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o· 3aKOHOMepHOCTS!X B CBOliCTBaX HHlKHHX ypoaaell' 'IeTHbiX 

H30Tonoa panoaa, Pacnan 2J? Fr i 23 -+ :t~gRn 124 

lA . 210 ·. 210 
nccnenoaanHCb ypoBHH s6Rn 124 npH pacnane :Fr , .nonyqeaaoro H3 

pea'Kuliil .· 197 Au(18 0, 5 n ). . B peayiib''rai'e -ilpoaeiieliiii.,IX'H3Mepe-!illii - y ·
cneKTpOB H ·y-y -coananeHHll Mbi npennonoJKHnH cxeMy ypoaaei!: 

210
Rn , 

LlnSI BbiSICHeHHSI CTPYKTYPbi STHX ypoaaei!: 6binH coiiocTaaneHbi H o6cyJKAeHbi 
naHH~Ie o6 ypoBHSIX 'IeTHo-'IeTHbiX SIAep Pb , Po , 'Rn H 

214
·Ra • 

Coo6~eHHe 06he,nHHeHHoro HHCTHTyTa x.r~epHhiX HCCJie.LIOBaHHii · 

~6Ha, 1972 

Kempisty T., Korman A., Morek T., 
Peker L.P., Haratym z., Chojnacki s~ P6-6725 

On Some Regularities in the Properties 
of Low-Lying Lev_r1~s in the -ii~en Isotopes 
of Rn • Decay of Fr into Rn 

The levels in 210Rn from the. decay of 21° Fr produced 
in the reaction 1f1 Au(1so,Sn) have been, investigated. The 
level scheme of 2 0 

Rn has been suggested on the basis of · 
the measurements of gamma rays and gamma-gamma coinciden
ces. In orde~1 to obtain some information concerning the 
structure of 0

Rn levels, the ex~erimental data on the 
even-even nuclei Pb , Po , Rn. , and 14

Rn have been compared 
and discussed~ · 

Communications of the Joint Institute for Nuclear Research. 
Dubna, 1972 
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Opu uccne.nosa1 
c A ~ 210 c· .ns)'M~ 
csoiicTsax o6HapyiK.~H 
poM npe.ncTasneHhi: 3 
H30TOllOB nonOHHa, BH 

11. Bo acex ai 
B · a.npax c A ~ 20E 
HetJeTIIO • He'leTHhiX a ,!I 

21. 3Hepruu yp 
HeHTpOHOB B a,npe n 
HHTepBan MeiK.I:(Y HH!'. 

Tv. I I = B+l: M8 

31. 3Heprua, Yl 
HCKniO'IeHIIeM 210po 

I 206 Po I. 
41. Hao6opoT, : 

HYIO 3HeprHIO, KOTOpa 
C MeHhlllHM 'IHCnOM. I 

N OT 122 ,no 124. 
,Una BhiaCHeHHa 

uccne.n~naTh Jaaucn~ 

,Una JToro HYiKHO 3111 

npoToHaMu · caepx Jan 
MepHOCTII B HX CBOHI 
TO'IKH Jpenua oco6eHJ 
a,tiep Rn ·. c N = 126; 
N' < 124. ·,naHHhie o6 yp 



1. BeeoeHue 

IlpH HCCJIC.l(OBaHHH HHJKHHX ypOBHeH 'ICTHbiX H30TOTIOB TIOJIOIIH~ 

c A s 210 c· .nayM11 npoToHaMH caepx Janonnennoii o6ono4KH B ux 
CBOHCTBaX 06HapyJKCHbl BaJKHble 3aKOH.OMCpHOCTH. 113 pHC. 4, !Ia KUTO
poM npe,ncTaBJieHLI :JKcnepnMeHTaJILHbie .nannbte o6 ypon11~x ttCTIILtx, 
H30TOllOB TIOJIOHH11, BH.l(HO, 'ITO: . 

11. Bo a6ex n.npax o6napyJKeH HJOMepnwii ypoacHL c I = 8+, 
B n.npax c A ~ 208 3TOT ypoaenL JacenneTCH npu EC - JaxaaTe 
ne'leTno-ne'leTHbiX n.nep acTaTa c I > 5. 

