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KpaTKue coo6U4eHUR OHJIJf N°UJ5 JINR Rapid Communications No. 7-85 
YAK 523165 

IIOHCK CJIE.D:OB TIDKEJihiX H CBEPXTIDKEJihiX 
KOCMHliECKHX H.D:EP B OJIHBHHAX H3 METEOPHTOB 

B.II.IlepeJibirHH, c.r .CTeueHKO, r .H.<I>nepoB 

IlpencTaBrreHhi peJyrrhTaTbi HccrrenosaHHH crrenos xnep 
KOCMH'IeCKHX rryqeii C Z 2: 50 B KpHCTarriT3X·OIIHBHHa H3 MeTeO
pHTOB. IlpH 06pa6oTKe KpHCTarriiOB npHMeHMaCb MeTOJJ;HKa 
KOHTpOrrHpyeMoii TepMH'IecKoii perpeccHH crrenos xnep. B npH
seneHHoM cneKTpe JJ;JIHH crrenos xnep c Z ;:: 50 BbmerrxwTc 
rpyiTITbl JJ;JIHHOH 1907 230 MKM, OTHeCeHHbie K Th-U. H 3HOMaiib
HO npOTH)KeHHbiX crreJJ;OB JJ;JIHHOH 3107 360 MKM. 06cy~aeTCH 
npennorro)KeHHe o cymecTBOBaHHH B KOCMH'IeCKHX rryqax xnep 
CBepXTH)KeiJbiX JIIeMeHTOB (CT3) C Z 2: 110. lleTaiTbHO o6oCHO
BaHbl JKCnepHMeHTbl ITO OJJ;H03Ha'IHOH HJJ;eHTH41HKaUHH npOHC
XO~eHHH aHOMaiibHO npOTH)KeHHbiX crreJJ;OB. 

Pa6oTa BhmorrHeHa B Jia6opaTOpHH xnepHbiX peaKUHH OlUIJA. 

Search for the Tracks of Heavy and Superheavy 
Cosmic Ray Nuclei in Olivines from Meteorites 

V.P.Perelygin, S.G.Stetsenko, G.N.Flerov 

The results of investigating the tracks of cosmic ray nuclet 
with Z 2: 50 in olivine crystals from meteorites are presented 
The olivine crystals were processed using the technique of the 
controlled annealing of nuclear tracks. The obtained spectrum of 
track lengths of nuclei with z 2: 50 exhibits two pronounced 
groups of tracks: 190-230 ILm tracks, attributed to Th-U nuclei , 
and anomalous 310-360 fLm tracks. The hypothesis that super
heavy elements (SHE) with Z 2: 110 may be present in cosmic ray 
nuclei is discussed. Experiments on unambiguous identificatio 
of the origin of anomalously extended tracks are discussed i 
detail. 

The investigation has been performed at the Laboratory of 
Nuclear Reactions, JINR. 

B pa6oTe H3JIO)l(eHbi pe3yJihTaTbi 3KC11epHMeHTOB 110 H3y'le
HHIO 3ap.RJJ;OBOrO Cl1eKTpa raJiaKTH'IeCKHX .RJJ;ep H 110HCKy B ero CO
CTaBe .RJJ;ep CBepXT.R)l(eJibiX 3JieMeHTOB. 

TaKHe Hccne,noaamm 11poaoJJ;HJIHCh c 1967 ro.na cHaqana c 110-
MOI.I.(biO .RJJ;epHbiX 3MYJibCHH, a 3aTeM - 110JIHMepHbiX TpeKOBbiX ,ne
TeKTOpOB, o6Jiy'laBUIHXC.R Ha Uiapax-30HJJ;ax HJIH HCKYCCTBeHHblX 
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Puc.l . Pe3yn&TaT&I TpeKo
B&IX nccneAOBIUIHH no no
HCKY HAep CT3 B KOCMH· 
qecKHx nyqax: a - pacnpe
Aeneane aToMH&IX HOMepoa 
Z HAep, 3aperHCTpHp0BaH· 
H&IX B CTOnKe UOllHMepH&IX 
AeTeKTOpOB Ha Op6HTM&· 
HOH CTaHQHH "CKaH· 
n36" 121; 6 - pacnpeAe
neane TpaBHM&IX MHH Tpe· 
KOB HAep C z > 50 B OllH· 
BHHax H3 MeTeOpHTOB. 0T· 
)IQfr npn 430° C, a TeqeHHe 
32 q. llepeqepKHyni Tpe
KH, HH3K03HepreTnqecKHe 
qacTH KOTOp&IX B&IXOAHnH 
3a npeAen&I Kpncrannoa. 

cnyTHHKax 3eMJIH 11 •2< 3a 10 neT pa6oThi 6bmo 3aperHcTpHpoaa
no acer o 23 TpeKa RAep c 86 < Z < 96 H HH OAUoro co6biTHR 
B o6JiaCTH Z > 100. - -

H3 3THi" 3KcnepHMeHTOB naH6onee HH<i>OpMarnanbiMH RBJIR
IOTC~ AaHHbie o pacnpocTpaueuuoCTH RAep c Z > 50, nonyt~eHHbie 
IlpaiicoM c COTPYAHHKaMH npH 3KcnonHpoaauHH 6oJiblllOH cTonKH 
DJiaCTHKOB na op6HTaJibHOH CTaHI.UfH "CKaHn36" B 1974-1975 rr. 
(pHc.1a) . PacnpocTpaueHHocTb RAep rpynDhi Th - U, nonyqennaR 
B 3TOM ODbiTe, COCTaBJIRJia 275-10- 7 OT facnpOCTpaHeHHOCTH 
RAep Fe AJIR RAep c E > 300 M3B/nyKJI. 1 •31. Bcero B 3TOM 
ODbiTe 6bmO 3aperHCTpHpoBaHO 7 Mep rpyDDbl 90 .$ Z .$ 96. 
Ot~eBHAUO, liTO pacnpocrpaueuuocTb CT9 Mnoro MeHbllle pac
npocTpaueuuocTH 'Th-U , D03TOMy B 3TOM 3KCnepHMeHTe HCKJIIOlla
JiaCb B03MO:>KHOCTb o6uap)')KeHHR TaKHX RAep. .[VIR noHcKa CT9 
HY:>KHO yaeJIHliHTb 'IHCJIO 3aperHCTpHpOBaHHbiX RAep C Z :2: 90 
B COTHH pa3. B03MO:>KHOe pellleHHe 3TOH 3aAaliH 3aKJIIOllaeTCH B HC
CJieAOBaHHH TpeKOB KOCMHllecKHX Mep B KpHCTaJIJiax OJIHBHHa H3 
MeTeOp HTOB. rnaauoe npeHMyi.UeCTBO TaKHX KpHCTaJIJIOB - HX 
CDOC06HOCTb perHCTpHpOBaTb H COXpaHRTb TpeKH RAep KOCMHlle
CKHX Jiy qe}t: C Z > 23 B TeqenHe COTeH MHJIJIHOHOB JieT 141 . 0QeHKH 
DOKa3bffiaiOT, liTO 3a BpeMR 108 neT qepe3 KIDKAbiH KBaApaTHbiH 
CaHTHMeTp noaepxuocrn MeTeopHTa npolllJIO ,., 2.10 4 Mep rpynDhi 
Th-U. H MeR BbiCOKHe 3HeprHH ( > 500 M3B/nyKJI.), TaKHe RApa 
1\lOryT DpoXOAUTb AO DOJIHOH OCTaHOBKH B Bei.UecTBe MeTeOpHTa 
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HecKOJILKO CaHTHMeTpOB H C03AaJOT B CaMOM KOHQe npo-

6era TaKHe 30HLI Ae<PeKTOB AJIHHOH "' 1 MM, KOTOpLie MO:>K

HO Ha6JIIOAaTL nocne XHMHlleCKOrO TpaBJieHH.R B OnTHlleCKOM 

MHKpocKone npH yaenHtJeHHH 1 OOX-;-500X. YlleT .RA epHLIX 

B3aHMOAeHCTBHH H CnaAa 3HepreTHlleCKOro cneKTpa nOKa3aJI, 

liTO HaH60JILUiee KOJIHtJecTBO .RAep OCTaHaBJIHBaeTC.R B CJIOe 

h 2 CM OT AOaTMOC<!>epHOH noBepXHOCTH 151, HO 06biliH O npH 

npOXO)f(AeHHH aTMOC<!>epLI 3eMJIH MeTeOpHT Tep.ReT CJIOH 5 CM / 6 ,71, 
B KOTOpOM OCTaHOBHJIOCL 6onee 90% .RAep C Z > 50. llcc JieAy.R 

KpHCTaJIJILI H3 MeTeOpHTOB, Mbl no- nJIOTHOCTH TpeKOB .RAep r p ynnLI 

Fe onpeAeJI.RJIH rny6HH~ pacnono:>KeHH.R KpHCTaJIJIOB oT A OaTMO

c<Pepuou nOBepXHOCTH 7 •101. llJIOTHOCTL TpeKOB .RAep r p ynnLI 

:>KeJie3a B MeTeopHTax-nannacHT;uc MapL.RJiaxTH H Hrn CTeHUIH oKa-

3anacL B npeAeJiax 10 10 
7 10 11cM-3 , CTOJIL BLICOKa.R nJIOTHOCTL 

TpeKOB .RAep YKa3LIBaeT Ha TO, liTO B 3THX KpHCTaJIJiax MO)l<eT CO

Aep:>KaTLC.R AO 10 3 cM-
3 

TpeKoB .RAep rpynnLI Th-U. TaKHM o6-

pa30M, HeCMOTp.R Ha 60JILUIOH 06'LeM noTep.RHHOH HH<!>OpM aQHH 

HCnOJIL3yeMa.R HaMH MeTOAHKa n03BOJI.ReT BO MHOrO pa3 nOB LICHTL 

liYBCTBHTeJILHOCTL noHcKa CT3 no cpaaneHHIO c ypoaneM, A OCTHr

HYTLIM C nOMOI.QLIO .RAepHLIX 3MYJILCHH H nJiaCTHKOf!/ 1-B/ 

,Z:(JI.R HAeHTH<i>HKaQHH 3ap,RAOB .RAep KOCMHlleCKHX JiylleH HC

nOJib30BaJIOCL COOTBeTCTBHe Me)f(Ay nOJIHOH TpaBHMOH AJIHHOH Tpe

Ka H aTOMHbiM HOMepoM .RApa / 5 ,8/. llAeHTH<i>HKaQH.R ,RAep OC

JIO:>KH.RJiaCL llaCTHlJHOH perpeccHeH TpeKOB 3a BpeM.R npe6bi BaHH.R 

MeTeOpHTa B KOCMHllecKOM npOCTpaHCTBe. TaKa.R perpeCCH.R TlpHBO

AHT K OTJIHlJHIO B ,WIHHax TpeKOB pa3HOrO B03pacTa AJI.R .RAep 

C OAHHaKOBbiM Z 191
. CHJILHO 3aTpyAH.RJia nOHCK H HAeHTH <l>HKa

QHIO TpeKOB HaH6onee T.R:>KeJILIX .RAep BbiCOKa.R nJIOTHOCTL TpeKOB 

.RAep rpynnbi Fe , ll03TOMY Mbl npHMeHHJIH MeTOAHKy KOHTpoJIH

pyeMOH per,peccHH (oT:>KHra) TpeKOB 1101. HarpeaauHe K p HcTan

JIOB AO 430 C H BbJAep:>KKa B TelleHHe 32 ll npH 3TOH TeMnep aType 

npHBOAHJIH K noJIHOMY HClle3HOBeHHIO TpaBHMbiX TpeKOB .RAep 

rpynnbl Fe H ycTpaHeHHIO 3aBHCHMOCTH AJIHH TpeKOB OT HX B 03pa

CTa AJI.R TpeKOB .RAep C Z > 50/ll/ 

no OQeHKaM, CAeJiaHHbiM B paMKaX MOAeJIH KaQa H Ko6em

lla 
112

• 
131

, TpaaHMa.R AJIHHa ueoTo)f()f(eHHLIX TpeKOB ,RAep Xe , 

U H Z = 114 COCTaBJI.ReT COOTBeTCTBeHHO 230 MM, ] 160 H 

1830 MKM. llpoQeCC OT:>KHra Mbl KOHTpOJIHpOBaJIH no H3MeHeHHIO 

AJIHHLI TpeKOB .RAep Xe , Pb , U , nonylleHHbiX nocne o6ny lleHH.R 

KpHcTannoa ua ycKopHTene YHHnAK. llocne OT:>KHra nonua.R Tpa

BHMa.R AJIHHa TpeKOB .RAep Xe cocTaBJI.RJia 26,5±1,3 MKM. H cnonL-

3Y.R 3TY TOliKY KaK KaJIH6poBOliHyro, no yTOliHeHHOH B.A.,lJ.HTJIO

BbiM /13/ MO.lleJIH KaQa-Ko6eTHtJa MO:>KHO paccliHTaTL, 'ITO .llJIHHa 

TpeKOB .RAep U yMeHblllHTC.R AO 210-230 MKM, .RAep C Z = 114-
AO 340-380 MKM. 
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PHc.2 . MnKpoll>ororpacj)HH npo1'piiBneHHoro KpHCTanna onHBHHa, o6nyqeHHo
ro naaepoM (a) H qepea CHCTeMy ~eneii ycKopeHHLIMH HOH&MH 59Ni (6). 

)l.n.R npoTpaBJIHBaHWI TpeKOB, DOJIHOCTbiO 3aKJIIO'IIeHHbiX 

B o 6 'beMe KpHCTaJIJIOB, Heo6xo,n;HMO BBecTH BHYTPb o6'beMa Tpas.R

IIUIH pacmop. C 3TOH QeJibiO KpncranJibi o6nyt~anHcL cneQHanbHO 

c<f>op MHpOBaHHbiMH DO ,D;JIHTeJibHOCTH, <f>opMe H MO~HOCTH HM

DyJibCaMH Jia3epa. B o6nyqeHHbiX Jia3epoM KpHcTannax o6pa30Bbi

aanacb cncTeMa MHKpoTpemuH (puc.2a) , o6ecne'IIHBaiO~HX npo-



HHKHoaenue pacTBopa BHYTPb KpncTanna 111, 14/. Tpaanenue onu
BHHOB npOBOAHJIOCb paCTBOpOMJ15/ B Te"CJeHHe - 4 ,D;HeH B repMe
TU'IecKOM o6'beMe npu TeMnepazype 100°C. 

Bcero B onhiTax c OTO:liOKeHHbiMH KpHCTannaMu 6bm o npo
CMOTpeno OKOnO 12 CM 3 OnHBHHOB, rnaBHbiM o6pa30M, H3 MeTeo
pHTa MapbnnaxTn. I13MepHJIHCb ace TpeKH AJIHHOH 6onee 50 MKM. 
Pe3yJlbTaTbi 3THX H3Mepenuii npe.o;craaneHbi na rpacpuKe (puc.16). 
KaK cne.o;yeT H3 puc.16, a pacnpe.o;eneHHn AJIHH TpeKoB Bbi,o;enneTcn 
rpynna 190-220 MKM, a TaiOKe 8 npOTH:>KeHHbiX TpeKOB AJIHHOH 
310-360 MKM. 

llpuBe,o;eHHbiH Ha puc.16 cneKTp AJIHH TpeKOB n03BOnHeT 
BbiABHHYTb npe,o;nono:>KeHHe 0 cyi.QeCTBOBaHHH B KOCMH'IecKHX ny-
qax n.o;ep caepxTH:>KeJihiX 3neMeHTOB c z ~110. · 

B caMoM .o;ene, rpynna TpeKOB 190-220 MKM, oqean.o;Ho, oT
HOCHTCH K n.o;paM U. MnHHMYM B o6nacTu .o;nun TpeKOB 160-
180 MKM o6yCJIOBneH MaJibiMH BpeMeHaMH :>KH3HH aTOMHbiX H,D;ep 
B o6nacm 83 < Z < 90. YaenH"CJeHHe qucna TpeKOB B o6nacm 
120 7150 MKM cornacyeTCH C OTHOCHTeJibHO BbiCOKOH pacnpOCTpa
HeHHOCTbiO rpynnhl Pt -Pb. PacnpocTpanennocTb H,o;ep, oTBe'laiO
I.QHX TpeKaM AJIHHOH 190-220 MKM, no OTHOWeHHIO K :>Kene3y CO
CTaBnHeT h-2 .1o-7 . 3TOT pe3ynbTaT, B TOH :>Ke o6nacTH 3HepruH 
H,o;ep, cornacyeTCH C pacnpOCTpaHeHHOCTbiO H,o;ep Th·U B KOCMH'Ie
CKHX nyqax, nony'leHHOH B 3KCnepHMeHTax, BbillOnHeHHbiX C Tpe
KOBbiMH H 3neKTpoHHbiMH ,o;eTeKTOpaMH, Ha wapax-30H,D;ax H CnYT
HHKax 11-·31. 

TpeKn anoMMbHOH AJIHHhi (310-360 MKM) o6pa3yiOT rpyn
ny, ,o;aneKO OTCTOHI.QYIO OT rpynnhi Th-U. TaKaH rpynna B cneKT
pe .o;nun TpeKOB cooTBeTcTByeT HAPaM c Z = 11071141181. OT
cyTcTBue TpeKOB AJ1HHOH 2607310 MKM B cneKTpe AJ1HH MO:>KeT, 
ecTeCTBeHHO, 06'bHCHHTbCH KOpoTKHM BpeMeHeM :>KH3HH H,D;ep 
c 96 < z < 110. 

llpe,o;nono:>KeHHe, 'ITO rpynna TpeKOB 310 7360 MKM COOTBeT
CTBYeT HAPaM c Z ;:: , 110, no.o;Taep:>KAaeTCH nonyqenHhiMH naMn 
,IUlHHbiMH 0 pa3HOCTH CKOpOCTeH TpaBneHHH OT,o;enbHbiX qacTeH Tpe
KOB 116~ a TaiOKe COBna,D;eHHeM HanpaaneHHH TpeKOB 310-360 MKM 
c MaKcnMyMoM yrnoaoro pacnpe.o;eneHHn TpeKOB H,o;ep c Z > 50 
B TeX :>Ke KpHCTannax. 

