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Mali <I>.P., nallJKeBH'I B.B., <l>payeaaoptfl c. P4 - 10173 
npellCK838HHe nepeXOilOB C H3MeHeHHeM !jlopMbl B O'leHb 

HeliTpOHOile4JHUHTHbiX '!eTHO-'IeTHbiX H30TOnax B palioHe 

CBHHU8 

Pacc'IHTbiBanHCb paaaoaecHbie !jlopMbi HH3Kone>Kamux HpacT-cocTOSIHHli 

B nerKHX '!eTHO-'IeTHbiX H30TOll~X nnaTHHbl, CBHHU8 H llOflOHHSI nocpellCTBOM 

MHHHMH38UHH 3!jl~eKTHBHOli 3HeprHH ae!jlopMBUHH. Hcnonb30B8flHCb MeTOil o6o

flO'Ie'!HOli nonpaBKH CTpyTHHCKoro anSI Bbi'!HcneHHSI 3HeprHH ae!jlopMaUHH oc

uoeuoro COCTOSIHHSI H MOileflb llpHHyllHTeflbHOrO Bp811JeHHSI llflSI OllHC8HHSI po

T8UHOHHbiX CTenelflrl! CB060ilblo PaCCM8TpHB8flHCb TOflbKO 8KCH8flbHO-CHMMeT

pH'IHbie ae!jlopMBUHH. npoBOilHflOCb npoeKTHpOBBHHe Ha 381l8HHOe 'IHCnO '18CTHU 

PeaynbTBTbi yKa3biBBIOT ua B03MO>KHOCTb nepexoaoe !jlopMbi oT c!jlepH'IecKoli 

K BbiTSIHyTOli HflH OT c!jlepH'IeCKOli K CllfliOCHyToli, 38TeM K BbiTSIHYTOA B H30-

Tonax CBHHUa B palioHe A=l88. 

Pa6oTa Bbmonueua B na6opaTopHH TeopeTH'IeCKOli !j!H3HKH OH.RH. 

IlpenpHHT 06be):IHHeHHOrO HHCTHTyTa H):lepHbiX HCCJie):IOBaHHit 

,ay6Ha 1976 

May F.R., Pashkevich V.V., Frauendorf S. P4 - 10173 

A Prediction on the Shape Transitions in 
Very Neutron-Deficient Even-Mass Isotopes 
in the Lead Region 

Equilibrium shapes of low-lying yrast states in light 
even-mass Pt, Pb and Po isotopes are calculated by minimi
zing an effective deformation energy using Strutinsky's 
shell-correction method for the evaluation of the ground 
state deformation energy and the Cranking prescription for 
the treatment of the rotational degree of freedom. Only 
axially symmetric distortions are considered. Particle 
number projection is included. The results indicate the 
possibility of spherical-oblate, spherical-prolate and 
spherical-oblate-prolate transitions in the Pb isotopes 
around A=l88. · 

Preprint of the Joint ln&titute for Nuclear Re&earcb 

Dubna 1976 

C) 1976 06t>ec)UHeHHI>IU UHc•u•y• Jfc)epHWX UCCAec)o80HUUJ{y6Ha 

·Ill 

' 

B nocne,Auee speMJI 3Ha'IHTenbHLie ycunuJI 6LinH no

CBJIIUeHbl HCCne,AOBaHHIO O'leHb Heii:TpOHO.Ae<i>HUHTHbiX JI,Aep. 

HeKoTopLie H3 nony'leHHLix pe3ynLTaTOB uaxo.AJIT csoe ec

TeCTBeHHOe 06bJICHeHHe B paMKaX npe,ACTaBneHHJI 0 CO

cymeCTBOBaHHH pa3nH'IHbiX <i>opM JI,Apa /eM. pa60Tbl /I •2 / H 

ccLinKH B uux, a TaK)I(e pa6oTLI 13 - 81 I. 3To JIBneuue co

cymeCTBOBaHHJI 'laCTO BCTpeqaeTCJI B,AanH OT nHHHH f3 -
CTa6HnbHOCTH, r,Ae He06bi'IHble KOM6HHaiJ;HH 'IHCna DpOTOHOB 