21. 3nepruu ypoaneii c I = 8+ H I = 6+ c yMeHLUJeuueM ttllcJia. 
neiiTpouoa B ~.npe nnaauo yaeJIH'IHBaiOTC11, npH'IeM :JHepreTH'IeCKHH. 
HHTCpBaJI MCJK.l(y HHMH, cy,n11 no 6JIH3KHM BO BCCX 11.l(pax 3Ha'ICHHHM 

T 'h I I = 8+1 ,' Mano MeH11eTC11 oT n.npa K n,npy. · 
31. 3neprun. ypoBHH c I = 2+ MeH11eTCH MaJio u nnaano IJa 

ucKJIIO'IenueM 210Po I .. .nocTnra11 cna6oro MaKcHMyMa npu N = 122 
I 206 Po I. 

41. Hao6opoT, ypoaeHL c I = 4+ HMeeT a noM 11.np~ MHH~MaJib
HYIO 3HeprHIO, KOTOpa11 MC.l(JieHHO YBCJIH'IHBaeTCH npH nepexo,ne K .a,npaM 
C MCHblllHM 'IHCJIOM. HCHTpOHOB, H pe3KO B03paCTaeT npH YBCJIH'ICHHH 

N OT 122 ,no 124. 
,D;n.a BLI11cnenun cTpyKTYPLI nepe'IHCJICHHLIX ypoaneii o'leHh aaJKHO 

HCCJie.l(OBaTb JaBHCHMOCTb HX :JHeprHH He TOJibKO OT N , HO H OT Z . 
,D;n11 3Toro HYJKHO JHa Th ypoanu 'leTHLIX HJOTonoa pa.nona c 'ICTbiphMH 
npoTonaMH · caepx Janonnennoii o6ono'IKH I Z = 821 u·Bbi11BHTh JaKono
MepHOCTH B HX CBOHCTBaX, aHaJIOrH'IHO nepe'IHCJICHHblM BhllllC. C 3TOH 
TO'IKH 3peHH11 oco6eHHO ·BaJKHO onpe,neJIHTb llOJIOJKCHHC HHJKJIHX. ypOBHCH 
n.tiep Rn c N = 126, 124 H, ·no Kpa:Hne:H Mepe, o.nuoro 113 ·.a.nep Rn c 

N < 124. ·.n;aHHLie o6 ypoan.nx 2 ~~ Rnt26 ,aoJ6yJK,na!O~uxc.a npu EC-pac- · 
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212 · . ;· 1 · 
na.ne 87 Frt25 , nonyLJ:eHbi B HaweD: npe,nLI,nyi.Qeii pa6oTe 1 . ; ,naHHble 
o6 ypoBHHX 212Rn , B036ym,naiO~HXCR B R.nepHbiX peaKUHRX H:a TH>KeJibiX 
HOHax, nony"'eHbl B pa6oTe /2/. 

· B pa6oTe /J/ 'co.nepmaTcH neKoTopbie ,naHHLie o HH>KHHX ypoBHHX 
. 2%:'Rn 120 , nonyqenHLie npn nccne.nonannn peaKU:HH 1 9'lAu(14N,Sny2°6Rn~ 

B 3THX yc~OBHHX ,nn11 nccne.no~aHHR yKa3aHHbiX JaKonoMepnocTeii 
nepBOCTCilCHHYIO Ba>KHOCTb npno6peTaeT 3HaHHC HH>KHHX·YPOBHCH 11,npa 
~. 'N =: 124, T.e. 2~~Rnf24 • ,[J;1111 Bbi11B1ICHH11 .YPOBHCH 21 ~n 6b111 
nccne.nonan. y. -cneKTp,' conponom,naiO~Hii EC -pacna.n 2ff~ Fr 123 
,D;o nacToH~eii paooTLI 3Ta neTBb pacna.na 21 °Fr HHKor.na ne nJyqa
nacb. 

2. 3KcnepuMeHm · 

IboT<:in 21° Fr 6b111 nonyqen B peaKU:HH tin Au(18o, xn) 215
-X Fr. 