TaKnM o6pa30M, AaHHbie puc.16 no3BonniOT ,o;aTb oueney 
pacnpocTpaHeHHOCTH n.o;ep CT3 B KOCMH'IecKHx nyqax. 3Ta aenuqu
Ha COCTaBnHeT ~3 710) . 10'""3 OT pacnpOCTpaHeHHOCTH H,D;ep r pynnhi 
Th-U, 'ITO B 10 7 10 4 pa3 BhiWe npe.o;ena co.o;ep:>Kanun CT3 a ae
I.QecTBe Conneqnoii cncTeMbi, nonyqennoro npu n3yqenuu aKTHB
HOCTH CnOHTaHHOrO ,o;eneHHH KaMeHHbiX MeTeOpHTOB AJineH,o;e 
H ,o;p. 1171. 3TO OTnH'IHe MO:>KeT ecTeCTBeHHbiM o6pa30M 06'bHC
HRTbCH KaK pa3nuueii a B03pacTe Conneqnoii cncTeMbi 
-4,6· 10 

9 
neT H KOCMH'IeCKHX nyqeJi -10 7 neT, TaK H e,D;HHCTBeH-
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HOCThiO C06hiTHJI HyKJieoCHHTe3a B ConHeiiHOH CHCTeMe H Henpe
phiBHOCThiO 3Toro npouecca so BceneHHoii. 

Ilony'lleHHaH HaMH senH'IIHHa c()rnacyere.R c ODTHMHCTH'Ile
CKHMH oueHKaMH ayKJieocHHTe3a s r -npouecce. Cornacao npeA
cKaaaHHJIM ./ 181, COAep)KaHHe CT3 B KOCMH'IleCKHX nyqax COCTaB· 
n.ReT 10'"

1
- 3·10-4 oT pacnpocrpaaeHHoCTH Th-U. Ilo3.nueiiwHe 

oueaKH, yqHThiBaiOIUHe "o6pe3aHHe" CHHTe3a s r -npouecce H3·3a 
3aDa3AhJBaJO~ero AeneHHJI, DpeACK83hiBaiOT nH6o yMeHhWeHHe Bhl· 
XOAa .IIAep CT3 B 1<F.-500 paa 119 • 201, nH60 DOnHhiH 3anpeT CHH· 
Te3a .~~.nep CT31211. PaaaornacHJI s nony'lleHHhiX oueaKax noKa3hi~ 
BaJOT, 'liTO 3KCnepHMeHTanbHOe peWeHHe BOnpoca 0 cymecTBOBaHHH 
H pacnpOCTpaHeHHOCTH CT3 BeCbMa Ba)KHO AnJ1 DOHHMaHH.II npo
Uecca ayKJieocHHTe3a. 

BecoMhiM AOKaaaTenhCTBOM Toro, 'ITO o6aapy)KeHHhie Tpe
KH OTHOCJITCJI K .IIApaM CT3, JIBHnOCh 6bi Ha6nJOAeHHe B KOHUe 
npo6er a 3THX J~Aep TpeKOB OCKOnKOB CDOHTaHHOrO AeneHHJI. Bech
Ma sep o.RTHO, 'ITO 3a cpe.nuee BQeM.R cymecrnoBaHH.II TpeKoB HAep 
s MeTeopHTe Maph.RnaxTH ::s 108neT, oCTaHOBHBWHec.R s onHBHHe 
HApa CT3 MornH HCDhiTaTh cnoHTaHHoe AeneHHe. l13-3a noporoBhiX 
csoiicrn onHBHHa ocTaaosHBweec.R .RApo CT3 aaxOAHTC.II Ha pac
CTO.IIHHH ::10 MKM OT OKOH'IlaHHJI TpaBHMOro TpeKa. MoAenhHhie 
3KCDepHMeHThl DOK83hiBaiOT, 'liTO HCDOnh30BaHHhJH HaMH OT)I(Hr 
MO)KeT ysenH'IIHTh 3TO paCCTOJIHHe AO :::: 25 MKM, a TaK)Ke HecKOnh
KO y MeHhWHTh MHHY TpeKOB OCKOnKOB CDOHTaHHOrO AeneHHJI 
OT::: 18 AO 12.;.15 MKM. B HaCTO.Rmee BpeM.R paapa6aThiBaeTC.II Me
TOAHKa Bhi.IIBneHH.II TPeKOB OCKOnKOB AeneHHJI C HCDOnh30BaHHeM 
ycKopeHHhiX JIAep 236 U H nocneAyJOmero Hx AeneHHJI TennoBbiMH 
HeHTpOHaMH. 

EcTecrneHHo, AnJI o6aapf)KeHHJI 3!f>!f>eKTa cnoHTaHHoro Ae
neHHJI CT3 Tpe6yeTc.R 6onhwee 'IIHCno TpeKoB s · rpynne 
310+360 MKM, 'liTO Tpe6yeT ysenH'IeHHJI npoH3BO,lUJTenbHOCTH npo
CMOTpa H H3MepeHHJI. O.nua H3 B03MO)KHOCTeH, DOKa3aHHaH Ha 
pHc.26 , 3aKJIJO'IaeTCJI B o6ny'leHHH KpHCTannOB TJI)KenbiMH HOHaMH 
c . Z > 30 qepe3 MHOr~~enesoii KonnnMaTop. B pe3ynhTaTe nosbi
waeTc.R 3!f>!f>eKTHBHOCTh BhmsneHHJI TpeKos, o6nerqaeTc.R npo
CMOTp KpHCTannOB H C03AaiOTCJI ycnOBHJI M.ll aBTOMaTH3auHH H3· 
MepeHHJI TpeKOB. 

B 3aKJIJO'IeHHe aBTOpbi Bbipa)KaJOT rny6oKyJO npH3HaTenh
HOCTh I'.M.Tep-AKODh.RHy, IO.Q.Oraaec.RHY 3a p.RA none3HhiX cose
TOB H o6cy~eHHii, a TaK)Ke II.AM6pycTepy, P.Illnopy, P.BpaHATY 
H II.<l>aTepy 3a npeAOCTasneHHYJO B03MO)KHOCTb npoBeAeHH.II Ka
nH6posoK KpHCTannOB OnHBHHa ycKopeHHbiMH TJI)KenhiMH HOHaMH 
H DnOAOTBOpHbie AHCKYCCHH. 
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KpaTKUe coo61J4eHUR OH.HH N"7-85 JINR Rapid Communications No. 7-85 
YAK 530.14.65 

KBAHTOBO-MEXAHHqECKH:A llEPEXO.l(Hbi:A IIPOQECC 
B HHTEPC!>EPOMETPE 

B.K.Hr HaTOBHll, IO.M.OcTaHeBHtl 

PaccMaipHBaeTcJI B03MO)IQfOCTb Ha6moAeiDlJI paciUihiBaiUlJI 
B011HOBoro mu<eTa nyreM H3MepeiDlJI cneKipa no speMeiDl npo
nen nocne npephiBaiUl.ll H BOCCTaHosneiDlJI OAHoii H3 serneii ny
Tlf pacnpocipaHeiDlJI 'laCTHIJ,bl B llHTepcl>epoMeipe. B paMKax 
KaHOHH'IecKOH KBaHTOBOH MexaHHKH AenaJOTCJI npeACKa3aiUlJI 
OTHOCHTen&HO B03MO:lKHbiX pe3yn&TaTOB 3KCnepHMeHTa no npo
BepKe KBaHTOBOH MeXaHHKH MeTOAOM "3aDa3AblllaJOll(ero 
AeHCTBH.II" • 

Pa6oTa BbiDOnHeHa B na6opaTOpiDl HeiiTpoiUlOH ci>H3HKH 
OH.HH. 

Quantum Mechanics Transition Process 
i n an Interferometer 

V .K.Ignatovich. Yu.M.Ostanevich 

A possibility of observation of the wave packet dispersion is 
considered. In the experiment the time of flight spectrum of the 
particle is measured on shuttering and reopening one of its paths 
in an interferometer. Some predictions are made within canoni
cal quantum mechanics about possible results of the "delayed 
hoice" experiment, proposed earlier for the quantum mecha

nics verification. 
The investigation has been performed at the Laboratory of 

eutron Physics, JINR. 

HecraqHoHapHbie .asneHHH s I<BaHTOBOH MexaHHKe MO)IQ{O 
HCCJleAOBaTb C nOMOI.UbiO, HanpHMep, CJle.D;yiOI.Uero 3KCnepHMeHTa. 
Ha ny TH xonnHMHpOBaHHoro MOH03HepreTuqecxoro nyqxa qacnm 
YCTaHaBJlHBaeTCH OTpiDKaiOI.UaR IllTOpKa, KOTOpaR B Onpe.D;eJieHHbiH 
MOMeHT 6biCTpO y6HpaeTCH. ,lleTeKTOp C BpeMeHHbiM aHaJIH3aTO· 
pOM, yCTaHOBJleHHbiH n03a.D;H IllTOpKH, n03BOJl.fleT H3MepHTb pac
npeAeJieHHe speMeHH perHCTpllUHH qacnm C MOMeHTa y.D;aneHHR 
OTpax<aTen.a HJIH pacnpe.D;eneHHe 3THX qacnm no 3HeprHRM. 

H.D;eanbHbiH cnyqaii 6ecxoHe~o 6hiCTporo y.D;aneHH.a IllTOpKH 
6bm paccMoTpeH s 1 1. 21. B / 3/ paccqHTaHO nponycxaHHe HeHTpoH
Horo nyqxa I.UeJlbiO npH 3a.D;aHHOH 3aBHCHMOCTH IllHpHHbl menH OT 
BpeMeHH H npeAJIO)I(eH 3KCnepHMeHT no H3MepeHHIO KBa3Hynpyro
I'O y lllnpeHHH l"l E HeHTpOHHoro nyqxa, onpe.D;en.aeMoro cooTHOille-
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c, 

I 
I 
I 
I 

~ 
~ 

CxeMa 3KcnepRMeHTa no Ha· 

6nroAeHHIO paCOJibiB8HHJI Bon· 

Hoaoro naKeTa u npoaepKe 

KB8HTOBOH MeXaHHKH M eTOAOM 

"sanasA~.maiOIUero AeHcT· 

BHJI". C 1, 2, 3 - M OHOKpH· 

CTannbi, S - WTOpKa, .ll'1,2,3-
AeTeKTOpb1. ,llnR u syqeHHJI 

paCOJibiB8HHJI BOnHOBOrO na· 

KeTa H3MepReTCR B peMeHHOH 

cneKTp perHCTp~H A eTeKTO· 

paMH .ll1, 2 nocne OTKpbiB&· 

HHJI WTOpKH H ero H3MeHeHHe npH H3MeHeHHH p&CCTORHHH X 1 H X 2· .llml 
npoaepKH KBaHTOBOH MeX8HHKH H3MepReTCR C'leT AeTeKTOpa ,llgB A B YX cny· 

'I&RX: a) KOr,lla WTOpKa YCT8HaBnHB&eTCR Ha nyYH 1 AO TOrO MOMeHT&, ·KaK 

'I&CTHUil npeoAOneeT TO'IKY pasaeTBneHHJI nyYeH B KpHCTanne C 1, H 6 ) WTOp· 

Ka ycraHaBnHB&eTCR nocne TOro, KaK 'I&CTHUa npeoAonena TO'IKY p asaemne

HHJI nyYeH. 

HHeM HeonpeAeJieHHOCTH ~E ~ t::. h , r,tte ~ t - BpeMH Bb~ep)I(KH 
npepbiBaTeJI.R. 

B HacTO.RI.QeH pa6oTe paccMoTpeHa 3aAatJa, ~anorHtJHa.R ~ 1• 21 , 

c TOH TOJI&KO pa3HHQeH, tJTO npepbiBaHHe ocyi.QeCTBJI.ReTCH B OAHOH 

H3 ABYX BeTBeH, Ha KOTOpbie pa3AeJI.IIeTC.II nyTh tJaCTHQbl B HHtep$e

pOMeTpe I 41 (eM. pHcyHoK) • TaKa.R noCTaHOBKa 3KcnepHMeHTa HH

TepecHa H B CB.II3H C DOAHHMaeMbiM B DOCJieAHee BpeMH BODpOCOM 

0 npoBepKe KBaHTOBOH MeXaHHKH MeTOAOM "3aDa3AhiBaiOI.Qero 

AeiicmHH" 1 51. B 3TOM MeToAe OTp~I.Qa.R lllTOpKa ycTaHaBJIH

BaeTc.R HJIH y6HpaeTC.II Ha OAHOH H3 BeTBeH nyTH CJieAOBaHH.II tJaC

THQbl B HHTep<t>epoMeTpe nocne Toro, KaK tJaCTHQa no B p eMeHH 

MHHyeT TOtJKY pa3BeTBJieHH.R. llpoBeAeHHOe B AaHHOH pa6o Te HC

CJieAOBaHHe D03BOJI.ReT 3apaHee npeACKa3aTb pe3yJI&TaTbi DOA06HO

ro 3KcnepHMeHTa. 

,llJI.R 60JibllleH KOiiKpeTHOCTH Mbl 6yAeM paCCMaTpHBaTb 

HeHTpOHbl (MaCCHBHhie tJaCTHQbl) H <!>OTOHbl (6e3MaCCOBbie tJaCTH

Qbl). 0Tpa)l(aTeJib H AeTeKTOp 6YAYT ClJHTaTbC.II HAeaJibHbiMH , a npe

pbiBaHHe nyqKa - MrHOBeHHbiM. BonHOBa.R <l>YHKUHH Ha n ym I 
(CM. pHCYHOK) DpH t < 0 HMeeT BHA 

r/11 = ( eipx - e-ipx ) (} (X < O) e -iu_y t, (1) 

rAe (u AJI.II HeHTpOHOB H <!>OTOHOB paBHO COOTBeTCTBeHHO p 
2/ 2 H 

\P\, (b, C H rn DOJiaraiOTC.II paBHbiMH eAHHHQe). llpH t >0 , nocne 

TOrO KaK lllTOpKa MrHOBeHHO y6HpaeTC.II, BOJIHOBa.R <l>YHKQH.II 

3anHCbiBaeTC.II B BHAe 
00 

ikx- icdk t 
rjJ 1 = J A(k) e dk/211 . (2) 
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BcnencmHe HenpepbmHOCTH sonHosoii <PYHKL\HH npH t = 0 K03<P
<PH~eHTbi A(k) onpe,nen.aroTc.a H3 <Pyphe-pa3JIO)KeHH.R (1): 

0 ipx -ipx -ikx i i 
.A(k) = ((e -e )e dx=k • - .• (3) 

_;,., -P+l( k+P+ 1( 

QqesH,nHO, ~0 Ha'llaJIO OTC'IIeTa X = 0 Sbi6HpaeTC.R S TO'IIKe, r,ne 
pacnonaraeTc.a IIITOpKa. llo,nCTasHs (3) s (2), nocne HeCJIO)I(HbiX 
SbJqHCJieHHH ( CM./1/ ) DOJiyqaeM ,nJI.R TO'IIeK X , OTCTO.R~ OT 
IIITOp KH ,nOCTaTO~O ,naneKO, S CJiyqae HeHTpOHOS 

l/1 1n "' F(a_} e:xp(ipx -ip
2
t/2), ( 4) 

rne 
00 dy i y 

2 1 r::;-:-;-
F(a) = J- e ; F(O) = -; a±= (x ± vt)/y2ht/m. (5) 

aj;i 2 

06paTHM SHHMaHHe Ha TO, ~0 see seJIH~I S a± ,nJI.R y,no6cma 
3anHCaHbl S CSOHX ecTecTBeHHbiX pa3MepHOCT.RX. llpH6JIH)KeHHOCTh 
paBeHCTBa ( 4) COCTOHT S TOM, ~0 S HeM npeHe6perJIH CJiaraeMbiM 
- F(a+ ) , DOCKOJlhKY ,nJI.R MaKpOCKODH'IIeCKHX paCCTO.RHHH a+ >>1 
H F (a+) :::s 0 npH scex 3Ha'lleHH.RX speMeHH t H no 'liTH nn.a scex 
CKOpOCTeH HeHTpOHa V. 

B cnyqae <PoToHos sonHosyro <PYH~IO nocne no,nCTaHOSKH 
( 3) S ( 2) MO)KHO 3anHCaTb S SH,ne 

ipx-ipt 
tf,-1ph = O(t > .x) e + ,B_f(,B_)II.B-1, (6) 

rne 
00 -,By d 1 

f(,B ) = J e -~; f(O) = -
2

; ,B ± = 277(x ± ct)/ .\, (7) 
0 77( y + 1) 

,\ - ,lt1IHHa soJIHbi <PoroHa, H see seJIH'IIHHbi s f3 3anHcaHbi s ecTecT
seHHbiX · pa3MepHOCT.ax. B Sbipa)KeHHH (6), on.aTh )Ke nn.a npocTo
TLI, npeHe6perJIH cnaraeMLIM, co,nep)Ka~M f(,B+). nocKOJihKY 
nn.a MaKpocKODH'IIecKHX paccTO.RHHH 8 + » 1 H f( B +) :::s 0 • 

B MeCTe pacnoJIO)KeHH.R ,neTeKTopa sonHosyro <PYHK~ro 
qacTHu;LI, npowenmeH no nyTH II , MO)KHO npe,ncTaBHTh s sH,ne 

1/1
2 

= exp(i¢) exp(ipx- icopt), (8) 

rne ¢ - ,nonoJIHHTeJlhHbiH Ha6er <l>a3LI Ha nyTH II . 
HHTeHCHSHOCTL,perHcTpHpyeMa.a ,neTeKTopoM, I = 11/1 1 + 1/12 1 ~ 

(npe,nnonaraeM ero 6ecKOHe~O TOHKHM H a6COJ110THO 3<P<PeKTHB
HbiM) S TO'IIKe X (T.e. Ha paCCTO.RHHH X OT IIITOpKH), B CJiyqae HeHT
pOHapaBHa 

2 
ln=IF(a_)+exp(i¢)1, 
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a B cnyqae <t>oTona 

I ph= lfJ_f ({3 _):! {3_) + (0 (t > x) + ei ¢)exp (ipx -oipt) 1 2. (10) 

113 (9) uenocpeACTBeHHo CJieAyeT, liTO B cnyllae uenTpouos nepe
XOAHbiH npouecc 3aHHMaeT npoMe~ BpeMeHH t 0 ± T B6JIH3H 
3HalleHHR t 0 = X/v, npHlleM r = ..jx/ vw, rAe w = mv !}'2li, H r TeM 
6oJibllle, qeM 6oJibllle paccTOHHHe x u MeHbllle cKopoCTb v. B CJIY
qae YJibTpaxoJIOAHbiX uenTpOHOB ( v == 5 M/c, w == 10Sc- 1) npu 
X == 10 CM HMeeM r == 1 o-f\:, liTO 11BJI11eTC11 BllOJIHe na6JIIOAaeMOH 
BeJIHllHHOH. llpH yBeJIHlleHHH paCCTOHHHR AJIHTeJibHOCTb nep eXOA
HOro npouecca B03pacTaeT - fi . 

