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,UOKTOp Q)ll3HKO-MaTeMaTHlfeCKHX HayK frn.A. EATYCOB 

OlillJ,ASJ. XAP AKTEPIICTIIKA P AliOThl 
ArgyaJibHOCTb TCMbl 

CHJIOBM cjJyHKUHH P-nepexo,uoB Sp(E) HBJIHeTCH o,uHoii II3 Ba)KHeiiurnx 
xapaKTepIICTHK aTOMHOro H,upa If npe,ucmBJrneT co6oii pacnpe)leneHue KBa)lpaTOB 
Mo)lyneii MaTPHlfHhIX 3JieMeHTOB P-pacna)lHoro Tuna no 3HepnrnM B036y)K)lemrn 

H,upa E. I1pll 3HeprnHx Bo36y)K,ueHIIH E .no BeJIIIlfHHhI Qp (nonHoii :rnepnm P

pacna,ua) Sp(E) onpe,uenHeT xapaKTep P-pacnap,a II rrepuo)l nonypacrra.aa T I 2 

pa,uuoaKTHBHoro H,upa no BeTKe P-pacna,ua. I1pu 6oJihIIIHX 3Hepnrnx 
Bo36y)K,ueHIIH, He ,uocTII)KIIMhIX npu p-pacrrap,e, Sp(E) orrpep,em1eT celfeHirn 
pa3JIIIlfHhIX H,uepHbIX peaKUIItt, 3aBttcHmIIx OT J\taTpIIY:HhIX 3JieMeHT0B P

pacna,uHoro THna. 
BepoHTHOCTh P-rrepexo,ua rrponopuuoHaJihHa rrpoH3Be)leHIIIO nerrTOHHOH 

lfaCTII, OIIHCbIBaeMoii cjJyHKUHeii <l>epMII f(Qp - E), II HYKJIOHHOR lfacrn, 

orrttcbrnaeMoii Sp(E). ITocKOJihKY cjJyHKUHH <l>epMII 6brcTpo y6brnaeT c pocTOM E, 

llHTeHCIIBHOCTh P-nepexo,uoB npu 6onbIIIIIX 3Hepnrnx Bo36y)K,ueHIIH E, 
npeBbIIIIaIOmux 2-3 M3B, B cpe,uHHX H TH)KeJibIX Hp,pax KaK npaBHJIO Mana. 

O,uHaKo, c TOlfKH 3peHIIH CTPYKTYPhI H,upa II orrucaHIIH P-pacrra,ua Hatt6oJihIIIIIH 
llHTepec npe,ucTaBJIHeT xapaKTep Sp(E) rrpu 3HeprnHx sm6y)K,ueHIIH, 
rrpeBhIIIIa10m11x 2-3 M3B. I1MeHHO HalfttHaH c 3neprni-i Bo36y)K,ueHHH E > 2-3 M38 

B Sp(E) IIOHBJIHIOTCH pe30HaHChl, o6ycnoBJieHHhie CTPYKTypoii H,Upa H OCTaTOl.\Hh!M 
CIIHH-ll30CIIIIHOBbIM B3aIIMO,UettCTBIIeM. 

)].o He,UaBHero BpeMeHII B 3KCrrep!IMeHTaJibHhlX HCCJie,UoBaHHHX CTpyKTYPhl 
Sp(E) HCIIOJlb30BaJIIICb cneKTPOMeTpbl IIOJIH0fO nornomeHIIH raMMa-H3Jiyl.\eIH!H H 
MeTO.UhI cneKTPOCKOIIIIH nonHoro nornomeHIIH (T AS). Ilpm1uurr T AS 
3aKJIIOY:aeTCH B TOM, lfTO corrposo)K,ua10mee P-pacrra)l y-H3Jiyl.\ettne 
pernCTPHpyeTCH 6oJihIIIHMII KpHCTaJIJiaMH Nal B 4rc-reoMeTPHH. Ecn11 
3cjJcjJeKTHBHOCTb IIOJ!HOro nornomeHIIH y-KBaHTOB )lOCTaTOlfHO seJIIIKa, TO B 
crreKTPaX y.uaeTCH H,UeHTHQ)HUHpOBaTb IIIIKH flOJIHoro rrornomeHml, 
IIHTeHCIIBHOCTb KOTOpblX onpe,ueJIHeTCH, JIHIIlb sepOHTHOCTblO 3aCeJieHIIH ypoBHeii 
rrpu P-pacna,ue. )].aHHhIM MeTo,uoM y,uanoch 3KcrrepuMeHTaJihHO )lOKa3aTb 

pe3oHaHcHyIO CTPYKTYPY Sp(E) )lJIH P-nepexo,uos faMoBa-Tennepa. O)lHaKo 
MeTO)lbl T AS IIMeIOT pH,u He,UOCTaTKOB, CBH3aHHblX C HII3KIIM 3HepreTIIlfeCKHM 
pa3peIIIeHHeM cneKTpoMeTPOB Ha 6a3e Nal. B TAS cneKTpax y)laeTcH orrpe)leJIIITh 
O,UHH HJIH )lBa IIIIKa IIOJIHOro nornomeHHH, lfaCTO B03HHKaIOT Heorrpe,ueneHHOCTII, 
CBH3aHHhle C HaJIHlflleM II3o6apHhlX rrpHMeceii B aHaJIH3IIpyeM0M IICTOlfHIIKe, He 
y,uaeTCH pa3)leJIIITh P-nepexo,uhI faMoBa-Tennepa II rrepBoro 3anpern, He y ,uaeTCH 
H3MepIITh TOHKYIO CTPYKTYPY Sp(E), Y:acTo B03HHKaIOT TPYJlH0crn B o6pa6oTKe 
cneKTPOB, B lfaCTHOCTH npII yY:eTe BHyTpeHHeH KOHBepcIIH 3JieKTp0H0B II 
H,UeHTHQ)HKaUIIll ITHKOB IIOJIHoro nornomeHIIH. 

Il03TOMY, npe)lcrnsmreTCH BeChMa aKTyaJihHhIM II3MepIITh Sp(E) c 
II0MOmhIO MeTO,UOB y-cneKTPOCKOIIIIII BhlC0KOro pa3peIIIemrn. ,ll.aHHM 3a,Ualfa 
BeCbMa TPYJl0eMKa II AO He,UaBHero BpeMeHII He npe,ucTaBJIHJIOCh B03MO)KHblM 
BhlII0JIHIITb TaKIIe ll3MepeHIIH. B II0CJie)lHee )leCHTHJieTIIe B CBH3ll C 6oJibIIIHM 

nporpeCCOM B o6JiaCTH IIO~l!~~rau™;pJM.!1paKTHBHhlX npenapaTOB 

SIAepHLIX nccneAoBaHmi: 
BMBnMOTEffA 



Olilll,A51 XAP AKTEPIICTIIKA PAliOThl 
AKTyaJJbHOCTb TeMbl 

CrrnoBruI cpyHKUlIH P-ITepexo)],oB Sp(E) HBnHeTcH O.L\HOH lI3 Bm1rneiilll11x 

xapaKTepttcT11K aT0MHoro H.L(pa lI ITpe)],CTaBJ1HeT co6oii pacITpe)],eneHtte KBa)],paToB 

Mo)],yneii MaTPlI'-IHbIX :rneMeHT0B P-pacITa)],Horo T11ITa ITO :rnepnrnM BOJ6y)l(.L(eH11H 

H.L\pa E. Ilprr 3HeprnHx BOJ6y)l()],eH11H E )],0 BenlI'-111Ho1 Qp (ITonHoii 3Hepnrn P

pacITa.L(a) Sp(E) oITpe.L(enHeT xapaKTep P-pacITa)],a lI ITeptto)], ITonypacITa)],a T1 2 

pa.L(tt0aKTlIBHoro H.L(pa ITO BeTKe P-pacITa)],a. Ilprr 6onolllHX :rnepnrnx 

BOJ6y)l()],eH11H, He )],0CTlI)l(lIMbIX ITPH P-pacITa)],e, Sp(E) oITpe.L(enHeT cetJemrn 

pa3nlilfHbIX H.L(epHbIX peaKUHH, JaB11cHm11x OT MaTpHlfHbIX ::meMeHT0B P

pacITa)],Horo TlIITa. 

BepoHTHOCTb P-ITepexo)],a ITpoITopu110HanbHa ITpo11JBe)],eHHIO neITTOHHOH 

tJacrn, 0ITlICornaeMoii cpyHKUtteii <l>epMtt f(Qp - E), H HYKJJOHHOH tJacrn, 

OITlICbIBaeMoii Sp(E). IlocKOJlbKY cpyHKUlIH <l>epMlI 6oICTpo y6brnaeT c pocTOM E, 

11HTeHCHBH0CTb P-ITepexo)],oB ITPlI 6onollll1X 3HeprnHx BoJ6y)l()],eHlIH E, 

ITpeBbilllaIOllllIX 2-3 M3B, B cpe)],Hl1X H TH)l(eJlb!X H)],pax KaK ITpaBHJl0 Mana. 

O.L(HaKo, c T0lfKlI 3penrrH cTpyKrypoI H.L\pa lI 0ITHcaHlIH P-pacITa)],a Ha116onolllHH 

HHTepec ITpe.L(CTaBnHeT xapaKTep Sp(E) ITp11 3HeprnHx BoJ6y)l(.L(eHHH, 

ITpeBMllla10mrrx 2-3 M3B. I1MeHHO HalfttHaH c 3Heprnii BOJ6y)l()],eH11H E > 2-3 M3B 

B Sp(E) IT0HBJlHIOTCH pe30HaHCbl, o6ycJIOBJleHHb!e CTpyKrypoii H)],pa 11 OCTaT04HbIM 

CITlIH-lI30CITlIH0BhIM B3alIMO)],eHCTBHeM. 

,[(o He)],aBHero BpeMeHH B 3KCITepttMeHTMbHh!X HCCJle)],0Bamrnx CTPYKTYPbl 

Sp(E) lICIT0Jlb30BMHCI, CITeKTP0MeTpbl IT0JlHoro ITornomeHl1H raMMa-113ny4emrn 11 

MeT0)],bl CITeKTp0CK0ITlilI IT0JlH0ro rrornomeHHH (TAS). Ilp11HU11IT T AS 

JaKJJIOtJaeTcH B TOM, lfT0 coITpoB0)l()],a10mee P-pacITa)], y-113nyLieH11e 

perncTpttpyeTCH 60JlbllllIMlI KplICTannaMlI Nal B 4n:-reoMeTp11H. Ecm1 

3cpcpeKTlIBHOCTI, IT0JlH0ro IT0rnomeHlIH y-KBaHT0B )],0CTaT0lfH0 BeJ111Ka, TO B 

CITeKTPaX y)],aeTCH lI)],eHTl1q>n.urrpoBaTb ITHKl1 IT0JlH0ro ITornomeHHH, 

lIHTeHC11BH0CTI, K0T0phlX 0ITpe)],enHeTCH, JlHlllb Bep0HTH0CTblO 3aceneHl1H ypoBHeii 

ITPlI P-pacITa)],e. ,[(aHHbIM MeT0)],0M y.L(anoco 3KCITepttMeHTanbH0 )],0KaJaTb 

pe30HaHcny10 CTPYKTYPY Sp(E) )],JJH P-ITepexo)],oB f'aMoBa-Tennepa. O.L(HaKo 

MeT0)],bl T AS lIMeIOT pH)], He)],0CTaTK0B, CBH3aHHbIX C HH3KHM 3HepreTlilfeCKlIM 

pa3pellleHtteM cITeKTpoMeTpoB Ha 6aJe Nal. B T AS cITeKTpax y.L(aeTcH oITpe)],eJllITb 

0)],11H lIJll1 )],Ba ITl1Ka IT0JlH0ro ITornomeHlIH, 4aCT0 B03HlIKaIOT He0ITpe)],eneHH0CTlI, 

CBH3aHHbie C HMlilflieM lI3o6apHbIX ITplIMeceii B aHMlI3ttpyeM0M 11CT0lfHlIKe, He 

y.L(aeTCH pa3)],enttTb P-ITepeXO)],bI f'aMoBa-Tennepa 11 ITepBoro JaITpern, He y.L(aeTcH 

lIJMepttTb T0HKYIO CTPYKTYPY Sp(E), tJacrn B0JHHKaIOT TPY.L\H0CTlI B o6pa6oTKe 

cITeKTP0B, B tJaCTH0CTlI ITPlI ytJeTe BHYTPeHHeii K0HBepcttlI 3neKTP0H0B lI 

11)],eHT11q>lIKaUlilI ITlIK0B IT0JlH0ro rrornomeHlIH. 

Ilo3TOMY, ITpe)],CTaBnHeTCH BeCbMa aKTyanoHbIM lIJMepttTb Sp(E) c 

II0M0lllblO MeT0)],0B y-cITeKTP0CK0ITlilI Bb!C0K0ro pa3pellleHlIH. ,[(aHHruI Ja)],alfa 

BeCbMa TPY.L\0eMKa lI )],0 He)],aBHero BpeMeHlI He ITpe)],CTaBJlHJl0CI, B03MQ)l(HI,IM 

BbIII0JlHlITI, TaKlie lI3MepeHlIH. B IT0CJle)],Hee )],eCHTlIJleTlie B CBH3lI C 60JlbllllIM 

rrporpeCC0M B o6nacrn ITO ~~~fil'0ti'ilm!il,rt'rilltnll't'aKTlIBHhlX rrpeITapaT0B 

5I~epHLIX HCCne~oBamu1 

BI1BHHOTEHA 



H nmrnJieHml nonynpoBO)],HHKOBbIX Ge )],eTeKTOpOB y-H3JI)"Iemrn:, eoqern10umx B 

ee6e BbieOKOe :rnepreTH'!eeKoe pa3peweHHe e npHeMJieMOll 3<p<peKTHBHOeTbIO, 

eTaJIO BO3MO)l(HbIM npoBO)],HTb H3MepeHml Sp(E) e BbieOKOll )],OeTOBepttoeTblO H 

Bb!eOKHM 3HepreTH'!eeKHM pa1peweHHeM. 3TO DO3BOmieT Ha KaqeeTBeHHO HOBOM 

ypoBHe )],eTaJibHO HeeJie)],OBaTb Sp(E). 

HaMH BnepBbre 6brna pewetta 3a)].aqa onpe.]],eJieHm1 Sp(E) H ee TOHKoil: 

eTpyKTYPbI e TTOMOW:bIO MeTO)],OB 51.]],epttoil: erreKTpoeKOlIHH Bb!eOKOro pa3pewemrn 

)].JI51 p+/EC-paerra)].a ecpepHqeeKoro 51)].pa 
147

gTb (Tl/2 = 1.6 'I, QEc = 4.6 M3B) H 

)].e<popMHpoBaHHoro 51.]],pa 
160

gHo (T112 = 25.6 MHH, QEc = 3.3 M3B). YKa3aHHbre 

51.]],pa 6bIJIH Bbr6paHbl B KalJeeTBe ofrI,eKTOB HeeJie)],OBaHH51 BeJie)],eTBHe )],OeTaTO'IHO 

6oJiblll0ll BeJIH'IHHbl QEc, )],OeTaTO'IHO 6oJibIIIHX rrepHO)],OB lIOJiypaerra)],a T112 11 

eyw:eeTBy101ueil: B OI151I1 (,[(y6tta) BO3MO)l(HOeT!1 3<p<peKT!1BHOro lIOJiyqeH1151 

MOHOl13OTOlIHb!X pa.]],11oaKTl1BHb!X 11eTO'IHl1KOB Bb!eOKOll '!HeTOTbl )],Jl51 )],aHHb!X 

51.]],ep. B KaqeeTBe 11eTO'IHHKa B enysrae 
160

gHo 11errOJib3OBaJie51 MaTep11HeKl1ll eMy 

113OTon 
160

Er(T112 = 28.6 q). 

B XO)],e BbllIOJIHeHl151 pa60Tbl HaMl1 TaK)l(e 6b!Jil1 lIOJiyqeHbl 06w11pHbie 

HOBbie 3Kerrep11MeHTaJibHbie )],aHHb!e O B036y)l()].eHHb!X eoeTO51Hl151X H y-nepexo)],ax 

Me)l()],y Hl1Ml1 B qeTHO-'!eTHOM 51.]],pe 
160

Dy, OTJil1'laIOw:11ee51 rrpe.]],eJibHOll lIOJIHOTOll 

11 BbieOKOll )],OeTOBepnoeTblO. ,/J;OIIOJIHl1TeJibHO K 113BeeTHbIM B 51,n:pe 
160

Dy 6bIJIO 

o6napy)l(eHO OKOJIO 600 HOBb!X y-rrepeXO):(OB 11 yeTaHOBJieHo 6onee 100 HOBb!X 

B036y)l()].eHHb!X eoeT051Hl1ll, YTO'!HeHa 11 eyw:eeTBeHHO pa3B11Ta exeMa paerra,n:a 
160m,gHo➔ 160

Dy. Brronne eeTeeTBenno, '!To 3Tl1 )].aHHbre Tpe60Ban11 

TeopeTl1'!eeKoro oeMb!eJieHl151, 11 lIO3TOMY HaM11 6bIJia rroeTaBJieHa u,eJib 11 

BbllIOJIHeH aHaJil13 YKa3aHHbIX )],aHHbIX e 11errOJib3OBaH11eM neeKOJlbKHX 

cpeHOMeHOJiornqeeK11x MO)],eJieil: aTOMHOro 51.]],pa. 

Bee BbIIIIeeKa3aHHOe II orrpe.]],eJil1JIO u,eJib HaeT05ltu:eil: pa6oTbl, a TaK)l(e 

lI03BOJil1JIO eq11TaTb BbI6paHHYIO TeMy aKryaJibHOll. 

lleJih pa6oThI 
1. l13Mepett11e c11JIOBbIX cpyttKu,11il: p+!EC-pacrra)],a 

147
gTb 11 

160
gHo c 

lIOMOW:blO MeTO)],OB 51):(epttoil: erreKrpOCKOlil111 BbICOKOro pa3pellleHl151 11 

cneKrpoeKOlIIIl1 TTOJIHOro rrornow:eHl151. 