H Heii:TpOHOB MOryT npHBeCTH K TOMY, 'ITO DOBepXHOCTb 

DOTeHIJ;HanbHOB 3HeprHH 6y,AeT HMeTb HeCKOnbKO MHHHMy

MOB. B TaKOM cnyqae <i>aKTH'IeCKaJI <l>opMa JI,Apa COOTBeT

CTByeT TOHKOMY paBHOBeCHIO DPOTOHHOB H HeBTPOHHOB 

o6ono'le'IHLIX can. Ecnu TaKoe JI,Apo o6na,AaeT KOHe'IHbiM 

yrnOBbiM MOMeHTOM, COOTBeTCTBYIOJUHe IJ;eHTpo6e)I(Hble CH· 

nLI MoryT Bbi3BaTb nepexo.A oT Meuee Ae<l>opMuposauuou 

<l>opMLI K 6onee Ae<l>opMuposauuou. TaKaJI npocTaJI <l>u3u

'lecKaJI KapTHHa D03BOnJieT 06bJICHHTb 3KCDepHMeHTanbHble 

BenH'IHHbl paCCTOJIHHB Me )KAY ypOBHJIMH H npHDe,AeHHbiX Be

poJITHOcTei nepexo,AoB B(E2) B nerKHX H3oTonax pTyTH /8/. 
B uacToJimeu pa6oTe uccne,AyJOTCJI 'leTuo-'leTHLie H30-

TODLI nnaTHHbl, CBHHIJ;a H DOnOHHJI, KOTOpble JIBnJIIOTCJI 6nH
)I(aBWHMH coce,AJIMH H30Tonos Hg u B KOTOpblx O)I(H,AaJOTCJI 

auanorH'IHble JIBneHHJI COCyi..QeCTBOBaHBJI. B OCHOBHOM BC· 

DOnb30BanCJI TOT )l(e CaMbiH TeopeTH'IeCKHB MeTO,A, 'ITO 

u B pa6oTe 18/. Hccne,Aosanacb aKcaanLHo- CHMMeTpB'IHLie 

<i>opMbi, KOTOpble ODHCbiBanHCb C DOMOIUbiO .ABYX napaMeTpOB 

Ae<l>opMau;ua, £ B a 4 , npH'IeM ( onpe.AenJieT KBa,Apynonb

HYIO B a 4 - reKca,AeKanonbHYJO .Ae<l>opMau;uJO I onpe,Aeneuae 

,AaHo B pa6oTe / 91 I. 3uepruJI HB3Kone)l(amax apacT- co-
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CTOJIHHH IT .e. HH>KaHWHX COCTOJIHHH C 3a,IJ.aHHbiM yrnOBbiM 
MOMeHTOMI nonyqanaCb KaK MHHHMY~ 3HeprHH ,IJ.e~OpMa· 
uuu npu 3a,IJ.aHHOM cnuue I: 

E I ( f, a 4 , !:! p , fln) ,. E 0 ( f , a 4 , !:! p , fln ) + 

111 
+ I(I+l)/2j(f, a 4 , !:!,!:!), 

p n 

r,IJ.e 3HeprHJI ,IJ.e~opMaUHH £ 0 OCHOBHOrO COCTOJIHHJI lOCI 
BblqucnJina~ MeTo,IJ.oM o6onoqequoil nonpaBKH CTpyTHH
cKoro /lO/. ,D;nJI MOMeHTa uuepuuu j ucnonLloBanocL Bblpa
>Keuue, nonyqeuuoe B paMKax ¥O.IJ.enu npHHY.IJ.HTenLHoro 
spaiUeHHJI. llpu cnuue nopJI,IJ.Ka Sli u BbiWe TaKoe npu6nu
>Keuue MO>KeT oKa3aTLCJI uesepHbiM, ecnu .D.BYXKBaJuqac
THqHble COCTOJIHHJI C BbiCOKHM yrnOBbiM MOMeHTOM lobi
cTpoeuuaJI KOH~urypauuJII oKalbiBaroTCJI ua upacT-nonoce. 
B ,IJ.o6asneHHe K npe,IJ.bi.IJ.YIUHM BblqacneHHJIM MHHHMH3aUHJI 
E I nposo,IJ.unacL ue TonLKO no napaMeTpaM £ u a4 , uo 
TaK>Ke H no npOTOHHOH H HeHTpOHHOH IUenH ~p H ~n1111 • 
B KaqecTBe cpe,IJ.Hero nonJI ucnonLlOBancJI ,IJ.e~opMHposau
HbiB noTeuuuan By,IJ.ca- CaKcoua19/ c napaMeTpaMH H3 pa-
6oTbi/I2~ MouononLuoe BlaHMO.IJ.eiicTBHe Tuna cnapu'aauuJI, 
napaMeTpH30BaHHOe C nOMOIUbiO cpe,IJ.HeH IUenH / 1

,
0

/ onHCbJ• 
sanOCb KaK B npu6nu>KeHHH liKlli, TaK H C npoeKTHpOBaHH· 
eM ua Ja,IJ.aHuoe qacno qacTHU I Q-npoeKuueil. llo,IJ.po6-
HOCTH nocne,IJ.ueii npoueAYPbl onucaHbl B pa6oTe I 11 ~ Bb16op 
HHTeHCHBHOCTH cnapHBaTenbHOrO B3aHMO,IJ.eHCTBHJI o6cy>K

