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06m;a5.I xapaKTepIICTIIKa ,[l;IICCepTau;IIII. 

AKTYaJibHOCTb T€MbI. 

,Il;aHHa5I pa6oTa IIOCB51IIJ;6I'la TeopeTI1'IeCKHM HCCJie,.UpBaHH51M CIIOHTaHHbIX 51,LI,ep

HbIX npou;eccoB, TaKHX KaK o:-pacna,n; l1 KJiaCTepHa51 pa,n;:rroaKTHBHOCTb (KP), npo

TeKaIOIIJ;I-IX npn HH3KHX 9Heprn:5Ix. KP - HBJieHHe crroHTaHHoit SMHCCHH H3 51,n;ep 

JierKMX <l>parMeHTOB ( KJiaCTepoB)' TmKeJiee a-qacTHIJ;bI, HO Jierqe npO,LI,yKTOB CIIOH

TaHHOro ,n;eJiemrn, npHHa,n;JiefKMT rpyrrrre pe,n;KHX 51BJieHMit. Ha cero,n;H5IllIHHit ,n;eHb 

9KCrrepHM6HTaJibHO 06Hapy.1KeHO OKOJIO ,IJ;BYX ,n;eC51TKOB pacrra,n;oB c BblXO,Il;OM JierKHX 

KJracTepoB OT 14C ,LJ,O 34Si 113 a,n;ep OT 221 Fr ,n;o 242 Cm, M3MepeHHbie nepHO,D;hI noJry

pacna,n;a T1;2 ,D;Jrn KOTOpbIX JI8)KaT B HHTepBaJie OT 1. 7 x 1011 ceKyH,IJ, ,LI,O 3.8 x 1027 c 

ceKyH,LI,. ,Il;Jrn oKoJio ,n;ecaTKa pacna,n;oB ycTaHOBJieH HMJKHHit npe,IJ,eJJ T1; 2 . Haup11-

Mep, ,D;JI51 peaKIJ;HH 114Ba-+ 14C OH paBeH 1.2 x 104 ceKyH,lJ;. 

B CB513H c 6oJihllIHM BpeMeHeM, Heo6xo,.u;HMhIM ,n;Jrn npoBe,n;eHH5I 9KcnepmvreHTOB 

no KP 6oJihllIOe 3Haqemre npHo6peTaeT TeopeTHT.fecKoe 113yqeH11e KP ,LI,Jrn noH11Ma

HH5I <Pytt,n;aMeHTaJihHhIX npo6JieM KJiaCTepHhIX 5IBJieHMit. Hanp11Mep, ,n;o c11x nop He 

o6baCHeHo 5IBJieHrre TOHKoit CTPYKTYPhI KP. 0,n;Hoit M3 HepellleHHhIX npo6JieM, pac

CMOTpeHHhIX B ,n;aHHOH ,LI,HCCepTau;rroHHOH pa6oTe, 51BJ15!6TC5I aHOMaJI.1151 a-pacna.n;a 

HeitTpOHHO-,n;e<Prru;11THhIX H30TOIIOB Po 11 Rn, r,LI,e 9KcnepnMeHTaJibHO Ha6mo,LI,aeTC51 

OTKJIOH6HHe T1;2 OT H3BeCTHOro 3aKOiia reitrepa-HeTTOJia (rH). CHJibHhie pa3JIM

q1rn B 11cxo,LI,Hhrx nochIJIKax TeopeT11qecK11x no,n;xo,LI,OB, on11cbrna10u:i;11x KP .YKa3bI

BaJOT Ha Heo6xO,LI.JiIMOCTb 6oJree rJiy6oKOI'O IIOHHMamrn cPH3.11Kl1 H3Y'Ia6MOI'O 51B.Jie

Hirn. c ,LI.pyroit CTOpOHbI, H6CMOTp51 Ha 60JI88 qeM CTOJieTHJOIO HCTOp.1110 HCCJie)_~O

Bamrit o:-pacrra,LI,a, IIOKa He cyu:i;ecTByeT Teop.1111, KOTOpa5I II03BOJIHJia 6bI B 8,ll,MHOM 

no.n;xo,n;e onachrnaTb n-pacna,n;hr c¢epaqecKMX 11 CHJihHo,n;ecl>opM.11poBaHHhIX LJeTHO

qeTHhIX, HeT.feTHhIX 11 HeT.feTHO-HeqeTHhrx R,.u;ep. BoJiee Toro, He cyu:i;ecTByeT o6r.:o;eit 

MO,Ll.6JIH, paCCT.fHTbIBaIOr.:o;eit O,LI,HOBpeMeHHO Bep05ITHOCTM a- H KJiaCT8pHbIX pacrra

,IJ;OB pa3JrnqHhrx 51,n;ep. TaKHM o6pa3oM, aKTyaJibttoit 3a,n;a'-1eit 5IBJIReTcR aHamr3 c 

e.n;HHhIX no3rru;11li n-pacrra,n;a M KP. ITpaKTMqecKM OTCYTCTBYIOT c11cTeMaTMT.fecK11e 

9KCrrepHM8HTaJihHhie H TeopeTirqecKHe 11ccJie,n;oBatt11a a- 11 KJiacTepHhIX pacna,n;oB 
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H3 CJia60B036y)K,ll;eHHbIX 51,n;ep. 