, 2. llonyqett11e 11 aHaJIII3 ,n:aHHbIX o TOHKOH CTPYKType c11JIOBbIX cpyttKu,11il: 
147gJ49,1s1Tb 11 16ogHo. 

3. AHaJil13 11 eorrocTaBJieH11e Cl1JIOBbIX cpyHKIJ,11ll, rronyqeHHbIX MeTO):(aM11 

51.]],epttoil: cneKTpOCKOlil111 BbICOKOro pa1pewen1151 11 crreKrpOCKOlil111 lIOJIHOro 

rrornow:en1151. 

4. Cpamiett11e lIOJiyqeHHbIX 3KCrrep11MeHTaJibHbIX ,n:aHHblX C 

TeopeTl1'!eCKl1MII paeqeTaMl1. 

5. AttaJIII3 rronyqeHHbIX 3Kerrep11MeHTaJibHbIX ,n:aHHbIX O 51):(pe 
160

Dy B 

paMKax cyw:ecTBYIOW:11X cpeHOMeHOJior11qecKIIX MO,n:eneil: aTOMHOro 51.]],pa. 

HayqnaH n0B111na 
1. MeTo,n:aMH 51):(epttoil: crreKTpOeKOlil111 BbICOKOro pa3peweHII51 6bIJI 

rro,n:TBep)l(,n:en 51pKO Bbipa)l(eHHblll pe30HaHCHblll xapaKTep e11JIOBblX <pyHKI.l,IIll r /EC-pacrra,n:oB Tl1IIa raMOBa-TeJIJiepa. 

2 

2. MeTO)],aMl1 51):(epnoil: erreKrpoeKOlil111 BbICOKOro pa1peII1eHl151 6blm 

BbrnBJieHo OTCYTCTBl1e Bbipa)l(eHHOro pe3OHaHeHoro xapaKTepa el1JIOBOll <pyHKIJ,HI 

p+!EC-pacrra.n:a rrepBoro 3anpern )].JI51 51,n:pa 
160

gHo. 

3. BrrepBbie MeTO)l;bl 51.]],epHOll erreKTpoeKOIIl111 BbieOKOro pa1pewen1151 6b!Jll 

np11MeHeHbl )],Jl51 113MepeHl151 Cl1JIOBbIX cpyHKI.l,11ll p+ /EC-pacna)],a B w11pOKm 

)].11ana1otte 3Heprnil: B036y)l(,n:eHl151 51,n:ep. 

4. BnepBbre nony'!eHbI 11 npoattaJil13IIpoBaHbI ,n:aHHbie o TOHKoil: CTPYKTYP' 

pe3OHaHCOB B Cl1JIOBbIX <pyHKI.l,1151X f /EC-pacna,n:OB Tl1na raMOBa-TeJIJiepa 51)],e] 
141gTb 11 16ogHo. 

5. BnepBbie nonyqenbI 11 npoattan11311poBaHbI ):(aHHbre o TOHKoil: eTpyKTyp, 

c11JI0Boil: cpynKu,1111 p+!EC-paena):(a nepBoro 3anpern AJI51 51):(pa 
160

gHo. 

6. BnepBbie nonyqeHbI 11 npoattan11311poBaHbI ):(aHHbie o pacw:ennettm 

pe3ottanea B e11n0Boil: cpyHKIJ,11II p+/EC-pacna):(a rnna raMoBa-Tennep 

)].e<popM11poBaHnoro 51)].pa 
160

gHo. 

7. l13Mepeno BeTB.J;IeH11e IT/TOTAL np11 paena):(e 113oMepa 
160

mHo(T) , 

nep11O)],OM nonypaena):(a 5.02 qaea. 

8. B paMKax Mo)].eJI11 B3a11MOAeil:cTBy10w:11x Eo30HOB (MBE-1) BbIITOJIHem 
v v v 160D 

paeqeTbI 3Heprn11 ypOBne11 TTOJIO)l(l1TeJibHOl1 qeTHOCTl1 B 51):(pe y 11 npoBe):(eHI 

cpaBHen11e C 3Kcnep11MeHTOM. BbrnBJieHO, '!TO YKa3aHHa51 MO)],eJib TTO3BOJI51e 

6 
v 160D ( 

on11caTb YAOBJieTBOp11TeJibHbIM O pa3OM ,Jll1IIIb Hl1)l(a11IIIl1e COCTO51Hl151 y. 

pocTOM 3Hepr1111 B036y:lK)].eHl151 B 3Ha'IIITeJibHOll CTeneHl1 yBeJil1'111BaeTe 

pacxo)K)],en11e Teop1111 11 3KCnep11MeHTa. 

9. llpoBe)],eH aHaJil13 l 6-Tl1 poTaIJ,11OHHbIX nonoe e 11enOJib3QBaH11eM ):(JI. 

on11can1151 3Kenep11MeHTaJibHbIX 3Heprnil: ypoBHeil: BHYTPl1 nonoe qeTbrpe: 

cpeHOMeHOJIOrH'!eeKl1X cpopMyJI, BbITeKaIOW:11X 113 MO)],eJil1 Eopa-MoTTeJibeOHa, Q 
lpOHOHHOll MO)],eJil1, MO):(eJil1 nepeMennoro MOMeHTa 11ttepu,1111 e ):(l1HaMII1.JeeK01 

ae11MMerp11eil:, 11 cpopMyJibI Eopa-MoTTeJibeona e qneHOM, Y'IIITb1Ba10w:m 

KOp11OJil1eOBO B3al1MO,n:eil:eTBl1e. AnaJil13 TTO3BOJll1Jl B o6w:eil: eJIO)l(HOeTI 

)],OTTOJIHl1Tb poTaIJ,11OHHbie TTOJIOebI 17-IO HOBblM11 ypOBH51M11 113 q11ena BHOB 

o6napy:lKeHHblX eoeT051Hl1ll. He TTO):(TBep:lK.]],eHO eyw:eeTBOBan11e o+ -ypoBH51 

3Heprneil: 1443.7 K3B 11 eooTBeTeTBy10w:eil: eMy TTOJIOebI. BBe):(eHa HOBM nonoe 

K" = o+ C roJIOBHbIM ypoBHeM 1708.2 K3B. Bee lIOJIOebI rrp11MepHO O)],11HaKO8' 

xopowo BOenpO113BO)],51Te5I BCeMI:I qeTblpbM51 cpeHOMeHOJIOrH'!eeKl1Ml1 cpopMyJiaMl1 

10. B paMKax MO)].eJIH (MBE-1) npoBe):(eHbI paeqeTbI np11Be)].eHHbI 

Bepo51THOeTeil: B(E2) y-nepeXO)],OB Me:lK,n:y eoeTO51HI:151Ml1 IIOJIO)KIITeJibHO: 

qeTHOeTI:I B 51.]],pe 
160

Dy. Pe3yJibTaTbl epaBHl1BaIOTe51 C ,n:aHHblMl1 3Kenep11MeHTc 

,/J;JI51 6oJiblIIl1HeTBa y-nepeXO):(OB e I:13BeeTHbIMI:I MYJibTI:ITTOJlbHOeT51Ml1 E 

na6JIIO)].aeTeH xopowee eornae11e Teop1111 11 3Kenep11MenTa. 

11. Ha oenoBe Mo)].eJI11 B3a11Mo,n:eil:eTBy10w:11x BeKTOpHbIX E03ono 

(MBBE) npoBe):(eHbI paeqeTbI 11 epaBHeHHe e 3Kenep11MeHTOM paenpeAeJieHm 
V 6 V 

160D I" o+ 2+ 4+ 6+ 3Hepr1111 qeTbipex rpynn BO3 y:lK,n:eHHb!X eoeTO51Hl111 B y e = , , , 
3aBI:lel1MOeTH OT '!I:leJia 6030HOB. y CTaHOBJieHO, '!TO YKa3aHHbie paenpe.]],eJieHl1 

HMeIOT napa6on11qeeKy10 cpopMy. 
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2. MeTO,[(aMII 51.[(epHOH crreKTpOCKOIIIIII Bh!COKOro pa3peweHII51 6hIJIO 

BhrnBneHO OTCYTCTBIIe Bhrpa)KeHHOro pe3OHaHCHOro xapaKTepa CIIROBOH cpyHKUIIII 
p+ /EC-pacrra.[(a rrepBoro 3arrpern .[(nH 51.[(pa I608Ho. 

3. BrrepBhie MeTO,[(hI 51.[(epHOH crreKTpOCKOIIIIII Bh!COKOro pa3peweHII51 6&IJIII 
rrpIIMeHeHhI ,[(ll51 II3MepeHII51 CIInOBh!X cpyHKUIIH p+ /EC-pacrra,[(a B llIIIpOKOM 
,[(IIaIIa3OHe 3Heprnii B036y)K.[(eHII51 51.[(ep. 

4. BrrepBh!e rronyqenhI II rrpoaHMII3IIpOBaHh! ,[(aHHh!e O TOHKOH CTPYKType 

pe3onancOB B cIInOBhIX qiynKUIIHX p+!EC-pacrra.[(OB mrra faMoBa-Tennepa 51.[(ep 
147gTb II 16ogHo. 

5. BrrepBhie rronyqeHhI II rrpoananII3IIpOBaHh! ,[\aHIIhie O TOHKOH CTpyKType 
cIInoBoii cpyHKUIIII p+ /EC-pacrra,[(a rrepBoro 3arrpern ,[(nH 51.[(pa I60gHo. 

6. BrrepBhle rronyqen&1 II rrpoaHanII3IIpoBaH&I .[(aHH&re o pacmerrneHIIII 
pe3onaHca B cIInoBoii cpynKUIIII p+/EC-pacrra,[(a mrra faMoBa-Tennepa 
.[(e<popMIIpoBaHHoro 51.[(pa I60gHo. 

7. l13MepeHO BeTBnenIIe IT/TOTAL rrpII pacrra,[(e II3OMepa I60mHo(2) c 
rrepIIO.L\OM rronypacrra,[(a 5.02 qaca. 

8. B paMKax Mo.[(enII B3aIIMO.[(eiicTBy10mIIx Eo3on0B (MBE-1) B&monneH&I 

pacqeThI 3Heprnii ypoBHeH IIOllO)KIITenhHOH qeTHOCTII B 51,[(pe '
60

Dy II rrpoBe,[(eno 
cpaBHeHIIe C 3KCrrepIIMeHTOM. BhrnBneno, qTo YKa3aHHa51 MO,[(enh IIO3BOn51eT 

OIIIICaTh Y.L\OBneTBOpIITenhHhIM o6pa30M llIIllih HII)KaHwIIe COCTO51HII51 
I60

Dy. C 
poCTOM :meprIIII B036y)K,[(eHmI B 3Ha1.JIITenhHOH CTerrenII yBenII•mBaeTC51 
paCXO)K,[(eHIIe TeOpIIII II 3KCrrepIIMeHTa. 

9. TipoBe,[\eH aHanII3 16-TII pOTaUIIOHHhIX rronoc C IICIIOllh3QBaHIIeM ,[(JI51 

OIIIICaHll51 3KcrrepIIMeHTMhHh!X 3Heprnii ypoBHeH BHYTPII nonoc qeT&rpex 
cpeHOMeHonornqecKIIX cpopMyn, Bh!TeKaIOIUIIX II3 MO,[(enII Eopa-MoTTenhCOHa, Q
<pOHOHHOH MO,[(enII, MO,[(enII rrepeMennoro MOMeHTa IIHepu1m C ,[(IIHaMIIqeCKOH 

acIIMMeTPIIeii, II cpopMyn&r Eopa-MoTTen&coHa c qneHoM, y1.JIIT&rna10mHM 
KOpIIonIICOBO B3aIIMO,[(eHCTBIIe. AnanII3 IIO3BOnlin B o6meii CRO)KHOCTII 
,[(OIIOnHliTh poTal..(liOHHh!e IIOJIOChl 17-IO HOBh!Mli ypoBH51Mli li3 qIIcna BHOBh 
o6napy)KeHHh!X COCT051HIIH. He IIO.[(TBep)K,[(eHO cymecTBOBaime o+-ypoBH51 C 
3Heprneii 1443.7 K3B Ii COOTBeTCTBYIOmeu: eMy rronoch!. BBe,[(eHa HOBa51 IIOJIOCa 
K" = o+ C ronOBHhIM ypoBHeM 1708.2 K3B. Bee rronoChl rrpIIMepHO O,[(UHaKOBO 
xopowo BOCIIpOII3BO,[(51TC51 BCeMII qeThlphM51 cpeHOMenonorHqecKIIMli cpopMynaMII. 

10. B paMKax MO,[(enII (MBE-1) rrpoBe.[(eHhI pacqeThI rrpnBe,[(eHHhIX 

Bep051THOCTeii B(E2) y-rrepeXO,[(OB Me)K,[(y COCTO51HII51MII IIOllO)KIITenhHOH 
qeTHOCTII B 51,[(pe I60Dy. Pe3yn&TaThl cpaBHIIBalOTC.H C ,[(aHHhIMII 3KCrrepIIMeHTa. 

,n:n51 6onhlliliHCTBa y-rrepeXO,[(OB C li3BeCTHh!Mli Myn&TIIIIOllhHOCT51MII E2 
na6n10.[(aeTc51 xopowee cornacIIe TeopIIn II 3KC11epIIMenTa. 

11. Ha ocHoBe Mo.[(enII B3aHMO.[(eiicTBy10mIIx BeKTopn&Ix Eo30HOB 
(MBBE) 11poBe.[(eHhI pacqeThI n .cpaBHeHIIe c 3Kc11epIIMeHTOM paCI1pe.[(eJieHIIH 

V 6 V '
60D 1" o+ 2+ 4+ 6+ 3Hepnm qeTh!pex rpy1111 BO3 y)K,[(eHHh!X COCTO51Hllll B y C = , , , B 

3aBIICIIMOCTII OT qIIcna 6030HOB. y CTaHOBneHo, qTo YKa3aHHh!e pacnpe,[(eneHII51 

IIMeIOT 11apa6onIIqecKy10 cpopMy. 

3 



12. B paMKax :noH )Ke MO,ll,em1 (MBBE) arrepBbie rronyqeHhI Bhipa)KeHJrn H 

npoBe,l],eH aHaJIH3 ,ll,mI IlOJIOChl OCHOBHOro COCTOJIHHJI K"=O+, S-IlOJIOChl K"=O+, y

BH6paQHOHHOH IlOJIOChl K"=2+ u .ll.BYX OKTYITOJih-BH6pa1.1HoHHhlX IlOJIOC c K"= 1 · u 

K"=T CyMMapHoe cpe,ll,HeKBa,ll,paTuqHoe oTKJIOHeHue TeopeTuqecKHX 31faqeHHH 

:meprHH OT 3KCrrepuMeHTaJihHhlX ,ll,JIJI Bcex IlOJIOC COCTaBHJIO 6 = 9 K3B Ha TOqKy. 

ITpe,ll,JIO)KeHb) HOBbie BhICTpauaaHHJI BhlCOKOJie)Ka!QHX COCTOJIHHH B S-rronoce H 

nonoce OCHOBHOro COCTOJIHHJI. YcTaHOBJieHO nepeceqeHHe S-ITOJIOChl C IlOJIOCOH 

OCHOBHOro COCTOJIHHJI B6JIH3H 3HeprnH B036y)K,ll,eHHJI nopJI,ll,Ka 4 M3B (1"=18+). 

C,ll,eJiaH BhIBO.ll. o TOM, qTO B y-nonoce no Mepe ao36y)K,ll,eHHJI JI,ll,pa I60Dy npu 

3Heprnu B036y)K,ll,eHHJI 3 .5 M3B (I"= 15+) npoHCXO,ll,HT H3MeHeHHe MOMeHTa 

HHepQHH JI,ll,pa J(n) H, cooTBeTCTBeHHO, KBa,ll,pynoJihHOH ,ll,eq:>opMaQHH (napaMeTP 

P:)-
IIpaKTu'lecKaH 3Ha'IHMOCTb pa60Tbl 

1. MeTO,ll,hl cneKTpOCKOilHH IlOJIHOro nornoIQeHHJI 6hIJIH anpo6upoBaHhl ,l),JIJI 

BhiJIBJieHHJI IlOJIHOThl cxeM pacna,ll,a, qTo BeChMa cyIQeCTBeHHO npH npoBe,l),eHHH 

pacqeTOB 3HeproBhI,l),eJieHHJI npu pacna,l],e aTOMHhlX JI,ll,ep. 

2 . .lJ:aHHhie o xapaKTepe CHJIOBhIX q:>yHKQHH p-pacna,ll,a Sp(E), nonyqeHHhie B 

,ll,HCCepTaQHH, O,ll,HO3HaqHQ CBH,ll,eTeJibCTBYIOT O Heo6XO,ll,HMOCTH yqeTa 

pe3OHaHCOB. Sp(E) npH npoBe,l),eHHH pacqeTOB 3ana3,l),hIBaIOIQHX npol(eCCOB B 

pa3JIHqHblX o6naCTJIX, B qacTHOCTH, B aCTPOqJH3HKe. 

3. ITonyqeHHhie a pa6oTe ,l],aHHbie a HaCTOJIIQee BpeMJI JIBJIJIIOTCJI 

YHHKaJihHhlMH ,l),JIJI TeCTHpoaaHHJI H pa3BHTHJI pa3JIHqHhIX TeopeT11qecKHX 

no,ll,XO,ll,OB np11 onucaHHH p-pacna,ll,a 11 CTPYKTYPhI aTOMHoro JI,ll,pa. 

Ha 3a1uury BhIHOCHTCH cJiep;ywmue noJiomenuH u pe3VJihTaThI: 
1. Y coaeprneHCTBOBaHue cneKTpoMeTpa nonHoro nornoIQeHHJI y-

H3nyqeHHJI, c o6ecneqeHHeM 4n:-reoMeTpHH. 

2. 3KcnepHMeHTaJihHbie pe3yJihTaThl H3MepeHHJI CHJIOBOH q:>yHKl(HH Sp(E) 

p+ /EC-pacna,ll,a cq:>epuqecKoro JI,ll,pa 
I47

gTb c 11cnonh3OBaHHeM cneKTpoMeTpa 

IlOJIHOro nornoIQeHHJI y-H3JiyqeHHJI H MOHOH3OTOITHhlX HCTOqHHKOB. 