B npoTHBonoJIO)I(HOCTh 3TOMY y <PoTonos AJIHTeJibHOCTb ne
pexoAUoro npouecca pasua r == A I c , liTO AJI11 BHAHMoro cseTa 
cocTaB1111eT - 10- 15c u ue 3aBHCHT OT pacCTOHHHR. TaKHM o6pa-
30M, nepexoAHbiH npouecc cyxueCTBeHHbiM o6pa30M onpeAenaeTca 
AUCnepCHOHHbiM COOTHOllleHHeM. 

ECJIH AHCnepCHOHHOe COOTHOllleHHe AJI11 ueuTpoua 3anHCaTb 
B peJI11THBHCTCKOM BHAe, TO 3TO llOllTH He H3MeHHT pe3y JibTaT. 
B Teqeuue speMeHH 0 < t < x/ c Ko3<P<PnuueuT F B ( 4) pacTeT 
3KCllOHeHQHaJibHO, HO TOJibKO AO 3HalleHHR (V/c)(Ac / X) << l ,.rAe 
A c = lifmc - KOMnTOHOBCKa11 AJIHHa BOJIHbl. llpH t >> x/C cnpa
BeAJIHBO nepeJI11THBHCTCKOe npH6JIIDKeHHe. 

11HTepeCHO OTMeTHTb, liTO B COOTBeTCTBHH C (9) CKOpOCTb 
ClleTa HeHTpOHOB B HeKOTOpbie MOMeHTbl BpeMeHH npeBOCXOAHT 
CTaQHOHapHyiO CKOpoCTb ClleTa - 3TO THnHllHbiH AH<I>paKQHOHHbiH 
3<P<I>eKT / 3/. Ero MO)I(HO ucnoJib30BaTb, HanpHMep, AJI1I ua6JIIOAe
HH11 pacnnbiBaHH11 BOJIHosoro naKeTa. B 3KcnepnMenTe 161 (eM. 
TaK:>Ke / 7,8/ ) 3<P<I>eKT pacnnbmaHHR B npuHuune ue ua6JIIOAaeM, 
nOCKOJibKY HHTep<l>epeHQHR ABYX naKeTOB OnpeAeJI11eTC11 He CTOJib· 
KO npoCTpaHCTBeHHbiM nepeKpbiTHeM, CKOJibKO llaCTOTHbiM. 

113 npoBeAeHnoro Bbillle uccneAosauua cne,z:cyeT, liTO B 3Kcne
pHMenTax C 3ana3AbiBaiOIUHM AeHCTBHeM / 5/ llHCJIO llaCTHU, OTpa
:>KeHHbiX OT lllTOpKH, noMeiUeHHOH Ha OAHOH H3 BeTBeH nyTH CJie
AOBaHH11 qacTHUbi, He 3aBHCHT OT TOrO, llOMexuaeTC11' JIH lllTOpKa 
AO TOrO MOMenTa BpeMeHH, KaK qaCTHQa AOCTHrJia TOllKH pa3BeTB
JieHH11 nym B HHTep<PepoMeTpe, HJIH nocne. 

ABTOpbi 6naroAapHbi B.11.JlyiUHKOBY 3a HHTepec K p a6oTe 
u none3Hbie o6cy:>KAeHHR. 

1. Moshinsky M. Phys.Rev., 1952, vol.88, p.625. 
2. repaCHMOB A.C., Ka3apHOBCKHH M.B. )1(3T<I>, 1976, T.71, 

c.1700. 
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3. Gabler R., Golub R. Z.Phys., 1984, vol.56B, p.5. 
4. Rauch H. J. de Phys., 1984, vol.45 (C-3), p.C3-197. 
5. Miller W.A. In: Proc. Int. Symp. on Foundations of Quantum 

Mechanics in Light of New Technology. (Ed. by S.Kamefuchi 
et al. ). Phys.Soc.Jap., Tokyo, 1983, p.153. 

6. Kaiser H., Werner S.A., George E.A. Phys.Rev.Lett., 1983, 
vol.50, p.560. 

7. Klein A.G., Opat G.I,., Hamilton W.A. ibid, p.563. 
8. Comsa G. Phys.Rev.Lett., 1983, vol.51, p.1105. 

PyKonHcL noczymma 12 <PeapanH1985 ro,ll;a. 
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KparKue coo61J4eHUR OHJIH ND7-85 JJNR Rapid Communications No. 7·85 
YJlK 539.12.01 

K BOI1POCY OB AnrEBP AMqECKOA KOHCTPYKUHH 
llOKOnEHHA nEllTOHOB H KBAPKOB 

A.B.roaopKoa 

Bee nerrTOHbl H KBapKH o6be,IJ,IUUIIOTC.Il B O,ll,HO CIIHHOpHO 
rHITeprrone, rrocrpoeHHoe Ha cHcreMax HeaccoUHaTHBHhiX rHITep
KOMrrneKCHhiX IlOCTOKTOHHOHHbiX 'IHCen. IlO.IlBneHHe rrocne,u;o
BaTenbHbiX IlOKOneHHii nerrTOHOB H KBapKOB CB.Il3biBaeTC.Il 
c npoue,u;ypoii K:mH-.IlHKcoHa yp;uoeHH.Il cHcreM rHnep'IHcen. 
~pMynHpyeTC.Il cnoHTaHHO-HapyweHHa.ll G2 x SU(2)Lx U(l} 
KanH6poBO'IHa.ll CHMMeTpH.Il, H UBeTOBa.ll CHMMeTpH.Il KBapKOB 
SU(3) c o6b.IICH.Ilerc.ll KaK ocTaiOIUa.llC.Il HeHapyweHHoii rro,u;
rpynrra G2 auroMopcliH3MOB nocTOKTOHHOHHhiX rHnep'IHcen. 
lJHcno IlOKOneHHH B TaKOH TeOpHH MO)KeT COCTaBn.IITb nHIIIh 
2n (n=0,1,2, ... ). 

Pa6ora BhiilOnHeHa B na6oparopHH reopeTH'IeCKOH cliH3H
KH0H.HH. 

On the Algebraic Construction 
of Lepton-Quark Generations 

A.B.Govorkov 

All leptons and quarks are united into a spinor hyperfield 
constructed over systems of nonassociative hypercomplex post· 
octonion numbers. Arising of successive lepton-quark generations 
is connected with the Cayley-Dickson iterative process for hyper· 
number systems~ Spontaneously broken G2x SU(2) L x U(l) 
gauge symmetry is formulated and the colour SU(3) c quark 
symmetry is explained as the unbroken subgroup of G2, the 
broken automorphism group of postoctonion hypernumbers. 
The number of generations in this theory should be equal to 
2n(n = 0,1,2, .. . ). 

The investigation has been performed at the Laboratory of 
Theoretical Physics. 

B nocne,rume ro,u;bi B cj>H3HKe 3neMeHTapHbiX qacTHU cTanH 
nonynHpHbiMH npe,u;cnumeHHH o nocne,u;oaaTE'.nbHO noHBnHIOUl HXCH 
IlOKOneHHHX cj>yH.ZJ;aMeHTanbHbiX 'laCTHQ - nenTOHOB H KBap KOB. 
B nacTonmee apeMH nocne OTKpbiTHH t -KBapKa H3aecTHo TpH ue
nHKOM 3anOnHeHHbiX IlOKOneHHH, COCTOHll.(HX H3 cne.ZJ;yiOll.(HX nen
TOHOB H KBapKoB: v , e , u , d ; v , , p. , c , s ; vr , r , t , b . Ca-

e u r u 

MbiM 3aMe'laTenbHbiM CBOHCTBOM 3TOH nocne,ZJ;OBaTenbHOCTH HB-
nHeTC!I TO'IHaH IlOBTOpHeMOCTb (no KpaHHeH Mepe, H3BeCTHbiX) 
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CSOHCTS JieiiTOHOS H KBapKOS npH nepexo.o;e OT O,IJ;HOrO nOKOJieHHH 

K .o;p yroMy: KOnHpOSaHHe :meKTpH'lecKHX 3ap.R,Il;OS H 3JieKTpOCJia-

6biX S3aHMO,IJ;eHCTBHH ( C yqeTOM CMelllHBaHHH KBapKOS H3 pa3HbiX 

noKoJieHHii), OAHHaKosocTb QSeTOsi:.rx csoiiCTB KBapKos H cosep

rneHc Tso QBeTosoii SU(3) c -<:HMMeTpHH. E.o;HHCTSeHHoe noKa 'ITO 

H3secTHoe pa3JIH'IHe 3aKJIIO'laeTc.a s ysenHtleHHH Mace qacTHQ ( so3-

MO:IKHO, 3a HCKJIIO'leHHeM Mace HeHTpHHO) • B CS.fi3H C 3THM npenna

raJIHCb pa3nH'IHbie TOOpeTH'lecKHe cxeMbi, OCHOSaHHbie Ha npHMe

HeHHH KanH6poso'IHbrx "<PaMHJibHbiX" rpynn, Korna eo6crneHHbiM 

3Ha'leHH.RM O.o;HOrO H3 reHepaTOpOS COnOCTaBJI.fiJIHCb HOMepa nOKO

JieHHH. 

llpasoMepeH, o.o;HaKo, HHOH, anre6paH~~ecKHH nonxoA K onH

CaHHIO SHyTpeHHHX CHMMeTpHH 3JieMeHTapHbiX tlaCTHQ, KOTOpbxH 

He n pe,o;noJiaraeT 3apaHee HaJIH'IH.fl KaKHX·JIH60 ¢>HKTHBHbiX SHYT

peHHHX npoCTpaHCTB, OTBe'laiOll.UfX HOSOH CTeneHH CS060Abl (Ha

npHM ep, HOMepy nOKOJieHHH) , HO CS.fl3bmaeT HaJIH'IHe nocJie,IJ;HeH 

CKOp ee C onpe.o;eneHHbiMH anre6paH'lecKHMH CSOHCTBaMH e,IJ;HHOrO 

non.a, onHcblsaiO~ero see qacTHQbi cpa3y. 

r10pceii /l/ (CM. TaiOKe/2/) npe.o;Jio:>KHJI OnHCbmaTb COSO

Kyn HOCTb o.o;Horo nenToHa H o.o;Horo QSeTHoro KBapKa nocpe,D;eT

soM rHnepnOJIH, nocTpOeHHOrO Ha OKTOHHOHax 

_, -+ -+ -+ 

Y,(x) = A(x)u* +Q(x). u* +A*(x)u + Q*(x)- u, 
0 0 

(1) 

rne U O• UA (A= 1,2,3) - OKTOHHOHHbie e,IJ;HHHQbl S pae~ermeHHOM 
6a3Hee, a A(X) H QA(x) - ,o;HpaKOSCKHe nOJIH ,Il;JI.fl JienTOHa H QBeT

HbiX KsapKOlil. (A* H Q j. - KOMnneKcHo-<:onp.a)l(eHHbie non.a. Hc

noJI&3yeTc.a MaHOpaHOSCKOe npe,D;CTaBJieHHe, S KOTOpOM KOMn

JieK CHOe H 3ap.a,D;osoe eonp.R)I(eHHH eosna.o;aiOT) • KoHCTpyKQHIO ( 1) 
6yA eM Ha3biSaTb "oKTononeM". 

Bo3HHKaeT ecTecTseHHoe )l(eJiaHHe paernHpHTb 3TY KOHeT

PYKQHIO TaKHM o6pa3oM, 'IT06bi OHa sKJIIO'lana, no KpaiiHeH Me

pe, uenoe noKoJieHHe ( = nsa nenToHa + ,D;sa QseTHbiX KBapKa) , 

a K a K ocy~eCTBJieHHe KOHe'IHOH QeJIH - see nOKOJieHH.R JienTOHOS 

. H KBapKOS. r10pceii IS/ npe,ll;JIO)I(HJI TaKoe o6o6~eHHe Ha OCHOSe 

HCKJIIO'IHTeJibHOH HOpAaHOSCKOH anre6pbl Ha,IJ; OKTOHHOHaMH H npH

IlleJI K paCCMOTpeHHIO HCKJIIO'IHTeJibHbiX KapTaHOSCKHX rpynn KaK 

<PYHAaMeHTaJibHbiX rpynn CHMMeTpHH nenToHos H KBapKos. B Ta

KOH cxeMe KOJIH'leCTSO JienTOHOS H KsapKOS orpaHH'leHO. 

B AaHHOH 3aMeTKe YKa3bisaeTc.a Ha ApyryiO, 6onee HenocpeA

crneHHYIO S03MO:IKHOCTb o6o6~eHH.R KOHCTpyKQHH (1), OCHOSaH

HYIO Ha ynsoeHHH CHCTeM rHnepKOMnJieKCHbiX 'IHCeJI (rHneptlHCeJI) 

nyTeM no,r.ne5osaTeJibHOrO npHMeHeHH.fl npOQe,D;ypbl K:mH-,lJ,HKCO

Ha (eM. 
4

• 
5 ; o11eHb KpaTKO 3Ta npoQeAypa onHcaHa s KOHQe Ha

CTOH~eii 3aMeTKH). TaK, npH YASOeHHH OKTOHHOHOS nonyqaeTC.fl 

CHCTeMa, KOTOpyiO Mbl 6y,D;eM Ha3bmaTb ,Il;HOKTOHHOHaMH, a no-
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cTpoeHHoe Ha Heif .nnoKTonone HMeeT BHA 

-+ --+ ~ ~ 

1/1 (x) = v (x) u~ + u (x) . u * + e (x) u0 + d (x) . U * + K.c. (2) 

H co,nep)KHT nonHoe nepaoe nOKOneHHe nenTOHOB H KBapKOB. 
fiOBTOpHB npoue,nypy y,naoeHH.fl, nonyqnM CHCTeMy AH-AHOKTOHHO
HOB H OCHOBaHHOe Ha HeH AH-AHOKTOnone, CO,nep)l(aiQee y)l(e ,naa no-

~-t -+-+ 
xoneHH.R nemoHOB n KBapxoa: v6 , e , u , a; "IL, IL ,e , s. O.nuaxo 
cne,ny10ruee y,naoeHne .non)l(HO npnaecrn cp8.3y K qeTbipeM no xone
HH.RM n nepaoe npe,nCK8.3aune 3TOH npoue.nyphi 3aKJIJOqaeTc.R a TOM, 
liTO qncno noKoneHuH He MO)l(eT OCTaHOBHTbC.fl Ha H3BecTHblX K Ha
CTO.RIQeMy apeMeHn Tpex, HO .non)l(HO o6.R3aTenhHO cyruecm oaaTb 
11emepToe noxoneHne. Ecnn Mhi npo.non)KHM y,naoeHne, TO cne
AYIOIUHH mar npnae,neT Hac cp8.3y K BOChMH noxoneHH.RM, a AaJib
HeH:mne marn noae,nyT K KaTacTpo<PnqecxoMy pocTy nx qncna. 

3aMeqaTeJibHblM CBOHCTBOM BCeX TaKHX CHCTeM nOCTOKTO
HHOHHblX rnnepqnceJI .RBn.fleTC.fl TO, UO rpynnoif aBTOMOp<llH3MOB 
AJI.fl n1060H H3 HHX, HaqHHa.R C OKTOHHOHOB, .RBn.ReTC.fl HCKJIJOqH
TenbHa.R xapTauoacKa.R rpynna 0 2 (14 napaMeTpoa, paur 2) 141 • 

llpn 3TOM npeo6p8.30BaHH.R, npHHaAJie)l(arune K 3;roH: rpynne,. co
aepmaiOTC.fl aBTOHOMHO AJI.fl OTAeJibHbiX nap nenTOHOB .H KBapKOB 

-+ -+ -+ -+ 

( "e , u ) , ( e , d ) , ( "~t , c ) , ( p , s ) H T .,n. (3) 

n Ka)l(,na.R TaKa.R napa o6p8.3yeT 7-MepHoe npe,ncTaaneHne 0 2. Py
KOBOACTBY.RCb KaJIH6poaoquhiM npHHQHnOM, MO)l(HO noTpe6oaaTb 
HHBapHaHTHOCTb TOOpHH OTHOCHTeJibHO IWI<aJlbHbiX aBTOMOp<llH3-
MOB 0 2 . Tor.na B03HHKaiOT cne,nyiOrune Kann6poaoqubie aeKTop
Hbie non.R: KOMnJieKcHoe uaeTHoe none nenTo-xaapxoa yiL ~ onpe: 
AeJI.fiiOIQee nepeXOAhi Me)l(Ay nenTOHOM H KBapKOM H3 O,nHOH H TOH 
>Ke naphi ( 3), n aoceMb aeruecraeHHhiX rniOOHHhiX noneH:, B3aHMO
,neH:cmyiOIUHX TOnbKO C KBapKaMH. ,lVI.R BKJIJOqeHH.fl MeXaHH3Ma 
Xnrrca cnoHTauHoro HapymeHHR xann6poaoiiHOH 0 2-cnMMeTpnn 
HapRAY C HCXOAHbiM CnHHOpHbiM rnnepnoneM npe,nnonaraeTC.fl Ha
nHIIHe TaK)l(e CKaJI.RpHoro rnnepnOn.fl C nOBTOpeHHeM KOMnOHeHT 