B HaCT051~ee BpeM.H a-pacrra,n;, KP, crroHTaHHoe ,n;eJieHHe H HH3KoJie)Ka~He KOJI

JieKTHBHbie COCT051HH51 I!pHBJieKaIOT 3HaqHT8JibHOe BHHMaHHe B CB513H c l1CCJie,n;oaa

Hl151MH CTpyKTYPhI T51::>KeJihIX H caepxTR)KeJibIX 51,n;ep. Harrp11Mep, :11cxo,n;R H3 9KCIIe

p11MeHTaJibHO:i1 TOHKOit cTpyKTYPhI a-pacna,n;a HJIH KP, MO)KHO orrpe,n;eJrnTh cu11HbI 

11 "<IeTHOCTH HH3KOJie::>Ka~Hx cocT051HH:i1 51,n;ep. ITpe.n;cKa3aHHR rrep1:10.n;oa noJ1ypac

rra,n;a rrpH 9MHCCHH a- '!aCTHI.J, Heo6xo,n;HMbI ,Il;JI51 11,n;eHTI1cpHKaI1,HH HOBbIX H30TOIIOB 

TR)K8JibIX 51,n;ep H CBepxTH)KeJibIX sJieMeHTOB. IfocJie,n;oaaHH51 rrpo.HBJieHHli KJiacTep

HhIX 9cpcpeKTOB B CTPYKType HH3KOJie)i(a~HX COCT051HHil T.H)K8JibIX H CBepXT51)K8JlbIX 

51,n;ep .HBJI51IOTC51 aecbMa aKTyaJibHbIMH. KJiacTepHbI:i1 rro,n;xo,n; rro3BOJI51eT ,n;ocTaTO'IHO 

rrpOCTO OIIHCaTb pOTaIJ;HOHHbie IIOJIOCbI aJibTepHaTHBHOM qeTHOCTH B aKTHHM,n;ax H 

CBepXT51)K8JibIX 9JieMeHTax. 

I.J;eJibIO pa6oTbI 51BJI5.IeTCH rrocTpoeHHe Mo,n;en11,n;JIR orrMcaH1151 KP H a-pacrra.n;a, 

BblqHCJI8HHe c ee IIOMO~bIO nepHO,ll;OB IIOJiypacrra,n;a H.n;ep OTHOC.l1T8JibHO BbIJieTa a

qacnru; .l1 JierKHX KJiacTepoB B o6JiaCT5-IX "cBHHIJ;OBO:t1:'' H "o.JIOB5-IHHO:i1" pa.n;1rnaKTHBHO

CTe:i1, ofrhRCHeHHe TOHKO:i1 cTpyKTYPhI 9THX rrpou;eccoa 11 npe,n;cKa3aH.He B03MO)KHbIX 

,n;JIH tta6Jiro,n;eH.l1H peaKu;11:i1 KP H a-pacrra,n;a. 

Harrnaa: HOBH3Ha H npaKTHqecKaa: n;eHHOCTb. 

• Pa3pa6oTaHa HOBaa Mo,n;eJib KJiacTepHoro pacrra,n;a, B KOTopo:i1 rrpe,n;noJiara

eTc51, "<ITO OCHOBHOe KBaHTOBOMexaHH"<IeCKOe COCTOHHHe .H,n;pa HMeeT MaJibie 

KOMilOHeHTbI KJiaCTepHbIX COCTOHHHM H BKJIJOqaeT B ce6.H IlOHHTHe ,ll;BO:i1HOM 

R,n;epttoli CHCTeMbI (,ll..H C). ,l(Jia onHcamu1 npe,n;pa3pbIBHhIX npou;eccoa npH

MeH.HeTCH ypaBH8HHe Illpe,n;HHrepa no KOJIJI8KTHBHOH: KOOp,n;:irnaTe 3ap.H,l.l;OBOM 

(Maccoaoli) aCHMMeTpHH. B MO,n;eJIH HCIIOJih3yeTC51 e,n;.HHbIM IIOTeHu;HaJI ).J.Jrn 

o6JiacTeif ¢opMHpoaaHH51 H pa3JieTa cpparMeHTOB. B OTJrn 1-me OT ,n;pyrnx a

pacna,n;HhIX Mo,n;eJieH: B Heil HCITOJib3YIOTC51 Jll11llb KOJIJieKTHBHbie KOOp,l.l,HHa'Tbl 

H OIIHCbIBaIOTC.H c e,n;HHbIX II03lUJ;HH Q- H KJiaCTepHbie pacna,n;bI ,LI.JI.fl lllHpO

KOM o6JiaCTH 51,n;ep nepHO,n;HqecKoli Ta6JIHIJ;bI sJieMeHTOB: qeTHhIX, tteqeTHhIX, 

ccpepH'IeCKHX H CHJibHO,n;e<PopMHpOBaHHbIX. 
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• Ilo.HBJieHHe B MO,lJ,emr cpaKTopa, Y'!HTbIBaroru,ero HaJll1'!He B ,IJ;5IC op6HTaJib

HOro MOMeHTa, rro3BOJIHJIO xoporno orrHCbIBaTb TOHKYIO CTpyKTYPY KP 11 a

pacrra.n;a qeTHbIX 11 He'feTHhIX .a.n;ep. Y'!eT OKTyrroJibHOi1: cocTaam1roru,ei1: ,LJ,e

cpopMau;1111 ,n;o'"IepHero 51,n;pa II03BOJIHJI orrncaTh a-nepexo,Li;hI Ha ypoBHH ,LJ,O'iep

Hero H,n;pa, HMe10ru,11e qeTHOCTb, rrpOTl1BOIIOJIO.IKHYIO qeTHOCTl1 MaTepHHCKO!'O 

.H,JJ,pa. Mo,LJ,eJib He TOJihKO II03BOJIHeT rrpe.n;cKashrnaTh 1m1p11ttb1 pacrra,D,OB, HO 

I1 penraTb o6paTHYIO 3a,LJ,aqy - orrpe.n;eJIHTb CIII1Hbl-'IeTHOCTI1 H .n;ecpopMau;mr 

OCHOBHOro H B036y)K,lJ,eHHblX COCTO.HHH:lt ,lJ,O'!epHero 51,D,pa no 9KcrrepHMeHTaJib

HOMY pacrrpe,n;eJieH1110 lllHpHH TOHKO:H: CTPYKTypbI a-pacrra,LJ,a. Mo.n;eJih rrpHMe

HHMa ,lJ,JIH 01rncaHH.H H attamrna TOHKott CTPYKTYPbI H lllHpHH a- H KJiacTepHoro 

pacrra,n;oB c B036y)K,lJ,eHHbIX COCTOHHHH 51,D,ep H 113 HarpeTbIX 51,lJ,ep. 