3 . .lJ:aHHhJe o Sp(E) H TOHKoii CTPYKrype Sp(E) p+/EC-pacna,l),a cq:>ep11qecKux 
JI,ll,ep I47g,I 49,I5ITb, nonyqeHHhie H3 HX cxeM pacna,l),a. 

4. CpaaHeHHe ,ll,aHHhIX o Sp(E) p+!EC-pacna,l),a JI,ll,pa I47g'Tb, nonyqeHHhIX c 

rroMO!QhIO cneKTPOMeTpa nonHoro rrornoIQeHirn H H3 cxeMhI pacna,l),a. 
5. CpaaHeHHe TeopeTHqecKHX pacqeTOB H 3KCrrepHMeHTaJihHh!X ,ll,aHHhIX 0 

Sp(E) p+ /EC-pacna,l],a JI,ll,ep I47g,149,151Tb. 

6. .lJ:aHHhie o Sp(E) 11 TOHKOH CTPYKType Sp(E) p+ /EC-pacna,ll,a 
' 160 

,l],eq:>opMHpOBaHHOro JI,ll,pa gHo, nonyqeHHbie MeTO,ll,aMH JI,ll,epHOH 

cneKTPOCKOilHH BhICOKOro pa3perneHHJI. 
7. .lJ:aHHbie O pacIQerrneHHH OCHOBHOro pe3oHaHca B Sp(E) Ha ,ll,Ba 

KOMTTOHeHTa ,ll,JIJI p+ /EC-pacna,l),a Tuna raMoaa-Tennepa ,ll,eq:>opMHpoaaHHoro JI,ll,pa 
16ogHo. 

8 . .lJ:aHHhie 06 OTCYTCTBHH Bhipa)KeHHOH pe3oHaHcHoii cTpyKTyphI B Sp(E) 
,ll,JIJI f /EC-pacrra,l],a rrepaoro 3arrpeTa JI,ll,pa I60gHo. 
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9. 3Kcrrep11MeHTaJihHhie ,ll,aHHhle o aeTBJieHuH IT/TOTAL npH pacna,ll,1 

H3OMepa 160mHo(2") c nepHO.ll.OM nonypacna,ll,a 5.02 qaca. 
10. Pe3yJihTaThI ananma B paMKax (MBE-1) B036y)K,ll,eHHbIX coCTOHHHi 

IlOJIQ)KHTeJibHOH qeTHOCTH tt npHBe,ll,eHHb!X aepOJITHOCTeii B(E2) y-nepeXO,ll,OB 
160D CBJI3b!BaIOIQHX YKa3aHHhie COCTOHHHH B H,ll,pe y. 

11. Pe3YJibTaTbI ananma Ha OCHOBe qeTu1pex q>eHOMeHOJIOrHqecKH} 
~ 160.-.. MO,ll,eJieH aTOMHOrO H,ll,pa rneCTHa,ll,QaTH pOTaQHOHHblX IlOJIOC B uy f 

nonyqeHHbie npH 3TOM HOBhle CBe,ll,eHHH O CTPYKType IlOCJie,ll,HHX. 

12. Pe3yJihTaThI aHanma B paMKax MO,ll,eJIH (MBBE) rpynn B036y)K,ll,eHHbD 
COCTOJIHHH CI"= 0+, 2\ 4\ 6+ H f!JITH HaH60Jiee pa3BHTblX pOTaQHOHHbIX IlOJIOC I 
16°Dy, a TaK)Ke HOBble ,ll,aHHbie, nonyqeHHbie B pe3yJihTaTe YKa3aHnoro aHaJIH3a. 

Anpo6murn pa6ou,1 
0CHOBHbie pe3yJibTaThl HCCJie,ll,OBaHHH, H3Jio:>KeHHble B ,ll,HCCePTaUHR 

,ll,OKJia,ll,hlBaJIHCb 11 o6cy)K,ll,aJIHCb Ha ,ll,eCJITH Me)K,ll,yHapO,ll,HblX COBeIQaHHHX nc 

H,ll,epHoii cneKTPOCKOilHH ~ CTPyKType aTOMHoro H,ll,pa: (1995 r., C.- IlCTep6ypr), 

(2000 r., C.- IlCTep6ypr), (2001 r., Capoa), (2002 r., MocKBa), (2003 r., MocKaa), 

(2004 r., EeJiropo,ll,), (2005 r., C.- IleTep6ypr), (2006 r., Capoa), (2007 r., 

Bopotte)K), (2008 r., MocKBa) 11 na ,ll,eBHTH Me)K,ll,}'Hapo,ll,HhIX KOH<pepeHQHJIX: 

"5rd Int. Workshop Prospects for the development of laser methods in the study 
nuclear matter" (2001 r., Poznan, Poland), "Midsummer Workshop on Nuclear 

Physics" (1996 r., Jyvaskyla, Finland), "Nuclear data for Science and Technology" 

(2001 r., Tsukuba. Japan), "Nucleus-nucleus collisions" (2003 r., Moscow), 

"Nuclear Structure and Related Topics" (2003 r., Dubna), "Modem problems of 
nuclear physics" (2001 r., TarnKeHT), (2003 r., CaMapKaH.ll.), (2006 r., TarnKeHT) H 

"The Third Eurasian conference nuclear science and its application" (2004 r., 

TarnKeHT), a TaK)Ke Ha ceMHHapax no q>H3HKe HH3KHX 3Heprnii H CTPYKType 
aTOMHoro H,ll,pa B Jia6opaTOp1rn H,ll,epHhlX npo6JieM Ollilll. 
IIy6Jimcauuu 

OcHOBHbie pe3yJibTaTbl HCCJie,ll,OBaHHH, IlOJiyqeHHhie B ,ll,HCCepTaQHH, 

npe,ll,CTaBJieHbl B 11 pa6ornx, ony6JIHKOBaHHblX B QeHTPaJihHbIX 113,ll,aHHJIX, B BH,ll,e 
npenpHHTOB Ollilll, a TaK)Ke B c6opHHKax Te3HCOB ,ll,OKJia,ll,OB Me)K,ll,yHapO,ll,HbIX 
coaeIQaHHii H KOH<pepettu11ii. 

CTpyKrypa u o6'beM pa6oTLI 
.ll:ttccepTaQHH COCTOHT H3 BBe,ll,eHHH, qeTbipex rJiaB, 3aKJIIOqenHH H CilHCKa 

JIHTepaTYPhl. 0Ha CO,ll,ep)KHT 116 CTPaHHQ MaIIIHHOilHCHOro TeKCTa, BKJIIO'la<I 32 
pHCYHKa, 49 Ta6JIHQ tt Cf!HCOK JIHTepaTypbI m 81 HaHMeHOBaHHH. 

CO,lJ;EPiKAHHE PA60Thl 
Bo BBCllCHHH o60CHOBhIBaeTCJI aKTyaJibHOCTb TeMbl HCCJie,ll,OBaHHJI, 

Cq>OpMyJIHp0B3Hbl QeJib, HayqHM HOBH3Ha H OCHOBHhle IlOJIO)KeHHH ,ll,HCCepTaQHH, 
BblHOCHMbie Ha 3aIQHTy. 

IIepeaH. rJiaea «MCTO,ll,H'ICCKHC eonpochI» B rnaBe KpaTKO H3JIO)KeHbl 

MCTO,ll,hf Hapa60TKH H npHrOTOBJieHHH MOHOH3OTOilHhIX pa,ll,HOaKTHBHbIX 

HCTOIJHHKOB, HCilOJih3yeMbIX B H3MepeHHJIX. IlpHBe,ll,eHbl OCHOBHbie 
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9. 3KcnepuMeHTaJibHbie )].aHHLie o BeTBJieHHH IT/TOTAL npu pacna)],e 
H30Mepa 160mHo(2") c nepHO)].OM nonypacna)].a 5.02 'laca. 

10. Pe3yJILTaThl aHaJIH3a B paMKax (MBE-1) B036y)K)].eHHbIX cocTOHHHH 
IIOJIO,KHTeJibHOH 'leTHOCTH u IIpHBe)],eHHblX BepOHTHOCTeH B(E2) y-nepeXO)].OB, 
CBH3blBaIOIIIHX YKa3aHHble COCTOHHHH B H)].pe 160Dy. 

11. Pe3yJibTaTbl aHaJIH3a Ha OCHOBe '1eTbIpex cpeHOMeHOJIOfH'leCKHX 
MO)],eJieH aTOMHOro H)].pa rneCTHa)],QaTH pOTaQHOHHbIX IIOJIOC B 160Dy H 
IIOJIY'JeHHble npn 3TOM HOBbie CBe)],eHHH O CTPYKTYPe IlOCJie)],HHX. 

12. Pe3yJILTaTbl attaJIH3a B paMKax MO)].eJIH (MBBE) rpynn B036y)K)].eHHbIX 
COCTOHHHH C r = O+, 2\ 4\ 6+ H IlHTH Hatt60Jiee pa3BHTbIX pOTaUHOHHblX TIOJIOC B 
160Dy, a TaK)Ke HOBbie )],aHHbie, TIOJIY'JeHHbie B pe3yJILTaTe YKa3aHHOro aH3JIH3a. 
Anpo6aum1 pa6on,1 

OCHOBHbie pe3yJihTaTbl HCCJie)],OBaHHH, H3JIO)ICeHHbie B )].HCCepmunn, 
)].OKJia)],bIBaJIHCb n o6cy)K)].aJIHCb Ha )],eCHTH Me)K)].yHapO)].HblX COBeIIIaHHHX no 
H)].epuoiI cneKrpOCKOIIHH n CTPYKTYPe aTOMHoro H)].pa: (1995 r., C.- lleTep6ypr), 
(2000 r., C.- lleTep6ypr), (2001 r., CapOB), (2002 r., MocKBa), (2003 r., MocKBa), 
(2004 r., Eenropo.ll.), (2005 r., C.- lleTep6ypr), (2006 r., CapoB), (2007 r., 
Bopoue*), (2008 r., MocKBa) H ua )].eBHTH Me)K)].yttapO.ll.HhIX KOHcpepeuunHx: 
"5rd Int. Workshop Prospects for the development of laser methods in the study 
nuclear matter" (2001 r., Poznan, Poland), "Midsummer Workshop on Nuclear 
Physics" (1996 r., Jyvaskyla, Finland), "Nuclear data for Science and Technology" 
(2001 r., Tsukuba. Japan), "Nucleus-nucleus collisions" (2003 r., Moscow), 
"Nuclear Structure and Related Topics" (2003 r., Dubna), "Modem problems of 
nuclear physics" (2001 r., TarnKeHT), (2003 r., CaMapKatt.ll.), (2006 r., TarnKeHT) n 
"The Third Eurasian conference nuclear science and its application" (2004 r., 
TarnKeHT), a TaK)Ke Ha ceMHHapax no cpn3nKe HH3KHX 3HeprniI n CTPYKType 
aTOMHOro H)].pa B Jia6opaTOpHH H)].epHbIX npo6neM O1-UIM. 
Ily6JIHIC8UHH 

OCHOBHbie pe3yJibTaTbl HCCJie)],OBaHHH, IlOJI)"leHHble B )].HCCepTaQHH, 
npe)].CTaBJieHbl B 11 pa6omx, ony6JIHKOBaHHbIX B ueHTPaJibHblX H3)],aHHHX, B BH)].e 
npenpHHTOB O1-UIM, a TaK,Ke B c6opHUKaX Te3HCOB )].OKJia)],OB Me)K)].yttapO)].HbIX 
COBeIIIaHHH H KOHcpepeHUHH. 
CTpyKrypa u 061>eM pa6on,1 

,[(uccepTaUHH COCTOHT H3 BBe)],eHmI, 'leTbipex rJiaB, 3aKJIIO'leHHH H CilHCKa 
JIHTeparypbI. Otta CO)].ep,KHT 116 CTPaHHU MaIIIHHOilHCHOro TeKCTa, BKJIIO'la<I 32 
pncyuKa, 49 Ta6JIHU H CIIHCOK JIHTepaTypbl H3 81 HaHMeHOBaHHH. 

CO~EPiKAHIIE PAliOTbl 
Bo BBe!leHHH o60CHOBbIBaeTCH aKTyaJibHOCTb TeMbl HCCJie)].OBaHHH, 

ccpopMynnpOBaHbl ueJib, HaY'JHaH HOBH3Ha H OCHOBHbie IlOJIO)KeHHH )].HCCepTaunn, 
BblHOCHMbie Ha 3aIIIHry. 

Ilepeasr' rJiaea «MeTO)].IPleCKHe B0Dp0Cbl►> B rnaBe Kp3TKO H3JIO)KeHbl 
MeTO)].bi' napa60TKH H npnrOTOBJieHHH MOHOH30TOilHbIX pa)].HOaKTHBHbIX 
HCTO'IHHKOB, HCilOJih3yeMblX B H3MepeHHHX. llpnBe)].eHbl OCHOBHbie 
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xapaKTeplICTlIKlI crreKTPOMeTPOB, 3a)].eHCTBOBaHHb!X B 3TlIX lI3Mepenm,x. 

O6cym:,n;enbl oco6eHHOCTlI rrpHMenenm:1 MeTo,n;oB crreKTPOCKOIIlilI rrorrnoro 

IIOrJIOIIIeHml y-rryqeil: lI 51,n;epnoil: CIIeKTPOCKOIIlilI Bb!COKOro pa3perneHlI51 B 

Hccrre,n;oBaHH51X ClIJIOBbIX cpynKQHil: P-pacrra)].a. 

BrrepBbie )].JI51 lICCJie)].oBaHH51 ClIJIOBoil: cpyHKUlilI P-pacrra,n;a Sp(E) MeTO,n; 

crreKTPOCKOIIlilI rrorrnoro IIOrJIOIIIeHlI51 y-rryqeil: 6bIJI lICIIOJib30BaH rpyrrrroil: 

113OJlh,Z1;A B QEPHE (1970 r.). B 80e ro)].bI YKa3aHHbIH MeTO)]. 6bIJI cy1IIecrneHHO 

pa3BlIT lI ycrrernHo rrpHMeHeH )].JI51 lI3MepeHH51 pe3oHaHcHoil: CTPYKTYPb! ClIJIOBbIX 

cpyHKQHil: 6ern-pacrra)].a Ha KOMrrrreKce 11Pl1C, JI1151<l>, faTqlIHa. ,[(aHHhiil: MeTOJJ. 

II03BOJI51eT rrpoBO)].lITb rrp51Mbie lI3MepeHm1 3acerreHH51 ypoBHeil: rrpH P-pacrra,n;e 

aTOMHbIX 51,n;ep lI rrorryqaTb ,n;aHHhie o cTpyKType Sp(E). IlpIIHQHrr YKa3aHHoro 

MeTo,n;a 3aKJIIOqaeTC51 B TOM, qTo corrpoBom:,n;aI01IIee pacrra,n; y-H3JiyqeHIIe 

perncTpHpyeTC51 6oJibililIMlI KplICTaJIJiaMlI Nal B reoMeTplilI, 6mnKoil: K 41t. EcrrII 

3cpcpeKTIIBHOCTb IIOJIHOro IIOrJIOIIIeHlI51 y-KBaHTOB )].OCTaToqHo BeJIIIKa, TO 

aMIIJiliry)].a lIMIIYJibCa B TaKOM crreKTpOMeTPe orrpe,n;eJrneTCH cyMMapHoil: 3Heprneil: 

y-KBaHTOB B KacKa)].e, TO ecTb 3Heprneil: ypoBH51, 3aceMeMoro P-rrepexo,n;oM, a 

IIHTeHClIBHOCTb IIIIKa IIOJIHoro rrorJIOIIIeHII51 orrpe)].eJI51eTC51 Bep051THOCTbIO 

3acerreHlIH ypoBH51 rrpII p-pacrra)].e. Sp(E) CB513aHa C 3KcrrepIIMeHTaJibHO 

lI3Mep51eMOH IIJIOTHOCTbIO Bep051THOCTlI 3acerreHlI51 ypOBHeil: ,n;oqepHero 51,n;pa I(E) 

lI Bb!pam:aeTC51 CJie)].yIOIIIlIM o6pa30M: 

S (E)- l(E) . 
J3 -T f(Q -E)' (!) 

1/2 J3 
r)].e f(Qp -E) - cpyHKUHH <l>epMH, (Qp -E) - 3Heprn51 P-rrepexo,n;a. 

B Harrrnx IICCJie,n;oBaHII51X Mb! lICIIOJib30BaJilI C03)].aHHblll HaMII B JUIIT 
0115111 crreKTpoMeTP rrorrHoro rrorno1IIeHH51 y-rryqeil:. CxeMa 3TOro crreKTPOMeTPa 

rrpe,n;CTaBJieHa Ha plIC. I. 

Oca,nufnucki5 

= tape e-
Nal(TI) 

0200 mm x hi 10 mm 

Ile 

D- p-pruticlc detector I 02 IO mm x h 140 mm 
X-· x-ray dch:clur Naf(Tl} 

y -detector 
l'MT-photomultiplicr 

P\A HCTO•IHHJC 

PHc.1. O61IIa51 cxeMa crreKTpOMeTpa IIOJIHOro IIOrJIOIIIeHlI51 y-rryqeil: JUIIT 
,n;rr51 lI3MepeHII51 CIIJIOBbIX cpyHKQIIii p-pacrra,n;a. 

KoHcTpyKUII51 crreKTPOMeTPa o6ecrreqIIBaeT 41t-reoMeTPIIIO. Nal-KpIICTaJIJibI 

3a1IIII1IIeHbI OT rrorra,n;aHH51 B HIIX P-qacTHU TOHKIIM crroeM 6epHJIJIII51. 