,IJ.aeTCJI HH>Ke. 
Hau6onee HHTepecublil cnyqail npe,IJ.cTaBnJIIOT co6oil HJO-

Tonbl csuuua. KaK BH.IJ.HO H3 puc. 1, OC 
1811

Pb JIBnJieTcJI 
C~epuqeCKHM, qTO THnHqHO H ,IJ.nJI 6onee TJI>KenbiX H30TOnOB. 
3TO CBOBCTBO COOTBeTCTByeT MaruqecKOMY qucny npOTOHOB 
82, npHBO.D.JIIUeMy K rny6oKoMy MHHHMYMY I "' -7 M3BI 
B npoTouuoii o6onoqequoil nonpaaKe npu F = 0. MaKcHMYM 
B 3Hepruu o6onoqequoii nonpaBKH u nonpaBKH ua cnapusa
HHe npH 106 ueiiTpOHaX He MO>KeT KOHKYPHPOBaTb C rny-
60KHM npOTOHHbiM MHHHMYMOM, H JI,IJ.pO B pe3ynbTaTe 3TOrO 

npuuuMaeT c~epuqecKyiD ~opMy B OC. KpoMe Toro, cy-
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Puc. 1. 3HepZUJI oe(JopMaijUU /EKJJJ/ HUJICOUUlUX poiiiOijUOH

HbiX COCIIIOJIHUii e 188 Pb. reKcaoe KanoA bHOJI oe(JopMaijUJI 191 
paeHa 0 npu £.;;. 0 u -0,01 npu ( >0, 'IIIlO 6AU3KO K paeHo
eecHMM 3Ha'leHUJIM. Pe3yAblllalllbl, noAy'leHHble c noMOfl#bfO 
Q- npoeKijUU, 6AU3KU K 111eM, 'IIIlO npeoc111aeAeHbl Ha pucyHKe; 
OIIIKAOH€HUe COCIIIOBAJI€111 MeHee 0,1 M3B. 

IUeCTBYIOT MHHHMYMbl CO cnnrocHyTOB H C BbiTJIHYTOH CTO· 
poubl, KOTOpble ne>KaT ua 1 M3B BbiWe. llo,IJ.o6HbiM o6pa3oM 
se.IJ.YT ce6JI KpHBble, npe,IJ.cTaBnJIIDIUHe 3Hepruro ,IJ.e~opMa
UHH ,IJ.nJI JI,IJ.ep BCeX ,IJ.pyrHX nerKHX H30TOnOB CBHHUa IBKniD
qaJI ueqeTHbiel. )J;nJI BpaiUaiDIUHXCJI JI,IJ.ep nerKHX H30TOnOB 
CBHHUa npe,IJ.CKa3biBaeTCJI nepeXO,IJ. K ,IJ.e~opMHpOBaHHbiM 
MHHHMyMaM. B cnyqae 188 Pb npu I- 2 cnnrocuyTblii MHHH
MYM ( £ "' -0,175, a 4 "'0) JIBnJieTCJI a6coniOTHbiM, TOr,IJ.a KaK 
npu I '"' 8 a6conroTHbiM oKa3biBaeTC.II BbiT.IIHYTbiB ( £• 0,225, 
a - -0,02).KaK noKa3aHo ua puc. 2, r,IJ.e npuse,IJ.eua pa3HH-
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v AE Eobl E pro! .+. 
u;a :meprHH Ll I= I - 'I Me)f(,D,y .D.BYMJI ,D,e'!'OPMH-

poBaHHhiMH MHHHMyMaMH, Jl,!],pO 
188Pb npe,D,CTaBJIJieT C060H 

KaK pa3 npoMe)f(yTOlfHhiH cnyqaif • .liOJihiiiOe fiOJIO)f(HTeJihHOe 

JHalfeHHe ~ E r B 184 • 186 Pb 03HaqaeT, 'ITO ,D,JIJI JTHX 

JI,D,ep npu I ~ 2 O)f(H,D,aeTCJI xopoiiio .D.e4JopMHpoaaHHaJI Bhi

TJIHyTaJI 4JopMa ( f"" 0,25,a4 .. ·0,01). MoMeHT HHepu;HH COOT· 

BeTCTBYIOlJ.J;eH poTaJ.J;HOHHOH fiOJIOChl paBHJieTCJI npH6JIH3H· 

TeJihHO 44 M3B·-l. 3TOT nepexo,D, oT c4JepuqecKoH K Bhi

TJIHYTOH 4JopMe COOTBeTCTByeT nepexo,D,y OT CfiJIIOCHYTOH 

K BhiTJIHYTOH 4JopMe B nerKHX H30Tonax PTYTH · 8 / ,B KOTO· 

phiX, 6nar,_g,D,apJI npucyTCTBHIO .D.BYX .D.hipoK B c4JepuqecKoH 

AE 
[MeV) 