• AHaJIH3 eKcrrep11MeHTaJihHbIX ,LJ,aHHbIX rro crroHTaHHOMY ,LI,eJieHHIO H KP no

Ka3aJI KOppemU.J;HIO Me.IK,D,y rrapu;HaJibHbIMH nep110,L1,aMH IIOJiypacrra,LJ,a CHOH

TaHHOro ,lJ,8Jl8HH51 ,LI.JIB KOHKpeTHbIX 3Ha'!eHHH napaMeTpa ,LI,eJIHMOCTH Z2 I A H 

rrepHo,n;aMH rroJiypacrra,n;a KP c cooTBeTCTBYIOI.IJ,I1Ml1 3Ha'!eHH5IMH ac11MMeTp1111 

,D;5IC. 8To ,LJ,aeT Ha.n;e.IK,lJ,Y Ha B03MO.IKHOCTb e,n;11Horo OIIHCaHl15I CIIOHTaHHOI'O 

.n;eJieHH.H, a-pacrra,n;a H KP B paMKax MO,lJ,eJIH ,IJ;5IC. 

Anpo6an;ng pa6oTbI. PesyJihTaThI, rrpe,D,CTaBJieHHbie B .n;HccepTau;1111, ,lJ,OKJia,lJ,bI

BaJIHCb H 06cy.1K,lJ,aJIHCb Ha CeMHHapax, M8.IK,LJ,yHapo.n;HbIX KOHcpepeHIJ;H.HX H lllKOJiax, 

rrpoxo,n;HBllIHX B Jia6opaTop1111 TeopeTH'!eCKOH cpH3HKH HM. H.H. BoroJiro6oaa 06'b

e.n;.1rneHHoro HHCTHTyTa .H,D,epHbIX HCCJie)J;OBaHHH (r. ,I:l;y6Ha), CeMHHapax B rHcCeH

CKOM YHHBepCHTeTe HMeHH IOcTyca JTH611ra ( r. rHcceH, repMam:rn), Me.IK,n;yHapO,ll;

HhIX KOHcpepeHIJ;H5IX no H,LJ,epHo:H: cpI13HKe B 3aKOIIaHe (r. 3aKOIIaHe, IloJibllla, 2008), 

,.[(e6p11u;eHe (r. ,ll.e6pHu;eH, BeHrpH.H, 2005), CTpac6ypre (r. CTpac6ypr, <Dpaa11.i-rn, 

2008) H IliaTo Ka.n;apanre (r. IliaTO Ka,n;apallle, <PpaHIJ;H.H, 2008) 

IIy6JIHfil\D;HH. Ila MaTep:aaJiaM ,n;11ccepTaIJ;HH ony6JrnKOBaHo 9 pa6oT. 

06'beM H CTPYKTypa ,rt;HccepTan;HH. ,D;11ccepTaIJ;H5I COCTOHT H3 '!eTbipex rJiaB 

H ,n;Byx rrpHJIO)KeHHM 06ru,11M ofrheMOM 112 CTpaHl1IJ;, BKJII011aH 46 Ta6JIHIJ;, 40 pHCYH

KOB 11 CIIHCOK IJ;HTHpOBaHHOi1: JIHTepaTypbI H3 7 4 HaHMeHOBaHHH. 
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Co,n;ep)Kamrn pa6oTbI 

Bo BBe,n;eHHH o6cy?K.n;aeTc.H aKTyaJihHOCTb pa6oTbI liI MOTHBau;m.r rrpoBO,LI;HMbIX 

l1CCJI8,Il;OBaHHH, ,n;aeTC..H KpaTKHM o6sop ITO T8M8 ,LI;liICC8pTaIJ;l1l1. 

B rrepBoli: rJiaBe 06cy:1K:,i1,aeTC.H nocTpoeHHe HOBOM Mo,n;eJrn KJiacTepHoro pacna

,n;a. KP paccMoTpeH B ITpe,n;IToJio:tKeHHH, qTo JrerKMM KJracTep 06pa3yeTc..H B KOJI

JieKTHBHOM ,LI;Bl1?K8Hl1liI ITO KOOp,LI;HHaTe 3ap51,Ll;OBOM (MaCCOBoil:) aCMMMeTpm1 c !IOCJie

,n;yIOlll,llM TYHHeJrnpoBaHMeM qepe3 KYJIOHOBCKH:i1 6apbep. BBOJJ,..HTC51 KOJureKTHBHhie 

KOop,n;1rnaThl 3ap..H,n;OBOH aCHMMeTpHM ,Il,5IC l1 OTHOCl1T8JlhHOI'O paCCT051HI15! M8./K,lJ,Y 

u;eHTpaMM Mace KJiaCTepoB, CTpOHTC.H ITOT8HIJ;l1aJI B3aHMOJJ,8HCTB115! .H,n;ep )],SIC. 3a

,n;aIOTC5! BOJIHOBoe ypaBH8HMe p,JI.a BHyTpeHHeti: o6JiaCTH cpopM11poBaHM.H KJiacTepoB 

11 M8TO,Ll; pacqeTa rrapaMeTpa HHepu;rrn ITO KOOp,n;rrnaTe sap.H,Ll;OBOM (MaCCOBO:i1) ac11M

M8Tpl1liI. Ilpe,n;JiaraeTC..H HOBhIH M8TO,Ll; BhiqJiICJI8Hl15! CIT8KTpOCKOilllqecKOI'O cpaKTOpa. 

,II,aeTC.H aHaJillTllqecKMH BhIBOP, urnpl1Hhl pacrrap,a c yqeTOM nepeHOCa opfoITaJibHOI'O 

MOMeHTa (o6ru;ee ITpe,.o;cTaBJieHne MOJJ,eJI11). Ilpe,n;cTaBJieH MeTo,n; Bb1q11cJreHH.H KP l13 

cJia6oHarpeTbIX .a,n;ep. 