11ccrre,n;yeMbiil: pa,n;HoaKTlIBHbiil: (P\A) HCToqHlIK ycrnHaBJIIIBaeTc51 rro ueHTPY B 
Hlim:Heil: qacTII KOJIO)].Qa C ITOMOIIIbIO JieHTbI IIJIII BpyqHyIO. CrreKTpoMeTp 

6 

II03BOJI5IeT H3Mep51Tb crreKTpbI y-H3rryqeHII51 rrptt p-pacrra,n;e 51,n;ep KaK B 

coBrra,n;eHlI51X c P-qacTIIQaMH, TaK II 6e3 coBrra,n;eHIIil:. IlpIIMep TaKIIX, H3MepeHHbIX 
HaMII Ha HarneM crreKTpoMeTPe crreKTpOB rrpe,n;cTaBJieH Ha pHc. 2. 

3 

= i2 
8 
§ 1 

,;; Q(EC> 

I 
Q-f---'-,---.-~-~~-~~:::;,-....--, 

2 3 
E.Y' M3B 

4 5 

3 

"' I 2 

is 
! 1 

O(t,C") 

ot ~ 
0 2 3 4 

Ey. M~B 

PHc.2. CrreKTpbr y-lI3rryqeHII51 rrpII p+/EC-pacrra,n;e 147gTh, II3MepeHHbie c 

ITOMOIIIbIO crreKTPOMeTpa IIOJIHOro ITOrJIOIIIeHlI51 B COBrra,n;eHII51X C p+ -qacTHQaMlI 

( crreBa) lI 6e3 coBrra,n;eHIIil: ( crrpaBa). CTPeJIKoil: YKa3aHa rrorrHa51 3Heprn51 
3JieKTPOHHoro 3axBaTa ,n;rr51 147gTh. 

O)].HaKo, H3-3a HlI3Koro 3HepreTIIqecKoro pa3perneHII51, T AS MeTO)]. He 

o6ecrreqHBaeT B03MOm:HOCTb Hccrre,n;oBaTb ,n;eTaJIII TOHKoil: cTpyKTyphr SB(E), a 

IIOCJie)].Hee Kpail:He Heo6xo,n;IIMO II Ba)KHO )].JI51 pa3BlITII51 COBpeMeHHb!X 

TeopeTHqecKIIX rro)].xo,n;oB. Ilo3ToMy · rraparrrrerrbHO c T AS, HO ym:e ,n;rr51 

IIccrre,n;oBaHII51 TOHKol'i CTPYKTYPhI SB(E) f!aMH 6brn rrpIIMeHeH Tpa.n;IIQIIOHHbil'i 

MeTO,n; y-crreKTpOCKOIIHH Bb!COKOro pa3perneHII51. Mern,n; OCHOBaH Ha perncTpaQIIH 

y-KBaHTOB C ITOMOIIIbIO norryrrpOBO)].HIIKOBb!X HpGe-,n;eTeKTOpOB, CTaH,n;apTHOe 

3HepreTHqecKoe pa3perneHHe KOTOpb!X COCTaBJI5leT BeJIIIqHHY He xym:e 0.2%. 

OcHOBHOll 3a,n;aqeil: 3KCnepIIMeHTOB 51BJI51JIOCb II3MepeHHe crreKTpOB y-rryqeil: lI 

MaTPHU yyt-coBrra,n;enIIil: npII P-pacrra,n;e Hccrre)].yeMbIX naMII 51,n;ep. 
,[(orrOJIHIITeJibHO lI3Mep51JIIICb II crreKTpb! 3JieKTpOHOB BHyTpenneil: KOHBepClilI. 

113 lI3MepeHHb!X crreKTpOB orrpe,n;eJI51JIIICb 3HeprlIII II IIHTeHCIIBHOCTII y
rryqeil: lI 3BK, a Ha OCHOBe ,n;aHHb!X O yyt-coBrra,n;eHII51X yCTaHaBJIIIBaJIIICb IIX 
KOHKpeTHb!e MeCTOIIOJIOm:emrn Mem:,n;y B036ym:,n;eHHb!MII COCT05IHII51MII, II TeM 

caMbIM CTPOIIJiaCb cxeMa pacrra,n;a. 3aTeM lI3 6arranca IIHTeHCIIBHOCTeil: 

rrplIXO)].HIIIIIX lI yxo,n;5lllllIX y-rrepexo,n;oB )].JI51 Kam:,n;oro lI3 3HepreTIIqecKlIX ypoBHeil: 

orrpe,n;eJIHJIIICb lIHTeHCIIBHOCTII IIX 3acerrennocTeii nerrocpe,n;cTBenno rro BeTKe P
pacrra,n;a lI BbJqlICJI5IJIIICb BeJIHqlIHb! rrpIIBe,n;eHHb!X rreplIO)].OB norrypacrra,n;a ft, 
BX0)].5IIIIIIX B Bbipam:eHIIe )].JI51 cpyHKUIIlI SB(E): 

JS~(E)dE = IJl(ft). (2) 
LlE LlE 

3,n;ecb Heo6xo,n;HMO OTMeTlITb, qTo )].JI51 )].OCTlim:eHlI51 lICqepIIb1BaI01IIero lI 

,n;ocTOBepnoro pe3yrrhTaTa B orrpe,n;errenHu Sp(E), cxeMa pacrra,n;a ,n;orrm:Ha 
o6rra,n;aTb rrpe,n;eJibHOH IIOJIHOTOH. 

Brnpasr rnaBa «CTpyKrypa CHJIOBhIX <f>yuKunii Sp(E) J}+/EC-pacna)].a 
147g 149 151 

c<f>epnqecKHX H)].ep ' ' Tb» ITOCB5lllleua 3KCrrepIIMeHTaJibHOMY 
IIccrre,n;oBaHIIIO ClIJIOBbIX cpyHKQHil: Sp(E) p+ /EC-pacrra,n;a ccpepnqecKIIX 51,n;ep 
147

g,l 49
,
151 Tb. ,Z1;aHHbie o Sp(E) p+/EC-pacrra,n;a 147gTb 6brnn rrorryqeHbI c 

IICIIOJ!b30BaHIIeM crreKTPOMeTPa ITOJ!HOro norno1IIeH1I51 y-II3JiyqeHlI51 H 

MOHOH30TOITHb!X HCToqHIIKOB 
147

gTb. CBe)].eHH51 m:e o TOHKoil: cTpyKType Sp(E) 
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rro3BOJrneT II3Mep51Th crreKTpbI y-HJnyqeHII51 rrpII P-pacrra.[(e 51.[(ep KaK B 

coBrra.[(eHII5IX c P-qacTIIQaMII, TaK II 6e3 coBrra.[(eHIIii. IlpIIMep TaKIIX, II3MepeHHhIX 

HaMII Ha HaIIIeM crreKTpOMeTpe crreKTpOB rrpe.[(CTaBJieH Ha pIIC. 2. 
3 

4 5 

3 

Oa,c> 

0 o::---~--2--3----c4=
1= 

E.
1
.M·.:tB 

PIIc.2. CrreKTpbI y-II3nyqeHII51 rrpII p+/EC-pacrra.[(e 
147gTh, II3MepeHHhie c 

IIOMOll.(b!O crreKTpOMeTpa IIOJIHOro rrornoll.(eHII51 B COBIIa.[(eHII5IX C p+ -qacTIIQaMII 

(cneBa) II 6e3 coBIIa.[(eHIIii (crrpaBa). CTPenKoii yKa3aHa rronHa51 :rnepnrn 

:meKTpOHHoro 3axBaTa .[(JI51 
147gTh. 

O.[(HaKo, II3-3a HII3Koro 3HepreTIIqecKoro pa3perneHII51, T AS MeTO.[( He 

o6ecrreqIIBaeT B03MO)KHOCTh IIccne.[(oBaTb .[(eTanII TOHKoii CTPYKTYPhI Sp(E), a 

IIOCJie.[(Hee KpaiiHe Heo6xO.[(IIMO rr Ba)KHO .[(JI51 pa3BHTII51 COBpeMeHHbIX 

TeopeTrrqecKrrx IIO.[(XO.L\OB. Ilo:JTOMY rrapannenbHO c T AS, HO y)Ke .[(JI51 

IICCJie.[(OBaHH51 TOHKOli CTpyKTYPbI Sp(E) HaMrr 6bIJI rrprrMeHeH Tpa.r\IIUHOHHblli 

MeTO.[( y-crreKTpOCKOIIIIH BbICOKOro pa3perneHH51. MeTO.[( OCHOBaH Ha perncTpauIIrr 

y-KBaHTOB C IIOMOIIIhlO rronyrrpoBO.[(HIIKOBbIX HpGe-.[(eTeKTOpOB, CTaH.[(apTHOe 

3HepreTIIqecKOe pa3peweHIIe KOTOpbIX COCTaBJI5IeT BenIIqrrHy He xy)Ke 0.2%. 

OcHOBHOii 3a.[(aqeii :JKcrrepIIMeHTOB 5IBIT5IJIOCh H3MepeHrre crreKTpOB y-nyqeii rr 

MaTPIIU yyt-coBrra.[(eHIIii rrprr P-pacrra.[(e IIccne.[(yeMbIX HaMII 51.[(ep. 

,ll;orronHIITeJibHO II3Mep5IJIIICb II crreKTpb! 3JieKTpOHOB BHyTpeHHeii KOHBepcIIII. 

J,fa II3MepeHHbIX crreKTpOB onpe.[(eJI5IJIIICb 3HeprnII II IIHTeHCIIBHOCTII y

nyqeii rr 3BK, a Ha OCHOBe .[(aHHblX O yyt-COBIIa.[(eHII5IX ycrnHaBJIIIBaJIIICb IIX 

KOHKpeTHbie MeCTOIIOJIO)KeHII51 Me)K.[(y B036y)K.[(eHHhiMII COCT05IHII5IMII, II TeM 

caMbIM CTpOIIJiaCh cxeMa pacrra.[(a. 3aTeM II3 6anaHca IIHTeHCIIBHOCTeii 

rrpIIX0.[(5Ill.(IIX II YX0.[(5Ill.(IIX y-rrepeXO.[(OB .[(JI51 Ka)K.[(Oro II3 3HepreTIIqeCKIIX ypoBHeii 

orrpe.[(eJI5IJIIICh IIHTeHCHBHOCTII IIX 3aceneHHOCTeii Herrocpe.[(CTBe1rno rro BeTKe P

pacrra.[(a II BbJqIICJI5IJIIICb BeJIIIqIIHbI rrpIIBe.[(eHHb!X nepIIO.[(OB rronypacrra.[(a ft, 
BX0.[(5lll.\IIX B Bhipa)KeHIIe .[(JI51 <PYHKUIIII Sp(E): 

f Sp(E)dE = 2)/(ft). (2) 
AE AE 

3.[(eCb Heo6xo.[(IIMO OTMeTIITb, qTO .[(JI51 .[(OCTII)KeHII51 IIcqepIIbIBaIOll.(ero II 

.[(OCTOBepHoro pe3yJihTaTa B orrpe.[(eneuIIII Sp(E), cxeMa pacrra.[(a .[(OJI)I(Ha 

o6na.[(aTb rrpe.[(eJibHOli IIOJIHOTOM. 

BrnpaH rnana «CTPYK'TYJ.!a CHJIOBMX ii>YHKUHii Sp(E) f /EC-pacna11.a 
cit>epu<JeCKHX H)J.ep 14 

g,l
49•151Tb» IIOCB5Ill.(eua 3KcrrepIIMeHTaJibHOMY 

IIccne.n,oBaHIIIO CIIJIOBhIX qJyHKUIIii Sp(E) p+ /EC-pacrra.n,a c<PepwieCKIIX 51.[(ep 
1478

•
149

•
151Tb. ,lJ;aHHhie o Sp(E) p+ /EC-pacrra.[(a 

1478Tb 6hmrr rronyqeHhI c 

IICIIOJib30BaHIIeM crreKTPOMeTpa IIOJIHoro rrornomemrn y-II3JiyqeHII51 II 

MOHOII30TOIIHhIX IICToqHIIKOB 
1478Tb. CBe.[(eHII51 )Ke o TOHKoii CTPYKType Sp(E) 
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r:i.+/EC I47g 149 IsITb p -pacITa.na H.nep ' ' l-13BJieKaJIHCb 1-13 COOTBeTCTBYIOllIHX HM cxeM 

pacITa.na, ycTaHOBJieHHbIX C ITOMOlliblO MeTO.ZJ.OB y-cITeKTpOCKOITl-11-1 BbICOKOro 

pa3perneHHH. TipoBO.ZJ.IITCH cpaBHeHHe C TeopeT1-1qeCKHMH pacqeTaMH. 

Pe1yJihTaThI nccne.noaaHHH S~(E) 
I47

gTb ITpe.ncrnaneHbI Ha p1-1c. 3. 

~ 30 

' -::a 20 
l 

£ 

i'°+~;.: .;:o~iJfi; 
"' ' 

..,.~ 75 

•.,. 
~ 50 

Gj- 25 -i 

1 2 3 4 
3HeprHH U0'.!6y>K.1l.CHH1t, M::,B 

' :__Yc1::<.·> 

~ 30 

' _., 
t::Q 20 

£ 
cj 10 

~ 
~:;;_ ol ~-; ■2 ,■ 3 p 4 

'3Hepnu1 B0'.36y>K,ZieHIUT, M3B 

V') Q ! , 1111111" 1 , .. ! !I'll -, ,np=t P'II r-, 

2 4 s a 
3tteprH:fl B0'36}')K.D.CH1Ul. M3B 

P1-1c. 3. CHJIOBaH cpyHKIJ,HH r1EC-pacITa.na 
I47

gTb -
I47

Gd, ITOJiyqeHHM 1-13 

aHaJI1-11a: a) cITeKrpoB ITOJIHoro ITornorneHHH y-nyqeii, 6) cxeMhI pacITa.na I47gTb, a 

TaK)I(e e) paccq1-1rnttHaH B paMKax MQPM-Mo.nen1-1. TiyttKTl-lpHott JIHHHerr yKa1atta 

ITOJIHM :rneprnH pacITa.na QEc = 4.6 M3B. 

KaK BH.ZJ.HO 1-13 p1-1c. 3a 1-1 36, cpyttKu,1-11-1 S~+/Ec(E), ITonyqeHHbie .ZJ.BYMH 

pa1n1-1qHhIMH MeTO.naMH, xopowo cornacyIOTCH .npyr c .npyroM. B 0601-1x cnyqaa:x 

tta6n10.na10TcH ITHKH B 06nacT1-1 3Heprn1-1 E ::::: 4 M3B. Eonee Toro, xopowo 

cornacyIOTCH 1-1 1-!HTeHCHBHOCTH 3TIIX ITHKOB. Ou,eHeHHhie HaMH 

3KCITep1-1MeHTaJihHble 3HaqeHHH aen1-1q1-1H B{GT) .ZJ.JIH ITHKa E::::: 4 M3B cocrnBHJIH 

ITO .naHHbIM T AS-cITeKTpOCKOITl-11-1 B(GT) ::::: 8.0· l 0·2 
(p1-1c.36) H 6JIH3KOe eMy 

3HaqeHHe ITO .naHHhIM 1-11 cxeMbI pacITa.na B(GT) ::::: 6.6-10·2 
(p1-1c.3a). PacqeTbI B 

paMKax MQPM-Mo.nen1-1 c HCITOJih30BaHHeM QRP A-ITp1-16JI1-1)I(eH1-1H (p1-1c.3e) TaK)I(e 

KaK 1-1 B 3KCITep1-1MeHTe BhrnBHJIH HaJII-1q1-1e Ha1-16onee 1-!HTeHCHBHOro ITHKa B S~(E) 

(pe1ottaHca 1aM0Ba-Tennepa (GT) c µ,=+I) B 06nacT1-1 3Heprn1-1 ao16y)I(.nett1-1H 

.noqepttero H.ZJ.pa 
I47

Gd E ::::: 4 M3B. 3TO IT03BOJIHeT c.nenaTb ITOJIO)I(HTeJibHhill 

Bb!BO.ZJ. 0 ITpHMeHHMOCTH yKa3aHHOll MO.ZJ.eJIH .ZJ.JIH OITHCaHHH S~(E) ccpep1-1qecKHX 

H.D.ep, KOHMH HBJIHIOTCH 1-!CCJie.nyeMoe HaMH H.ZJ.PO 
I47

gTb 1-1 .noqepttee eMy H.ZJ.pO 
I47

Gd. O.nttaKo BMecTe c TeM cne.nyeT OTMeTHTh, qTo, KaK BH.ZJ.HO 1-13 p1-1c.3, 

TeopeT1-1qeCKHe pacqeTbI (e) .naIOT 3aBbIIIIeHHOe B HeCKOJibKO pa3 3Haqett1-1e 

1-!HTeHCHBHOCTH OCHOBHOro pe30HaHCa C 3Heprnett E ::::: 4 M3B ITO cpaBHeHIIIO C 

3KCITepnMeHTOM (a,6) . .ll:aHHOe ITpeBbillieHne MO)I(HO CBH3aTb C TeM, qTo Mb! Ha 

3KCITepnMeHTe MO)I(eM tta6n10.naTb JIIIllih qacTb pe10Hattca, IToITa.na10rrzy10 B 

.ZJ.OCTYITHYIO .ZJ.JIH 3JieKTpOHHoro 3aXBaTa ITO 3Heprnn o6JiaCTb. QqeBII.ZJ.HO, qTO 

3KCITepnMeHTaJibHbie .naHHbie, ITOJiyqeHHbie MeTO.ZJ.aMII y-cITeKTpOCKOITIIII BbICOKoro 

pa1perneHnH (p1-1c. 36) IT03BOJIHIOT BhrnBIITh TOHKYIO CTPYKTYPY cnnoaott cpyHKIJ,IIH 
I47gTb n B qacTnocTn - pe1ottaHca 1aM0Ba-Tennepa B o6nacTn 3Heprnn E ::::: 4 
M3B. 

8 

Ha p1-1c. 4 a cpaBHeHHH c TeopeT1-1qecKHMH pacqeTaMH ITpe.ncTaBJieHE 
.naHHhie o TOHKOH CTPYKType CHJIOBhIX cpyHKIJ,Hll .D.JIH Tpex H30TOITOB I47g,l 49,I5ITb 
ITonyqeHHb1e ITPH aHaJIH3e nx cxeM pacITa.na. 