1.0 

Ol 7,..--- I 

1.0 

188" ~ 

190/ 

OI!~L--.........-~~ I 

0 1 4 6 8 1 

Puc. 2. 3Hepzemu~ecKaJI pa3HUI.Ia ~E MeJICoy cnlliOcHymbrM 
u ebrmJIHymbiM MUHUMyMaMu e 3aeucuMocmu om cnuHa OllJI 
184-190 Pb/EKHI/ u 188-198 Pt /Q-npoeKI.IUJI/. FeKca
oeKanollbHaJI oerfiopMaijUJI /9/ a 4= 0 npu f :S 0 U a

4
= - 0,01 

npuf>O e U30monax ceUHI.Ia u a 4 =-0,02 npu <<0 ua4,.,-0,04 
npu c > 0 e u3omonax nllamuHbl, ~mo 61lU3KO K paeHoeeCHbiM 
3Ha~eHUJIM. 
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060JIOlfKe, MHHHMYM npOTOHHOH CHCTeMbl COOTBeTCTBY,f~ 
cnerKa cnnrocHyToH .D.ecllopMau;uu ( £ -= - 0, 12). B pa6oTe' 

coo6IUaJIOCh o6 o6Hapy)f(eHHH B 
186

• 
188 Hg qacTH ,D,e4Jop

MHpoaaHHOH poTaUHOHHOH fiOJIOChl, He npHHa,D,Jie)f(all(eH K 

upacT-cocTOJIHHJIM. CyiUeCTBoaaHue JTHX cocToJIHHH KaK 

pa3 npH TOH 3HeprHH, npH KOTOpOH OHH O)f(H,D,aJIHCh, no

BH,D,HMOMy, yKa3hiBaeT Ha TO, 'ITO HMeeTCJI 3HepreTHlfeC· 

KHH 6apbep Me)f(,D,y CfiJIIOCHYThiM H BhiTJIHYThiM MHHHMyMa· 

MH, npe,D,OTBpall(aiOIUHH CHJihHOe CMeiiiHBaHHe .D.BYX fiOJIOC. 

3TOT 4JaKT MO)f(HO paCCMaTpHBaTh KaK HH4JOpMaJ.J;HIO 06 

3HeprHH ,D,e4JopMaUHH npH TpHaKCHaJihHhiX 4JopMaX ( y /. 0), 
KOTOpaJI He paCClfHTbiBaJiaCh HH B pafioTe/8 /, HH B HaCTOJI· 

IUeil pa6oTe. B pacqeTax, npe,D,cTaaneHHhiX a/3/, npe,D,cKaJbl· 

aanc.11 nnocKHH 6ap1.ep nopJI,D,Ka 0,3 M3B. 
llpe,D,nonaraJI HaJIHlfHe 6ap1.epa a 184•186Pb npu 

Y ~ 0 Me)f(,D,y BhiTJIHYThiM H CfiJIIOCHYThiM MHHHMyMaMH, MO)f(· 

HO O)f(H,D,aTh, 'ITO Cyll(eCTBYIOT ,D,Be pa3JIHlfHble CTpyKTYPhl 

nonoc: poTau;HOHHaJI, HalfHHaiOIUaJicJI npu E ger , 1,0 M3B, 
H BH6pau;HOHHaJI, npHHa,D,Jie)f(all(aJI c4JepH'IeCKOMy MHHHMYMY. 

B oTcyTCTBHe BhiCOKoro 6ap1.epa o6e CTPYKTYPhl .D.OJI)f(Hhl 

CMeiiiHBaThCJI, npH'IeM BhiTJIHyTaJI 4JopMa ,D,OJI)f(Ha BCe 60· 

nee cTa6HJIH3HpoaaT&CJI c pocToM I. 
,D;n.11 H30Tonoa 190 • 192 Pb CHTyau;HJI oKa3biBaeTcJI no

.D.06Hoil. O,D,HaKo, TaK KaK a 6onee TJI)f(eJihiX H30Tonax, 

lfeM 
188 Pb, CfiJIIOCHYThiH MHHHMYM Jie)f(HT HH)f(e BhiTJIHyToro, 

JI,D,po npHHJIMaeT cnnrocHyTyro 4JopMy npu I ~ 2. B ma61lUfle 
H3BeCTHble 3KCnepHMeHTaJihHble 3HalfeHHJI paCCTOJIHHH Me)f(· 