,Il,eTaJihHO HCCJie,n;yeTC.H pOJib cpaKTOpa ,n;ecpopMaIJ,HOHHOM nonpaBKl1 K rrpOHHIJ,a

eMOCTll ITOT8HLJ;llaJihHOI'O 6apbepa H, OJJ,HOBpeMeHHO, sanpeTa Ha nepeHOC opfo1TaJJb-

- - 2 
Horo MOMeHTa JXzl 2. <DnswmcKrrti CMbICJI cpaKTopa JXzl saKJIIO'-raeTC.H B TOM, '-ITO 

OH OT06pa./KaeT HaJinqrre B IlOJIHOM BOJIHOBOH cpyHKIJ,llll pacna,ll,aIOlll,8MC51 ,Il,5IC op-

611TaJihHOM KOMTIOHeHThI. MnmIMaJihHhiti: sanpeT noJiyqaeTC5! rrp11 l = 0. A ecJIH 

51,IJ,pa ,Il,5IC CHJibHO ,n;ecpopM11poBaHbI, TO 9TO 9cpcpeKTl1BHO Cl'Jia./KHBaeT B03MYlll,8Hl18 

OT B03MO./KHOI'O op611TaJibHOI'O ,Ll;BH./K8Hl15I. c pOCTOM ITapaMeTpOB KBa,n,pyIIOJibHOH l1 

OKTYIIOJibHOH ,n;ecpopMaIJ;HH ,n;oqepHero 51,LJ;pa f321 H f331 cpaK·rop JXd 2 pacTeT (P11c. 1). 

EcJI11 napaMeTpbI ,n;ecpopMaLJHM oqeHb MaJibI, TO e)J,HHCTBeHHbIM KaHaJioM pacna,n;a 

OCTaeTC5! KaHaJl c l = 0, KOI',II,a CIIHH ,n;otrnpHero ..H,n;pa paBeH cmmy MaTepMHCKOI'O 

51,n;pa. B CJryqae oqeHh MaJihIX /331 KaHaJibI pacna.u,oB c tte'ieTHbIMH l CHJibHO no1~aB

JI8HbI. BeJiuqHHa !Xzl2 He saBHCHT oT 3HaKa /331 . Ilpe,n;cKa3atto, '-ITO np11 rvraJ1b1x /321 

nepexo,n; c l = 1 6y,n;er no,LI.aBJleH IIO cpaBHeHHIO c nepexo,ll,OM c l = 3. 

Bo BTopoH: rJiaBe npe,Z.J;JIO./KeHHa.a Mo,.o;eJib np11MeHeHa K om1caHHIO cv.-pacua~OB 
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P11c. 1: 3aBHCHMOCTH !Xd OT cj:laKTopa Cde/2 (rrporropizyIOHaJieH f321) H f331 rrpH 

yKasaHHhIX pa3JrnqHhIX 3HaqeHH.HX op611']:laJibHOro MOMeHTa l = 0, 2, 4 ( CITJIOIIIHhie 

JIHHHH) H l = 1, 3' 5 ( rryHKTHpHbie JIHHim) (a) ,LI;JI.H Bcex l, (b) TOJibKO ,LI;JI.H HeqeTHhIX 

l, (c) ,LI;JIH Bcex l rrpH Cde/2 = 1, (d) TOJihKO ,LI;JIH HeqeTHhIX l rrpH Cde/2 = 1, (e) ,LI;JI.H 

Bcex l rrpH Cde/2 = 2.5, (f) TOJihKO ,LI;JI.H HeqeTHhIX l rrpH Cde/2 = 2.5. 

113 OCHOBHhIX COCTO.HHHH .a,n;ep. ,n:aHbI pesyJibTaTbI BblqHCJieHHti: rrepHO,ll,OB IIOJiypac

rra.n;a nsoTOIIHhIX u;erroqeK Po H Rn H 06cy:>K:,z:r,ett11e BOSMO:>K:HOti: npwrnHhI OTKJrottemu1 

T1;2 OT 3aKOHa rettrepa-HeTTOJia ,Ll;JIR HeHTpOHHO-,n;ecj:l1m,HTHhIX Po .11 Rn. IIp.vrne,L1,e

HhI pesyJihTaTbl BbrqHcJieHHH ITO TOHKOH CTPYKType a-pacrra.n;a Ha rrpHMepe qeTHbIX 
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Pttc. 2: Bb1qHCJieHHa.H B paMKax MO,IJ,em1 ,lL5IC p0Tau,11otttta.H uoJ1oca aJibTepttaTHB

ttoit qeTHOCTH (th.) .H,1..l,pa 253No B cpaBH€.HHH c 3KCIIepHM8I-ITaJibHblMH ,LJ,aHHbIMI1 

(exp.). 

H tteqeTHhrx .a,n;ep 223Ra, 224,226,22s,230Th, 231 Pa, 22s-230,232-23su 11 241 Am. B Ta6J1. l. l 

rroKasaH pesyJJhTaT pacLieTa TOHKoit CTPYKTYPhI a-pacrra,n;a 228U B cpaBHeHHH c 3KC

rreprrneHTaJ1bHhIMH ,n;aHHhIMH. B Ta6Jr. 1.2 rrpHB0,1..l,HTC.H rrpHMep aHaJrornqHbIX pac

qeTOB ,LJ;JI.H .H,IJ,pa 226Th. 

PaccMaTpHBa.EOTC.H TaK:tKe rrocTpoettHe poTa!IHOHHbIX cneKTpoB a1rbTepttaTHBttoti 

LieTHOCTH H a:-pacna,IJ, 113 Bos6y:IB:,z.1,eHHbIX poTa!IHOHHbIX cocT07Itt11i1: .H,1.1,ep. Ha P11c. 2 

npHBO,LJ;HTC71 np11Mep npe,LI,cKa3aHH.H poTa.IJ,HOHHOl'O CIIeKTpa .H,LI,pa 253No. Ha P11c. 3 

rroKasattbr BhILIHCJreHHbie 3aBHCHMOCTH cneKTpocKOIIWrecKoro ¢aKTopa Sa a-qacTMIJ,bI 

OT cmrna MaTepHHCKoro .a,n;pa 220Th H rrepno,n;a rro11ypacrra,IJ,a T1; 2 a-pacua,n;a OT cu11-

Ha MaTepHHCKOro 51,LI,pa 236U. 0TMeLJ:aeTC5! xapaKT8pHbI:l1 "rrmroo6pa3HbI:l1" BH,1..l, o6eHX 

3aBHCHMOCTei1:. 