¢ (x) = ¢o (x) u 0 + ¢ (x) · ~ * + ¢o (x) u0 + ¢ (x) . U * + K.c. ( 4) 

raMHJibTOHHaH TaKOrO non.R npe,nnonaraeTC.fl HMeiOIQHM CnOHTaH
HO-HapymeHHbiH BH,n. 11cnonb3Y.fl IPH3HqecKyiO KaJIH6pOBKy, MO)l(
HO HCKnJOqi-JTb QBeTHbie KOMnOHeHTbl ¢, a none ¢ 0 npeapaTHTb 
B llUCTO MHUMOe. B TaKOH KaJIH6pOBKe B03HHKaeT eAUHCTBeHHbiH 
MaCCHBHbiH CKaJIRpHbiH XHrrCOBCKHH Me30H, · nenTO-KBap KH y 
npno6peTaiOT Macey, a rniOOHhi ocTaiOTCR 6eaMaccoabiMH. TaKH~ 
o6pa30M, rpynna 0 2 nOKaJibHbiX aBTOMOp<llH3MOB AJI.fl BCeX nap 
"nenToH-KBapx" H3 ( 3) HapymaeTcR eAUHhiM o6p8.30M, a ee use-
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TOBaR nonrpynna SU(3\ ocTaerca HeHapyrneHHon H neuCTBYJOmeu 

nn:a a cex IUJeTHhiX KBapKOB o.n;HHaKoBo: ,naHHaH KOHCTPY~HH ec

TecTBeHHhiM o6pa30M 06'hHCHHeT HaJIHtJHe y KBapKOB ( H OTCYTCT

BHe y nenTOHOB) U:BeTOBOH CTeneHH CB060.n;hl H COBeprueHCTBO CBH-

3aHHOH c Hero IUJeTOBOH CHMMeTpHH SU(3\. 
HaliHHIUI C ,D;HOKTOHHOHOB, MO)KHO, nOMHMO rpyDDhi aBTO

MOpcPH3MOB, paCCMOTpeTb TaiOKe rpynny ::meKTpocna6biX B3aHMO

,neHCTBHH H B KaqecTBe nonHOH KaJIH6pOBO'IHOH CHMMeTpHH npH

HHTh n pHMOe npoH3Be,D;eHHe 

02 X SU(2)L X U(l). (5) 

0TMeTHM, 'ITO, B OTnHtJHe OT 0 2 , rpynna :meKTpocna6hiX B3aHMO

,neHCTBHH CBH3hiBaeT KOMDOHeHThl rHDepnonH H3 pa3HhiX neDTOH· 

~<yap_\WBhiX nap. KaK o6LNHO, ee ,ny6nE!,TaMH HBnHIOTCH ( vL , e L ) , 

(uL, dL ) H T.,D;., a CHHrneTaMH - eR' UR' +dR f} T.,D;. 06hi'IHhiM o6-

pa30M BBO,D;HTCH KaJIH6pOBO'IHbie nona W -, Z H A ~·M• • .[lJIH cnOH

TaHHOrO HapyrneHHH :meKTpocna6hiX B3£tMo~eHCTBHH Heo6xo,D;H

MO, n OMHMO ( 4), npe,nnono:>KHTb HaJIH'IHe ,npyroro CKaJIHpHOrO 

XHrrCOBCKOrO ,D;HOKTOnOnH 

~ _.. - -+ -+ 

~(x) = ~0(x)u;+~(x)-u*+E 0 (x)U~+E-(x)-U*+ K.c. (6) 

Hcno nL3yH G 2 -HHBapHaHTHOCTL, MO)KHO, B npHHu;Hne, B~6pa~
TaKyiO KaJIH6poaKy, B KOTopou BeKTOpHLie KOMnoHeHThi ~ H E 
6y,ny T OTCYTCTBOBaTb. 0,n;HaKO OHa MO)KeT He COBna,naTb C KaJIH6-

-> 
pOBK OH, HCnOnb30BaHHOH BhiUle WIH ycrpaHeHHH noJIH rp. llpH 

nepex o,ne K noCJie,D;HeH y nOJIH ( 6) BHOBb B03HHKHYT U:BeTHbie 

KOMn oHeHThi, nponopu;HOHaJILHhie napaMeTpaM nepexona y : 
-+ -+ .... - -+ - -* 
~= i y(~0 - ~0 ), E = iy(E

0
- E

0 
). (7) 

Ho Tenepb MO)KHO aocnonL30BaTbC.H SU(2) L x U (1) -KaJIH6poaoq

HOH HHBapHaHTHOCTbiO H, KaK 06hi'IHO, yCTpaHHTb KOMnOHeHTY 

E~ a KOMnoHeHTY ~ 0 cnenaTL llUCTO aelJ.IecraeHHOU. B 3TOM cnyqae 

Bbipa)KeHHH (7) aBTOMaTH'IeCKH o6pamaroTcH B HynL, a none (6) 
co,nep )KHT nHIDb O.n;Hy aemecTBeHHyiO KOMnOHeHTY ~O, T .e. npe

BpamaeTCH H3 rHnepnona B o6hNHOe none. B pe3ynLTaTe Mhi npH

xo.n;HM K o6bi'IHOH TeOpHH rn3IDOy-CanaMa-BauH6epra • 

.[{enaH cne,nyiOLU:HH mar H nepeXO,D;H K ,D;H·,D;HOKTOHHOHaM, 

T.e. K ,D;BYM nOKOneHHHM nenTOHOB H KBapKOB, Mbl He yaenHlfHBa

eM 'IHCnO XHrrCOBCKHX CKaJIHpHbiX noneu, HO nHIDb nOBTOpHeM 

KOMn OHeHTbl ( 4) lleTbipe pa3a, a KOMnOHeHTbl (6) - ,D;Ba)K,D;bl. llpH 

3TOM , O,D;HaKO, KBapKOBble nonH, BXO,D;HBIDHe B HCXO,D;HOe CnHHOp

HOe ,D;H-,D;HOKTOnone THna (2), MOryT CMeiDHBaThCH B cna6biX neao
KHpaJibHbiX ,ny6nerax H npaBOKHpaJibHbiX CHHrneTax, KaK 3TO npH-
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HRTO s cxeMe Ka6H66o-I'n3moy-HnnHonynoca-Ma:HaHH. A HanorH'I

HYJO KapTHHY Mbl nonyqaeM H npH cne,D;yJOI.UeM YABOeHHH, npH KO· 

TOpOM, O,D;HaKO, llORBJIReTCR Cpa3y qe'fbipe llOKOneHHR, H ll03TOMY 

BMeCTO cxeMbl CMeWHBaHHR KBapKOB Ko6aR:WH·MacKasa ,D;JIR Tpex 

noKonemm cne,D;yeT paccMaTpHsaTb 6onee o6my10 cxeMy c M ewHsa

HHR qeTbipex llOKOneHHH KBapKOB. 

B ,D;aHHOH TeopHH noKoneHHif noKa qTo HeT "HacTo amero" 

06'be,D;HHeHHR scex B3aHMO,D;eHCTBHH Ha OCHOBe KaKOH-nH6o npo

CTOH rpynnhi "senHKoro o6'be,D;HHeHHa". IlpHH~HnHMbHO HMeeTca 

B03MO)KH0CTb paCCMaTpHBaTb KanH6pOB0qHble CHMMeTpHH 80(2 n) 
(n = 3,4,5, ... COOTBeTCTBeHHO ,D;nR OKTOHHOHOB, ,D;HOKTOHHOHOB, ,D;H· 

,D;HOKTOHHOHOB H T.,D;.) npeo6pa30BaHHH BCeX semecmeHHbiX (MaR· 

OpaHOBCKHX) noneH, BXO,D;RLUHX B COCTaB HCXO,li;HbiX CnHHOpHbiX 

noneH THna (1), (2) H T.,D;. TaK, AnR qeTbipex noKoneHHH Mbi 6y

,D;eM HMeTb rpynny 80(64). B 3TOM cnyqae, o,D;HaKo, B 0 3HHKaeT 

cepbe3HaR: npo6neMa HepapXHH HapyweHHH TaKOH 6onbW OH CHM

MeTpHH B paMKax XHrrCOBCKHX rHnepnoneH. 

Cne,D;yer TaiOKe no,D;qepKHyTb, qTo s ,D;aHHOH cxeMe cpyH,D;a

MeHTanbHbiMH npe,D;nonaraJOTCR nHWb CnHHOpHoe H XHrr COBCKHe 

cKanapHbie rHnepnona, Tor,D;a KaK KanH6posoqsbie noJIR B 03HHKa

JOT KaK npOH3BO,D;Hbie H3 Tpe60BaHHR nOKMbHQH KMH6p osoqHOH 

HHBapHaHTHOCTH. Bonpoc o cpopMYnHposKe KanH6posoqHbiX noneH 

s TepMHHax rHnepnoneH, pasHo KaK H sonpoc o cpopMyn HposKe 

JOKaBCKOrO B3aHMO,D;eHCTBHR Me)K,ll;y CllHHOpHbiM H CKanRpHbiMH 

rHnepnon.RMH, OTBeTCTBeHHOrO 3a B03HHKHOBeHHe MaCe y cpepMHO

HOB, BbiXO,D;RT 3a npe,D;enbi ,D;aHHOH 3aMeTKH. 

B 3aKnJOqeHHe npHBe,D;eM KpaTKYJO cpopMynHpOBKy npo~e,D;y

pbi K3nH-,llHKcoHa- y,D;BoeHHR rHnepKoMnneKCHbiX cHcTeM / 4, 51 • 

IIycTb 3a,D;aHa Ta6n~a yMHOiKeHHa "cTapbiX" rHnepKoMnneKCHbiX 

e,D;HHH~: 

Ko3cpcp~eHTbi f ijk aHTHCHMMeTpHqsbi H O,D;H03Haqshi, T.e. npH 

3a,D;aHHbiX i H j MOiKeT cymecmosaTb nHIIlb e,D;HHcmeHHo e 3Haqe

HHe k, npH KOTOpOM fijk # 0.
2 

BBO,li;HTCR HOBaR: rHnepKOMnneKC

HaR: e,D;HH~a e, TaKaa, qTo e = -1, a ee yMHoiKeHHe Ha cTapbie 

rHnepe,D;HHH~I aHTHCHMMeTpHqHo . Tenepb MO)KHO onp e,D;enHTb 

N "HOBbix" rHnepKoMnneKCHbiX e,D;HHH~: 

i = 1, ... , N . 

~ HHX npHHHMaeTCR cne,D;yJOI.UaR: Ta6nH~a YMHOiKeHHR: 

eEi = -Eie = -ei' ei Ej = -Ejei = -e(eiej)' EiEj = e/i· 
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TaKHM o6paaoM, onpe,D;en:eHa nOJIHaR: Ta6JIHQa yMHO)KeHIDI wu:r 
BCeX 2N + 1 HOBhiX H CTaphiX rHnepKOMnJieKCHhiX e,D;HHHQ BMeCTe. 
,[lrr.R nOJiytleHHOH y,D;BoeHHOH CHCTeMbl rHnepKOMnJieKCHhiX 11HCeJI 
npo,D;OJI)KaJOT BhinOJIHHTI>CH cne,D;yromHe cso:HcTBa: aHTHCHMMeTpiDI 
H O,D;H03Ha'IHOCTh K03<f><f>HQHeHTOB fijk, HHBOJIIOQIDI (H3MeHeHHe 
3HaKa BCeX rHnepe,D;HHHQ: Ha npOTHBOfiOJIO)I(HbiH), rH6KOCTb (no,D;
paayMeBaJOIQaR: B03MO)KHOCTh nOCTpOeHIDI CTeneHHbiX p.R,D;OB) 
H aBTOMop<f>H3M G 

2
• IlpHBe,D;eM Tai()Ke npHMep nocTpoeHIDI pac

menneHHoro 6aaHca wu:r ,D;HOKTOHHOHOB npH noMOIQH MHHMo:H e,D;H
HHQI>I i , KOMMyrnpyromeif CO BCeMH rHnepe,D;HHHQaMH: 

u 0 = l +ie7, uA=eA+ieA+S' U0 =e +iE7 , 

UA = E A + iEA+3• A=1,2,3. 

ABTop Bbipa)KaeT rny6oKyro npH3HaTeJibHOCTb B.11.0rHeBeQ
KOMY H 11.B.Ilony6apHHOBY 3a o6cy)K,ll;eHHe 3aTpOHYThiX 3,D;eCb BO
npOCOB. 
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KparKue coo6U4eHW1 OH.HH N°7-85 JINR Rapid Communications No. 7-85 
YAK539.14 

HCllYCKAHHE JI.[{EP HEOHA llP11 PACllA.D:E 
23llu 

C.ll.TpeTbHKoaa, A.C3H,!J;yJiecKy, IO.C.3aMJITHHH, 
IO.C.KopoTKHH, B.n.Muxeea 

06HapYJKeH HOBbiH BHA pacna,tJ.a 233U C HCfiYCKaHHeM .II,II.pa 
HeoHa. PerHcrpaUHJI HeoHa Ha cpoHe 6onbworo 'IHCJJa a-'laCTHU 
npOH3BOAHJiaCb TpeKOBbiM AeTeKTOpOM H3 fiOJ1H3THJJeHTepecpTa
JJaTa. 3a BpeMJI 3KCfiOHHpOBaHHH CJJOJI 233U MaCCOH 75 Mr B Te· 
'leHHe 28 CYTOK 3aperHCTpHp0BaHO 16 aKTOB pacna,tJ.a, 'ITO COOT· 
BeTCTByeT OTHOCHTeJJbHOH BepOJITHOCTH ~ouecca no OTHOWeHHJO 
Ka-pacna,tJ.y ..\N/Aa=(7,5±2,5)-10- 3. 

Pa6oTa BblnonHeHa B lla6opaTOpHH .II,II.epmiX peaKUHii OHJUf. 

Ne Emission by Spontaneous Decay of 233u 

S.P.Tretyakova et al. 

A new type of decay of 233U by Ne emission is discovered. 
The detection of Ne among a great number of a -particles was 
performed using track detector of polyethyleneterephthalate.At 
the exposition of 7 5 mg of 233u 16 decay events have been de
tected during 28 days. It corresponds to relative probability of the 
process with respect to a-decay ,.\N I Aa= (7.5±2.5). w- 13. 

The investigation has been perforihed at the Laboratory of 
Nuclear Reactions, JINR. 

HecKOJibKO JieT TOMY H3.3a,u. 6biJIO TeopeTHtJecKH npe.o;cKa3a
no cymecTaoaanue noaoro BH.Aa pacna.na TH)KeJibiX a,o;ep, n~oMe)Ky

TotJHoro Me)K)l;y cnoHTaHHbiM ,o;enenHeM H a -pacna,u.oM 11, npH 
KOTOpOM HCllyCKaiOTCH TH)KeJlble H.AepHbie KJiaCTepbi H o6pa3yiOT· 
CH ocTaTOtJHbie H.Apa, 6JIH3KHe K ,o;Ba)K)l;bl MarHtJeCKOMY HAPY 
208Pb . B 1984 ro,o;y pHAOM uccne,o;oaaTeneu 12- 51 nony11eno 
3KcnepnMeHTaJibHOe no,o;rnep)K)l;enue TaKoro BHAa pacna,u.a, a HMeH
no- pacna.n H30Tonoa pa,u.HH c ucnycKanHeM a,o;pa 14 C . 

B caeTe 3THX pe3yJihTaToa npe.o;cTaBJIHJIOCb HHTepecnbiM npo
aepHTb B03MO)KHOCTb cymecTBOBaHHH ,o;pyrHX BH,AOB pacna,u.a, 
s qacTHOCTH, 3MHCCHH 2~e - npouecca,no TeopeTH'lecKHM ouen
KaM, HaH60Jiee BepOHTHOrO llOCJle 3MHCCHH 14C, H O,AHOBpeMeHHO 
C 3THM paCWHpHTb Kpyr H3y'laeMbiX HCXO,AHbiX H,Aep. B Ka'leCTBe 
HCCJie,o;yeMbiX HaMH 6biJIH Bb16paHbl H,Apa 231Pa H 233U. llepBbie 
pe3yJibTaTbi, no,o;Taep)K)l;aiOI.I.Uie ucnycKanHe a,o;ep neona, 6biJIH no
nyqeubi AJIH 23 1pa H 232u 16 • 71 . B nacToameu pa6oTe npHBO.ij!l'fCH 
nepsbie .o;anHhie o cymecTaosanuu ananorn'lnoro pacna.na 23Su. 
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Hcxo,o;- llpo,o;yKTbi 
Hoe pacna,o;a 
Hp;po 

233u 

A 

209Pb+24Ne 

208Pb+25Ne 

232 

Co,o;epJKa-
4. 10-4 HHe 

H30TOna , 
% 

3HeprHH 
peaKu;HH, 
M3B 

60,8 

60,5 

Ta611.U1.1a 1 

KHHeTn- llpooer AN/Aa 
qecKaH B JiaB-
3HeprHH caHe, 
HeoHa, 
M3B 

54,3 

54,3 

MKM 

30,8 

3I, 2 

8 . I0-12 

I· I0-11 

Ta611.U1.1a 2 

J130TOUHbiH COCTaB ypaua 

233 234 235 238 

98,I 0,4 0,02 I, 5 

· Cornacno T~peTnqecKHM ou;enKaM 181, nan6onee aepoHTHbi
MH cnoco6aMH pacna,o;a 233u cne,o;yeT cqnTaTL ncnycKaune 24Ne 
H 25Ne C o6pa30BaHHeM OCTaTOqHbJX H,o;ep 209 Pb H 208 Pb COOT
BeTCTBeHHO. BepoHTHOCTL 3THX ,o;ayx npol.leccoa npaKTHqecKH OAH
naKoBa H COCTaBJIHeT -1 o-tl OT BepOHTHOCTH a -pacnap;a ( Ta6JI.1) . 

B 3KCnepHMeHTe HCUOJih30BaJICH CJIOI1 OKCH,D;a ypaua, HaHe
CeHHbiH Ha HHKeJieByiO UO,nJIO)KKY TOJill.UiHOH 0,1 MM. 06mee KOJIH-

- qeCTBO 23Su COCTaBJI.Il.JIO 75 Mr, TOJIII.lHHa CJIOH 0,33 Mr/CM2 . J130-
TOUHbiH COCTaB ypaua, OUpe,o;eneHHbiH Macc-cneKTpOMeTpHqecKHM 
MeTo,o;oM, npnae,o;en a Ta6n.2. Co,o;ep)KaHHe H30Tona 232u H npo
AYKTOB ero pacna,o;a onpe,o;eJI.Il.JIOCh TaK)Ke H3MepenneM a -cnei<Tpa 
TOHKOrO CJIOH ypaua. 