.D.Y ypoBHJIMH a 
192 Pb 1131 

cpaBHHBaJOTCJI c TeopeTHlfeCKH

MH. B BhllfHCJieHHJIX fiOJIYlfHJI OTpa)f(eHHJI TOT 4JaKT, 'ITO 
+ + 

JHeprHJI nepexo,D,a 2 ... 0 cyiUeCTBeHHO 6on&we, lfeM nepe-

XO,D,a 4+ -> 2 + · 3KcnepHMeHTaJihHhle npJipaiUeHHJI paCCTOJI· 

HHH Me:>K.D.Y apaiUaTeJI&HhiMH ypoBHJIMH MHoro MeH&we Teo

peTHlfeCKHX, nonylfeHHhlx c Q -npoexuueil. MO)f(HO npe,D,

noJIO)f(HT&, 'ITO 3TO JIBJIJieTCJI pe3yJII.TaTOM CBJ13H apaiUeHHJI 

C ,D,ByXKBa3HlfaCTJilfHhiMH B036Y:>K,D,eHJIJIMH, .KOTOpble He npH

HJIThl BO BHHMaHHe B HaCTOJIIUHX paclfeTaX. llpH l = 8 

/.6Klll/ HJIH I .. 10 I Q -npoeKu;HJI/ nnaBHhiH poeT TeopeTH

qecKoil pa3HOCTH JHepruil E(I)- E( 1-2) HapywaeTcJI. 

B cnyqae 190Pb H3JIOM aL\E npu nepexo,D,e,oT 6+x 8+/cM. 

puc. 2/ Bb13BaH 70-npou;eHTHbiM yMeH&WeHHeM HeHTPOHHOH 

IUenu. llo,D,o6Hble BblcoxocnHHOBble aHoMaJIHH, o6Hapy)f(eH-
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Hble 3I<cnepsMeHTaJILHO a nonoce OC 190, 192 Pt 