B TpeTbe:M: rJiaBe ,n;aHbI pesyJihTaThI BbILIHCJ1€HHit no KJiaCTepHoit pa,LJ,HOaKTHB-
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PMc. 3: 3aBMCl1MOCTl1 Sa ,n;Ju.1 51,ll;pa 220Th (a) 11 T1; 2 a-pacrra)J.a 51)1.pa 236U (b) oT 

cmrna f2 MaTepHHCKOrO 51,ll;pa. 

HOCTl1 B paMKaX npe,n;cTaBJieHHOit MO,n;emf. IloKa:3aHO KaK11e B8JIM'll1Hbl CII8KTpO

CKOIIl1'l8CKI1X ¢aKTOpOB, Bbl'IHCJieHHbie np11 perueHI1l1 ypaBH8Hl15.I Illpe,n;1rnrepa no 

KOOp)J.HHaTe 3ap5I,D;OBO:ti: aCl1MMeTpl1H, xapaKTepHbI B o6JiaCT5IX "cBHHD;OBo:ti:" H ''oJio

BHHHO:ti:" pa,n;HoaKTHBHOCTe:tt (PHc. 4). I1pHBO,D;HTC5I ormcaHHe H3BeCTHhIX KP 'leT

HhIX .H,n;ep (Ta6JI. 1.3). 0TMetfeHa rrpe,n;IIO'ITHT8JibHOCTb pacrra)J.OB c BbIXO,Il;OM 6oJiee 

T5I)K8JibIX 'KJiacTepos 113 6oJiee T5I)KeJihrx· 11s0Torros Pu 11 Cm (P.11c. 5). ,LLa10TC5I 

rrpe,n;cKa:3aHH5I rrepHO,ll;OB rroJiypacrra,n;a ,D;JI.5! o6JiaCTe:tt "cBHIID;OBO:tt" l1 "OJ10B5IIIIIOff' 

KP (Ta6JI. 1.4 .11 1.5). IloJiyqeHHhie pesyJibTaTbI o6cy:>K,n;aIOTC5I B cpaBHeH1111 c pe-

3YJibTaTaMH, IIOJIY'-IeHHblM.H paHee, B paMKax yrrpoII.I,eHHbIX rrpe,l.l,CTaBJI8HHH MO,n;e

JIH H ,n;pyr11x cyII.I,eCTBYIOII.I,HX Mo,n;eneit. PaccMaTp~rnaeTC.H TOHKa.H CTPYKTypa KP 

223Ra-+ 140 + 209Pb (Ta6n. 1.6). O,n;eJiaH BbIBo,n; o TOM, 'ITO rrepsoe Bos6y:>K,n;eHHoe 

COCTO.HHHe ,n;oqepHero a,n;pa 209Pb )J.OJI)KHO HM8Tb 60JiblllYIO KBa)J.pyrrOJibHYIO ,n;e¢op-

Mau;1110, 'I8M OCHOBHOe COCTO.HHl1e. 

B "CJeTBepToii rJia.Be rrpe,n;cTaBJieHhI pesyJibTaThI Bhrq11cJ1eH11:it )J.JI.H KP B paM

Kax yrrpoII.I,eHHbIX rrpe,n;cTaBJI8HHH MO,D;eJIH ,LL.HO, r,n;e He yq11TbIBaeTC.H rrepeHOC op-

6HTaJibHOro MOM€HTa. TipoHMJJ,aeMOCTb IIOT8HIJ;l1aJibHOro 6apbepa C'il1TaeTC.5I B O,LI,

HOMepHOM BKB-rrp116J1H:>KeH1111. I1poH3BO,n;HTC.H aHaJm3 H3BJie'!eHHbIX 113 9Kcuep11-

MeHTaJibHhIX ,n;aHHhIX cneKTpOCKOIIH'leCKI1X ¢aKTOpOB c yqeTOM l1 6es .Y'IeTa )J,e¢op

MaD;HH R,n;ep ,LL.HO. IloKa:3aH aKcrroHeHD;MaJihHbIH xapaKTep y6h1BaHm.1 Bx c pocTOM 
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PHc. 4: 3aBHCHMOCTb crreKTpocKorr111rncKoro ¢aKTopa OT MaccoBoro 1u1cJia A MaTe

pHHCKoro 51,n;pa ,Il;Jl51 o6JiaCTeH "cBHHil;GBOH" (a) H "OJIOB51HHOH" (b) pa,n;noaKTHBHO-

CTeH. 

3ap51,n:a 11 MaCCbI KJiaCTepa. ~ano cpaBHettne IIOJJY'-remrhrx BeJrwrnn Sx c J.laI-IHbI

MH ,n;pyrux nccJie,n:oBaHHH. C,n;eJraH BbIBO,II, o CHJibHOM BJIH51HHH ,n;e¢opMa!II1H na 

BeJiwnrny Sx ,n:Jrn KJiaCTepoB c 6oJihllIHMH Zx M Ax. TaK:>Ke, orrnpa.Hcb Ha l13BJie9:eH

Hhie 113 8KCrreprrMeHTaJibHbIX rrepHo,n;oB rroJiypacrra,n;a 3HaLJ:emrn Sx, 6bIJI c,n;eJiaH pH,n; 

rrpe,IJ,CKa3aHHH ,IJ;JI51 B03MO:tKHblX KJiaCTepr,t:bIX pacrra,n;oB B o6JiaCT51X "cBHI-I:D;GBOH" 11 

"o.JIOB51HHOH" pa,n;110aKTHBHOCTe:tl:. 0TMff'-IeHO OTJIH"rne rrpe,n:cKa3aHl1H ,IJ;JI51 o6JiaCTI1 

"o.TJOB51HHOH" pa,n:r10aKTHBHOCTI1 OT pe3yJihTaTOB, IIOJiy'-IeHHbIX B paMKax ,n:pyrHX MO

,n:eJieH. 