PerncTpau;nH npo,o;yK.TO'B pacna,o;a na cpone 6oJILilloro qncna 
a -qacTHu;, KaK H B pa6oTe 161 no H3yqennro pacna,o;a 231 Pa, npoH3-
ao,o;nnach C UOMOII.lblO TpeKOBbiX p;eTeKTOpOB H3 UOJIH3THJieHTepe
cpTaJiaTa (JiaBCaHa). ITaBCaHOBbiH p;eTeKTOp TOJIII.lHHOH 170 MKM 
UOMell.laJICH Ha CJIOH ypaua C 3a30pOM -1 MM, H BCH c6opKa 3Kpa
HHpOBaJiaCb Ka,D;MHeM ,D;JIH 3all.lHTbl OT TeUJIOBbiX HeHTpOHOB. 
3KCUOHHpOBaHHe p;eTeKTOpa npOH3BO,D;HJIOCb UO,D; 6eTOHHOH 3amn-
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MHKpO!l>OTOI'pa!l>HH CJieAa KJiaCTepa H OCKO.riKa AeJieHHJI 233U B JlaBCa

HOBOM AeTeKTOpe DpH yBeJIHlleHHH B 600 pa3. BpeMJI TpaBJieHHJI 3 '18C8 B 20% 
NaOH npu 60°C. 

TOH TOJII.UHHOH 7 M ,IJ,JIH yMeHbllleHHH BJIHHHHH KOCMH'IeCKOrO H3-

nyqeHHH. BpeMH 3KcnoaupoBaHHH .D:eTeKTopa cocTaaHJio 28 cyToK. 

)lJIH H.D:eHTH<I>HKaiJ;HH KJiaCTepa no . napaMeTpaM TpeKa JlaBCa
HOBbJe .D:e'l'eKTOpbl 06Jiy'laJIHCb Ha yCKOpHTeJie Y -300 HOHaMH 
2~e c 3HeprueH: 46±2 M3B H 60±2 M3B (a BaKyyMe) H 3aTeM 
a -qacnn~aMH 238 Pu (Ha B03.D:yxe) TaKHM )J(e HHTerpanbHbiM noTo

KOM, KaKOH 6biJI 3a BpeMH 3KCll03HUHH Ha 233U. ,lJ;o TpaBJieHHH 

BCe .D:eTeKTOpbl Bbi.D:ep)J(HBaJIHCb 1 MeCHQ Ha B03.D:yXe. 

TpaaneHne .D:eTeKTopoa npoBO.D:HJIOCb B 20%-HOM p acTaope 

NaOH npu TeMneparype 60°C. ,lJ;na nocTpoeHHH Kann6poaoq~;~oH: 
KpHBOH 3aBHCHMOCTH CKOpOCTH TpaaJieHHH B.D:OJib TpeKa OT OCTa
TQql;IOrO npo6era V T = f(R) BpeMH TpaBJieHHH Bbi6HpaJIOCb paa

HbiM 2, 3 H 4 '1. TpeKH ocKOJIKOB .D:eJieHHH 3a 2 11 TpaBHJIHCb .D:O 

KOHQa npo6era, a TpeKH KJiaCTepa HMeJIH xapaKTepHyiO KOHyCHYJO 

<l>opMy C MaKCHMaJibHOH lllHpHHOH TpeKa, B .D:Ba pa3a M eHbllleH 
lllHpHHbi TPeKa ocKOJIKa (eM. pucyHoK) • Cpe.D:HHH ,IJ,JIHHa TpeKoB 
KJiaCTepOB H3MepHJiaCb llOCJie 4 'I TpaBJieHHH. 3<1><1>eKTHBHOCTb pe

rHCTpaQHH KJiaCTepOB JlaBCaHOBbiM Jl:eTeKTOpOM COCTaBJIHJia 33%. 

B ~e3yJILTaTe o6pa6oTKH .D:eTeKTopoa, 3KcnoHHpoBaHHbiX 
Ha CJIOe 33 U, 6biJIO 3aperHCTpHpOBaHO 16 TpeKOB- npO.D:YKTOB 

pacna.D:a 233U. Cpe.D:HHH ,IJ,JIHHa TpeKoB nerKHX H.D:ep cocTaaHJia 
30,5±1,4 MKM B XOpOllleM COOTBeTCTBHH C O)J(H.D:aeMOH npH Hcnyc

KaHHH H.D:ep HeOHa ypaHOM. 
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H a OCHOBaHHH nonyqeHHbiX pe3ynbTaTOB OI~eHKa OTHOCHTenb
HOH BepOIITHOCTH HCnyCKaHHII R~ep HeOHa nO OTHOWeHHIO K a -pac
n~y ~aeT 3HaqeHHe ANe/Aa = (7,5±2,5) · 10-13, a napUHanhHbm 
nepHo~ nonypacn~a T112 = (2,2±0,8) · 10 17 neT. 

TaK KaK 3HeprHR H npo6er npo~yKTOB pacn~a 233u no Ka
HanaM pacn~a C BbineTOM ~BYX H30TOnOB HeOHa npaKTHqeCKH CO
Bn~aiOT (Ta6n.1), TO nonyqeHHyro aepoRTHOCTh pacn~a 23Su cne
~yeT paCCMaTpHBaTb KaK CYMMapHyiO no ~BYM KaHanaM pacn~a. 

CpaBHHTenbHO He6onbwoe qHcno 3aperHCTpHpOBaHHbiX 11~ep 
HeOHa y Ka3biBaeT Ha MeHbWYIO OTHOCHTenbHyJO BepOIITHOCTh TaKO
ro cnoco6a pacn~a 233 U no cpaaHeHHIO c O)l(lf~aeMbiM 181 H Mano 
OTnHqaeTCII OT OTHOCHTenhHOH BEpORTHOCTH HcnyCKaHHII R~ep Heo
Ha H30TonoM 232u, nonyqeHHOH a pa6oTe/7/ . BKn~ B Ha6nro~ae
MbiH HaMH 3<P<PeKT pacn~a 232u C BbineTOM R~ep HeOHa He npeBbl
waeT 2%. 

0 6mee qHcno OCKOnKOB ~eneHHR, Hafinro~aBWHXCII O~OBpe
MeHHO c R~paMH HeoHa, cocTaanReT 260. KaK noKa3anH onbiTbi no 
H3MepeHHIO BbiXO~a HeHTpOHOB, cymecTBeHHbiM HCTOqHHKOM OC
KOnKOB RBnlleTCII BbiHY'f<,neHHOe ~eneHHe 233U HeHTpOHaMH H3 
peaKUHH: (a, n) Ha 11~pax 1Sc H 18 0, co~ep)f(ai.UHXCR B naacaHe. 
MeHee 10% ocKonKOB o6pa3oaanoch 3a cqeT cnoHTaHHoro ~eneHHR 
qeTHbiX H30TOnOB ypaHa. llOCKOnhKY BbiXO~ R~ep HeOHa B TpOHHOM 
~eneHHH, cornacHo ~aHHbiM 191, He npeBbiwaeT 10-6 Ha aKT ~ene
HHR, TpOHHOe ~eneHHe ~aeT B Hafinro~aeMbiH HaMH BbiXO~ R~ep HeO
Ha BKn~ He 6onee 10""3 %. 

· ABTOpbi ai.Ip~aroT rny6oKyro 6naro~apHOCTh aK~eMHKY 
r.H.<Dnepoay H npo<Peccopy IO.I.J,.OraHecRHY 3a noMep)f(KY pa6o
Tbl, r.M .Tep-AKOnbRHy, B.BHpxonu;y, JI.B.,[{)f(Onoc, A.M.Kyqepy, 
K.H.MepKHHOH, E.A.CoKony' r .r .BaHKOBOH, E.A,lleTpOBOH 
E.H.Kyp eHKOBOH 3a noMOI.Ub npH npoae~eHHH H3MepeHHH:. 
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RESONANCE PHASING OF THE PHASOTRON BEAM 

S.B.Vorozhtsov, V.P.Dm.itrievsky, L.M.Onishchenko 

A problem to optimize a phasotron capture of the beam into 
the acceleration mode is considered. The numeric simulation of 
the accelerated beam dynamics and the experimental check by 
the initial operation of the JINR phasotron have revealed the ef
fect of the resonance phasing of ions by a wave-like magnetic 

. field during the first phase oscillation of particles. Making use 
of the effect allowed us to increase considerably the mean rate 
of the energy gaining and the axial beam focusing in the centr 
zone of the machine. The principle problem of structural separa
tion of acceleration and magnet system elements in the centr 
zone has been solved for phasotrons with the spatial variation of 
the magnetic field. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 

Pe3oHaHCHWI Q:>a3HpOBKa nytrKa Q:>a3oTpOHa 

C.E.Bopo~os, B.II.,llMHrpHeBCKHH, JI.M.OHHmeHKO 

PaccMorpeHa rrpo6neMa omHMH3aiJ;HH <J>a3oTpoHHoro 3a
xsaTa II}"'Ka B pe)I(HM ycKopeHHJI. B pe3ynhTaTe 'IHCneHHor 
MOIJ;enHpoBaHHH IJ;HHaMHKH yCKOpJieMOrO II}"'Ka H 3KCIIepH
MeHTanhHOH rrposepKH $H3rryCKOM <J>a30TpoHa OHRH 6hm 
06Hapy)l(eH 3<J>4JeKT pe30HaHCHOH <J>a3Hp0BKH HOHOB BOnH006-
pa3HhiM MarHHTHhiM rroneM s rrpouecce rrepsoro 4Ja3osoro 
Kone6aHHJI qacmu. Hcrronh30BaHHe J4>$eKTa rro3sonHno cy
mecTseHHo ysenH'IHTh cpe~J;HHii TeMrr Ha6opa JHeprHH H aK
cHanhH}'IO <J>oKyCHpOBKY rryqKa B ueHrpanbHOH 30He yCTaHOBKH. 
PeweHa rrpHHIJ;HIIHanhHaJI rrpo6neMa KOHCTPYKTHBHoro pa3Hece
HHJI B IIpOCTpaHCTBe JneMeHTOB YCKOpJIIOJUeH H MarHHmoii 
CHCTeM B ueHTpanbHOH o6naCTH 4Ja3orpOHa C BapHau;HeH Mar
HHTHOrO IIOnJI. 

Pa6oTa BhmonHeHa B Jia6opaTOpHH HAepHhiX rrpo6neM OH.HH. 

In a classical synchrocyclotron the intensity of the beam cap
tured into acceleration is limited in the phase motion by two fac
tors'll. 

(i) The initial values of the phase (if> 0 ) and its time variation 
rate (c/10 ) for particles of the accelerated beam must be obtained 
within the separatrix. 
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(ii) The kinetic energy of ions during the 1st synchrotron os
cillation must not reduce to values at which losses on the injector 
and losses due to scattering on the residual gas drastically grow. 

In a phasotron with the spatial variation of the magnetic 
field 121 the situation is aggravated by a smaller longitudinal beam 

focusing (parameter K = - d ln f ... 0, where f is the frequency of re-

I . E . tal dlnE f . f h vo ut10n, lS the to energy o particles) and by absence o t e 
magnetic axial stability in the central zone. Reduction of the para
meter K (making it nearer to the cyclotron mode) is due to the in
crease of the mean value of the magnetic field over the radius(Fig.l, 
curve 1). Absence of the axial focusing (Fig.2, curve 1) is due to the 
increase of the mean field at small (or zero in the centre) values of 
the variation if elements of the acceleration and magnet systems 
are separated in the space (spiral iron pieces are not put inside the 
dee) 131. A weaker focusing increases the probability of axial losses 
of particles. The radial quality of the beam deteriorates. Require
ments to the mediam plane symmetry of the magnetic field and 
to the minimal amplitude of the accelerating r.f. voltage become 
stricter (BR- 0.05-0.10 mT, vmin- 20 kV for the JINR phaso
tron 141 ) . The threshold value of the accelerating voltage amplitude 
appears as a result of necessity of using the electric focusing in the 
central zone of the phasotron151. Reducing the value of K leads 
to a close tolerance for the deviation of the mean magnetic field 
from the required dependence ( t:. B - 0.4 mT for the JINR phaso
tron 161 ) at a random form of this deviation. 

Isochronous cyclotrons (K = 0) are devoid of above prob
lems, because their accelerating voltage is much higher than that of 
a phasotron. It allows the focusing of ions at the first revolutions 
without the return of particles to the centre (absence of phase oscil
lations). 

While revising theoretical concepts for the first phase oscilla
tion on the basis of numerical calculations 171, we have found a new 
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law of the mean magnetic field variation along the radius for the 
JINR phasotron (Fig.l, curve 2). This law allows an acceleration 
mode with a reduced voltage amplitude (25-35 kV) with a signifi
cantly larger tolerance .!or violation of the median plane symmetry 
of the magnetic field (B iZ = 0) ~ 0.3-0.5 mT). The novelty is in 
abandoning the classical phase stability concent which implied ab
sence of the transition through the critical energy and a slow varia
tion of the phase equation parameters during the first oscillation. 
In the new mode at a fast (as compared with the period of synchro
tron oscillations) transition through the critical energy zones (K =0) 
the phase velocity and phase range of particles drop for t he given 
phase volume of the beam due to increasing effective mass M6 r = 

=(
217

rf
2 

K 
181

.'This phase volume is retained in the range of iwce

lerating phases, which results in a higher mean rate of the energy 
gaining and a weaker effect of the return to the centre. The necessa
ry magnetic axial focusing of the beam (Q z ) at the first revolu
tions is provided by a decrease of the field ~ong the radi s (Fig.2, 
curve 2). 

The resonance character of the effect of the wave-like shape 
of the new magnetic field (bump) on the beam is. seen from tqe par
ti~le distribution over the value of the first radial minimum (Rmin , 
Fig.3) at different values of the bump wave length 
- -
B(r) = B (r) + ll B . J ( .!_ ) exp (- L ) , 

T m 0 A a (1) 

where BT is the classical smooth field 12 ·31 , llB m is the bump am
plitude ( ~ 10 mT), J 0 is the Bessel function of the zero order, a is 
a parameter (- 66 em). The optimum value of A corresponds to 
a characteristic radial size of the first phase oscillation "' 48 em. 

The bump parameters are adjusted in order to obtain maxi
mum values of Rmin and Q ZM at minimum losses for phase motion 
("' 10%) with respect to the smooth (monotonously increasing) field 
mode. Numerical calculations show that despite the shift of the re
sonance value of the free radial oscillation frequency Q R = 1 from 
the centre to the radius = 20 em (JINR phasotron) the increase of 
the amplitude of those oscillations is hardly noticeable until the 1st 
harmonic amplitude of the axial component of the magnetic field 
Bml < 0.5 mT and the accelerating voltage amplitude V > 20 kV. 

Employing a new shape of the field in a spatial variation pha
sotron allows one to solve the principle problem of separation of 
acceleration and magnet system elements in the central zone of the 
accelerator (there is no need to place spiral iron pieces inside the dee 
to achieve the axial focusing as it is done in the NEVIS phasotron 
with a smooth field /3/). This cancels many technical problems and 
makes the operation of the machine much more reliable. 
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Fig.3. The resonance adjust
ment of the bump wave length 
to the maximum value of the 
first radial minimum of par

Ocm ticles. 

The principle diffe-
cm renee between the new 

shape of the field propo
sed for phasotrons and 
other bumps previously 
employed for increasinJC 
the axial stability'16 •9 •10r 

em · · · · bl ha IS m a stgn-vana e c -
racter of the parameter 
K variations (which is ana-

em logous to a strong focu
sing for the phase motion 
at the increase of the ab
solute value of K by an 

em order of magnitude). The 
o 20 40 so forms of field bump con-

Rmin(cm) sidered are related either 
to large values of ..\. ( Fig.3e ), or to non-optimal changes of the bump 
shape owing to radius, which significantly limits the permissible ra
dial gradient of the field as to the effect of phase losses of beam par
ticles. 

The discovered mode of phasotron capture is experimentally 
checked by a successful initial operation of the JINR phasotron 
where the bump-field was used (Fig.l). Calculations of the beam in
tensities for various amplitudes of the accelerating voltage are in 
good agreement with measurements performed at the operating acce
lerator (Fig.4). The field bump allowed the particle beam to pass 
through the central zone of the phasotron at BR 2 0.6 mT and 
V = 30 kV . 

In future we are going to study the application of this mecha
nism of the resonance beam phasing for correlation of the longitu
dinal movement of particles with the parameters of the acceleration 
system over the whole ran;e of radii, especially at the stretching of 
the beam by C-electrode 111. Thus, there is a possibility of em
ploying the wave-like field as an alternative to variations of the ener
gy gaining for realisation of the phase compression effect in the cyc
lotron 112 1_ 
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Fig.4. The beam intensity af
ter the iust phase oscillation 
as a function of the repetition 
frequency rate of the acce
lerating system. 1 - 20 kV, 
2 - 30 kV, 3 - 50 kV, XXX

beam intensity measurements. 
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Conclusion 

The proposed resonance beam phasing in the central zone of 
the phasotron with the magnet field variation is experimentally 
checked at the JINR phasotron. The results confirmed the principle 
possibility of using structurally separated focusing and accelerating 
systems in phasotrons with the spatial variation of the magnet 
field. 

The authors are grateful to V.P.Dzhelepov and V.V.Kolga 
for discussions of the results. 
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0 PACHA,llE 
158

Tb: 
HEB03MO)I(HOCTh "HE:ATPHHHOrO BAJIAHCA" 

B.B.Bpy,D;aHHH, m.Bpuaucou! P.BaneJ, U.BbiDOB, 
B.M.rop o:>KauKHH, K..R.rpoMos, A.Mapuuos, 
A.ct>.Hos ropo,D;OB, B.H.lloKpOBCKHH, H.H.Pyxa,D;3e~ 
B.T.CH,D;OpOB 

C noMOIUI>IO nonynpoBO,!UIHKOBbiX AeTeKTo~oB yro'IHeHbl 
JHepnm B036YJKAeHHbiX cocroJIHHH 15Bad H 15 Dy, Jaceruie
MbiX npH pacnal];e 15~b. MeTOAOM Xyt -<:osnaAeHHii noKaJa
HO orcyrcTBHe yn&TpaHH3KOJHepreTH'IeCKoii BeTBH K-3axsara 
Ha yposeHb 1187 KJB ( 158Gd ), 'ITO HCKniO'IaeT B03MO)[Q(OCTh 
"HeiirpHHHoro 6anaHca" B JTOM paCna)];e. 3TOT BbiBOA llO)J;T
Bep)f(,Il;aeTC.II H aHanH30M sepo.IITHocreii K -Jaxsara Ha ~OBHH 
I023 H I04I KJB, AaiOIUHM )J;n.ll pa3HOCTH Mace 158Tb- 58Qd 
3Ha'leHHe Q = 12I2~~0KJB. 

