoe B O,llHOMepHOM HJIH MHOroMepHOM pe:HMax. Ha 
cneKTpoMeTpe 

r-cneKTpos, 

ypoeHeH H 

MOltHO npOBO,llHTb O,llHOBpeMeHHO H3MepeHHff O,!IHHO'IHUX 

cneKTpOB r-r-cosna,neHHH, BpeMeH ll:H3HH H,llepHUX 

~YHKUHH yrJIOBUX r-r-KoppeJIHUHH KacKa,nos C 

HHTeHCHBHOCTbD ·>so/. Ha pacnaa. B peltHMax "off-1 ine" H "on-
1 ine". 

21 0Tpa6oTaHa MeTO.!IHKa H3MepeHHH r-r-coena,neHHH, yrnosux 

r-r-KoppeJIRUHH H speMeH XH3HH ff,llepHUX ypoBHeH, a TaKze 

MeTO,!IHKa o6pa60TKH COOTBeTCTBYD~HX 3KcnepHMeHTaJibHUX ,naHHUX, 

nonyqaeMux Ha cneKTpoMeTpe MYK. MeTO.!IHKa 6una nposepeHa e 

PH.lie 3KCnepHMeHTOB npH H3MepeHHffX B "off-1 ine" H "on-1 ine" 
peltHMax. 

3) Pa3pa6oTaH naKeT Bll'IHCJIHTeJibHUX nporpaMM .nna 
o6pa6oTKH HH~~pMaQHH, nonyqaeMOH Ha cneKTpOMeTpe MYK. 
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41 npe,nnoxeHa H, B cny4ae H3MepeHHH yrnosux 
u 

6 
211 r-r-KoppeJIRQHH, Ha nv.naeMl:IX npH pacna,ne At, HcnoJib30BaHa 

MeTO,llHKa H3BJie4eHHR OTHomeHHH CMeCH o H cnHHOB R,nepHHX 

yposHeH Ha OCHOBe aHaJIH3a BeJIH4HHl:I :? , B KOTOPYD, noMHMO 
HH~OpMaQHH 06 yrJIOBl:IX KOppeJIRQHRX, BXO,IIRT TaKllte ,npyrHe 

9KCnepHMeHTaJibHl:le ,naHHl:le, 3aBHCRmHe OT o. 
5) H3MepeHl:I yr JIOBl:le r-r-KoppeJim\HH 18 KacKa,110B B R,npe 

211At, H3 HHX ,!IJIR 15 sneps1:1e, Ha OCHOBaHHH 4ero 6!:IJIH 
onpe,neJieHN OTHomeHHR cMecH ,nnR ceMH nepexo,nos H ycTa~osneHN 

cnHHl:I 10 R,nepHl:IX ypoBHeH. 

6) CxeMa ypoBHeH 211At Hero 9JieKTpOMarHHTHl:le CBOHCTBa 
6!:IJIH npoaHaJIH3HpoBaHl:I Ha OCHOBe npose,neHHl:IX TeopeTH4eCKHX 

pac4eTOB B paMKax MHoro4aCTH4HOH MO,lleJIH o60JI04eK C y4eTOM 

~OHOHHl:IX B036yllt,neHHH OCTOBa. noKa3aHO, 4TO ,!IJIR npaBHJ!bHOro 

onHcaHHR 9KCnepHMeHTaJibHl:IX 3Ha4eHHH napaMeTpOB CMeCH 

Heo6XO,!IHMO BKJID4HTb B o61:14HO HCnOJib3yeMblH 6a3HC npOTOHHl:IX 

BOJIHOBl:IX ~YHKQHH h9/2, f 7 /2 H i 13/2 TaKJKe COCTORHHR f 5/2, 

P3/2' pl/2. 
7) El:IJIO npose,neHo Hccne,nosaHHe pacna,na 

159Yb(T112=1.4 MHH) B pelltHMe "on-line" Ha ny4Ke KOMnJieKca 
HCHAnn-2. npose,neH aHaJIH3 O,!IHH04Hl:IX r-cneKTpOB, cneKTpOB 

r-r-cosna,neHHH H 3a,nepxaHH1:1x r-r-cosna,neHHH. B pe3yJihTaTe 

aHaJIH3a 9KCnepHMeHTaJibHl:IX ,naHHl:IX 6blJIO H,lleHTH~HQHposaHO 36 

Hosux r-nepexo,nos. npe,nnoxeHa cxeMa pacna,na 159Yb, B KOTopyv 

B ,11ononHeHHe K paHee H3BeCTHl:IM .llBYM B036yllt,neHHl:IM COCTORHHRM 
159Tm BBe,neHO 17 HOBl:IX YPOBHeH. YT04HeHO speM8 lltH3HH 

COCTORHH8 c 9HeprHeH 166.1 K9~, T112=37.5±1.3 HC H onpe,neJieHl:I 

npHse,neHHl:le sepoRTHOCTH ,nsyx r-nepexo,nos. 
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