IlpoBe,n;eHbI BbI'-Il1CJieHH51 crreKTpOCKOrmqecKHX cpaKTOpOB c IIOMOil:t;blO perneHH51 
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Pttc. 5: 3aBHCHMOCTh paclfeTHOro nep110)1,a noJiypacna,n;a Tx (c) OT Macchi MaTepr1H

CKOro .a,n;pa ,ll;JI.H BbIXO,ll;OB H30TOIIOB HeOHa ( qepHble TpeyrOJihHHKH)' MarHH.H ( qepHbie 

poM6b1) 11 KpeMHH.H (sBe3,D;OlfKH) H3 IIJIYTOHH.H (Bepxmrfi rpac).:rnK), H MarHH.a, KpeM

HH.a H cepbl ( CBeTJihie TpeyrOJibHHKH) H3 •K!OpH.a ( HH)KHHK rpac).:>HK). 0KOJIO TOlfeK 

yKasaHhI MaccoBbie lfHCJia JierKHX KJiaCTepoB. 

ypaBHeHmr llipe,n;HHrepa no KOOp,ll,HHaTe sap.a,n;oBofi acHMMeTpHH. OrrnpaHch Ha 

HHX, paCC'U1TaHhI · rrep110,n;h1 noJiypacna)J,a ,ll,JIH y)Ke H3BeCTHhIX peaKI.1,11fi KP B cpaB-

HeHHH c 9KCrrepHMeHTaJihHbIMH )J,aHHbIMM M C)J,eJiaHhI npe,n;cKa3amrn nepHO,lJ.OB IIOJIY

pacrra.n.a ,lJ.JI.H 60JibllIOro KOJIH'IeCTBa MaTepHHCKHX .a,n;ep 113 o6JiaCTel1 "r.BI1HU,OBOi1:" H 

"oJIOB.HHHO:ti" KJiacTepHO:ti pa.n.11oaKTMBHOCTH. 

Ilpe,n;cTaBJieHhl pesyJihTaThI pacqeTOB no KJiaCTepHoMy pacna,zzy cJia6oHarpeTbIX 

.a,rr.ep. IloKasaHO pe3KOe yaeJIH"l€HI1e crreKTpOCKOilHlfeCKHX c).:>aKTOpOB KJiaCTepoB H 

eru;e 6oJiee pe3KOe YM€HhIIIeHHe rrepHO,D;OB IIOJiypacrra,n;a c pOCTOM 9Hepnrn B036y)K

.n.emrn MaTepMHCKoro .a,n;pa. Ila cpaBH€HHIO co crreKTpOCKOIIHlf€CKHMH c).:>aKTOpaMH 
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,n;nzr 6onee TmKeJihIX KJiacTepoB Sa ,n;nzr a-pacrra,n;a ysenw:rnsaeTczr Me,n;JieHHee. 

~aIOTCZI ou;eHKH 3aTpasoqHbIX BeCOB KJiaCTepHbIX KOHqrn:rypau;nii, o6pa3yIDru;nx-

CZ! rrpH CIIOHTaHHOM ,n;eJieHHH aKTHHH,Il;OB H ZIBJIZIIOru;HXCZI BXO,Il;HbIMH COCTOZIHHZIMH 

,n;nzr ,n;aHHoro rrpou;ecca. 

B 3aKJIIO"<JeHHH cyM!VrnpyIOTCZI pesyJihTaTbI, BbI,Il;BHraeMbie Ha 3aru;nTy. 

B rrepBOM rrpHJIO)KeHMM 

CcPOPMYJIHpOBaH MeTO,Il; BblqHCJieHHZI KOJIHqecTBa HYKJIOHOB ruei1:Kl1 Me:tK).J,y 5I,11,parvr11 

~5IC. 

Bo BTopoM rrpHJIO)KeHMH paccMOTpeHo '-II1CJieHHoe peruemie BOJIHOBOI'O ypaB

HeHnzr ITO KOOp,n;1rnaTe 3apzr,n;OBOM acHMMeTpHH. 

Ta6Jrnu;a 1.1: ToHKa.a CTPYK'rypa o:-pacna,ll,a 228U. B cToJI611,ax rrpe,n,cmsJieHbI: c1rnH-qfrmocTb pr 

ypoBH.a ,n;oqepHero .a~a, 9Hepnrn pacrra.n;a Q Ha cooTBeTCTBYIDUJ,HH ypoBeHh ,n,oqepHero .a,n,pa, ytto

CHMbIH op6I1TaJibHbIH MOM0HT l, cjJaKTOp 1xi12 3arrpeTa Ha nepettoc opfonaJibHOrO MOMeHTa, crreK

TpOCKOIIIPI0CKHH cjJaKTOp 800 Bh1q11cJieHHbIH nepHO,LI, rroJiypacrra,n,a Tf 12 B KaHaJie c op611TaJibHbIM 

MOM0HTOM l, Bbl'·II1CJI0HHbl0 ( 3KC110pHMCHTaJibHbl0) O'l'HOCI1T0JlbHa7I llH!p!1Ha 0:-pacrra,n,a r (rexp), Ii 

IIOJIHhIH rrep110,n, rroJrypacrra,n,a T1; 2 (T{/i). 

pr IQ, MaB l 1xl12 Sex Tf/2' c r, 3 rexp, 3 T1;2, c T{lf, c 

o+ 6.8050 0 2.87 418 73.22 70 

2+ 6.7069 2 0.6642 1.16 x 103 26.35 29 
0.0181 306.22 546 

4+ 6.5209 4 6.45 x 10-2 7.22 x 104 0.42 0.56 

5+ 6.2703 6 3.36 x 10-3 3.16 x 107 9.70 x 10-4 -
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Ta6mn.i;a 1.2: ToHI<a5I CTPYKTypa a-pacna,11.a 226 Th. I10Jrnb11'.1 nopHo,11. IIOJ1ypacIIa,11.a T1; 2 = 1483 

c. 9KcrrepaMeHTaJibHbIM T1?f = 1834 c. 