Pa6ora B&monHeHa B Jla6oparopHH HAepHbiX npo6neM OIUUf. 

On 15~b Decay: 
Im possibility of "Neutrino Balance" 

Brudanin V.B. et al. 

With the help of semiconductor detectors a more precise de
termination of the energies of 158 Gd and 158oy excited states 
populated at the decay of 15~b has been made. By the use of 
Xy t-coincidence method the absence of an ultralow-energy 
&capture branch to the state at II87 keV ( 158Gd) was shown. 
That excludes the possibility of "neutrino balance" in this decay. 
This conclusion was confirmed by the analysis of the probabilities 
of the K -<:apture to the states at I 023 and I 041 keV, which 
gives the value of Q= I2I2~~~eV for the mass difference of 
158 Tb- 158G d. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 

KaK H3BecTHO, OAHOH H3 B03MO>KHOcTen onpe,D;eJieHHH Mac
Chi HeHTpHHO HBRHeTCH H3y'leHHe BepOHTHOCTH 3ReKTpOHHOrO 3a
XBaTa C MMbiMH 3HeprHHMH pacna,D;a. )l;eHCTBHTen&HO, H3MeHeHHe 

1 URCMC, OpcJ, <l>paHI.UfJI 
2 T6HnHCCKHii rocyAapcrneHH&Iii yHHBepcHTeT 
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BepOR:THOCTH :meKTpOHHOrO 3axBaTa, o6yCJIOBITeHHOe HaiTHtiHeM 

KOHeliHOH MaCChi y HeHTpHHO, CBR:3aHO C yMeHhllleHHeM ~a30BOrO 

o6'beMa H nponopQHoHanLHo aenHIIHHe (1 - m ~/Qr) 1 2 , rne 

m11 - Macca HeiiTpHHo, Q i = Q - f i , Q - 3HeprHR: 6eTa-p acnana, 

a f i - 3HeprHR: CBR:3H 3ITeKTpOHa i -H o60ITO'IKH aTOMa. 

B pacnane 16~0 , B CJiyt~ae, HaH6onee 6naronpHR:THOM H3 

6eTa-nepeXO,ll;OB Me)l(,ll;y OCHOBHbiMH COCTOR:HHR:MH a.n;ep, Ha OCHO· 

BaHHH aepoaTHOCTH M-3axBaTa a nocne.n;Hee apeMa 6hmH nonyt~e

Hbi OQeHKH m11 < 1,3 K3B 11•21 H m11 = (245 ±500) 3B 131 . 0TMe

THM, 'ITO 3TH npe.n;enhi 3Ha'IHTenhHO Bhillle COBpeMeHHOH OQeHKH 

.n;na MaCChi 3ITeKTpOHHOrO aHTHHeHTpHHO ffij; = 30 3B 141, H OC· 

HOBHhiM <J>aKTOpOM, orpaHHIIHBaJO~HM 'lyaCTBHTeiThHOCTb B 3TOM 

cnyqae, R:BITR:eTC~ OTHOCHTeiTbHO BhiCOKaR: BeiTH'IHHa Q. (Q = 
= 2,56±0,27 K3B) /3/ . 

O.n;HoH H3 B03MO)IQ{OCTeii noBhillleHHR qyacrnHTenhHOCTH 

3KCnepHMeHTa R:BITR:eTCR: DOHCK cnyqaea, HanpHMep, K -3axBaTa Ha 

B036y)l(,ll;eHHhie COCTOR:HHR: a.n;ep E * C MaiThiMH 3Ha'leHHR:MH 

Q k = Q - E *- fk . B Ta6n.1, COCTaBITeHHOH Ha OCHOBaHHH ,ll;aH· 

HhiX 15 • 6~ npHae.n;eHhi cae.n;eHHR: o HYKITH.nax, a pacnanax K OTOphiX 

He HCKniO'IeHo cy~ecTBOBaHHe aerneii K -3axBaTa c MMhiM H aenH

'IHHaMH Qk . 3aMeTHM, 'ITO .n;na HYKnHnOB 1530d, 158Tb w173 Lu 
no.n;o6Hhie aeTBH npe.n;cTaanaroTca MeHee aepoaTHhiMH. O.n;HaKo 

nepa•e coo6~eHHe o6 o6Iiapy)KeHHH BeTBH K -3axBaTa c ynhTpa

HH3KOH 3HeprHeH Q k = 156±17 3B/7/ OTHOCHTCR: HMeHHO K pac

na.n;y 1&8fb, cxeMa ·KoToporo npHae.n;eHa Ha pHc.l. Hec KOIThKO 

D03>Ke, npaa.n;a, DOR:BHITOCb C006~eHHe / S/, KOCBeHHO yKa3hiBaJO

~ee Ha OlllH60liHOCTb 3TOrO pe3ynLTaTa, KOTOphiH npOTHBOpe

IIHT 3HepreTH'IeCKOMy 6anaHcy, C,ll;eiTaHHOMy Ha OCHOBe aHa
ITH3a COBOKYDHOCTH 3KCnepHMeHTMhHhiX ,ll;aHHhiX 06 3HeprHR:X 

a.n;epHhiX peaKQHH H pa3HOCTR:x Mace HYKnH.nOB. 

Yt~HThiBaa Ba)IQ{OCTL Bhmona pa6oThi 171, Mhi npoaenH HOBhm 

3KcnepHMeHT no yTot~HeHHIO 3Hat~eHHH 3HeprHH ypoaHeii 158 Gd 

H H3MepeHHIO X ~t -coana.n;eHHH npH pacnane 158Tb . 

HyKnH.n; 58 Tb 6hm nonyt~eH a peaKQHH nsoiiHoro 3axBaTa 

TennOBhiX HeHTpOHOB o6or~eHHhiM 156 Dy 
156 157 157 158 

Dy ( n , y) Dy ( E C ) Tb ( n , y) Tb . 

Ilocne o6nyt~eHHR: 156
Dy a Tet~eHHe nonyrona OTHOCHTenLHoe co

nep>KaHHe H30TODOB B MHllleHH COCTaBHITO 157 Tbf15~b = 6 ,3±0,3. 

B pe3ynLTaTe pa3.n;eneHHR: H30Tonoa MHllleHH c noMO~hiO 3n eKTpo

MarHHTHoro Macc-cenapaT~a 6hm H3rOTOBITeH HCTO'IHH K 158Tb 

(0,62 MKKH), npHMecb 15 Tb B KOTopoM y>Ke He npeBhilllana 1%. 

113MepeHHR: cneKTpOB raMMa-KBaHTOB 158 Tb 6hmH npoae

.n;eHhi C DOMO~IO Ge (Li) -,n;eTeKTOpOB: nnaHapHoro (200 MM2X 

X 5 MM) H KOaKCHaiTbHOrO (06'beMOM 100 C~) C 3HepreTH'IeCKHM 
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PHc.l. CxeMa pacna,na 158 Tb . 

pa3peweHHeM 0,6 K3B (nJIR nHHHH 122,06 K3B 57 Co) H 2,0 K3B · 
(,n;nR: nHHHH 1332,51 K3B 6°Co) COOTBeTCTBeHHO. 3HepreTHtleCKaR 
KanH6poaKa cneKTpoMeTpoa, cornacuo 191

, ocyLQeCTBnanacb 
a npe.n;nono)l(eHHH Ey 411 8 \ 198Au) = 411,8044 (11) K3B 11°1. 
3uat~eHHR 3Hej,rHH ypoaueii 58 Gd H 158 Dy , ao36y)l(,n;aeMbiX 
a pacna.n;e 15 Tb, nonyqeHHbie no pe3ynLTaTaM H3MepeHHH 
(Ta6n.2), cornacyroTCR c ,n;anHbiMH uan6onee nonuoii pa6oTbi 1111 

H HMelOT 3Ha'IHTenbHO MeHblllHe llOrpelllHOCTH. 
CneKTpbi X.yt -coana.n;eu:HH Hccne.n;oaanHCb c noMOLQblO 

cneKTpOMeTpa aMllnHTY.n;HO-BpeMeHHbiX H3MepeHHH, ananorH'IHOrO 
OllHCanHOMY B 112/, H KO,ll;bl 3aperHCTpHpOBanHbiX C06biTHH 3anH
CbffianHCb ua MarHHTHyro neury. PerHcTpauHR raMMa-KBanToB 
(Kanan "cTapT") ocyLQecmnanacb c noMOLQblO HPGe-.n;eTeKTopa 
o6»eMoM 70 eM 3 qmpMbi Schlumberger, a peHTreuoacKHx KX -ny
t~eii (Kanan "cTon") - Ge (Li) -.n;eTeKTopoM o6»eMoM 200 MM2 x 
x 5 MM qmpMbi ORTEC, pacnonaraamHxca no.n; yrnoM 180 ° . Aua
noroaaa 3neK-fpoHHKa qmpMbi ORTEC o6ecnet~Haana BbiCOKoe 
apeMeuuoe pa3peweuHe (2 r = 12 uc) H xopomyro apeMeHHyro 
CTa6HnbHOCTb. <l>HnbTp H3 Al TOnLQHHOH 400 MKM 3aLQHLQan Ge(Li)
,n;eTeKTop oT nona.n;aHHR: LX -nyt~eii. 
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Ta6nu1.1a 2 

HYKJlli,Q E, K3B ~E. K3B 

79,513 0,001 

261 ,457 0,001 

158Gd 1023,705 0,003 

10ld ,642 0,003 

1187,145 0,005 

98,918 0,001 

158Dy 317,139 0,004 

lloJiytleHHbiH TpexMepHbiH MaCCHB ,D;aHHbiX 6biJI o6pa60TaH 
06bitiHbiM CDOC060M C yt~eTOM QlOHOBbiX H CJIYtlaHHbiX COBDa,D;eHHH. 
C DOMOI.I.U>IO H3MepeHHH O,D;HHOtiHOrO cneKTpa B TeX )l(e reoMeTpHtle
CKHX YCJIOBIDIX 6biJia HaH,D;eHa BeJIHtiHHa 

tw 
y 

( 
8kxY~ 
8y944 

s s ~ 
~~) /( ~xY 102!=:) 

sy962 sy1o2a2 

r.n;e S k x y H Sy - HHTeHCHBHOCTH CtleTa COBDa,D;eHHH B nHKax 

Ka + K 8 H y -DHKa B O,D;HHOtiHOM cneKTpe COOTBeTCTBeHHO 
(y1023'2 o603HatlaeT cyMMapHbiH DHK); KaK JierKO DOKa3aTb, 

~pk pk (1023) - pk (1041) ~y ( -1 
- = ----------- =- ,1- a) 
P ~(W2~ y 

k 

r.n;e Pk(E) - OTHOCHTeJibHaR BepO.RTHOCTb K-3axBaTa Ha ypoBeHb 
c 3Hepr ueif E, a - nonpaaKa, yt~HTbiBaiOmaR cyMMHpOBaHHe Kac
Ka,D;HbiX H3JiyqeHHH B X-,D;eTeKTOpe H He npeBbiUiaiOmaR B HaUieM 
CJiyqae HeCKOJibKHX npoueHTOB. 

H aif.n;eHHOe HaMH 3HatleHHe ~pk /pk = 1,70 (25) · 10-
2 

COOT
BeTCTBy eT ( CM. pHC.2) pa3HOCTH Mace 

Q (158Tb- 158Gd) = 1212~:0 K3J:S. 

lloJiytleHHaR OUeHKa COrJiacyeTC.R C ,D;aHHbiMH CHCTeMaTHKH I S! 

Q = 1221,9±1,6 K3B H yKa3biBaeT Ha 6e3yCJIOBHbiH :meprernqe-
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a,or---~--------------------------------------------------, 

r,o 

Wapatra-8~ 

o-()-f 

---- '--- ----- --!---- -----
1 

IIOO 1200 1220 

r 
1210 1260 

Q,nB 
PHc.2 . .CpasHeHHe 3Ha'leH~ 3Hepnrii EC-pacna.na 158Tb, nonyqeHHbiX 
s HaCToJI~eu pa6oTe H s 6 • 7 I. KpHBaR - pacqemas 3aBHCHMOCTb OT
HOCHTenbaoro ,~eHeHHJI BepOJITHOCTH K-3axBaTa ,li,11JI ypOBHeH 1023,6 
H 1041,6 K3B Tb ~pkl~ OT 3HeprHH pacna,na Q. IlyHKTHpOM noKa-
3aH HHTepsan nonyqeHHOH 3KcnepHMeHTanbHOH m:ieHKH ~ P k I P k . 
CTpenKaMH o6o3Ha'leHbl HIDKHHe rpaH~I 3Hepr8H L- , H K -3axBaTa 
Ha ypoBeHb 1187 K3B 

40 
I 

20 

0 ....... --.t _l.l 1 ~ 
lO 2 

....... i ... clA. J! ... 1 rJr.. ....... , 1 " 0 

·20 

0 5!2 !024 1536 2048 
H(),{EP KAHA.1IA 

PHc.3. CneKTP cosna.neaHif Kx -nyqeu c y-KBaHTaMu y 1187 K3B. 1 -
3KCnepHMeHTanbHbiH cneKTP; 2 - cneKTP C yqeTOM cj;loHOBblX H cnyqaH
HblX co6biTHH. 
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ci<HH 3anpe-r K-3axBaTa Ha ypoaeHb c 3HeprHeH: 1187,1 K3B npH 
pacnll,ll;e 158 Tb. 

,Una npoaepKH 3Toro Ha6op X yt-coanll,ll;eHHH 6biJI noaTopeH 
6e3 Hapy meHHR reoMeTpHllecKoro pacnono)KeHHR c <flHnhTpOM 
(<flom,rH Al + Cu + Cd + Ta + Cd + Cu + Al Tomi.utHOH oKono 
1 MM K~aa) nepeA HPGe.AeTeKTopoM. TaKoH <flHnbTp Hll,ll;e)KHO 
npeAOTBpaman fiOfill,ll;aHHe MRrKHX H3nytleHHH (B Oco6eHHOCTH, 
y79,51 K3B) B Y-AeTeKTOp, KOTOpbie MOrnH 6hl HMHTHpoBaTh HC
THHHbie COBnll,ll;eHHR. llonyt~eHHbie pe3ynLTaTbi ( CM. pHc.3) fiOAT
aep)I{AaiOT npeAnono)KeHHe o6 OTCYTCTBHH K -3axBaTa Ha ypoaeHb 
c 3HeprHeH 1187,1 K3B. 
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KpaTKue coo6114eHW1 OHJIH N°7-85 
YAK 539.12.01 :539.184.2 

JJNR Rapid Communications No. 7-85 

PEHOPMrPYllllOBO:A: P ACqET HEKOTOPhiX BKJlA,D;OB 
BCBEPXTOHKOEPACmEllJlEHHE 
OCHOBHOrO YPOBHH MIOOHHH 

* B.B.CTapweHKo, P.H.<l>aycTOB 

B pa6oTe paccMoTpeH BKJiaA cnaraeMhiX, 3aBHCHI..I.I,HX OT no
rapH$Ma OTHOWCHHJI Mace MIOOHa H 3JieKTpOHa, B CBepXTOHKOe 
pacmenneHHe OCHOBHOfO ypoBHH B MIOOHHH. JlnH AHarpaMM, 
CO,!I;Cp)f(aiUHX paAHai.UfOHHbie IIOIIpaBKH K $OTOHHbiM JIHHHJIM, 
3TH CJiaraeMbie Bbi'IHCJICHbl H3 YCJIOBHH HHBapHaHTHOCTH BCJIH· 
'IHHbl CBCpXTOHKOfO paCIUCIDICHHJI OTHOCHTCJlbHO Bbi60pa CXCMbl 
rrepeHopMHpOBKH $oTOHHoro nponaraTopa. 

Pa6oTa BbiiiOJIHeHa B 1Ia6opaTopHH Teopern'leCKOH $H3Hl<H 
mum .. 

Renormalization Group Calculation 
of Some Contributions to Hyperfine Splitting 
of the Ground Level in Muonium 

V.V.Starshenko, R.N.Faustov 

The paper deals with the contribution of the terms, depen
ding on logarithm of muon and electron masses ratio, to the 
hyperfine splitting of the ground level in muonium. In the case 
of diagrams with radiation corrections to photon lines these 
terms are calculated on the basis of hyperfine splitting inva
riance under choice of renormalization scheme for photon pro
pagator . 

The investigation has been perfonned at the Laboratory f 
Theoretical Physics, JINR. 

PaCC'IHTaHHaR Ha OCHOBe KBaHTOBOH 3JieKTp0,11;HHaMHKH BeJIH· 
'IHHa CBepXTOHKOfO pacmenneHIDI OCHOBHOrO ypOBHH B MIOOHHH 
CO,D;ep)KHT CJiaraeMbie, 3aBHCHI.UHe OT JIOrapHCpMa OTHOWeHIDI MaCe 
MIOOHa H 3JieKTpOHa. )J;JIH Bhi'IHCJieHIDI HeKOTOpbiX H3 HHX MO)KeT 
6biTb HCnOJib30BaH MeTo,D; peHopMrpynllhi. B pa6oTe 111 np noMo
I.UH ,D;aHHOfO MeTO,IJ;a 6hiJI HCCJie,IJ;OBaH BKJia,IJ; CJiaraeMbiX, 3aBHCH
I.UHX OT JIOrapHcpMa .OTHOWeHHH Mace, B BeJIH'IHHY aHOMaJibHOfO 
MarHHTHoro MOMeHTa MIOOHa. OcHOBOH ,D;JIH 3Toro nocJiy)KHJIO 
nonyt~eHHoe B /2/ ypaaHeHHe ,D;JIH cpoTOHHoro nponaraTopa, cnpa-

* MocKOBCKHH rocy,o;apcTBeHHbiH YHHBepcHTeT 
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ae,J:VIHBo e B npe.nene me:!mll ... 0, r.ne me u m -MaCChi 3JieKTpoHa 

H MIOOH a COOTBeTCTBeHHO. 0.n;HaKO BblqHcJII::.rb TaKHM cnoco60M 

BKJiaA qneHOB, co.nep:>Kal.I.Ufx ln(mll./m e), B caepxTOHKoe pacmen

neHue OCHOBHOrO ypOBH.R B MIOOHHH OKa3hiBaeTC.R HeB03MO:>KHhiM, 

TaK KaK OHH npHHa,J:VIe:>KaT K qucJiy paAHa!U10HHhlX nonpaBOK Ha 

oT,naqy u ucqe3aiOT B npe.n;ene m e./m ... o. Mbi B AaHHOH pa6oTe 

HCnOJib3yeM HeCKOJibKO HHOH nOAXOA /k npo6JieMe peHOpMrpynno

BOH HHBapuaumocTH, npe,J:VIo:>KeHHhiH B /3/. 