0.5 

0.4j 

" .., 
~~ 0.3 

.:-
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OJ 

0.2 

0.1 

0.0 

0.2 I 

" ,:!!: 
~ 
~ 
Cl 
in 0.1 

0,, 

theory 

o,, 

theory 

0.01 

0.00 
1 

Energy, MeV 

0.006 

mj 
0.004 

0.003 

0.002 

0.001 

~eriment 

U7;Tb 

experiment 

"'Tb 

o.o-~~~~-._.._,'!'-"f'-'..-'",--..y 0.000 
1 

Energy, MeV 

0,, 
0.0IXJ6 

O.l5J I lheory 
OOIXJ6j 

1I 

experiment 

f I I 0.0004 1s1Tb 

""~ 0.10 

I I I 0.0003 ~ 
Cl 
in 

1Ui.1 

0.0002 

··1 0.0001 

I I I, 0.0000 0.00 
s 1 
Energy, MeV 

Puc. 4. ToHKaH crpyKrypa cnJIOBhIX cpyHKIJ,Hll .ZJ.JIH p+/EC-pacITa.na I47g,l 49,I5ITb: 

cneaa - paccqnTaHHhIX B paMKax MQPM-Mo.nenn, cITpaaa - ITonyqeHHhIX 1-13 

anaJin3a cxeM pacITa.na. TiyttKTnpttott nnttnett YKa3aHhI 3Heprnn pacITa.noa QEc• 

KaK BH.ZJ.HO II3 ITpirne.neHHbIX pncyHKOB, B 3KCITepnMeHTe nan6onee 

CIIJibHblll pe30HaHC tta6n10.naeTCH B 3Hepren1qecKOM OKHe .no QEc B o6JiaCTH 
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Ha ptt:c. 4 B cpaBHeHHH C Teopen1qeCKHMH pacqeTaMH rrpe~cTaBJieHbI 
~aHHble O TOHKOH CTPYKType CHJIOBhIX cpyHK~HH ~ml Tpex H30TOITOB 147

g,l
49

,
151Tu, 

rrorryqeHHbie rrpH aHaJIH3e HX cxeM pacrr~a. 
0,5 o,, 
0.4 theory 

" ... 
"~ 0.3 
.=-
C) 

ar 0.2 

0.1 

0.0 

0.2 
lheoiy 

" ... 
~ 
~ 
i=' 
C) 

ar 0.1 

o,, 

0.15 

¥ 
... ~ 0.10 

.=-
C) 

°' 0.05 

0.00 

0.01 

0.00 
6 1 

Energy, MeV 

0.006 

0.005 

0.004 

0.003 

0.002 

e><periment 

wgTb 

~ 
2 3 4 

experiment 

"'Tb 

Energy, MeV 

0.0006 

0.0006 experiment 

0.0004 

0.0(Xl3 

0.0002 

0.0001 

0.0000 
6 1 
Energy, MeV 

PHC. 4. ToHKa» CTPYKTypa CHJIOBb!X cpyHK~HH ~JIH rmc-pacrra~a l4?g.l
49

,
151Tb: 

crreBa - paccqHTaHHhIX B paMKax MQPM-Mo~errH, crrpaBa - rrorryqeHHhIX H3 
aHaJIH3a cxeM pacna~a. TiyHKTHpHOH JIHHHeii YKa3aHhl 3HepmH pacrra~oB QEC• 

KaK BH~HO H3 npHBe~eHHh!X pHCYHKOB, B 3KcnepuMeHTe Hau6onee 
CIIJibHb!H pe3oHaHc Ha6mo~aeTCH B 3HepreTuqecKOM OKHe ~o QEc B o6rraCTII 
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3tteprnii B036y)K,[(eHH51 B 51,[(pe 
147

Gd E;:::: 4 M3B ,[(JI51 p+!EC-pacrra,[(a 
147

gTb. Mettee 

CHJibHbIH pe3oHattc E;:::: 3.5 M3B tta6JIIO,[(aeTC51 ,[(JI51 
149

Tb H cna6o1ii E;:::: 2 M3B ,[(JI51 
151

Tb. Bee 3TH pe3OHattc1,1 HMeIOT TOHKYIO CTPYKTYPY· · 

Pe3ottattc E ;:::: 4 M3B ,[(JI51 
147

gTb 61,rn HHTeprrpeTttpoBaH ttaMH BbIIIIe KaK 

ocHOBHoii pe3OHattc raMoB-TennepoBcKoro THrra (GT) c I-Lr = + 1. MQPM-Mo,[(en1, 

(pttc. 4, CJieBa), XOT51 H He BOCIIpOH3BO,[(HT ,[(OCTaToqHo ToqHo ,[(eTaneii TOHKOH 

CTPYKTypol II HHTeHCIIBHOCTH ,[(aHHOro pe3OHaHca, HO ,[(OCTaToqHo xopOIIIO 

rrpe,[(CKa3bIBaeT KaK HaJIHqlie, TaK II 3HeprHIO B036y)K,[(eHH51 IIOCJie,[(Hero. YMeCTHO 

3,[(eCb TaK)Ke OTMeTHTb, qTQ TeOp1I51 He rrpe,[(CKa3bJBaeT HaJIIIqHe pe3OHaHCOB B 

51,[(pe 
147

Gd rrptt 3tteprn51x cyIIIecTBeHHO rrpeBbIIIIaIOIIIIIX rrontty10 3HeprnIO p+/EC

pacrra,[(a 
1478

Tb ---, 
147

Gd (QEc = 4.6 M3B) . 3TOT cpaKT ,[(aeT ttaM ,[(OIIOJIHHTeJibHYIO 

yBepeHHOCTb B rrpaBHJibHOH IIHTeprrpeTaIJHH pe3OHaHca B o6JiaCTII 3Heprnii E ;:::: 4 

M3B ,[(JI51 p+!EC-pacrra,[(a 
147

gTb ---> 
147

Gd KaK pe3ottattca (1Im1 ero qacTH) THrra 

faMoBa-Tennepa (GT) c rrpoeKIJHeii H3OCIIHHa I-Lr=+ 1. 

,lJ,Jrn 51,[(ep 
149

Tb n 
151

Tb MQPM-Mo,[(eJih ,[(OCTaTOqHo TOqHo Bocrrpon3BO,[(HT 

tta6JIIO,[(aeMbie B 3KCIIepHMeHTe MaJIOHHTeHCHBHb!e pe3OHaHCbl B o6JiaCTH 3Heprnii 

E ;:::: 3.5 M3B ,[(JI51 
149

Tb H E ;:::: 2 M3B ,[(JI51 
151

Tb (pttc. 4, crrpaBa). 0,[(ttaKo, B 

ornnqne OT p+/EC-pacrra,[(a 
147

gTb ,[(JI51 51,[(ep 
149

Tb n 
151

Tb, MQPM-Mo,[(en1, 

rrpe,[(CKa3bIBaeT H HaJIHqne ,!1,pyrnx 6onee HHTeHCIIBHb!X pe3OHaHCOB C E ;:::: 4 - 4.5 

M3B ,[(JI51 
149

Tb H E ;:::: 3 - 4 M3B ,[(JI51 
151

Tb, Jie)KaIIIHX B o6nacTH 3Heprnii 3a 

rrpe,[(enaMn HX rroJIHbIX 3Heprnii pacrra,[(a QEc(
149

Tb) = 3.6 M3B H QEc(
151

Tb) = 
2.6 M3B H IIO3TOMY He,[(OCTYIIHbIX tta6n10.uettHIO rrpn P-pacrra,[(e. Bo3MO)KHO, 3TO 

H eCTb OCHOBHb!e pe3oHaHCbl raMOB-TeJIJiepOBCKoro THIIa H, KOTOpb!e MOryT 601Tb 

3KCrrepHMeHTaJibHO o6Hapy)KeHbl B .upyrnx 3ap51,[(0B006MeHHbIX rrpoIJeccax, 

HarrpttMep B (n,p )- peaKIJH51X, r,[(e TaKHe 3Heprmi B036y)K,[(eHH51 ,[(JI51 51,[(ep 
149

Gd H 
151

Gd MoryT OKa3aThC51 BrronHe ,[(OCTYIIHbIMH. ' 

TpeTbH rnasa «CTpyKrypa c11Jiosoii (j)yHKQHH Sp(E) ft /EC-pacnati:a 
ti:e(j)opM11posa11uoro Hti:pa 160gHo» IIOCB51IIIeHa 3KCrrepnMeHTaJibHOMy 

HCCJie,[(OBaHHIO pa,[(HOaKTHBHOro pacrra,[(a 51,[(ep 
160

Er---> 
16

0m,gHo-
160

Dy MeTO,[(aMH 

51,[(epHOH crreKTpOCKOIIHH BblCOKoro pa3peIIIeHH51. U:eJiblO HCCJie,[(OBaHHH 51BJ151JIOCI, 

rronyqeHne KaK MO)KHO noJIHbIX cBe,[(eHHH o cxeMe pacrra,[(a 
160

m,gHo---> 
160

Dy, 
~ ~ I6oD R+fEC onpe,[(eJieHHe BeJIHqllH 3aceneHHOCTeH ypoBHeH y Henocpe,[(CTBeHHO H3 I-' -

pacrra,[(a 
1608

Ho rr B KoueqHoM HTOre nocTpoeHHe crrnoBoii cpyHKIJHH Sp(E) N\51 

p+!EC-pacna,[(a 
160

gHo, B pe3ynoTaTe 3THX nccne,[(oBaHrrii rrpH pa,[(rroaKTIIBHOM 

pacrra,[(e 
160Er➔160m,gHo➔160Dy ,[(OIIOJIHIITeJibHO K H3BeCTHb!M 61,rno o6Hapy)KeHO 

OKOJio59O HOBb!X y-nepeXO,[(OB, onpe,[(eJieHbl !IX 3HeprrrH H OTHOCIITeJibHbie 

llHTeHCIIBHOCTll II B p51,[(e cnyqaeB ycTaHOBJieHbl THIIbl MYJibTHIIOJibHOCTeii, Ha 

OCHOBe nonyqeHHblX ,[(aHHb!X H3 ll3MepeHHOH MaTPIIIJI,J yyt-COBIIa,[(eHHH B 

3HaqrrTeJibHOH CTerreHH y,[(aJIOCb IIOIIOJIHIITb H yToqHIITb cxeMy pacna,[(a 
160m,gHo➔ 160

0y, ITpH 3TOM ,[(OIIOJIHIITeJibHO K 67 paHee II3BeCTHbIM II3 P-pacna,[(a 

B036y)K,[(eHHb!M COCTO51Hll51M 
160

Dy B cxeMy pacrra,[(a 6oIJIH BBe,[(eHbl 106 HOBb!X 

ypoBHeii rr pa3MeIIIeHbl rrpaKTrrqecKH Bee Ha6nIO,[(aeMbJe y-rrepexo,[(hl. I-b 6anaHca 
- - 160D 6 HHTeHCHBHOCTerr y-rrepexO,[(OB ,[(J151 Ka)K,[(Oro , H3 ypoBHeH B y bIJill 

IO 

1 
I 

) 

l 
} 
i 

orrpe,[(eJieHbI HX 3aceneHHOCTH no BeTKe p+/EC-pacrra,[(a 
160

gHo H BI,Jqrrcnem 

COOTBeTCTBYIOIIIHe BeJIHqllHbl ft, KOTOpb!e 3aTeM IIO3BOJIIIJIH nocTpOHTb CIIJIOBYIO 

cpyHKI!lllO, Pe3yJioTaTbl rrpe,[(CTaBJieHbl Ha pnc. 5. 

0.1 
- GT 
=::J I forbidden 

"""" 
160Ho (g.s.) p+/EC decay 

.... ~ 0.01 

.c 

°' ~ 
1iS 1E•3 

j 

1500 1800 2100 24.00 2700 3000 

Energy, keV 

Pttc.5. TonKa51 CTPYKTypa CHJIOBOH cpyttKIJHII p+/EC-pacrra,[(a 
160

gHo. (qepHoie 

JIHHHH ,[(JI51 rrepexo,[(OB faMOBa-Tennepa, cep1,1e - rrepBoro 3arrpeII1eHH51). 

KaK BII,[(HO 113 prrc. 5, ,[(JI51 p+/EC-rrepexo,[(OB faMoBa-Tennepa 51pK< 

Bo1pa)KeHa pe3oHaHcHa51 CTPYKTypa crrnoB6ii cpyHKIJHH. Han6onee CHJibHbIH rrHK 1 

o6nacTH 1.6-3.0 M3B OTO)K,[(eCTBJI51eTc51 c 11r=+ 1 pe3oHaHcoM GT. Ha6JIIO,[(aeTcJ 

pacIIIeIIJieHrre YKaJaHHOro pe3OHaHca Ha ,[(Be KOMIIOHeHTbl, O,[(Ha H3 KOTOpbD 

pacnOJIO)KeHa B o6JiaCTH 1700-2200 K3B, BTOpa51 B o6JiaCTH 2680-3100 K3B 

,ll;aHHOe pacIIIeIIJieHrre, ITO aHaJIOrHrr c pacIIIeIIJieHHeM IIIIKa E 1 rHraHTCKOrc 

pe3OHaHca B ,[(ecpopMrrpoBaHHbIX 51,[(pax, MO)KHO CB513aTb C aHII30Tponnet 

KOJie6aurrii KOMIIOHeHTbl Pr,µ=1,1 H30BeKTOpHOH IIJIOTHOCTH. 

,ll;nH p+!EC-nepexo,[(OB I Jarrpern He Ha6JIIO,[(aeTc51 51pKo B01pa)KeHH01 

pe3oHaHcHoii CTPYKTyp1,r B CHJIOBOH cpyHKIJHH. 3TOT cpaKT MO)Ke1 

CBH,[(eTeJibCTBOBaTb 06 OTCYTCTBHII COOTBeTCTBYIOIIJeii I 3anpeTy CllMMeTpm 

B3allMO,[(eHCTBll51 B 51,[(pe. 3TO O3HaqaeT, qTo KOHcpHrypaIJHH, 3aCeJI51eMbie rrpf 

rrepexo,[(ax I 3anpeTa, He BbI,[(eJieHbI no KBaHTOBbIM qncnaM cpe,!1,H coce,[(Hm 

ypoBHeii ,[(oqepHero 51,[(pa H nporrCXO,[(HT 6onee CllJ!bHOe CMeIIIHBaHll( 

KOH!pHrypaIJHH. )];JI51 KOHcpnrypaIJHH, 3aceJ151eMb!X rrpH p+/EC-nepexo,[(aX faMOBa

Tennepa; CMeIIIrrBaHHe 6onee cna6oe BCJie,[(CTBHe -qacrnqttoii SU(4) cnHH· 

H30CIIHHOBOH CHMMeTpHH B3aHMO,[(ettCTBH51 B 51,[(pe. 

Cne,[(yeT OTMeTIITb, qTo B HaCTO51IIJee BpeM51 ITOKa He cymecTBye1 

MIIKpOCKOITHqecKHX Teoprrii, crroco6Hb!X a,[(eKBaTHO OIIIICb!BaTb CHJIOBblE 

cpyHKIJHH ,[(J151 CHJlbHO ,[(e<popMrrpoBaHHbIX 51,[(ep. 0,[(HaKO xoqeTC51 ,[(yMaTb, qTc 

pa6oTa B 3TOM HanpaBJieHHll Be,[(eTC51 H rronyqeHHbie HaMH CBe,[(eHmr O CTPYKType 

CIIJIOBOH cpyHKIJllll ,[(e<popMHpoBaHHOro 51,[(pa 
160

gHo OKa)KyTC51 BeCbMa I1OJie3HbIMll 

,[(J151 pa3BHTII51 HOBb!X TeopeTHqecKHX npe,[(CTaBJieHIIH O CTPYKType 

,[(e<popMnpoBaHHbIX 51,[(ep. 

qeTBepTaH rJiaBa «AHaJill3 3KCnepnMeHTaJJbllblX ti:aHHblX no 160Dy B paMKax 
(j)enOMCHOJIOrll'ICCKIIX MOti:eJieii aTOMHOro Hti:pa» IIOCB51IIJeHa aHaJill3Y 

IIOJiyqeHHb!X HaMII 3KCnepHMeHTaJibHbIX ,[(aHHb!X O CTPYKType B036y)K,[(eHHb!X 

II 



0ITpe,11.eneHbl HX 3aCeJieHH0CTH ITO BeTKe p+ /EC-pacITa,11.a 
160

gHo H BhlqHcJieHbl 

C00TBeTCTBYIOill,He BeJIHqHHhl ft, K0T0pb!e 3aTeM IT03B0JIHJIH IT0CTp0HTh CHJI0BYIO 

cpyHKUHIO. Pe3yJihTaTbl ITpe,11.CTaBJieHbl Ha pHC. 5. 

0.1 
- GT 
=::J I forbidden 

160Ho (g.s.) p+/EC decay 

1500 1800 2100 2400 2700 3000 

Energy, keV 

PHc.5. TottKm1 CTPYKTypa CHJIOBOH cpyHKUHH p+/EC-pacna,11.a 
1608

Ho. (qepttb1e 

JIHHHH )].JI51 nepexo,11.oB faMOBa-Tennepa, cepb1e - nepBoro 3aITpelll,eHH51). 