pr Q,MsB l 1xz12 SDI T1;2, c r, % rexp, % 

o+ 6.451 0 2.741 0.018 1871.89 79.21 75.5 

2+ 6.340 2 0.556 0.016 7786.27 19.04 22.8 

1- 6.209 1 0.146 0.016 178752 0.83 1.26 

4+ 6.150 4 0.070 0.015 514386 0.29 0.187 

3- 6.134 3 0.163 0.015 243076 0.61 0.206 

(5)- 5.978 5 0.037 0.014 9.02 x 106 0.02 -
(6+) 5.901 6 0.010 0.013 1.13 x 108 1.31 x 10-3 -

Ta6Jim:.i;a 1. 3: CpaBHCHao 9KcnopHMOH'raJibHO mMepeHHbIX nep110).J,0B noJ1ypac1rn,11.a ).J,Jrn 1<JiacTop

HO:ll pa,11.aoaKTHBHOCTH T{f2 c TOopeTwrecr<ilMrr T1; 2• Q - stteprmr peaKu;HH. 

A-t Ax+ At Q, MsB T{/2 , c T1;2, c 

222Ra -714c + 2ospb 33.05 1.7 x 1011 2.3 x 1011 

22sTh -7200 + 2ospb 44.73 5.4 x 1020 5.1x1020 

232u -724Ne + 2ospb 62.32 2.5 x 1020 2.7 x 1019 

234U -726Ne + 2ospb 59.48 1.2 x 1025 2.1 x 1025 

236U -730Mg + 206Hg 72.51 3.8 x 1027 8.3 x 1026 

236pu -t2sMg + 2ospb 79.85 3.5 x 1021 3.4 x 1020 

23spu -732Si + 205Hg 91.20 1.9 x 1025 1.1 x 1025 

242Cm -734Si + 2ospb 96.52 1.4 x 1023 4.8 x 1023 
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Ta6mui;a 1.4: IIpe,n;cKasaHM£ BOSMO)KHbIX peaKu;11fi pacrra,n;a B o6JiacTM "cBHHIJ;OBo:tf' 

pa,n;11oaKTI1BHOCTI1. 

A-t Ax+ A1 Q,M::iB T1;2, c 

220Ra -+12c + 2ospb 32.02 2.8 x 1011 

224Th -+160 + 2ospb 46.49 6.6 x 1013 

224Th -+24Ne + 200Hg 55.46 4.3 x 1024 

226Th -+1s0 + 2ospb 45.73 4.3 x 1016 

226Th -+24Ne + 202Hg 56.50 7.0 x 1022 

230Th -+220 + 2ospb 43.34 4.1x1024 

23ou -+24Ne + 206pb 61.35 2.1 x 1019 

23ou -+2sMg + 202Hg 73.98 1.9 x 1021 

234pu -+24Ne + 210p0 62.26 5.8 x 1022 

234pu -+2sMg + 206pb 79.33 4.9 x 1019 

2s4pu -+s2gi + 202Hg 91.78 4.5 x 1024 

2s6pu -+32Si + 204Hg 91.68 4.0 x 1025 

24Dpu -+34Si + 2oaHg 91.04 1.6 x 1027 

24DCm -+30Mg + 210p0 76.56 8.1 x 1026 

24ocm -+32Si + 2ospb 97.56 2.5 x 1021 

24ocm -+368 + 204Hg 107.09 2.6 x 1027 

244Cm -+34Si + 210pb 93.15 4.1x1028 

244Cm -+3sg + 2oaHg 106.27 3.3 x 1029 
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Ta6Jnm;a 1.5: Ilpe;n;cKa3aHH.a B03Mo:>I<Hhrx peak~t!: pacna;n;a B o6JiacTH "oJioBaHHoli" pa;n;HoaK-

THBHOCTH. 

A-tA,,, + A1 Q,MaB T1;2, c 

112Ba -+120 + 10osn 23.17 3.2 
114Ba -7120 + 102sn 21.11 1.6 x 104 

116Ba -7120 + rn4sn 17.15 8.1x1014 

11sBa -7120 + 106sn 15.29 8.0 x 1020 

114Ba -+160 + gscd 27.98 3.5 x 1010 

116Ba -7160 + mood 24.65 2.8 x 1018 

nsBa -+160 + 102cd 22.13 1.9 x 1025 

nsce -t16Q + 102sn 30.55 1.1x1010 

mce -t20Ne + 98Cd 34.64 2.1 x 1016 

nsce -t24Mg + 94pd 39.63 8.5 x 1021 

i22Nd -t24Mg + 98Cd 46.20 1.2 x 1016 

124sm -t24Mg + rnosn 51.97 2.3 x 1011 

i25sm -+24Mg + 102sn 50.53 1.6 x 1013 

Ta6mu:.i;a 1.6: PacqeT TOHKOil CTPYKTYPhI pacna;n;a 223Ra-t 14C+209Pb. 

'pr Q,M9B l 1.xi12 T1;2. c 3r 

g+ 4 0.004 5.12 x 1016 16.34 
2 31.839 

6 4.09 x 10-5 6.94 x 1019 0.01 

11+ 4 0.5580 9.99 x 1015 83.47 
2 31.060 

6 0.0019 4.66 x 1018 0.18 
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Ha sam;1ny BbI)l;BHraIOTC.H CJie,n;y10m;He pesyJibTaTbI • 

• Ilpe,n;JIOJKeH MexaHM3M KJiaCTepHoro pacrra,n;a H3 XOJIO,ll;HbIX M HarpeTbIX a,n;ep H 

rrocTpoeHa Mo,n;eJib ,n;M omrcaHMH ,n;aHHoro rrpou;ecca. BoJIHOBaH cPYHKI.J;HH Ma

TepMHCKoro a,n;pa rrpe,n;cTaBJieHa B BM,n;e cyrrepn03HI.J;HM ,ll;BOfi:HbIX a,n;epHbIX CH