P accMoTpHM cne.n;yiOIUYIO cxeMy nepeHopMupoaoK (en) 

B KBaHToaou 3JieKTPOAHHaMHKe. KoHCTaHTa nepeHopMHpOBKH cpo

TOHHoro nponaraTopa BbiqHCJI.ReTC.R no MO,I:(HcpH~HpOBaHHOH CXeMe 

MHHHMaJibHOrO BhNHTaHH.R I 41, a OCTaJibHhie KOHCTaHTbl nepeHop

MHpOB K H onpe,neJI.RIOTC.R KaK B o6bltiHOH CXeMe BhlqHTaHH.R Ha MaC

COBOH n oaepxHOCTH. npu 3TOM cpoTOHHhiH nponaraTop 3aBHCHT oT 

npOH3BOJibHOrO napaMeTpa /l , HMeiOmero pa3MepHOCTb MaCChi, 

H 3HaqeHHe /l = me COOTBeTCTByeT CXeMe BhNHTaHH.R Ha MaCCOBOH 

noaepxHOCTH (eM. /5/). TaKHM o6pa30M, Mhi onpeAeJIHJIH Ha6op 

en, 06Jia)J;aiOmuH CJ1e,I:(yiOIUHMH OC06eHHOCT.RMH: 

CX eMa BhNHTaHH.R Ha MaCCOBOH noaepXHOCTH npHHa,J:VIe:>KHT 

AaHHOMY Ha6opy; 

B CJie,I:(yiOIUeM noCJie Be,I:(ymero nop.RAKe en MO:>KeT 6biTb 

napaMeTpH30BaHa BeJlHqHHOH /l/m e ; 

n epeHOpMHpOBaHHa.R Macca He 3aBHCHT OT /l H paBHa cpH3H

qecKOH Macce; 

3aBHCHMOCTb KOHCTaHTbl CB.R3H OT /l OnHChiBaeTC.R {3-
cpyH~eH C K03cpcpH~HeHTaMH, He 3aBHC.Rl.I.UfMH OT MaCChi /6/. 
nycTb a - 6eryma.R KOHCTaHTa CB.R3H (AJI.R CXeMhl BhiqHTaHH.R 

Ha Macc oaou no.aepxHOCTH a = a I 11) • Tor,I:(a 3aBHCHMOCTb a oT 

/l OnHCblBaeTC.R ypaaHeHHeM 

+ . . . ' (1) aa 2 3 ll-- = {3(a) = f3 a + {3 a 
all o 1 

r,ne K03cpcpH~HeHTbl {3 0 = 2/3 H {3 1 = 1/2 He 3aBHC.RT OT Bhi6opa 

en. )lJI.R nepeMeHHOH T = - f3 oln ( ll I A) HMeeM aa/ aT = -a 2 (1 + 
+ {3

1 
a./ {3

0 
+ .. . ). rAe MacwTa6HhiH napaMeTp A onpeAen.ReTc.R 

o6biqHhi M o6pa30M (eM., HanpuMep/
61 ) . Mhi o6phlaaeM p.RA AJIH 

{3 ·<l>YHK~H Ha BTOpoM CJiaraeMOM H B AaJibHeifweM BMeCTO npH

H.RTOrO B 3TOM CJiyqae o603HaqeHH.R a ( 2) 6y.n;eM nHCaTh npOCTO a • 

P accMoTpHM cpu3uqecKy10 aenuquHy R , Bbiqucn.ReMyiO no 

TeOpHH B03MyiUeHHH C nOMOIUbiO en H3 onpe,I:(eJieHHOrO Bhlllle Ha-

6opa. T aK KaK 3HaqeHHe R He 3aBHCHT OT Bhi6opa en, AOJI)I(HO 

BhiDOJIH.RThC.R cJieAyiOmee ycnoaue: 

aR.Ia r = o. (2) 
)lJIH a enuqHHhi R <2> = r a(l + r a) , .RBJI.RIOIUeifc.R npu6nu:>Ke-o 1 
HHeM B Toporo nopHAKa AJI.R R , nonyqaeM 
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aa<2> 8 
- = O(a ), ar 
OTKy~a 

~=0, ar 
2.!..1. = 1. 
ar (3) 

Mid BH,IUIM, QTO r O He 3aBHeHT OT Bbl60pa en, a r 1 = T + p 1, r~e 
KOHeTaHTa ~ BblQHCJI.fleTe.fl, eCJIH H3BecTHO 3HRQeHHe r 1 )l.Jl.fl Ka

KOH-nH60 en. 
Ha OeHOBaHHH yCJIOBH.fl (2) Mbl MO)I(eM e~enan. HeKOTOpbie 

ox~eHKH ene~IOII.lero (Tpen.ero) qneHa p~a TeopHH B03Myll.leHHil. 
3aBHOHMOCTh 3TOro enaraeMoro OT r ~o~a 6hiTh ye-rpoeHa Ta
KHM o6pa30M, U06bl eKOMIIeHeHpOBaTh 3aBHeHMOCTh (2) OT 
T e TOQHOCThiO ~0 a 4. Mbi paeeMOTpHM senHinmy n<2> (r 1' r), on
pe~en.ReMyiO ene~IOII.lHM o6paaoM: 

_L (R(2) + n<2) a 8) = O(a4). 
ar 
Ore10~a ene~yeT, uo 

(2) 
i!L_ = r 0 (2 r 1 + c ) , ( 4) 

ar 
r~e C = {3 1 / {30 • 3aBHeHMOeTb K03<1><PHUHeHTa r 1 OT T HaM H3-
BecTHa. npoHHTerpHpOBaB ( 4), nonyqaeM 

n<2> = r
0
r

1
(r 

1 
+c)+ const. (5) 

Ami onpe~eneHH.R noCTO.fiHHOH HHTerpHpOBRHH.fl Heo6xo~o 3a
~an. "onTHManhHYIO" en, TO ecTh TRKYJO, )l.Jl.fl KOTOpOH B€nHQHHa 
R <2> 6JfH)I(e seero K R • Bhr6op TRKOH exeMhi B ~oeTaTOQHOH eTe
neHH npOH3BOneH, O~aKO He Bee peaynbTRThl OT Hero 3aBHe.fiT 
(eM. HH)I(e). nyen. OnTHManbHa.R exeMa 38A&Ha napaMeTpOM ~'opt . 
Mbi noTpe6yeM 

n<
2> (r , r) 1 = o, (6) 

1 T= ·T opt _ 

r~e ropt = -{3 o1n ( ll op/ A). npH 3TOM npoH3Be~eHHe a 
8
0 <2~r 1, r) 

OnHebiBaeT H3MeHeHHe R({!) npH nepexo~e OT HeXO~OH en, 3&
~aHHOH napaMeTpOM r , K OnTHM&nhHOH. B KRQecTBe HeXO~OH 
B03bMeM exeMy nepeHOpMHpOBKH Ha MaeeOBOH nosepXHOCTH, 
o6o3HRQHB r 1 = K 1 B 3TOM CJiyqae. BenHQHHa (a/rr)8Q(2)(K 1).fiB
n.fleTe.fl HaweH oneHKOH CJie~YJOII.lero qneHa p~a TeopHH B03MYII.le
HHil. 113 (5) H (6) nonyqaeM 

0(2)(K )=r K (K +C)-rropt(ropt +C) 
1 01 1 01 1 ' (7) 

r~e r opt = r 1 ( r ) . 
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llepe:H,neM K paccMOTpeHHIO caepxTOHKoro pacw;eiiJlemm oc

HOBHoro ypOBHH B MIOOHHH. Be,nyiiJ;HH nopR,D;OK :noli: BeJIHliHHhl 

onpe,neJI.fleTC.fl ,IJ;HarpaMMOH O,IJ;HO<l>OTOHHOrO 06MeHa H paaeH 

E F = (8/3)a 4 m ~:!miL. lJneHhi, co,nepJKaiiJ;He In (m,. /m 8 ),B03HHKa

IOT npH p aCCMOTpeHHH pa,D;Ha.QHOHHbiX llOllpaBOK Ha OT,IJ;a'lly BCJie,n

CTBHe HHTerpHpOBaHH.fl no HMllYJibCHOH nepeMeHHOH B 06JiaCTH 

m 2 << k 2 < m 2 17 I, TO ecTb B aCHMllTOTH'IIecKOH o6JiaCTH ,IJ;JI.fl 

B;Jia,na :meKtPOHHOH llOJI.flpH3a.QHH BaKyyMa B <l>OTOHHbiH npona

raTOp. 3TO 06CTO.fiTeJibCTBO H o6ecne'IIHBaeT 3<l><l>eKTHBHOCTb 

peHopMr pynnoBbiX MeTo,noa pac'lleTa TaKHx cnaraeMbiX, npH'IIeM 

K03<l><l>HIU~eHTbl ,B-<l>yH~HH B ( 1) Mbl Bbi'IIHCJI.fleM C y'lleTOM 

TOJibKO 3JieKTpOHHOH lleTJIH (MIOOHHa.fl neTJI.fl npH k 2 < mfi BKJia,IJ;a 

He ,naeT). ,llnR CJiaraeMbiX, He 3aBHC.fiiiJ;HX OT ln (miL /m 8), peHOpM

rpynnOBOH no,nxo,n HenpHMeHHM. 

BKJia,n pa,D;H~HOHHbiX nonpaaoK Ha oT,naqy paaeH ~ = 

= - E FRI£ , r.ne BeJIH'IHHa R IL B HH3llleM npH6JIHJKeHHH Bbi'IIHCJI.fleT

cR H3 ,nHarpaMM ,nayx<l>oTOHHoro o6MeHa. B pa6oTe 171 paccMoT

peHbl TaK JKe .n~.arpaMMbi cne,nyiDIUero nopR,nKa c pa,nHa.QHOHHhiMH 

nonpaaK aMH K 3JieKTpOHHOH, <l>oTOHHOH JIHHHRM HJIH K 3JieKTpOH

HOH aeplllHHe. BKJia,n ocTan&HbiX ,nHarpaMM 3Toro nopR,nKa He 3a

BHCHT OT ln ( m / m ). TaKHM o6pa30M, ,IJ;JI.fl 3aBHC.fiiiJ;eH OT 

In ( miL / me) qac~ aeJiH'IIHHbi . R IL H3BeCTHO BTopoe npH6JIHJKeHHe: 

3 m m 
R(2) = .......!!. ---1! In -IL + 

IL " m m IL e (8) 
a 2 me m, 2 

+ (-) - [2(1n-c) -
" miL • me 

.11 In 3L]. 
12 me 

C llOMOIIJ;biO H3JIOJKeHHoro Bblllle MeTo,na OQeHHM CJie,nyiOIIJ;HH 'IJieH 

p.R,na TE:'OpHH B03MyiiJ;eHHH ,IJ;JI.fl R
11 

o llp~ 3TOM 1£ opt HMeeT TOT JKe 

nOpR,D;OK BeJIH'IIHHbl, 'liTO H xapaK'repHbiH HMllYJibC ,IJ;JI.fl <l>OTOHHbiX 

nponaraTopoBo B HallleM cnyqae 3TO ,naeT me<< llgut < m , npH

t~eM r ~P t He co,nepiKHT 'IJieHOB c In (mIL/ m e ) 0 Mbi OQe~HBaeM 
BKJia,n ,nHarpaMM, nonyqaeMLIX H3 ,nHarpaMM npe,D;bi,nyw;ero nopR,n

Ka, nyTeM yt~eTa BKJia,na 3JieKTpOHHOH neTJIH B O,IJ;HH H3 <l>oTOHHbiX 

nponaraTopoa. llonaraR, cornacHo (8), 

me m" 2 m 11 31 
r 0 = 3-ln---r, K 1 =-In-c - -

miL me 3 me 36 

nonyqaeM H3 ( 7) : 

n <2> = ..i ~(In~ ) a 
3 m m 

IL e (9) 
35 m e miL 2 me miL 
--(In-) + A-ln-
18 m me mIL me 

r.ne A = IL,B
0 
In~ ( .2!5_ - ,B

0
ln ~ ). 
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Ko3<l><l>JmHeHTbi npH nepBbiX ,nsyx cnaraeMbiX He 3aBHC.RT oT 

Bbi60pa l'opt B YKa3aHHbiX BbiWe npe;u;enax. 3TO 03Ha'laeT, 'ITO OHH 

nOnHOCTbiO onpe;n;en.RIOTC.fl H3 aCHMnTOTHKH <l>OTOHHOrO npo naraTO

pa, H BKna;u; 3THX cnaraeMbiX B csepxTOHKoe pac~enneHHe .RBn.ReT

C.R TO'IHbiM pe3ynbTaTOM ;D;n.fl nepe'IHcneHHbiX BbiWe ;u;HarpaM M: 

~E =-.!.E (.!!..) 3 ~(ln~) 3 , 
1 3 F rr m m 

I' e (10) 

me (ln ~ )2. 
m m 

I' e 

BenH'IHHa ~E 1 6bma nonyqeHa B 
181 

np.RMbiM Bbi'IHCJieHHeM. 

llpH 3TOM OKa3aJIOCb, 'ITO ;D;aHHOe CJiaraeMOe B03HHKaeT TOJibKO 38. 

C'leT pa;u;HaQHOHHbiX nonpasoK K <l>oTOHHbiM nponaraTopaM B ;u;Har

paMMe ;u;syx<l>oToHHoro o6MeHa. 

3Ha'leHHe Ko3<l><l>HI.U~eHTa A B (9) 3aBHCHT OT Bbi6op a onTH

MaJibHOH cxeMbi H ;u;on:>KHo paccMaTpHBaTbC.fl KaK oueHKa • .lJ:nR 3Ha

'leHHH It opt, 6nH3KHX K m W K03<l><l>HI.U~eHT A H3MeH.ReTC.fl OT 

A = 0 npH I' opt = miL ;u;o MaKCHMaJibHOro 3Ha'leHH.R A = 1225/ 
1728 = 0,71 npH l'opt = 0,48mP.:. 3TO MaKCHMaJibHOe 3HacieHHe 

cooTBeTCTByeT cxeMe, nonyqaeMon H3 TaK Ha3bmaeMoro npHHI.U~na 

MHHHMaJibHOH 'IYBCTBHTenbHOCTH 131. B 3TOH cxeMe r opt 3a;u;aeTc.R 

ycnosHeM 

aR<2> I = o. 
aT T=Topt 

OTKy;u;a Haxo;n;HM l'opt H ropt = -c/2 +O(aopt ). TaKHM o6pa-

30M, ;D;nR BKna;u;a s csepxTOHKoe pac~enneHHe cnaraeMoro, JIHHen-

Horo no 1n (miL:! m e) • cnpase;u;nHsa cne;u;yxo~a.R oueHKa: 

0 <- ~E 
3 

< 1 Kru. 113 (10) nonyqaeM 

~E 2 = 0,015 Kru. (11) 

.lJ:aHHbie BenH'IHHbl HMeiOT TOT )l(e nop.R;D;OK, 'ITO H BKna;D; 

CJia6oro B3aHMO;D;eHCTBH.fl /9/. llorpeWHOCTb 3KCnepHMeHTaJibHbiX 

;D;aHHbiX COCTaBn.ReT - 0,16 KrU H 6y;n;eT, B03MO:>KHO, yMeHbWeHa 

B 6JIH)I(aHWeM 6y;u;y~eM. Tor;u;a BKna;u; (11) ;u;on)l(eH y'IHTbmaThc.R 

npH conocTasneHHH TeopHH c 3KcnepHMeHTOM. O;D;HaKo Hei<OTOpbie 

H3 cnaraeMbiX TaKoro )l(e nop.R;n;Ka e~e He Bbi'IHcneHbi (eM . /7/) . 
B 3aKniO'IeHHe cne;u;yeT OTMeTHTh, 'ITO ;n;aHHbiH MeTo;u; pac11eTa 

cnaraeMbiX, 3aBHC.fl~ OT ln ( m !1 :fm e), MO)I(eT 6biTb HCnOJib30BaH 

H ;D;n.fl pac'leTa aHOMaJibHOrO MarHHTHOrO MOMeHTa MIOOHa. B 3TOM 

cnyqae K03<l><l>HUHeHTbi npH scex cTeneH.RX norapH<pMa He 3aBHC.fiT 

OT Bbi6opa OnTHMaJibHOH CXeMbi, H nr:e;D;CKa3biBaeMbie ;D;n.fl HHX 

3Ha'I~HH.fl COBna;D;aiOT C noJiy'leHHbiMH B l/ Ha OCHOBe peHOp Mrpyn-
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noaoro ypaaHeHHH AJI.R <PoTOHHoro nponaraTopa. 9THM H o6'b.RC
H.ReTc.R npaBHJILHOCTb OQeHKH BKJia,n;a ~HarpaMM BOCLMOrO nOpM
Ka B aHOMaJibHbiH M8rHHTHbiH MOMeHT MIOOHa, BblllOJIHeHHOH 
B 1101 C ITOMOIIU>IO npHHQHITa MHHHMaJibHOH 'IYBCTBHTeJibHOCTH. 