KaK BH,11.H0 H3 pHc. 5, )].JI51 p+!EC-ITepexo,11.oB faMoBa-Tennepa 51pKo 

Bhipa)KeHa pe3oHaHCHM CTPYKTypa CHJIOBOH cpyttKUHH. HaH6onee CHJihHhIH nHK B 

o6naCTH 1.6-3.0 M1B 0T0)K)].eCTBJI51eTc51 c µ,=+ 1 pe3oHaHC0M GT. Ha6n10,11.aeTC51 

paclll,eITJieHHe YKa3aHH0ro pe30HaHca Ha )].Be K0MIT0HeHThI, 0,11.Ha H3 K0T0pb!X 

pacIT0JI0)KeHa B o6nacrn 1700-2200 K3B, BTopa51 B o6nacrn 2680-3100 K3B • 

.D:aHHOe paclll,eITJieHHe, ITO aHaJI0fHH c paclll,eITJieHHeM ITHKa E 1 rHraHTCK0ro 

pe30HaHca B ,11.ecpopMHpOBaHHh!X 51,11.pax, M0)KH0 CB513aTh C aHH30TpOITHeH 

KOJie6aHHH K0MIT0HeHThl P,,µ=1,1 H30BeKTOpHOH ITJI0TH0CTH • 

.D:n51 p+ /EC-ITepexo,11.oB I 3aITpern He Ha6n10,11.aeTC51 51pKo Bhipa)KeHHOH 

pe3oHaHcHoii CTPYKTYPhI B CHJIOBOH cpyHKUHH. 3TOT cpaKT M0)KeT 

CBH)].eTeJibCTB0BaTh 06 0TCYTCTBHH COOTBeTCTBYIOill,eH I 3aITpeTy CHMMeTpHH 

B3aHMO)].eHCTBH51 B 51,11.pe. 3To 03HaqaeT, qTo KOH<pHrypaUHH, 3aceJI51eMble ITPH 

ITepexo,11.ax J 3aITpern, He BhI)].eJieHbl ITO KBaHT0Bb!M qHcJiaM cpe,11.H coce,11.HHX 

ypoBHeH ,11.oqepttero 51,11.pa H npoHCX0,11.HT 6onee CHJihH0e CMelllHBaHHe 

KOHQ)HrypaUHH • .D:n51 KOHQ)HrypaUHH, 3aCeJI51eMh!X ITpH p+ /EC-ITepexo,11.ax faMOBa

Tennepa; cMelllHBaHHe 6onee cna6oe Bcne,11.cTBHe qacTHqHoii SU(4) CllHH-. 

H30CITHHOBOH CHMMeTpHH B3aHMO)].eHCTBHll B ll,11.pe. 

Cne,11.yeT 0TMeTHTh, qTQ B HaCT0l!Ill,ee BpeM51 IT0Ka He cylll,eCTByeT 

MHKp0CK0ITHqeCKHX TeopHH, CITOC06Hh!X a,11.eKBaTH0 0ITHChIBaTh CHJI0Bb!e 

cpyHKUHH )].JI51 CHJihH0 ,11.ecpopMHpOBaHHh!X 51,11.ep. O,11.HaKO xoqeTC51 ,11.yMaTb, qT0 

pa6oTa B 3T0M HaITpaBJieHHH Be,11.eTC51 H IT0JiyqeHHhie HaMH CBe)].eHHll 0 CTPYKType 

CHJIOBOH cpyHKQHH ,11.ecpopMHpOBaHHOro 51,11.pa 
160

gHo 0Ka)KyTCll BeChMa IT0Jie3Hh!MH 

)].JI51 pa3BHTH51 H0Bb!X TeopeTHqecKHX ITpe,11.cTaBJieHHH 0 CTPYKType 

,11.ecpopMHpOBaHHh!X 51,11.ep. 

qeTBepTaH rJiaBa «A11am13 3KCnepnMCIIT3JlbllblX ,n:aHHbIX no 
160Dy B paMK3X 

it,enoMeHOJIOrH'ICCKHX MO,n:eJieii 3TOMHOrO SI,n:pa» IT0CB51Ill,eHa aHaJIH3Y 

IT0JiyqeHHh!X HaMH 3KCITepHMeHTaJibHh!X ,11.aHHh!X 0 CTPYKType Bm6y)K)].eHHh!X 
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COCT05.IHIIH. II y-rrepexo.L(ax Me)K.L(y HIIMII B 5.1,L\pe 160Dy Ha OCHOBe cymecTByiomttx 

qieH0MeHonorlfl1ecK11x MO.L(enett aTm,rnoro 5.1,L\pa. 

~J15.I OIIIICaHII5.1 COCT05.IHIIH ITOJJO)KIITeJJbHOH 'IeTHOCTII HaMII,•. 6bIJJa 

rrpIIBJJe'IeHa Mo.L(enh B3aIIMO.L(ettcTByiom11x 6o30HOB MBE-1. Ebm 11crroJ1h3OBaH 

rrpOCTOH. raMIIJJbTOHIIaH: H = -kQQ - k'LL + k"PP. (3) 

Pe3yJJhTaTbl B cpaBHeHIIlI C 3KCrrepnMeHTOM rrpe.L(CTaBJJeHbl B Ta6nm.1e 1, 

aHaJJII3 KOTOpOH. ITOKa3hIBaeT, 'ITO IICITOJ1h30BaHHhlH HaMII ITO.L(XO.L( ITO3BOJJ5.leT 

OITIICaTb Y.L\OBJJeTBopIITeJJbHh!M o6pa30M JJIIlllh HII)KaHllIIIe B036y)K.L(eHHbJe 

COCT05.IHH5.1 ITOJJO)KIITeJJbHOH. 'IeTHOCTH B 5.1,L\pe 
160

Dy. C pOCTOM 3HeprIIH 

B036y)K.[{eHH5.I B 3Ha'IIITeJJbHOH CTerreHII yBeJJH'IIIBaeTC5.I paCXO)K.[{eHne Teop1m II 

3KCrrepIIMeHTa. 
160 • aUJIIU,la L no1ov~el1Hhle) POBIIII 

--------- ---------- --~---·, _, __ .... 
It E(JKCn.) E(pac'I.) It E(JKCn.) E(pac'I.) It E(JKCn.) E(pac'I.) 

(KJB( (KJB( (KJB( (KJBJ (KJBI (KJB( o,+ 0.0 0.0 2,+ 86.8 84.9 3,+ 1049.1 1030.8 
o,+ 1280.0 1213.0 2,+ 966.2 946.0 3,+ 1903.2 2064.6 o: 1456.7 1710.0 2/ 1349.8 1298.2 3/ 2245.0 2590.1 
o; 1708.2 2254.8 2; 1518.4 1794.2 3; 2367.5 2924.2 
o; 1952.3 2585.7 (2,+) 1756.9 1979.0 (3,+) 2386.9 3286.7 4,+ 283.8 283.0 5,+ 1288.7 1285.2 6,+ 581.1 594.5 4; 1155.8 1143.8 5,+ 1802.2 2019.8 6/ 1438.6 1455.0 4-+ 1522.4 1497.0 5 + 2194.4 2321.6 6/ 1606.9 1809.6 J ' 4: 1603.8 1878.7 5; 2681.9 2841.1 6; 1720.4 2189.1 
4,+ 1607.9 1990.8 (5,+) 2763.0 2880.3 6,+ 1929.2 2299.8 
7,+ 1617.3 1653.0 8,' 966.8 1019.6 9,+ 2022.0 1: 2074.2 2386.9 8/ 1801.2 1879.8 9,+ 1;+ 2693.6 (8/) 1978.3 2236.6 9/ 1; 2995.0 8; 2613.2 9; 
7,' 3203.2 s; 2721.7 9,' 

C_JJe11uee OTKJIOHOHHe: < EJ - En I>= 209.6 KJB 

B paMKax 3TOH. )Ke Mo.nem1 (MBE-1) ,L\JJH y-nepexo.L(oB Me)K.ny OT.L(eJJhHhIMH 

ypoBH5.IMII IIOJJO)KIITeJJhHOH 'IeTHOCTII HaMJI 6bIJJII paCC'IIITaHhl rrpIIBe,[\eHHhie 

BepoHrnocrn B(E2). I1pII pacqerax .[{JJH orrpe,L\eneHIIH rrapaMeTpOB a=l.914 11 

~= 1.515 orrepaTopa T(E2), KOTOphIH B Mo.L(eJJII (MBE-1) 3aITIIChIBaeTcH: 

T(E2) = a (d+ s + s +a/2
) + }s <d+d)(2

) , (4) 

IICIIOJJh3OBaJJIICh II3MepeHHhle HaMJI a6coJJIOTHh!e 3Ha'IeHJI5.1 B(E2,22 + ➔O I+) 

4.43(34) n B(E2,2/➔Ot) = 192.6(88) [W.u.]. 
Pe3yJJhTaTbl (Ta6n. 2.1 - 2.4) cpaBHIIBalOTC5.I C orrpe.L(eJJeHHh!MII HaMJI 

3KCrrepIIMeHTaJJhHO 3Ha'IeHII5.IMII B(E2). 3.L(eCb rrpIIBe.L(eHa JJIIlllb qaCTb Il3 

rrpe.L(CTaBJJeHHh!X B ,L\IICcepTal.(IIII Ta6JJJII.(, 113 KOTOpb!X BII,L\HO, 'ITO pac'IeTbl 

xopolllo cornacyJOTCH c 3KcrrepIIMeHTOM. 
Ta6Jinua 2.1 

Ecyp)i 86.8 oL Ey(AE1) 

KJB KJB 
liKt 2,0.+ E2 86.79(2) 

r,12(A Tl/2) 2.026(12) x10· 12 

11 K, 

0 10,+ 

B(E2) (W.u.( 
3Kcn. Pac'!. 
192.6(882 I 193.o 

[ceK[ 

~!,.,(AD,,,) I 4590( I 20) 
OTH.ett. 1 

12 

Ta6m11,1a 2.2 
E<,pJ; 283.8 
KJB 

liKt 4,0,+ 
T,12(A T,12) 103(5) x Io·• 

ceK 
D,.,(AD,,,) 1062(28) 
[orn.e11.] 
Ta6m11,1a2.3 

Ec,ei; 
KJB 

liKt 
T,12(A Tl/2) 

·ceK 

D,o1(AD1o,) 
OTH.e/l. 

581.1 

6,0,' 

18.6(10) x10·9 

76.4(23) 

Ta6JI11Qa 2.4 
E(yp)I 966.2 

(KJBI 

liKt 2,2,+ 
T,12(A T,12) 1.31(9) x!0-9 

lceKI 
D,o1(AD1o,) 2345(42) 
(OTH.e)l.1 

oL 

E2 

oL 

E2 

oL 

E2 

E2 

E2 

11 Kr 
B(E2) [W.u.( 

3Kcn. Pac'I. 
2,0,+ 286(17) I 272.4 

E1(AE1)· 
11 K, B(E2) [W.u.( 

KJB 3Kcn. Pac'!. 
297.25(6) 4,0,+ 237(17) 293.5 

E1(AE1) 11(AI1) Ec,eir 11 K1' 
B(E2) [W.u.) 

IKJBI (on1.e11.I IKJBI 3Kcn. Pac'!. 
682.34(2) 25.9(8) 283.8 4,0,+ 0.62(5) 0.45 

879.39(2) 1260(30) 86.8 2,0,+ 8.52(64) 6.9 

966.18(2) 1050(30) 0.0 o,o.+ 4.43(34) 4.5 

I1pII aHanII3e poTal.(IIOHHhix rronoc B '
0
vDy MhI BocrroJJh3OBaJJIIC 

rrpIIBe.L(eHHh!MlI HJI)Ke q>eHOMeHOJJOrJI'IeCKIIMII q>OpMynaMII, BhITeKaiomtte II3 

Mo,uem1 Eopa-MorrenhcoHa: 

E1 = E0 + L.,=1 A,, [/(I+ 1))"+(-1)/+K ;~~~: E,,,:08,,, [l(H- l)]m , (5) 

MO,[\eJJII Q-q>OHOHOB: 

b1 b. b3 E1 = E0 +-I +_;I(l- 2) +-!(/- 2)(/- 4), (6) 
2 8 48 

MO,[\eJJII rrepeMeHHOro MOMeHTa IIHepl.(IIII C ,L\HHaMII'IeCKOH aCIIMMeTpIIeii:: 

E1 = E0 + a1l + a2 1= + a313 + b0 (-1)', (7) 

MO.L(eJJII Eopa-MoTTeJJhCOHa C rrapaMeTpOM A112, Y'IIITb!BaJOmIIM KOpIIOJJIICOB 

B3aIIMO,Ueii:cTBJie: 

E1 = E0 + A1l(/ + 1) + A: [l(l + 1))12 + A?il(I + 1) + 8 0(-1);. (8) 

I1pII aHaJJJI3e TaK)Ke rrpIIHIIMaJJIICh BO BHIIMaHJie 3Ha'IeHJI5.I JIHepl.(IIOHHhl 

rrapaMerpoB ti2/28, Bhl'IJICJJeHHbie HaMII .[{J15.I Ka)K.L(Oro II3 'IJJeHOB IIOJJOC IT< 

qiopMynaM: ti2/28 = Ey/(41-2) ,L\JJH M =2 II ti2/28 = Ey/21 .L(JJH M =I. 

B pe3yJJhTaTe aHaJJII3a B o6meii: CJJO)KHOCTII Y.L\aJJOCh ITOITOJJHIITh ITOJJOCI 

17-JO HOBhIMII ypoBH5.IMII. I1pII 3TOM He 6bIJJO IIO.L(TBep)K.L(eHO cymecTBOBaHJie o+ 
ypoBH5.I C :meprneii: 1443.7 K3B II COOTBeTcTBy10meii: eMy IIOJJOChl. B cxeMy 

160
D: 

BBe,UeHa HOBa5.I rronoca K" = o+ C roJJOBHhIM ypOBHeM 1708.2 K3B. PaCC'IJITaHHbJ, 

3HeprIIII BHYTPIIITOJJOCHhIX COCT05.IHIIH no q>eHOMeHOJJOrII'IeCKIIM q>OpMyJJaM Bl 
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Ta6JJ1n~a 2.2 
E<,Pl; 283.8 aL 

E,(AE,) 
,oB ,oB J,K,' B(E2) fW.u.] 

3Kcn. Pac'I. 

liKt 4,0,+ E2 197.03(2) 286(17) 272.4 

T112(AT,n) l 03(5) x 10·9 

ceK 
D,o1(Ail1o1) 1062(28) 
OTll.e/1. 

Ta6JJm~a 2.3 

581.1 aL B(E2) [W.u.f 
·3Kcn. Pac'I. 

1-K' E2 297.25(6) 237(17) 293.5 

18.6(10) x10·9 

OTH.e)I. 
76.4(23) 

Ta6JJ1n~a2.4 
E(yp)I 966.2 aL 

E,(AE,) l7(Al7) E!ypJr I,K,' B(E2) [W.u.J 
JKJBI f,oBl l0Tu.e11.I l,oBl 3Kcn. Pac'I. 

liKt 2,2,+ E2 682.34(2) 25.9(8) 283.8 4,o,· 0.62(5) 0.45 
T1,,(A T1n) 1.31(9) x10·9 E2 879.39(2) 1260(30) 86.8 2,0,+ 8.52(64) 6.9 

JceK) 
Il1o1(AD,,1) 2345(42) E2 966.18(2) 1050(30) 0.0 o,o,• 4.43(34) 4.5 
J0Tu.e11.l 

160 
Ilptt aHaJIH3e pOTaQHOHHbIX norroc B Dy Mbl BOCnOJib3OB8JlllCb 

npttBe.L(eHHbIMH Hll)Ke cpeHOMeHorromqecKHMH cpopMyrraMII, BbITeKaIO~IIe 113 

MO.L(err11 Eopa-MoTierrbcoHa: 

E = E + )' - A [I(/+ 1)]"+(-l)l+K (I+K): '° - 8 [I(!• 1)]"' (5) 
1 0 -~-1 n (l-K)l '-'m-0 m · 1 

MO.L(eJIII Q-q>OHOHOB: 

b1 b, b3 E1 = E0 + 2 1 +; 1(1- 2) + 
48

1(/- 2)(1- 4), (6) 

MO.L(eJIII nepeMeHHOro MOMeHTa HHepu;IIH C .L(IIHaM11qecKOll. aCIIMMeTp11eu: 

(7) 

MO.L(eJIII Eopa-MoTieJibCOHa C napaMeTpOM A1,2, yqIITbIBaIO~IIM KOpHOJIIICOBO 

B3aIIMO.L(ell.CTBIIe: 

E1 =Ee+ A1l(/ + 1) + A: [I(l + 1)]/2 
-1.,. A½'/ I(/+ 1) + 8 0 (-lY. (8) 

Ilptt aH8JlII3e TaK)Ke npHHIIMaJIHCb BO BHIIMaHHe 3HaqeHHJI HHepu;11OHHbIX 

napaMeTpoB tl/20, Bb1q11crreHHbie HaMII .L(JIJI Ka)K.L(Oro H3 qrreHoB norroc no 

cpopMyrraM: tl/20 = Ey/(41-2) .L(JIJI ~I =2 11 ti2/20 = Ey/21 .L(JIJI M =l. 

B pe3yJibTaTe aHaJIII3a B o6~eu CJIO)KHOCTII y.L(aJIOCb nonoJIHHTb noJIOCbI 

17-IO HOBbIMII ypoBHJIMH. IlpH 3TOM He 6hIJIO nO.L(TBep)l(.L(eHO cy~eCTBOBaHHe o+
ypoBHJI c 3Hepmeu 1443.7 K3B II coorneTcrnyro~eu eMy norrocb1. B cxeMy 

160
Dy 

BBe.L(eHa HOBaJI norroca Kn= o+ c rorroBHhIM ypoBHeM 1708.2 K3B. PaccqurnHHbie 

3Hepm11 BHyTplinOJIOCHbIX COCTOJIHlill. no q>eHOMeHorromqecKHM cpopMyrraM BO 
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Bcex cnyqmrx rrpttMepHo O,[\HHaKOBO xopoIIIO OITHCbIBaIOT COOTBCTCTBYIOIUHe 

3KCrrepttMeHTaJihHhle 3Haqemrn. 