Mnwenn n nn.ne dJonLr I- 2 MrlcM 2 I o6nyqarrncb na BbiBe,nennoM 
nyLJ:Ke T H>KCITbiX nonoB u:uKrroTpona Y- 309. ITocrre o6rryLJ:eHHH HCTO"'HHKH 
He no,nnepramiCb XIIMH"'CCKOH o6pa60TKC H no HCTC"'CHHH 1,5 MHH 
nepenoc.nrrncb K ,neTeKTopy. IbMepennH y - cneKTpon npono.nnrrncb na 
'Ge ( l.Ji) - ACTCKTOpe 06'bCMOM 20 CM 3. • y - cneKTpbi H3MCp11ITHCb 

necKOJibKO pa3 n npoMemyiKax npeMeHH, npn6rrn3H~errLno ~ooTne~
CTBYIO~nx nepno,ny norrypacna.na 21 o Fr • ,D;rr11 nccrre.nonannH y-y- conna

. ,neimii 6b111 HCfiOJ1b30DaH CnCKTpOMCTp COBna,neHHH THna KOAHPOB~HKa 
a·peMH-aMrmnTy,na. B KaLJ:eCTBe · ,neTeKTopon npnMeHHITHCL ''Ge (Li)
heTeKTOP o6'beMOM 20 CM 3 H KpHCTanrr Na.f en ) pa3MepoM 1 1l2"x2" . 

; Macconoe qncrro Fr onpe.nerrHrro.cb no H3Menenn·IO Bhixo.non y - nepexo-
AOB . C H3MCHCHHCM :meprHH na,naiO~HX TH>KeJJbiX. HOHOB, a TaK>KC no 
,naHHbiM 0 nepi10,ne norrypacna,na. : 

3. Pe3yll&mam&l U3Mepeuuu 

' 21Q_ - 197 18 .. 210 
KaK OTMC"'arrocb, Fr 6bm norryqen n peaKU:HH •Au( 0, Sn) Fr 

npn Jneprnn nonon 102 M3n. IbMepennLIH naMH nepno.n norrypacna.na 
Tt /2 = 3,0±0,2 MHH xopowo corrracyeTcH c Tt/2. = 3,18±0,06MHH, 
norry'lt:HHbiM H3 ,nanHbiX o6 a -pacna,n;e 141. 

3neprnn n nnTencnnnocTH · Y -nepexo.non, conponom,naiO~Hx 
BC-pacna.n 21 °Fr , n'pune,n~Hbl B Ta6rrnu:e L ll3MepeHH11 y-y -conna

·.· .nennii lpnc. 1 n 21 noKaJarrn, "'TO y -nepexo,nLI 644, 817 n 203 K3B 
COCTaBJJRIOT HHTCHCHBHbiH KaCKa,n. Hao6opOT, y -JJHHHR 901 K3B 

4: 

·, 

l 

l 

·B cneKTpe conna.ncm 
B OAIIHO"'JIOM CilCKTf 
n 2tORn nJoMepnoro 
KOTOphlll pa 3 'bCAIIH H C1 

ncpcxo,na. Ha oc11on 
Y -ncpCXO,L\(lB, Mbl n< 

lpnc. 31. 

,[I,JIH OU:~HKJI en. 
conocTannrrn nx c ,nai 
"'CTIIbiX .!IACP OOJI()IIJIJI 
acTani. TaKoe conoc 
IIOCTII nplllliiCaTh TpCl 
l130MCpllbiH ypOBCHL 
B n.npax Po c A ~21 
HbiH ypoBCIIb C .[ =.8· 
y -JJHIIHCH } 028 K3E 
Ml -ncpcxo,nhl, Jact: 
204,206 p 0 /sl. HnTcl 

no- BHAHMOMY, a llano 
yp.onnR 2l0Rn / 11 =.7.~ 

CTBOBa Th KOWlmrypal 
c ,naHIIhiMn o cnoiic'f 
cnnu 1 11 = 7+. Conoc 
c .nannhiMH o 
H . 200-2Jf Po • 

CXOJ 
l13p 

Jneprnn yponneil c 
CXOAHhl B n,npax Po 
c 1 = 2+, HBJI.!IIO~Hl 
c H3MeueuneM N ne; 
ypoBHR C 1 = 4+ B R) 

n o6enx rpynnax n 
K H,npaM C N = 124 311 
wennn N · on a ynenu 
yponnRx c I = 4+ n 
cornacyiOTCR c npe.n 
Mepnoc IH n nJoTonaJ 
pacnonomcnnhiH n Mil 