AaTopLI BbipiDKaiOT 6naro~apHOCTL K.r. qeTLIPKHHY 3a o6-
cy)K)J;eHHe pa6oTLI 1101, a TaiOKe M.l1.91i~ecy H B.A.llienJOTO 3a 03-
HaKOMJieHHe C pe3yJILTaTaMH HX Bbi'IHCJieHHH ~0 ny6JIHKaQHH. 
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[(paTKue COODU4eHUJJ OHJIH 1{07-85 JINR Rapid Communications No. 7-85 
YAK 539.12.01 

BEHAVIOUR OF NUCLEON-SIXQUARK SYSTEM 
ON TEMPERATURE-DENSITY PLANE 

A.V.Chizhov! R.G.Nazmitdinov! A.S.Shumovsky, 
V.I.Yukalov 

On the basis of the model for describing the heterogeneous 
states in nuclear matter the dependence of the behaviour of 
a two-phase system of nucleons (fermions) + sixquarks (bo
sons) is investigated at the temperature ( 0) and density ( p ) . 
Every phase iS the collection of n -quark colourless clusters 
(n = 3 for nucleus and n = 6 for sixquark) described as the 
van-der-Waalse gas. Our analysis demonstrates the advantage of 
the heterogeneous state for a wide region of 0 and p. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

lloae,D;eHHe HYKJIOH-WecTHKBapKOBOH CHCTeMbi 
Ha ImOCKOCTH TeMUeparypa-ImOTHOCTh 

A.B.'IH)I(OB, P.f.Ha3MHTAHlfOB, A.C.III}'MOBCKHii:, 
B.H.IOKaJIOB 

Ha OCHOBe MOAe11H AWl OIIHCaHHJI retepo!lJ33HbiX COCTOH
HHH B Jl,ll;epHOH MatepHH HCCJiep;yetCH nouep;eHHe AByx4Ja3HOii: 
CHCTeMhi HYKJIOHbi (4JepMHOHbi) + wectHKBapKH (6o30Hbi) 
B 3aBHCHMOCTH OT teMIIepacypbi 0 H UJIOTHOCTH p . l<ax<
AaH H3 4Ja3 OIIHCbiBaeTCH KaK COBOKYIIHOCTb n ·KBapKOBbiX 
6ecuueTHhlx KJiacrepoB ( n = 3 AJIH HyKJioHa H n = 6 AJIJI 
WecTHKBapKa), B3aHMOp;eii:CTBHe Me)I(Ay KOTOpbiMH }"'TeH 
B p;yxe BaH·Aep-Baanbca. Ilpouep;eHHblii: aHa11H3 noKa3biBaer 
tepMOAHlfaMH'IeCK}'IO BblrOp;HOCTb retepo4Ja3HOrO COCTOJIHHJI 
B lllHpOKOM p;Hana30He 3Ha'leHHii: 0 H p • 

Pa6ota BhlnoJIHeHa B lla6oparopHH reopeTH'IecKoii: 4JH3H
KH0HJIH. 

In our previous papers 11•21 on the basis of the microscopic 
approach for describing the heterogeneous states 18•41 we have sug
gested the model of a multiquark-cluster mixture in the nuclear mat
ter. In this model matter is considered as a macroscopic system and 
we suppose that the nucleons, sixquark clusters and other multi-

J Moscow State University 
2 Institute of Applied Physics of Tashkent State University, Tashkent, 

USSR. 
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quark clusters are quasiparticle bound states of this matter, desc
ribed in the framework of the theory of quark bags. For the simple 
case of the two-phase "nucleons + sixquarks" system at zero tempe
rature it is shown that the heterogeneous state is ~ore favourable 
compared with pure states for some values of density 1•21. 

As far as the formulation of the model is general it is reaso
nable to consider nonzero temperatures. We shall investigate as well 
the dependence of our results on parametrization of the multiquark 
masses. 

For the self-consistency of the paper we shall briefly describe 
the main principles of the model. According to the Bogolubov con
cept of quasiaverages 151 (see also161) the Hilbert space of states 
with definite symmetry properties corresponds to some thermodyna
mic phase. The representation of the Hamiltonian Hn is realized on 
the Hilbert space of states J{n with the corresponding symmetry 
properties. Then, the heterogeneous system is an equilibrium mixture 
of different phases with the Hamiltonian H =e H defined on the 
space r.3 • 41 J{ = e J{ n. So, for the thermody~~c potential we 
have n 

-H 18 
0 = ~ 0 , 0 = - 8 In Sp e n 

n n n J{ 
( n) 

where 8 is the temperature. The heterogeneous state is characte
rized by an additional order parameter /3,4/ 

N 
w = -11. ~w =1 

n N ' n n. • 

where N is the total number of particles and N
0 

is the number of 
particles in the phase with the number n . 

The multiquark states of the nuclear matter may be regarded 
as quasiparticle gas and the energy of each phase component is desc
ribed by t he Hamiltonian I 1, 2/ 
, n + -+ -+ 

H0 = -+~ (£k- /l
0
)a

0
(k, s)a

0
(k, s). (1) 

k,s -+ 
Here a~ (k, s) is the quasiparticle creation operator for the quark 
cluster of n -type· with the momentum k and the quantum number 
s meaning spin and isospin together, the energy spectrum being 

-+ 2 
£ 

0
= V k + M 

2 
k n' (2) 

where M
0 

is the mass of the quark cluster (bag) and lln is the cor
responding chemical potential. It is obvious that for n=3 the opera
tor a! (a 0 ) is an operator of the Fermi-Dirac type but at n = 6 of 
the Bose-Einstein type 11 •21. We suppose that bags interact as hard 
spheres with the effective volume v each. Then the "free" volume 
for the motion of these bags is n 
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v8 v 
V' = V - W N - - (1 - W) N ..1L 

3 6 ' 
(3) 

where W is the concentration of the nucleon component. This cor
responds to the van-der-Waalse gas 11•21. 

We consider first the behaviour of the system at low t empera
tures, when the nonrelativistic expansion of eq. (2) is possible. Then, 
taking into account the degeneracy factors for the nucleon ( g 

8 
= 4) 

and for sixquark (g6 = 3), for the free energy per one quark 

(4) 

we obtain 

W[ 3 ("2 W 2/8 M8 v' 2/8 2 r = - M8 + - · - -) -- (2rr-) e l + 
3 10M 8 2 v ' 2 W 

+~ M
6
[1_ 1,5354.y'M

6 
__£ 0 512

], 
6 1- w 

(5) 

where v' = V' IN . As is known, a stable state is the one with a mini
mal free energy f ( v, W, 8). Then, the phase concentration W(v ,8) 
is defined by the condition of equilibrium a f/ a W ~ 0 . Thus, we get 

M6 1 71 2 w 2/8 5 w v6 v 2M 3 v ' 2/8 
M8--+-<- -) [---<--:a.)l-8-(2rr - ) x 

2 5M 3 2 v' 2 v' 6 3 3 W (S) 

x [.!.. + Ji... (~- .::!_ )] -0 7677(v6 - v3 )M8/2 o.5/2 - 0 
2 v' 6 3 • 6 3 6 u -

In the case of high temperatures, when the system becomes 
classic, but nonrelativistic expansion for eq.(6) is still correct, the 
specific free energy has the form 

w M e 3/2 , 
f(v,W,8)=-!M 8 -8[ln(12(-L) :!_ )+ 1]1 + 

3 271 w (7) 
1 W M6 8 3/2 , 

+-=-- IM
6

- 8 [In(18(-) ..:!.__) + 1] I, 
6 2rr 1-W 

and the equilibrium condition is given by the equation 

1 ~8 312 v' M38 3 / 2 v' 
81- ln [ 18 ( -~ ) -- ] - ln [ 12 (-) - ] -

2 2rr 1-W 2rr W 
(8) 

-(~-~1L)l.~I+M- M6 = 0 
6 3 2v' 3 2 

Note, that a solution of eq.(8)W( v, 8) has a minimum at the 
temperature 8 m = _g__ ( M

6 
- 2M

3 
) . 

At asymptoticaDy high temperatures 8 » M3 6 it is necessary 
to use the relativistic energy spectrum (2). Keeping the main terms 
with respect to 8 in eq.(4), for the specific free energy of the sys
tem we obtain 
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W 12 3 v' 1 W 18 3 v' f(v,W,8)=--81n(2 e -)--::.;_Sln(-,8 -), (9) 
3 1T w 6 ' 772 1 - w 

while the equilibrium condition is 

.!..In(.!§.. 8
3 
J.:_)- ln(J.g_ 8 3 L)- (~- ~).!..:t.!_=0.(10) 

2 1T 2 1 - w 1T 2 w 6 .3 2 v, 
The analysis of eq.(10) gives the possibility of writing down the 
asymptotic form for the nucleon concentration 

2 
W:::1- .!!._ 

8 

na 

n6 
~ 

n' 
02 

PIP. 

!..__ 1 
V3 83 

v--
3 

8·3000MeV 

Fig.l 

(8-+oo). (11) 

In Fig.1 the result of nu-
merical calculation for W as 
a function of density p :-b or 
relative density PIp 0 ( p~ is 
the normal nuclear density 
4x106 MeV 3) for three typi
cal temperatures is shown. 
The parameters of the model 
are taken as in papers11·21. 

At low temperatures (eq. 
(6)) the nucleation point, 
where the clusters of the six
quark phase appear, slightly 
increases with the tempera
ture. 

Let us emphasize that 
when choosing the value for 

the sixquark mass we could take it not from the bag theory as in1 I,2/ 

but from some experimental estimates /7- J 0', or fitting them by 
means of our formulae and the experimental data for the sixquark 
concentration 111 - 121. 

The minimum of the nucleon concentration of temperature 
corresponds to em= 190 MeV. At high temperatures and the nor
mal nuclear density (p =Po) there is a possibility for a coexis
tence of the nucleons and sixquarks ( W6 ::: 7%). In Fig.2 the advan
tage of the heterogeneous state "nucleons + sixquarks" at e = 

= 200 MeV is demonstrated for a wide region of densities. 
In conclusion note the following fact. Eq. (11) at 8 = 0 and 

p = Po permits one to define the minimal value of the six quark ( di
baryon) mass when the heterogeneous state is possible (see Fig.3). 
The result qf calculations allows us to obtain an upper limit of the 
sixquark mass to be 1956 MeV, which is in a reasonable correspon
dence with experimental data /7 I_ Note, that the results are very 
sensitive to the value of the sixquark mass. For instance, if we take 
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500 1.0 

1.00 e = 200MeV 0,8 
El · OMeV 
p =p. 

300 0,6 

~ 
0,1. 
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Fig.2 Fig.3 

(} = 2000 MeV 

9•200MeV 

(} = 200 

--

I. 8 12 16 20 

Fig4 Fig.5 

it be equal to 1950 MeV, then the sixquark concentration is about 
10 rQ. In Fig.4 the behaviour of the nucleon concentration W(p, 0) is 
shown for the case M 6 = 1950 MeV, and the corresponding free 
energies are shown in Fig.5. 

We are extremely grateful to the Academician A.M.Baldin for 
numerous consultations and discussions. 
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EXAMPLE OF ANTIPHASE FLUCTUATION
NEGATIVE ELECTRIC CURRENT IN DIELECTRIC 

V.I. Yukalov 

The possibility of the fluctuational appearance of an order 
parameter which is unusual for a given system is illustrated y 
the example when the electric current arising in an irradiated 
dielectric is directed opposite to the applied electric field. 

The investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 

llpHMep aHTH¢la3HOH ¢lJIYKTYa!UiH -
OTpHQaTeJibHbiH 3JieKTpHtleCKHH TOK B .D;H3JieKTpHKe 
B.H.IOKaJIOB 

Bo3MO)I(HOCTh <l>nyKTyau;HoHHoro rro.IIBneHHJI rrapaMerpa 
IIOp.II,!U(a, Heo6bi'IHOIO .D;n.ll ,1:\aHHOH CHCTeMbi, IIpOHnniOCTpH
pOBaHa IIpHMepOM, KOI,J:\a :meKTpH'IeCKHH TOK, B03HHKaiOIUHH 
B o6nyqeHHoM AH3neKrpHKe, uanpasneH rrpoTHB rrpHno:lKeHHo
ro 3neKTpH'IecKoro rron.11. 

Pa6ora BbiiiOnHeHa B lla6oparopHH reopeTH'IeCKOH <I>H3H
KHOmm. 

The phase state of a system can be characterized by the quan
tity called the order parameter. When the sign of the latter becomes 
opposite to that one which is typical of the state given, one says 
about ant~hase fluctuations. This term has been used, for instance, 
by Cook 11 considering pretransitional clusters associated with 
structural phase transitions. Such fluctuations are generally local in 
space as well as in time. Although in some oversimplified cases they 
may be local only in space, as it takes place 121 for several exact so
lutions to the time-dependent Landau-Ginzburg model of phase 
transitions. The exact solutions mentioned represent solitons moving 
in one-dimensional space. In other cases antiphase fluctuat ions do 
not move but are fixed in occasionally chosen regions of a system. 
This is so for systems having special stochastic properties, when one 
comes across the problem of Chinese postman, i.e., achievement of 
the minimal energy of a postman delivering the mail along a set of 
streets connecting cross-roads. Then the energetical advantage 
leads to the formation of a random phase-antiphase state as for 
some spin-glass models 181 where spin-up domains coexist with 
spin-down and spin-zero one's. 
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Time-dependent antiphase fluctuations occurring in a stationa
ry regime can be taken into account by the quasi-equilibrium theory 
of heterophase fluctuations 141. And strongly nonstationary fluctua
tions should be described by nonequilibrium dynamical equations. 
Here a nonstationary case will be considered: the case of irradiated 
dielectric in an external electric field. 

Irradiation can lead to the transition of a dielectric to a weak 
conductor. Another interesting result is the appearance under irra
diation of regions of disorder 15- 91, so that the matter becomes the 
heterophase mixture of two phases with different densities. 

The first situation is investigated here, when only electric pro
perties are important. As an order parameter putted into the corres
pondence to the dielectric-conductor transition the conductivity or 
the electric current could be chosen. In order to illustrate the main 
idea - t he possibility of a strange behaviour of the induced electric 
current - let us use the simple model 1101 of the dielectric with in
jected charges. 

The case under consideration is described by the electrodyna
mic equations 

... ... a 
div D = 4 TT p, div j + !!..E. = 0, 

at 
(1) 

... 
in which D is the electric induction, p is the density of injected 
charges and j is the density of their electric current. The material 
equations are as follows: 

~ .... -+ --+ 
D = ~ E , j = p. P.E, (2) 

where f is the dielectric constant, p. is the mobility constant or 
simply the mobility. Let the dielectric be bounded by two plates 
perpendicular to the x -axis and at the distance L from each other. 
The potential difference be unchanged: 
L 
J E /x, t) dx = V0 > 0. (3) 
0 
The injected density p (;. t ) = p ( x , t) is initially situated in the 
form of the thin layer at x = x0 with the surface charge density a 8 : 

p(x, 0 ) = a
8
8(x- x 0 ). (4) 

As the macroscopic order parameter the density of the total electric 
current 

L 
J (t) = f j (X , t) d X 
tot x 

0 
(5) 

is taken. In order to simplify the notation the dimensionless quan-
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tities are introduced: · 

~ = ~ 
- L ' 

xo 
a = -

L 
2 

EXL 47TL p 
E =-y-• n = --;y;;• 

477Lu 
u ·= --~s. 

Then (1) and (2) give 

.£! = n, .l..(nE)+~ = 0. 
a~ a~ ar 

The boundary condition (3) is now 
1 
fE(~,r)d~ = 1, 
0 
and the initial condition ( 4) is 

n( ~ , 0 ) = u 8( ~ - a ) . 

The order parameter ( 5) transforms to 
1 

J(r) = f n(~, r)E(~, r)d~. 
0 

In the place of (9) one might write 

(6) 

(7) 

. (8) 

. (9) 

aE 
J = r.E + -. (10) ar 
This is because a J I a t = 0 , and therefore, J = J ( r) . 

The set of equations (6) and (10) with boundary and initial 
conditions (7) and (8), respectively, can be solved using the method 
of characteristics. The solution shows that the charged layer widens 
in time, the charge density diminishes according to the law _ 11 r. 
The positions of the left and right surfaces of the layer move in such 
a way that at the moment r 1 the left surface touches zero: ~f (r! )=0; 
at the moment r2 it comes off the plane x = 0, so that again ~f(r2)= 
= 0; at the moment r3 the right surface touches the right boundary 
X = L' therefore e (r s} = 1; finally, at T the left surface reaches 
the right plane: ~ e< r 4 J = 1 , and the e1ectric current vanishes. 
ThUS, 0 < T 1 < T 2 < T S < T 4 • 

The expressions for the total current (9) or (10) inside the cor
responding time intervals have the following forms. In the first inter
val 

J = u(1 + u a - .£...) eur 
2 

the time r 
1 

being defined by the equation 
2 UT 

u .r 
1 

= u - 2 + (2 + 2ua - u) e 1 
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In the second interval 
2 

J = - 2 ~ ( !_ ~) (r ~ r ~ r ) , 
d r2 u d r 1 2 

where u = J 0(y2r) + AY0 (y.2r) , J 0 (.) and Y0(.) are theBes
sel functions of the first and second order, respectively, the constant 
A should be found from the equation 

(2 ~ + au) r = 0, 
dr 2 

and the moment r 
1 

is given by the relation 

[ 2 d
2
u (du )2 } r2 = u --:-2 / _ , 

dr dr r 2 

In the third interval 
a 2 r a a (r- r ) 

J = a (1 + -l....L - --l.) e 1 2 ( r < r < r ) , 
1 2 2 2- - 3 

here 
T 

a =a - [~ J!'!.l 2
, 

1 u dr 7
1 

the time r 
3 

must be determined from the equation 
2 a (T -T 2) 

alr3.= at+ 2 + (al- 2- 7;r2)e 1 3 

And the fourth interval 
2 

J = 2.!L. (L. ll) 
d r 2 V dr 

(r3 S r 'S. r4), 

where v = J 0(v 2 r) -r B Y0 ( /2r), the constant B is defined by the 
equation 

(2~ + a
1

v) = 0, 
d·T T3 

the final time r 4 satisfies the condition (dv I d r ) 7 = 0 . 
As is evident, the electric current can b~ome negative, that 

is directed opposite to the external field, in the first time interval 
and in the part of the second interval when either 

2 1 2 1 
a > - - --, a <- , or - - <a < 0 , a > - (J = 0 , 

1 - 2a 2 2a-l 2 

2 1 a=--, a <-). 
1 -2a 2 

The physical reason for the appearance of the negative electric cur
rent is that the injected charges themselves form the electric field 
that forces them to move in the direction opposite to the applied 
field. 
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IIOIIPABKA 

K cTaTbe IO.A.Ba'fYCOBa u .n:p. "OrpaHH'IeHHe Ha KOJIH'IecTBO aHTH· 
ae~ecTaa a paHHeif BceneHHoH H3 .O:aHHbiX no B3aHMo.n;eHCTBHJO 
aHTHllpOTOHOB C '\Je ". (KpaTKHe C006~eHHR 0:1-f.Hlf, N-!6-85, 
1984, c.ll). B noCJie,lUieH KOJIOHKe Ta6JIHIU>I (c.15) cne.n:yeT 'IH· 

TaTb: 
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