BHTepnpeTspyiOTCJI a pa6oTe 
114

/ I<ai< awcTpasaaase .llBYX 

aeiiTpoaoa. Kai< y>Ke ynoMBHanocL, aawa Tpai<TOBI<a ae 

npe,llHa3aaqeaa .llJIJl onscaHBJI Tai<BX aaouanHii. TeM He 

Meaee pe3yJILTaTbl, nony'leHHble .llJIJI 190• 192 Pb, MO>KHO 

npo6ao BHTepnpeTspoaaTL I<ai< yi<a3aase aa aeperyngp

aocTB B paCCTOJIHBJIX Me>K.IlY YPOBHJIMB spacT-nOJIOCbl OI<O· 

JIO lal0 BCJle,llCTBBe o6pa30BaHHJl BbiCTpOeHHOB I<OHWHI"y· 

pauss. TeopeTH'Ieci<aJI 3HeprHJI 2+ ... 0 + nepexo,lla JIBJIJI· 

eTCJI cnswi<oM 6on&woii. O.llHai<o 3Ta aeJIB'IHHa cyll(ecT

aeaao 3aBHCHT oT napaMeTpoa noTeausan&aoii JIMbl. Ecns, 

HanpHMep, HCll0JlL30BaTL napaMeTpbl, npe,llJIO>KeHHble 

o pa6oTel 15~ nony'laiOTCJI 3Ha'leHHJI, 6JIH3I<He I< 3I<cneps

MeHTaJILHbiM. ~anee, yqeT ayneablx I<one6aasii ynyqwaeT 

cornacse, T .I<. onpe,lleJIJIIOIUaJI sx >KecTI<OCTL O'leBH.IlHO 

pa3JIH'IHa o .llBYX MHHBMyMax. B npoMe>KyTo'IHOM cnyqae 

188pb pa3HHUa 3HeprHB CllJliOCHYTOI"O H BbiTJIHYTOI"O 

COCTOJIHHB ,llOBOJlLHO Mana: ,llJlJl 2 + , 4 + H 6 + COCTOJIHHB 

IdE 1 < 0,2 M3B. He 3HaJI 3Heprss .llewopMauas TpHai<

csanLHLix WOPM, MO>KHO TOJlbi<O ,lleJiaTb npe,llllOJlO>KeHHJl 0 

pa3JIH'IHbiX B03MO>KHOCTJIX. Tai<, ecns HMeeTCJI 6ap&ep 

Me>K.IlY .llBYMJl MHHHMyMaMH npH y /. 0, TO MO>KHO O>KH,IlaTb, 

'ITO cyll(eCTBYIOT ,llBe ,lleWOPMHpoaaHHble llOJlOCbl, nepece

I<aiOIUHe .llPYI" ,llpyra BCJle,llCTBHe pa3JIH'IHJI MOMeHTOB HHep

UHH. C .llPYI"OB CTOpOHbl, Y ·HeCTa6HJILHbiB llOTeHUHaJI HJIH 

HCTHHHbiB MHHHMYM npH y /. 0 COOTBeTCTBYIOT apall(a· 

TeJILHOB CTPYI<Type c paccTOJIHHJIMH Me>K.IlY ypoaHJIMH, 

I<OTOpble JlBJlJIIOTCJl npoMe>KyTO'IHbiMH llO OTHOWeHHIO I< pac • 

CTOJIHHJIM, COOTBeTCTBYIOIUHM BbiTJIHYTOMY H CllJliOCHYTOMY 

MHHHMyMaM. 
192 

Y H30Tonoo TJI>Kenee Pb .llewopMHpoaaHHhle MHHH-

MYMbl CTaHOBJITCJl MeHee Bblpa>KeHHbiMH. llo Mepe nps-

6JIB>KeHHJl 'IHCJla HeBTpOHOB I< 126 CllJIIOCHYTbiB MHHHMYM 

npB6JIH>KaeTCJl I< cwepH'IeCI<OMY, B TO BpeMJI I<ai< BbiTJIHy· 

TbiB MHHHMYM llO,IlHHMaeTCJI BBepx H pa3MbiBaeTCJl. Y H30· 

TOllOB TJI>Kenee l%pb llOJIBJIJieTCJI Jlpi<O Bblpa>KeHHbiB 

BbiTJIHYTbiH MHHHMYM npH €"" 0,4, 'ITO THllH'IHO .llJlJI 6onee 

TJl>KeJlbiX H30TOllOB B paii:OHe CBHHUa. 

Kai< y>Ke ynoMHHanocL, npscyTCTBHe .llBYX .llbiPOI< a 

npoTOHHoii: o6ono'II<e neri<HX H3oTonoa PTYTH C.llBHraeT 
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MHHHMYM, 06JI3aHHbiH CBOHM npOHCXO)K,!:{eHHeM DpOTOHHOH 
o6onoqequoii nonpasKe, a CTopoHy cnnrocHyToii .z:te~opMa
UHH. O.z:tHospeMeHHo JHepreTuqecKaJI pa3HOCTL Me)K.z:tY JTH
MH .L{BYM.fl MHHHMyMaMH B OC yMeHLWaeTCJI ,1:{0- 0,4 M3B/~/ 
qTo cne.z:tyeT cpasHHTL co 3HaqeHHeM 1,0 M3B, nonyqeHHbiM 
.z:tnJI H30TODOB CBHHUa. KaK DOKaJaHO Ha puc. 2, 3Ta TeH
.z:teHUHJI coxpaHJieTCJI npu nepexo.z:te K nerKHM HJoTonaM 
nnaTHHbl, JI.L{pa KOTOpbiX y)Ke JIBnJIIDTCJI BbiTJIHYTbiMH B OC. 
TaKHM o6paJoM, nepexo.z:ta c HJMeHeHHeM ~opMbi, no.z:to6-
Horo nepexo.z:ty a HJOTonax PTYTH, J.z:tecL He O)KH.z:taeTc.H. 
C pOCTOM qucna HeHTPOHOB BbiTJIHYTbiH H cnnrocHyTbiH 
MHHHMYMbi JJ.O,!:{XO,!:{JIT oqeHL 6nH3KO .z:tpyr K .z:tpyry DO 3Hep
rHH H JaHHMaiDT CHMMeTpHqHoe DOnO)KeHHe DpH .z:te~OpMa

UHH, npu6nHJHTenLHO pasHoii I (I= 0,12. 
R.z:tpa HJOTonos TJI)Kenee 190Pt cnnrocHyTbl a OC. 

)J;nJI 190,192 • 194pt BbiTJIHyTaJI ~OpMa BCe e~e COOTBeT
CTByeT 6onee HH3KOH 3HeprHH DpH BLICOKHX yrnOBbiX MOMeH
TaX. KaK cne.z:t~;eT HJ pa6oTbl I 16( JKcnepHMeHTanLHaJI 
CXeMa YPOBHeH ' 14.; yKa3biBaeT Ha OTCYTCTBHe KaKoro 6bl 
TO HH 6blnO 6apLepa Me)K,!:{y MHHHMyMaMH. Cne.z:toBaTenLHO, 
nepeXO,!:{ OT cnnroCHYTOH K BLITJIHYTOH ~OpMe, sepOJITHO, 
UpOHCXO,!:{HT nnaBHbiM o6pa30M qepeJ TpHaKCHanLHYID~OpMy. 