~ii pa6oTe /1/ ,. ,D;aHHhie 

xpeaKUHHXHaT~ZCJihlX 

HhiC 0 HH:>KHHX YPOBHJIX 

cKUHH 19i':Au(14N 5n'206R · . , IJ n. 
fYX 3UKOHOMCpHOCTei 

: HHZHHX·ypOBHCi H.D;pa 

ponnei 2 1 ~n 6hm 
. 210 

-pacna.D; 87 Fr123 
1r HliKOr.D;a He H3Y4a-

4u(180, xn) 215-x Fr • 
UJIIICh Ha BhiBC.D;CHHOM 

C 06Jiy4CHIIH IICT04HIIKH 

iO .~CTC4CHIIH 1 ,5 MIIH 

:KTpOB npOBO.D;HJIIICh Ha 

CllCKTphl ·' 113MCpHJIIICh 

5Jili311~CJihHO ~OOTBCT
~JIC.D;,OBUHHH y..:y- COBna

nH:i Tima KO~IIPOBIUIIKa 
:piiMCHHJIHCh··' 'Ge ( Li)
) ~a?MepoM 1 1/2"x2". 

llOBhiXO.D;OB y -nepexo

,J~_:: IIOHOB,. a .TaKme· no 

. 197 18 ' 1 
.KUIIH : . 'Au (. 0, Sn) 

2 
°Fr 

n nepno.D; nonypacna.D;a 

.t/2 .. = 3,18±0,06 MIIH,. 

~OB, . COITpOBOZ,D;aiOIUHX 

3MepeHIIH y-y - conna

~h! 644, 817 II 203 ,_K3B 

, y - JIHHHH 901 K3B 

I 

! 
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B cneKTpe couna.ncunii npoHBJUICTCH cna6o /31Ja411TCJihHO cna6cc, 4CM 

B ~?~IH04110M CllCKTpc/. 3TO MO:>KCT YKU3biBUTb IIU CYU~CCTBOBUIIIIC 
B 'Rn u3oMcpHoro yponnH co 3Ha4HTCJihllhiM nepno.noM nonypacna.na,· 

KOTOpbiH pa 3bC,nHH.H CT 110 npeM Cllll }' - ncpexo,n 90 I JOB II T}lll OCIIOBllbl X 

nepexo.na. Ha ocuonamm 3THX .nanHhiX n y4JJTJ.JBaH HHTCHCIIBIIOCTh 

Y -ncpcxo.n<>n, Mhi nocTponnn 4lparMCHT cxcMhi pacna.na 21 0Fr .. 21oRn 
/pnc. 3/. 

)l.JIH OUCHKII CIIHIIOB II 4CTIIOCTH Haii,nCHIIbiX ypoBHCH 
210

Rn Mbl 

COllOCTUBHJIII HX C .D;UllllbiMH 06 ypoBHHX 2~~Po ~~~~ H ,D;pyrHX 4CTJIO· 

4CTHhiX H,ncp nononnn /puc. 4/, nony4CHIIhiX n 3 EC - pacna.D;a H30Tonon 

UCTUT1l. TaKOC COIIOCT<lBJICIIIIC BO'.IBOJIHCT C 6oJILI1H>ii CTCIICllhiO IIU.D;Cm· 

HOCTH npnm1caTh TpcM IIH:>KIIHM ypomiHM 210 Rn 3IIU4CIIHH 177 =2+ 4+ 6~. 
u .. 210 . ' ' 
n30MCpHLIII yponcHL Rn cKopcc nccro auanoni4CH. H3BCCTHhiM 

n H.D;pax Po c A<;;. 210 H30MCPHLIM yponHHM c I = 8+. B 2 08 Po H30Mcp-. 

Hhiii yponcHL c I = 8+ npn EC -pacna.D;e 208At 3accJIHCTCH HHTCHCIIBHOii 

}' ·JIHIIHCH 1028 K3B Tllna Ml /piiC. 3i. Ananorii4HhiC HHTCHCIIBHhiC .. · 

Ml -ncpcxo.D;hi, 3aceJIHIOIUHe yponun c I = 8, na6mo.D;aiOTCH n n · 
204 • 206 Pols!, HnTcncnnnaH y ~nnHHH n cneKTpe ~1 ° Fr 901 KJB, · 

n~·nn.nnMoMy, auanorH4Ha 3THM nnnnHM. Tor.D;a y paccMaTpnnacMoro 

YPOBHH 210 Rn 171 = 7+,8+,9+ ncpBhiM .D;BYM .3Ha4CHHHM MOZCT COOTBCT· 

CTBOBUTh KOHtiJHrypaUHH p ( h9/2 ~ f7/2 ), Ha OCHOBUHHH COllOCTUBJICIIIIH 
u 208p . 