CTeM. KBaHTOBOe ,D;HHaMM':IeCKOe KOJie6aHHe ITO KOOp,n;1rnaTe sap.a,n;oBott (Mac

COBOtt) aCHMMeTpMM orrpe,n;eJI.aeT BeJIWIMHY crreKTpOCKOIIH'ieCKMX c}?aKTOpOB, 

a TYHHeJIHpOBaHMe no KOop,n;HHaTe OTHOCHTeJibHOro paCCTO.HHMR orrpe,n;eJiaeT 

BeJIM'iMHY rrpOHHu;aeMOCTH 6apbepa .a,n;po-a,n;epHoro IIOTeHI.J;MaJia B3aMMO,n;ett

CTBIUI. IloKasaHo, 'iTO yqeT OKTYIIOJibHOtt ,n;ec}?opMaI.J;HH ,n;oqepHero a,n;pa CHH

MaeT IIOJIHbI:l1: sarrpeT Ha rrepeHOC He'ieTHbIX op6HTaJibHbIX MOMeHTOB. l1pe,L\

CKa3aHbI sarrpeT pacrra,n;a Bos6yJK,n;eHHoro a,n;pa Ha ,II.Ba O'IeHb CJrn6o .n.ec}?op

MMpoBaHHhIX KJiacTepa M rro,n;aBJieHne a-nepexo,n;a c l = 1 no cpaBHeHHIO c 

rrepexo,n;oM c l = 3 rrpM MaJibIX ,n;ec}?opMau;H.ax ,n;oqepHero a,n;pa. 

• I1oKa3aHO xopomee COrJiacne Me)K,ll;y SKcrrepHMeHTaJibHbIMM M BbI'IMCJieHHbI

MM rrepMo,n;aMM rroJiypacrra,n;a ,n;JI.a a-pacrra,n;a. IlpoBe,n;eHhI pac'!eTbl TOHKO:li 

cTpyKTYPhI a-pacrra,n;a qeTHb!X M He'ieTHhIX .a,n;ep 223Ra, 224•226•228•230Th, 231Pa, 

225- 230•232- 238U M 241 Am. Ilpe,n;cKasaHhI TOHKMe CTPYKTYPhI a-pacrra,n;oB 224•226U. 

,IJ;JI.a qeTHO-qeTHbIX Th OIIHCaHbl a-rrepeXO,ll;bI Ha poTaI.J;HOHHYIO IIOJIOCy aJibTep

HaTHBHOH qeTHOCTH. IloKasaHa pOJib sarrpeTa Ha rrepeHOC op6HTaJibHOI'O MO

MeHTa. ,IJ;JI.a a-pacrra,n;oB Hefi:TpOHH0-,11.ec}?mr,HTHbIX a,n;ep 194·196Rn o6'baCHeHO 

OTKJIOH€HMe OT 3aKOHa. relirepa-HeTTOJia. 

• Ha OCHOBe Mo,n;eJrn xopomo orr:wcaH npou;ecc KJiacTepHoro pacrra,n;a :ws qeTHO

qeTHhIX MaTepMHCKHx .a,n;ep, Haxo,n;.aru;Mxca B ocHOBHOM cocTO.HHHM. YtJTeHa 

B03MOJKHOCTb pacrra,n;a c pa3HbIMM OpMeHTaIJ;M.HMH KJiaCTepoB. IloKasaHbl sa

BHCHMOCTM rrep:wo,n;a IIOJiypacrra,n;a H crreKTpOCKOIIM'ieCKMX <l:>aKTOpOB OT MaC

COBOro "<IHCJia MaTepHHCKoro .a,n;pa. Orrn:caHa TOHKa.a CTPYKTypa KJiacTepHoro 

pacrra,n;a 223Ra-t 14C. 

• B yrrporu;eHHOM rrpe,n;cTaBJieHMM Mo,n;eJIM rrpoBe,n;eH aHaJIM3 H3BJieqeHHhIX ¥13 

3KCIIepHM8HTaJibHbIX ,n;aHHbIX crreKTpOCKOfIHqecKHX <PaKTOpOB. I1pe,n;cKa3aHbl 
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Heo6ttapy?KeHHhie rroKa pacrra,n;hr 11 ou;eHeHbI 11x rrep110,n;b1 rroJiypacrra,LJ,a. 0I.I,e

He.HbI Beca 3aTpaBoq.Hoi1: )J;.HC B BOJIHOBOH cPYHKIJ;IUI OCHOBHOI'O COCT05.IHM.H ,LI,e

JI5IIIJ;MXC5I aKTMHM,llpB. PaccMoTpeH KJiaCTepHbIH pacrra,LI, cJra6ottarpeTbIX 5.1,LI,ep. 

Ha rrp11Mepe 118Ba 11 232U rroKa3aHo pe3Koe yBeJI11''1eHue crreKTpocKoII11qecK11x 

¢aKTOpOB KJiaCTepoB c pOCTOM 9Heprmr B036y:rK,LJ,eHirn MaTepHHCKOI'O 5.1,LJ,pa I1 

ern;e 6oJiee pe3Koe yBeJrnqeH11e urnpHH pacrra,II,a. Ilpu C>TOM cneKTpocKonr1-

qecKHil ¢aKTop Sa ,LJ;JI5.I a-pacna,LJ,a yBe1rnq1rnaeTC5.l ropa3,II,O Me,LJ,JieHHee, qeM 

cneKTpOCKOfIHqeCKHe ¢aKTOpbl ,LJ,JIR 6oJiee T5DKeJibIX KJiaCTepoB. 

• Mo,n;eJib rrp11MeHeHa ,LJ,JI5.I orrHcaHHR poTau;rroHHhIX rroJioc aJibTepHaTMBHoil 'IeT

HOCTH B T5.l)K€JlbIX 5!,LJ,pax. )J;aeTCR npe,LJ,CKa3aHHe ,IJ;JIR poTaIJ;HOHHOH IIOJIOCbI 

aJibTep.HaTHBHOH 'IeTHOCTH 51,LJ,pa 253No. I1pe,IJ;CKa3aHbI BpeMeHa a-pacrra,IJ;OB c 

poTaIJ;HO.HHbIX IIOJIOC 5.1,IJ;ep 236U H 254No. 
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