Pe3yJibTaThI, B cpaBHCHHH C 3KCrrepHMeHTOM ,nm1 Ka)K,[(Oll H3 ITOJIOC, 

rrpe,ncTaBJieHbI B 16 Ta6Jim~ax. Mb! 3,D,eCh rrpHBO,[\HM JIHIUb O,D,HY H3 HHX (ra6JI. 4). 
Ta6JIHl(a 3. 

y-BH6pal(HOHHaH UOJioca K"=2+ 
r n2/20 hnBI E,0 .(I) [KJB) 

3Kcnep. Pacq. (5) Pacq. (6) Pacq. (7) Pacq. (8) 
2+ 966.17(1) 966.5 966.4 966.1 966.0 
3+ 13.82 1049.12(1) 1048.7 1048.6 1049.4 1049.5 
4+ 13.34 1155.83(1) 1156.0 1156.2 1155.5 1155.7 
5+ 13.28 1288.67(2) 1288.2 1287.6 1288.4 1287.6 
6+ 12.49 1438.57(3) 1440.0 1440.8 1440.4 1439.8 
7+ 12.77 1617.3(1)' 1616.6 1614.0 1615.4 1614.7 
8+ 11.49 1801.2(1)' 1802.9 1805.5 1805.7 1806.6 
9+ 12.27 2022.0(1)' 2019.0 2013.3 2015.1 2017.3 

10+ 10.04 2222.8(2)0 2228.0 2235.7 2236.1 2240.5 
11+ 12.00 2486.9(2)0 2481.5 2470.8 2472.4 2477.4 
12+ 9.21 2708.0(2)0 2701.5 2716.8 2716.5 2721.3 
13+ 10.81 2989.0(2)0 2996.9 2971.9 2972.2 2973.0 
14+ 8.25 3220.0(2)" 3218.5 3234.2 3231.8 3225.1 

<!EJ - Epi>[KJB]: <2.67> <6.91> <6.23> <5.93> 
IlapaMeTpb1: Eo = 883.0576 E0 = 885.90961 E0 = 888.09812 Eo =876.48393 

A,= 14.01286 b1 = 80.49647 a,= 9.17581 A,= 13.16525 
A2 =-0.01833 b2 = 109.33566 a2 = 15.72812 A,=-0.01095 
A3 = 0.00002 b3 = -14.60687 a3 = -0.3 I 587 A112 = 4.6574 I 
B0 = 0.00065 b0 = 0.70367 B0 = 0.50195 

3KcrrepHMeHTl!JlbHbie 3HaqeHHll :meprnil: B036yJ1():1eHHb!X COCTOllHHll 
100

Dy, H3BeCTHb!e H3 

geaKI\HH H srrepsble o6HapYJKeHHbie B p-pacrra,11e. 

) 3KcrrepHMeHTl!JlbHble 3HaqeHHll JHeprnil: B036yJK,!leHHb!X COCTOJIHHll 
160

Dy, He 

tta6JIJ0.!1aeMhie B p-pacrra,!le, HO H3BeCTHbie H3 peaKI1Hil:. 

IlpoBe,neHHhiii HaMH TeopeTttqecKHH aHaJIH3 3Heprnii B036y)K,D,CHHh!X 

ypoBHeii ITOJIO)KHTeJibHOll qeTHOCTH If poTaQHOHHb!X ITOJIOC B 
160

Dy B paMKa~ 

3a,neiicTBOBaHHb!X BbJIUe MO,[\eJieii I1OKa3bJBaeT, qTO C yBeJIHqeHHeM 3HeprHH 

B036y)K,neHml paCXO)K,[\eHHe TeopHH If 3KCrrepHMeHTa qyBCTBHTCJibHO BO3pacTaeT. 

Ilo3TOMY Mb! rrpHBJieKJIH eme O,[\HH ITO,[\XO,[\ - rrpe,nJIO)KCHHYIO He,D,aBHO Mo,neJib 

B3aHMo,neiicrnyIOIUHX BeKTOpHbIX Eo30HOB (MBBE). Mo,neJih 6a3ttpyeTCll Ha 

6o30HHoii peanH3aQHH sp(l2,R) anre6pb1 c ITOMOIUbIO BBe,neHHR ,nByx THITOB 

BeKTOpHb!X 6o30HOB, pa3JIIfqaIOIUHXCll npoeKQHeii "nceB,[\OCITHHa". 

CneKTp 3Heprnii, reHepttpyeMblll raMHJibTOHHaHOM MO,[\CJIH B TepMHHaX 

MeTOK A Ifµ, 3aITHCbJBaeTCll KaK: 

E((A,µ);L;To) = aN+a1N(N+5)+p3L(L+ l)+a3(A.2+µ 2+A.µ+3A.+3µ)+cTa2, (9) 

r,ne a, a 1, p3 . a 3, c - rrapaMeTpbI Mo,neJIH. 

B01pa)KeHHe (9) 6y,neT ,nanee HCTIOJlb3OBaHo B pacqeTax :rneprnii COCTOllHHll 

poTaQHOHHbIX TIOJIOC B 
160

Dy. Ho CHaqaJia Mb! OCTaHOBHMCll Ha aHaJIH3e Bcex 

H3BeCTHb!X B ll,D,pe HH3KOJie)KaIUHX B036y)K,D,eHHbIX COCTOllHHH C I"= 0+, 2\ 4\ 6+. 

He,naBHO 6nm rrpe,nJIO)KCH cj:>eHOMeHOJIOrHqecKHll raMHJibTOHHaH: 

H = aR+R-+PRoRo+((PQ)/2)Ro, (10) 
CKOHCTpyttpOBaHHblll H3 6030HHbIX onepaTopoB R+, R, Ro, rrpe,ncTaBJilllOIUHX 

co6ott CBll3aHHbie B paBHbIH HYJIIO IIOJIHblll MOMCHT rrapbl cj:>epMHOHHb!X 

14 

orrepaTOpOB ,[\Jlll cj:>epMHOHOB, paCITOJIO)KeHHb!X Ha rro,no6oJIOlJ:Ke j 1 

rro,nqHHllIOIUHXCll rrpaBHJiaM KOMMYTaQHH [Ro ,R±] = ±R±; [R+, R] = 2Ro, a Hp -

rrapaMeTpbl MO,[\eJIH, a Q =(2j+l)/2. Ilocne rrepexo,na K H,[\eaJibHb!M MOHOITOJibHbll\ 

6o3oHaM [b\b] = I; [b,b] = [b+,b+] = 0 raMHJibTOHHaH (10) rrpttHHMaeT Btt,n: 
H=Ab+b-Bb+bb+b (11) 

If rropO)K,D,aeT crreKTP MOHOITOJibHbIX B036i)K,[\eHHll B BH,[\e rrapa60JibI: 

E(n) = An-Bn , (12) 

r,ne n - qifCJIO MOHOITOJibHbIX 6o30HOB ,[\Jlll COCTOllHHll 

In>= (n!)" 112(b+)"I0>; bl0> = 0. (13) 

,n:anee Mb! HCI1OJlb3yeM Bb!pa)KCHHe (12) ,[\Jlll OIIHCaHHll o+-COCTOllHHll B ll,D,p( 
160Dy. Ha pttc. 6( cneBa) rrpe,ncTaBJieHo pacnpe,neJieHtte mBeCTHbD 

- - 0 + - 160D 
3KCrrepttMeHTaJibHb!X 3HaqeHHH 3HeprHH -COCTOllHHH B y ITO qifCJI) 

MOHOIIOJibHbIX 6030HOB cornacHO (12). 

2.5 

l '"' 2.01 Dy 

> i 1.5 

r ,.o 
C 

W 0.5 

0.0 
-0--2· 

o+ stales 

• E~pe-lmsn 
ca1culat1ons 

E(n) = 0.51051n- 0.03071n' 

6 9 10 12 14 16 

n 

:: ~ 158Gd ~ 
.--. 2.5 
> 
~ 2.0 

- 1.5 

~ 1.0 

~ 
UJ 0.$ 

0.0 

0 2 

• Exp,;onme-nt 
--- c;~1cura11ons 

E(n) = 0.60095n - 0.02945n2 

6 8 10 12 14 16 18 2( 

n 

Pttc. 6. Pacrrpe,neJieHHe H3BeCTHbIX 3KCrrepttMeHTaJibHbIX 3HaqeHHll 3Heprnii 

o+-COCTOllHHll B 
160

Dy If B 
158Gd no qifcJiy MOHOIIOJibHbIX 6o30HOB. 

B KaqecTBe ,[\OITOJIHHTeJibHOro rrpttMepa Ha pttc. 6( crrpaBa) Mb! rrpHBO,[\HM 

pe3YJibTaTbI cpaBHeHHll pacrrpe,neJieHHll (12) C 3KCrrepHMeHTaJibHbIMH ,naHHb!MH 

,nJill o+-cocTOllHHii B ll,npe 
158Gd. B o6ottx cny'IMX Ha6nIO,naeTcll xopoIIIee 

cornactte rrptt cpe,nHeKBa,npaTHlJ:Hb!X OTKJIOHeHHllX I'-,. paBHb!X 4.8 If 16. 7 K3B, 

COOTBCTCTBeHHO. 

TaKHM o6pa30M, Ka)K,[\Oe o+ -COCTOllHHe MO)KCT Terrepb 6bITb 

oxapaKTepH3OBaHO co6cTBeHHOll CTerreHblO KOJIJieKTHBHOCTH, TO eCTb qifCJIOM 

MOHOITOJibHbIX 6o30HOB n, KOHCTpyttpyIOIUHX COOTBeTCTBY!OIUee COCTOllHHe. 

Bo3HttKaeT Borrpoc: He cne,nyIOT JIH rro,no6HoMy rrapa6onttqecKoMy 

pacrrpe,neJieHHlO (12) If 3Heprntt HH3KOJie)KaIUHX B036y)K,D,eHHbIX COCTOllHHll C 

OTJIIfqHI,IMH OT HYJill CIIHHaMH? B caMOM ,nene, H3 (9) CJie,nyeT, qTO ,[\Jlll 

q:>HKCHpoBaHHOro 3HalJ:eHHll L If BbI6paHHOtt lJ:eTHOCTH (7t = (-l)T) Bb!pa)KeHHe ,[\Jlll 

3HeprnH (9) CTaHOBHTCll cj:>yHKQttett BTOporo rropll,nKa no N=4k: 

E(k) = Ak - Bk2 + C (14) 

3,necb A, B, C - KOM6HHaQHH Mo,neJibHbIX rrapaMeTpOB a, a1, P3, a 3, c. 

IlpOBO,[\ll KJiaCCHq:>HKaQHIO 3KcrrepttMeHTaJibHb!X 3HalJ:eHHll 3Heprttii B 
160

Dy ,[\Jlll 

COCTOllHHll co CIIHHaMH 2+, 4+ tt 6+ ITO pacrrpe,neneHH!O (14), Mb! CHOBa ITOJiyqaeM, 

'ITO Bee 3KcrrepttMeHTaJibHbie 3HeprnH pacrrpe,neneHbI no rrapa6one (pttc. 7). 
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OITepaTOpOB ,[(JHI cpepMHOHOB, paCITOJIO)KeHHblX Ha IT0)].06onolfKe j 1I 

ITO)].lf1IH5IIOil!_HXC51 ITpaBHJiaM KOMMYTaUHH [Ro ,R±] = ±~; [R+, R.] = 2Ro, Cl 1I 0 -
ITapaMeTpbI MO,[(eJIH, a Q =(2j+ 1 )/2. Tiocne ITepexo,D.a K H)].eaJibHbIM MOHOITOJibHblM 

6o30HaM [b +,b] = 1; [b,b] = [b +,b +] = 0 raMHJihTOHHaH (10) ITpHHHMaeT BM,[(: 

H = Ab+b - Bb+bb+b (11) 

ll ITOpO)l{,[(aeT CITeKTp MOHOITOJibHblX B036i)l{,D.eHHll B Bll)].e ITapa60JibI: 

E(n) = An - Bn , (12) 
r,D.e n - lfHCJIO MOHOITOJibHbIX 6030HOB )].JI51 COCT05IHH51 

In>= (n!)"112(b+)"IO>; blO> = 0. (13) 
,ll;anee Mb! llCITOJlh3yeM Bb!pa)l{eHHe (12) )].JI51 OITHCaHH51 o+-COCT051H1Ill B 51,D.pe 

160D 
y. Ha pHc. 6(cnesa) ITpe,D.CTaBJieHo pacITpe,D.eneHHe H3BecTHhIX 

3KCITepHMeHTaJibHb!X 3HalfeHHll 3Heprnii o+-COCT051HHH B 
160

Dy ITO lfllCJIY 

MOHOITOJII,Hb!X 6o30HOB cornacHO (12). 

2.5~~~~~~~~~~-~~- 1.5~~~~~~~~~~-~-~ 

2.0 '"'Dy 3.o 
158Gd 

I 15 

r 1.0 

Jj 0.5 

0 .. states 

• Eipgtnwrl 
- ca1cu1auons 

- 2.5 
> :2 2.0 

- 1.5 

E' 1.0 

& O.~ 

., EKp,;,11 ni,.:,nt 
~·-·-- C€11C-Uhl1101\St 

E(n) = 0.60095n - 0.02945n2 E(n) = 0.51051 n - 0.03071n2 

0.0 =-~'---'--~'--'--'--J.........--'---'----'-..;J 
0.0 

0 2 4 9 10 12 14 16 4 6 8 10 12 14 16 1G 2( 
n n 

PHc. 6. PacITpe,D.eneHHe H3BeCTHblX 3KCITepHMeHTaJII,HblX 3HalfeHHH 3Heprnil. 

O+ - 160 1ssGd -COCT051HHH B Dy ll B • ITO lfllCJIY MOHOITOJibHb!X 6o30HOB. 

B KalfecTBe ,[(OITOJIHHTeJibHOro ITPHMepa Ha pnc. 6(cITpaBa) Mbl ITPHBO)].llM 

pe3ynhTaTbl cpaBHeHH51 pacITpe,D.eJieHH51 (12) C 3KCIIepnMeHTaJihHblMH )].aHHbIMH 

,D.JI51 o+-cocT05IHHH B 51):(pe 
158

Gd. B o6onx cnylfMX tta6mo,D.aeTc51 xopornee 

cornacne ITPH cpe,[(HeKBa,D.paTHlf1.IblX OTKJIOHeHH51X t:i._ paBHblX 4.8 1I 16. 7 K3B, 

COOTBeTCTBeHHO. 

TaKHM o6pa3oM, Ka)l{,D.Oe o+ -COCT051HHe MO)l{eT TeITepb 6bITb 

oxapaKTepH30BaHO co6CTBeHHOH CTeITeHbIO KOJIJieKTHBHOCTH, TO eCTb lfHCJIOM 

MOHOITOJibHblX 6030HOB n, KOHCTpyHpyrorn_HX COOTBeTCTByromee COCT051HHe. 

Bo3HHKaeT BOITpoc: He cne,D.yIOT JIH 110)].06HoMy napa60JIHlfeCKOMY 

pacnpe,D.eJieHHIO (12) ll 3HeprnH HH3KOJie)Kall!_HX B036y)l{,D.eHHblX COCT05IHHH C 

OTJIHlfHblMll OT HYJI51 CITHHaMH? B caMOM ,D.ene, H3 (9) cne,D.yeT, 'ITO )].JI51 

qrnKCHpOBaHHOro 3HalfeHH51 L 1I BbI6paHHOH lfeTHOCTH ( 7t = (- 1?) Bbrpa)l{eHHe )].JI51 

3HeprnH (9) CTaHOBHTC51 cpyHKUHeii BToporo ITOp51,D.Ka no N=4k: 

E(k) = Ak - Bk2 + C (14) 
3)].eCb A, B, C - KOM6HHaUHll MO)].eJibHbIX ITapaMeTpOB a, a,, 03, Cl3, C. 

TipoB0)].51 KnaccmpttKaumo 3KCITepHMeHTaJibHbIX 3HalfeHHH 3Heprnii B 
16

°Dy )].Jl51 

COCT051HHH co CITHHaMH 2+, 4+ 1I 6+ ITO pacITpe,D.eJieHHIO (14), Mbl CHOBa ITOnyqaeM, 

'ITO BCe 3KCIIepHMeHTaJibHbie 3HeprnH pacITpe,D.eJieHbl ITO ITapa6one (pHC. 7). 
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3.ot 160D 
2.5 y 

~ >,olb . t 1:5 , - 2 states 
i,: 1 o • E,cperimem 
t · :J - CaJcula1ions 
ifi o.5 E(k) = 0.75293k- 0.02t64k2 

• 3.64795 
0.0 

4 8 12 16 20 24 28 

k 

2.5 100Dy 

~ ::: 4+ states -e LO • E:<perimem ., - Calculations J3 0.5 E(k) = 0.36113k • 0.01309k' • 0.07936 

0.0 
0 4 8 12 16 20 24 

k 
3.5 

3.o ~ 100Dy 
> 2.5 
S 2.0 

i 1.SF ? .. Ex~riment 
-- Calculmicns 

I:; 1.0 
J3 0.5 

0.0 
0 4 8 12 16 

k 
Prrc. 7. Pacnpe.r1eneHrre lI3BeCTHbIX 3KCIIeprrMeHTMbHbIX 3Heprrrii 2+-, 4+_ lI 6+-

COCTO.HHlIH B 
160

Dy no qrrcny 6o30HOB cornacHo MBBE (k = N/4). 

Hcnonh3Y.H (9) rr HaKna,LlbIBa.H ycnoBrre N=4L, nonyqaeM Bbrpa)Kemrn ,LIJI.H 

3Heprrrli OT,[leJibHbIX poTaIJlIOHHbIX IIOJIOC: 

Kn=o+ nonoca oc110B11oro coCTOl!Hllll {)..=O, µ=2L} 11 T=O, T0=0 
Eg,= 4aL+ foL(L+1)+4a,L(5+4L)+2a3(6L+4L2), 

Kn=o+ S-nonoca {),=4, µ=2L-2} 11 T=2, To=! 
E,= c,+ 4aL+~3L(L+1)+4a1L(5+4L)+2a3(6L+4L2), 

Kn=1· oKTynoJib•B116pau1101111al! nonoca {)..=2, µ=2L-1} 1-1 T=l, T0=!,L 2:1 
Eoct 1·= c,- + 4aL+~3L(L+l)+4a,L(5+4L)+a3{10+5(2L-1)+(2L-1)2

}, 

Kn=2+ -y-B116pau1-101111al! nonoca {l .. =4, µ=2L-2} 1-1 T=2, To=l,L 2:2 
Ey= c1 + 4aL+~3L(L+ 1)+4a1L(5+4L)+a3{28+7(2L-2)+(2L-2)2

}, 

Kn=T oKTynOJib·B116pau1101111al! nonoca {)..=2, µ=2L-1} 1-1 T=l, T0=1, L 2:2 

(15) 

(16) 

(17) 

(18) 

Eoc12·= c2- + 4aL+~3L(L+ 1)+4a,L(5+4L)+a3{ 10+5(2L-1)+(2L-1)2
}. (19) 
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Bbrpa)KeHlI.H (15-19) 6bIJilI HaMII IICIIOJib3OBaHbI ,[IJI.H OIIIICaHIIJ 
v 160D 3KCIIepIIMeHTMbHbIX 3HeprIIII COOTBeTCTBYIOIIJIIX poTaIJIIOHHbIX IIOJIOC B y. 