PaccMoTpHM TaK)Ke Jl.z:tpa c .z:tBYMJI qacTHUaMH csepx 
c~epaqecKoii npoTOHHoii o6onoqKH /HJOTODbl nonoHHJI/. KaK 
noKaJauo a HH)I(Heii qacTH puc. 3, TJI)Kenble HJOTODbl c A = 
= 194, 196 cne.z:tyeT CqHTaTL aHrapMOHHqeCKHMH BH6paTo
paMH /CM., HaDpHMep, 3KCUepHMeHTanLHble .z:taHHble .z:tnJI 
202, 204, 206 Po /17//. MenKae ocuannJIUHH a 3Hepraa OC 
He cne.z:tyeT paccMaTpasaTL cepLeJHO. O.z:tHaKo .z:tnJI BbiCOKHx 
cnHHOB HJ pacqeTos cne.z:tyeT nnaBHbiB nepexo.z:t K cnnroc
HYTOB xopowo .z:te~opMuposaHHOB ~opMe. B .H.z:tpe 192Po 
6onee HH3KOB 3HeprHH COOTBeTCTByeT MHHHMYM DPH 6onL
WOB CDniOCHYTOB .z:te~opMaUHH ( f == - 0,2), XOT.fl OH He 
oqeHL JIPKO Bblpa)KeH. llepBble B036y)K.L{eHHble COCTO.fiHHJI 
c I" = 2 +, 4 + , 6+ H 8 + npaHa.z:tne)KaT K rny6oKoMy 
cnnrocHyToMy MHHHMYMY npa TOR lKe caMou .z:te~opMaUHH. 
TaKHM o6paJoM, spa~aTenLHaJI nonoca, cooTBeTcTsyro
ma.H XOPOWO .z:te~OpMHPOBaHHOB cnnroCHYTOB ~OpMe, npe.z:t
cKaJbiBaeTc.H .z:tn.H 

19
z-Po. Kpusa.H, onacblsaroma.H JHepruro 

190 
.z:te~opMauau OC Po, no.z:to6Ha cooTBeTcTsyroiUHM 
KpHBbiM .z:tnJI H30Tonos nnaTHHbl. O.z:tHaKo He Ha6nro.z:taeTcJI 
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-aJ -a2 -0.1 o 0.1 0.2 o.J e 
Puc. 3. 3HepZUJI OetjjopMQIJUU /Q- npoeKIJUJI/ OCH08HbiX CO
CMOJIHUU e 188- 196 Po. B cAy~ae 188po npeocmaeAeHa 
maKJICe 3HepzuJI oetjjopMaiJUU nepe&rx epar~~ameA&HbiX cocmoJI· 
Huu. FeKcaOeKanOAbHQJI oetjjopMQIJUJI /9/ paeHa 0 npu ( <o 
~mo 6AU3KO K paeH08eCHOMy 3HQ~eHU10. ' 

xopowo Bblpa)KeHHoro c~epuqecKoro 6apLepa, KaK y HJo
Tonos nnaTHHbl. C .z:tanLHeiiwHM yMeHLWeHHeM Maccosoro 
qacna DOJIBnJieTCJI xopowo .z:te~OpMHpOBaHHbiH BbiTJIHYTbiH 
MHHHMYM npH l = 0,25,KaK 3TO DOKaJaHO .z:tn.H IRS Po Ha 
sepxHeii qacTH puc. 3, H, cne.z:toBaTenLHo, .z:tonlKHLI Ha6nro
.z:ta TLCJI Bpa~a TenLHble COCTOJIHHJI. 

HeKoTopble 3aMeqaHH.fl cne.z:tyeT .z:to6asHTL o npa6nHlKe
HHH, KOTopoe acnonLJosanocL .z:tnJI onacaHHJI can cnapusa-
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HHJI. UcnonLJOBaHne npoeKTHposaHHJI Ha qucno qacTu:u; 

BLI3BaHO cne,D.yi0111;HMH .D.BYMJI DpH'IHHaMH. 

11 B6nH3H MaruqecKHX queen npuxo,D.HTCJI HMeTL .n.eno 

co cnapusaHHeM npH HH3KOH nnoTHOCTH yposHeH. B TaKOM 

cnyqae DO,D.XO,D., HCDOllL3Y10111;HH npoeKTHpOBaHHe Ha TO'IHOe 

qucno 'laCTH:u;, .n.aeT 6onee cTa6HnLHLie peJynLTaTLI npu 

HJMeHeHue .n.eclJopMa:u;HH H yrnosoro MOMeHTa, 'leM TeopHJI 

liKlll. 
21 UJsecTHO, 'ITO H3MeHeHHe JHepreTH'IeCKOH 111;enu 

C yrnOBLIM MOMeHTOM IJcPclJeKT KOpHOllHCOBa aHTHCDapH

BaHHJII B pe',D.K03eMenLHOH o6naCTH nyqwe ODHCLIBaeTCJI 

c noMoll1;LIO Q- npoeK:u;HH 1 eM. pa6oTy I 11 I I. C .n.pyrou 

CTOpOHLI, KaK BH,D.HO H3 IIIU6AUflbl, BellH'IHHLI JHeprHH C 

Q -npoeK:u;HeH OTKllOHJIIOTCJI OT JKCDepHMeHTanLHLIX 3Haqe

HHH s 6onLweu cTeneHH, 'leM peJynLTaTLI liKlll. TaKHM 

o6pa30M, 6e3 yqeTa JcPclJeKTa BLICTpaHBaHHJI DpH Bpa111;e· 

HHH HenL3JI C,D.enaTL O,D.H03Ha'IHOrO 3aKniO'IeHHJI 0 npe.n.

DO'ITHTenLHOCTH MeTO,D.a Q -npoeKI1;HH. 

B Ka'leCTBe cpe.n.HeH 111;enu BLI6HpanocL JHa'leHHe 

-;ip(n)• 13(11) I yA M3B 

B COOTBeTCTBHH C 06I:u;eH TeH,D.eH:u;HeH H3MeHeHHJI 'leTHO

He'leTHLIX pa3HOCTeH MaCe HeHTpOHO,IJ.eclJH:u;HTHLIX H30TODOB 

B HCCne.n.yeMOH o6naCTHIIB( 3TH napaMeTpLI 6nH3KH K TeM, 

KOTOpble 6LinH HCDOllL30BaHLI B pa6oTeiBI H ,D.aBanH TaM 

snonue y .n.osneTBopHTenLHoe onucaHHe nepexo.n.a c H3-

MeHeHHeM clJopMLI B H30TODaX PTYTH. )l,nJI H30TODOB nna

THHLI HCDOllL30BanHCL napaMeTpLI pa60TL/II~ TaK KaK OHH 

.n.a10T Haunyqwee npu6nH>KeHue .n.n.11 'leTHO- He'leTHLIX pa3-

HOCTeH Mace. llpe,D.CKa3aHHJI OTHOCHTenLHO nepeXO,D.OB 

C H3MeHeHHeM clJopMLI ,D.OBOllLHO 'IYBCTBHTenLHLI K BLI6opy 

HHTeHCHBHOCTH CHn cnapHBaHHJI, HaDpHMep, B cnyqae 
188Pb 

BLI'IHcneHHJI co cpe.n.HHMH I:u;en.IIMH, paBHLIMH 12//A M3B 
,D.ll.ll DpOTOHOB H HeHTpOHOB,DpHBO,D.JIT K CDlliOCHYTOMY MH

HHMYMY .n.n.11 scex cocTOJIHHH c I = 2,4 H 6. 
Cne.n.yeT TaK>Ke OTMeTHTL, 'ITO MHHHMH3al1;HJI DO reK

ca,D.eKanonLHOH ,D.eclJopMa:u;HH OKa3LIBaeTCJI Ba>KHOH, TaK KaK 

HanpuMep, B cnyqae a
4
"'- 0,02 ( f < 0) s 188 Pb He npo

HCXO.IJ.HT HHKaKOrO nepeXO,D.a C H3MeHeHHeM clJopMLI npH 

1~2. 

12 

B JaKniO'IeHHe OTMeTHM, 'ITO BLI6op napaMeTpos cna

pusaHHJI, a TaK>Ke napaMeTpos noTeH:u;uana By.n.ca-CaKco

Ha CO,D.ep>KHT B ce6e Ba>KHLIH HCTO'IHHK Heonpe.n.eneHHOCTH. 

O.n.uaKo JTa Heonpe.n.eneHHOCTL rnaBHLIM o6paJoM Kaca

eTCJI TO'IHOrO 3Ha'leHHJI MaCCOBOrO 'IHCna, npH KOTOpOM 

npe,D.CKa3biBaeTCJI JclJclJeKT. C HaWeH TO'IKH 3peHHJI, HaH6o

nee Ba>KHLIH peJynLTaT HaCTOJI111;eH pa60TLI COCTOHT B ODH

caHHH CHCTeMaTH'IeCKOH TeH,D.eH:u;HH B H3MeHeHHH clJopMLI 

.ll,D.pa, u6o nocne,D.HJIJI JHa'IHTenLHo cna6ee JaBHCHT oT 

BXO,D.HLIX napaMeTpOB. 

ABTOPLI 6naro.n.apHLI B.r .ConosLesy Ja nocTOJIHHLIH 

HHTepec K pa6oTe a U.H.Muxaunosy Ja noneJHLie JaMe

'laHHJI. 
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