ITpII 3TOM ,[IJI.H MOMeHTa JrneprrrrII Mb! IICIIOJib3OBanII nprr6JIII)KeH1Ie: 

J(n)=J(O)(l +xn), (20) 

r.r1e J(O) - MOMeHT IIHepIJIIII 51,Llpa B OCHOBHOM COCTO.HHlIII, a X onpe.r1en.HeTC~ 

pa.z:1IIycoM 51,Llpa R, napaMeTPOM ,LIII!p!pY3HOCTII S II K03!p!pIIIJIIeHTOM C)KIIMaeMOCTI-i 

Co: 
E 0 R 2 ((20,r - 3)R 4 + 30 )( 4,r - I)R 2 s 2 + 45 ( 4,r - l)s 4

) 

x= 8C
0

1r 2 (R 6 +1-3R 4s 2 +45R 2s 4 +45s 6 ) .(
2!) 

TaKIIM o6pa30M, Mb! MO)KeM onpe,LleJIIITb napaMeTP p: KaK 

~ 1=1/(2J(n)) = ~0/(1 +n.x). (22) 

Ha pIIC. 8-9 npe,LICTaBJieHbI paccqrrrnHHbie HaMII 3HeprnII ypoBHen 

nepeqIIcJieHHbIX BbIIIIe pOTaIJIIOHHbIX IIOJIOC B cpaBHeHIIlI C 3KCIIepIIMeHTOM. 

I 7 X s,-
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PIIc. 8. CpaBHeHIIe pacqeTOB no MBBE c 3KcnepIIMeHTOM .[IJI.H nonocb1 

OCHOBHOro COCTO.HHII.H II S-IIOJIOCbI (cneBa) II y-IIOJIOCbl (cnpaBa) 

B .H,Llpe 
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PIIc. 9. CpaBHeHIIe pacqeToB no MBBE c 3KcneprrMeHTOM .LIJI.H oKTynoJibHbIX 

nonoc K"=l" (cneBa) II Kn=2" (cnpaBa) B .H,Llpe 
160

Dy. 

17 



Bb1pa)l{emrn: (15-19) 6bIJIH HaMH IICnOJih30BaHhl ,[(ml onHCaHml 

3KCrrepHMCHTaJihHhIX 3HeprHtt COOTBCTCTBYIOW:IIX poTaUIIOHHhIX norroc B 
160

Dy. 

flpH 3TOM .[(JIH MOMCHTa IIHepUHH Mhl IICnOJih30BaJIH rrpH6JIH)l{CHIIe: 

J(n)=J(O)(l+xn), (20) 
r,[(e J(O) - MOMCHT HHCPUIIH H.[(pa B OCHOBHOM COCTOHHIIH, a X onpe.[(eJIHCTCH 

pa.[(IIYCOM H.[(pa R, rrapaMCTPOM .[(mpcpy3HOCTII S II K034J4JIIUHCHTOM C)l{IIMaeMOCTH 

Co: 
E 0 R 2 ((201r -3)R 4 + 30)(41r -l)R 2 s 2 + 45(41r -l)s 4

) 

x= 8C
0

1r 2 (R 6 +1-3R 4s 2 +45R 2s 4 +45s 6 ) .(
2!) 

TaKHM o6pa30M, Mhl MO)l{CM onpe.[(eJIHTh napaMeTp ~ j KaK 

P:=l/(2J(n)) = P1/(l+nx). (22) 
Ha pIIC. 8-9 rrpe.[(CTaBJICHhl paCC'IlITaHHhie HaMII 3HeprnH ypoBHCll 

nepeqIICJICHHhIX BhIIIIe pOTaUIIOHHhIX norroc B cpaBHCHHII C 3KCnepHMCHTOM. 
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PIIc. 8. CpaBHeHIIe pacqeTOB no MBBE c 3KcnepHMeHTOM .[(JIH norrochI 

OCHOBHOro COCTOHHIIH II S-rrOJIOChl ( CJieBa) II y-nOJIOChl ( cnpaBa) 

B H.[(pe 
160
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PHc. 9. CpaBHeHHe pacqeTOB no MBBE c 3KcnepHMCHTOM .[(JIH OKTynoJihHhIX 

norroc K"=l· (crreBa) H K"=2· (crrpaBa) B H.[(pe 
160

Dy. 
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OTMeTIIM, qTo B 0TJmqIIe OT paCCMO'rpeHHbIX BbIIIIe MO,!l,erreu, r,!),e ,!l,Jl51 
OIIIICaHII51 Ka)K,!l,Oli II3 norroc IICn0Jib30BaJIC51 CBOli Ha6op M0,!J,eJibHbIX napaMeTp0B, 
pacqeTbI no (MBBE) 6blJIII npoBe,!),eHbI ,!l,JI51 Bcex norroc c 0,!l,HIIM II TeM )Ke 
Ha6opoM M0,!l,eJibHbIX napaMeTp 

a I a1 I U3 I x I ~ 
0.00511953 I 0.000045 I -0.0001486 I 0.0605 I 0.01111319 

IlpII 3T0M cyMMapHoe cpe,!1,HeKBa,!1,paTIIqHoe 0TKJI0HeHIIe TeopeTIIqecKIIX 
3HaqeHIIli 3Heprnu OT 3KCnepIIMeHTaJibHblX ,!l,Jl51 Bcex paCCM0rpeHHbIX HaMII 
poTaU:II0HHbIX norroc C0CTaBIIJI0 /). = 9 K3B Ha ToqKy. HarrIIU:O ,!l,0CTaTOqHo 
xopoIIIee corrracIIe Me)K,!l,y TeopIIeii II 3KcnepIIMeHT0M. 

OCHOBHbIE PE3YJibTATbl PAJiOTbI 

B 3at.:moqenun ccpopMyrrIIpOBaHbl 0CH0BHbie pe3yJibTaTbI, norryqeHHbie 
aBT0p0M B ,!l,IICceprnu;IIOHHOli pa6oTe. 

1. Y C0BepIIIeHCTB0BaH cneKTp0MeTp noJIH0ro norrroiu;eHII51 y-mrryqeHII51 C 
o6ecneqeHIIeM 4n-reoMerpIIII. 

2. BnepBbie II3Mepetta CIIJI0Ba51 cpyttKU:II51 SB(E) p+JEC-pacna,!),a 
ccpepIIqecKoro 51,!1,pa 147gTb C IICn0Jib30BaHIIeM cneKrp0MeTpa norrHoro 
norrroiu;eHII51 y-II3JiyqeHII51 II M0H0II30T0nHbIX IICTQqHIIK0B. 

3. BnepBbie norryqeHbI II npoattarrmIIpoBaHbI ,!l,aHHbie o SB(E) II TOHKOH 
crpyKType SB(E) p+JEC-pacna,!l,a ccpepIIqecKIIX 51,!1,ep 147g,I 49

•
15 'Tb, IIcnorrb3YH 

cBe,!l,eHIIH 06 nx cxeMax pacna,!),a. 
4. IlpOBe,!l,etto cpaBHeHIIe ,!l,aHHbIX o SB(E) p+JEC-pacna,!),a H,!1,pa 147g'Tb, 

norryqeHHbIX C n0M0lll,blO cneKrp0MeTpa noJIH0ro norrrorn,eHIIH II II3 cxeMbl 
pacna,!l,a. 

5. IlpoBe,!),eHO cpaBHeHIIe TeopeTIIqecKIIX pacqeT0B II 3KCnepIIMeHTaJibHbIX 
,!l,aHHbIX o Sp(E) p+!EC-pacna,!l,a H,!1,ep '47g,I 49

-
151Tb. 

6. BnepBbie norryqeHbI n npoattarrmIIpoBaHbI ,!l,aHHbie o Sp(E) II TOHKOH 
cTpyKType Sp(E) p+!EC-pacna,!l,a ,!1,ecpopMIIpoBaHttoro H,!1,pa 160gHo II3 pe3yrrhTaT0B 
IICCJie,!l,OBaHIIli MeT0,!),aMII H,!1,epHOli cneKTp0CK0nIIII BbIC0Koro pmpeIIIeHIIH. 

7. BnepBbie norryqenbI ,!),aHHbie o pacw,enrreHIIII ocnoBHoro pe3ottattca B 
Sp(E) na ,!),Ba K0MnoneHTa ,!l,JI51 p+ /EC-pacrra,!l,a rnrra raMoBa-Terrrrepa 11 06 
0TCYTCTBIIII Bbipa)KeHHOH pe3ottaHcHoii CTPYKTYPhI ,!l,JIH p+ /EC-pacna,!),a rrepBoro 

,1-. l60gH • 3arrpern ,!l,e'±'opMnpoBannoro H,!1,pa o. 
9. l13Mepetto BernrrenIIe IT ff OT AL rrpII pacrra,!),e moMepa 160mHo(2') c 

nepII0,!l,0M rrorrypacrra,!),a 5.02 qaca. 
7. B paMKax MBE-1 BbmorrneHbI pacqeTbI crreKrpa 3Heprnu ypoBneii 

ITOJIO)KIITeJibHOli qeTH0CTII II npIIBe,!),eHHbIX BepoHTHOCTeli B(E2) y-nepex0,!1,0B 
Me)K,!J,Y HIIMII. Pe3yJibTaTbl cpaBHeHbl C 3KCrrepIIMeHT0M. BbrnBrreHO, 'ITO 
YKa3aHHaH M0,!),eJib IT03B0JIHeT 0ITIICaTb Y,!J,0BJieTB0pIITeJibHbIM o6pa30M JIIIWb 
HII)KallWIIe C0CT0HHIIH 160Dy. C p0CT0M 3HeprIIII B036y)K,!l,eHII51 B 3HaLIIITeJibHOli 
CTerreHII yBeJIIIL!IIBaeTCH paCX0)K,!),eHne Te0pIIII II 3KCrrepIIMeHTa. ,n:rr51 BeJIIIL!IIH )Ke 
B(E2) Ha6JIIO,!),aeTCH xopoIIIee corrracIIe Te0pIIII II 3KCnepIIMeHTa. 
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10. IlpoBe,!l,eH aHaJIII3 Bcex II3BeCTHbIX II3 3KCrrepIIMeHTa B 160Dy 
p0TaU:II0HHbIX norroc C IICn0Jib30BanneM ,!l,JIH 0nIICaHIIH 3Heprnu yp0BHell <IeTbipex 
q>eHOMeHOJIOrII'leCKIIX M0,!l,eJieii aTOMH0ro Mpa. AHarrII3 n03B0JIIIJI B o6w,eil 
CJI0)KHOCTII ,!l,OnOJIHIITb pOTaU:IIOHHbie nOJIOCbl 17-IO HOBbIMII ypOBH51MII, II3 'IIICJia 
BHOBb o6Hapy)KeHHbIX B 3KCnepIIMeHTe COCT051HIIli. 

11. BnepBbie BblnOJIHeH TeopeTn<IeCKIIli aHaJIII3 rpynn B036y)K.!1:eHHbIX 
COCTO.mmii nOJIO)!(IITeJibHOH 'IeTHOCTII C 0,!l,IIHaK0BbIMII <IeTHbIMII 3HaIIeHIIHMH 
cnIIHOB B 

16
°Dy B paMKax MBBE. IlpII 3T0M 6wm noKa3atto, <ITO 3neprIIH 

'IeTbipex rpynn COCT051HIIH CO CnIIHaMII J" = 0\ 2\ 4+ II 6+ IIMeIOT 
napa60JIII'leCKIIe 3aBIICIIMOCTII OT 'IIICJia 6030HOB, KOHCTPYIIPYIQW,IIX 
CO0TBeTCTBYIQW,IIe COCTOHHII51. 

12. B paMKax MBBE BnepBbie nOJIY<JeHbI Bblpa)KeHII51 II npoBe,!l,eH anarrII3 
- 6 160D TT cneKrpOB 3HeprIIII TIHTII Hall OJiee pa3BIITblX poTUIJ;IIOHHhlX IlOJIOC B y. ,,_.,m 

OnIICaHII51 nOJIOC 6bm IICilOJib30BaH 0,!l,IIH II TOT )Ke na6op MO,!l,eJibHblX 
napaMerpoB. CyMMapttoe cpe,nHeKBa,npaTIIIIHOe 0TKJI0HeHIIe TeopeTII'leCKIIX 
3HaIIeHIIH :meprIIii OT 3Kcn"epIIMeHTaJibHblX ,!l,JIH Bcex IlOJIOC COCTaBlfJIO /). = 9 K3B 
Ha TOIIKy. Ilpe.!1:JIO)KeHbl HOBbie BbICrpaIIBaHII51 BbICOK0Jie)Kalll,IIX C0CT051HIIH B S
nonoce II nonoce 0CH0BHOro COCTOHHII51. B pe3yJibTaTe ycTaHOBJieHO nepeceqenIIe 
S-nOJIOCbl C nOJIOCOH 0CHOBHOro COCTOHHIIH B6JIII3II 3HeprIIII B036y)K.!1:eHIIH 
nopH,nKa 4 M3B (1"=18+). C,!J,eJiaH Bbn~o,!l, o TOM, 'ITO B y-nonoce no Mepe 
B036y)K.!1:eHIIH H.npa 160Dy npw 3HepmII B036y)K.!1:eHIIH 3 .5 M3B (I"= 15+) 
np0IICXO,!l,IIT II3MeHeHIIe MOMeHTa IIHepu;IIII H.!1:pa J(n) II, C0OTBeTCTBeHHO, 
KBa,!1,pynoJibHOii ,!1,eq>opMau;IIII (napaMerp P3). 

OcnOBHbie pe3VJibT3Tbl, npe!lCT3BJieHHbie B JlJICcepTauuu, ony6mm:oBaHhl B 
CJie!lVIOIIUIX pa6ornx: 
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1996, 23 p. and J. Phys. G: Nucl. Part. Phys., 1998, v. 24, p. 831-845. 
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J. Beta-Decay Strength Measurements, Total Beta-Decay Energy 
Determination, and Decay-Scheme Completeness Testing by Total 
Absorption y-ray Spectroscopy.// 5l<l>, 2004, T. 67, N2 10, c. 1876-1886. 
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10. TipoBe):leH aml.JIH3 Bcex H3BeCTHbIX H3 3KCIIepHMeHTa B 160Dy 
pOTaIIllOHHbIX IIOJIOC C llCIIOJib30BaIIlleM ):\JUI orr11catt11H ::meprttii ypOBHeii qeTbipex 
q>eHOMeHOJIOmqecKllX MO):leJieii aTOMHOro ~pa. Attan113 II03BOJIHJI B o6meii 
CJIO)KHOCTH ):\OIIOJIHllTb poTaQHOHHbie IIOJIOCbl 17-IO HOBblMH ypOBWIMH, 113 q11cna 
BHOBI, 06napy,1ceHHbIX B 3KCrrep11MeHTe COCTOHHHH. 

11. BrrepBbie BbIIIOJIHeH TeopeTuqecKHH aHaJill3 rpyrrrr B036y,1c):leHHbIX 
COCTOHHHH IIOJIO)l(HTeJibHOH qernocTH C 0):lllHaKOBblMH qeTHblMH 3uaqenHHMH 
crr11noB B 160Dy B paMKax MBBE. Tip11 3TOM 6omo rroKa3auo, qro 3uepruu 
lJ:eThlpex rpyrrrr COCTOHHllll CO CIIllHaMll J" = O+, 2\ 4+ H 6+ HMeIOT 
rrapa60JI11qecKHe 3aBHCllMOCTH OT qlJ.CJia 6030HOB, KOHCTPYHPYJOIUHX 
COOTBeTCTBYJOIUlle COCTOHHllH. 

12. B paMKax MBBE BrrepBoie rronyqeu1,1 Boipa)l(eHHH H rrpoBe):len auanu3 
crreKTpOB 3Hepmii IIHTH Hall60Jiee pa3BllTbIX pOTaIIHOHHbIX IIOJIOC B 160Dy . .lJ:JIH 
OIIHCaHHH IIOJIOC 6oIJI llCIIOJib30BaII 0):lllH H TOT )l(e Ha6op MO):leJibHblX 
rrapaMeTpOB. CyMMapuoe cpe)];HeKBa)];paTHqnoe OTKJIOHeHHe TeopeTHlJ:eCKHX 
3Haqeu11ii 3Hepmii OT 3KCrrepttMeHTaJibHbIX MH BCex IIOJIOC COCTaBHJIO fl = 9 K3B 
Ha TOqKy. TipeLIJIO)l(eHbl HOBbie BbICrpaHBaHHH BbICOKOJie)l(amHx COCTOHHllll B S
IIOJIOCe ll IIOJIOCe OCHOBHOro COCTOHHllH. B pe3yJioTaTe ycTaHOBJieuo rrepeceqeuue 
S-IIOJIOCbl C IIOJIOCOH OCHOBHOro COCTOHHHH B6JIH3ll 3HeprllH B036y)l(LleHHH 
rropHL\Ka 4 M3B (1"=18+). CL1eJiau BbIBOJ:1 o TOM, qrn B y-rronoce no Mepe 
B036y)l(LleHHH HL1pa 160Dy rrpH 3ttepmu B036y)l(LleHHH 3 .5 M3B (I"= 15+) 
rrpOHCXO):lllT H3Mettenue MOMeHTa llHepQllll H):lpa J(n) H, COOTBeTCTBeHIIO, 
KBaJ:1pyrron1,noii L1ecpopMaIIHH (rrapaMerp 133). 
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