C .D;UHHhiMH 0 CBOHCTBaX o Mhl C4HTaeM 6onee npe~ll04THTCJihHhiM 
cnnu 1 71 = 7+. ConocTaBHM Tencph ,D;aHHhle o6 yponHHX 

06
•
210

• 
2Bt 'Rn 

C .D;UHHbiMH 0 CXO.D;Hh!X ypOBHHX B 4CTHhiX H30TOllaX _1
94

-
2 

82Pb 
H ·200- 2§2 Po • 113 pnc. 6 II 8 BH.D;HO, 4TO JUKOHOMCpHOC.TH B H3MCHCHHil 

3Heprnn yponueii c I = 2+ n 1 = 6+ c yMeHbUienneM 411CJia neiTponon 

cxo,nHhi n H.D;pax Po 11 Rn. B 4CTHhiX 1130Tomix Pb HIIZHIII yponem> 

c 1 = 2+, finnHIOIUIIicH ·· npaKTII4CCKII 411CThiM neiTpOHHhiM yponneii, 

c H3MenenneM N Be.D;eT ce6H conceM. no-.D;pyroMy. B TO ze apeMH xo.D; 

yponHH c 1 = 4+ B JI.D;pax Pb 11 Po 04CHh cxo,D;en /pile. 7/, np11 'N = 122 

n o6enx rpynnax IIMeeT MecTo rny6oKIIi MIIHIIMyM. I1p11 nepexo,D;e 

K H.D;paM c N= 124 3HepriiH yponnH c I =4+ pe3KO pacTeT. I1p11 yMeHL

UieHHII N· ona ynenn4nnaeTCH 3Ha4HTCJihHO Me,D;neuuee. ,lJ;aHHhie o6 

yponn11x c I = 4+ n.21o Rn n 206 Rn , KaK BII.D;IIO 113 p11c. 517, xopoUio 

cornacyioTcH c npe.D;nonozenlleM o CYJ.UCCTnonaHIIH TaKoii ze 3aKono

Mepnoc r n n 1130Tonax 'Rn. B 3TOM cny4ae yponenh c 1 = 4+ a· 
208Rn .. ' 

pacnOJIO:>KCIIHhiH B MIIHIIMYMC KpiiBOi, .D;OJIZCH HMCTh 3HeprHIO, MCHhlliYIO 
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'I eM a · • 206 'Rn , -i';e;' <· 1192 K3B~ IlpoaepKa 3Toro npe.n;nonoiKeHUH ua 
onhiTe iipe.n;cTaanHeT 3HatmrenhHhiii uuTepec. 

c·xo.n;CTBO ·a noae.n;euuu HmKHUX ypo:Bueii 'Po u Rn . .n;aeT HaM 
ao3M:oiKnocTI~ npe.n;nonoiKuTenbH:o 3KCTpanonupoaaTh :ua6mo.n;aeMbie 3a
i<:ouoMepuocTu ·ua ypoauu H.n;ep c 6onhiiiUM .z I 88 :Ra , A< 214/. Ha 
OCHOBaHHU TaKOH .. 3KCTpanonHIJ;UU no ,IJ;aHHbiM pUC. 6-8 MOryT 6b1Tb 
c.n;enaHbl· npe.n;aapUTenbHbie OIJ;eHKU 3HeprUU ypOBHeH .pH.n;a nerKUX H.n;ep 
Ra. B <JacTnocTu, ypoanu c I = 2+ B 'Ra .n;oniKHhi 6biTb HUiKe, <JeM 

B 'Rn u Po, a ypoanu c I = 6+ Bbiiiie. HecKonbKO Menee na.n;eiKHbie 
3aKniO<JennH MoryT 6biTb c.n;enanhi .. :nn» ypoaueif c I = 4+. Cy.n;H no 
.n;aHHbiM puc. 7, on ~ Ra .n;oniKen 6biTb uecKonbKO :riuiKe, <JeM B Po u 

. 'Rn. PaccMoTpUM Tenepb Bonpoc· o B03MOiKHOii uuTepnpeTan;uu pac
. cMatpnriaeMbiX ypoBHeii. YpoBHU ·c 1 . = 6+ u 8+ B u30Tonax Po u Rn , 
·· B . obnoBHOM, .n;omi<uhi uMeTb. i<ou<lJurypan;uiO · I /h.9/2/ , v · = 2 I u 
. I (h 9 I 2) 4, v=2l. TaK KaK npn 3]Iepruu B036yiK.n;euuH .-. 1500 K3B BKna.n; 
.n;p'yrux Kon¢urypan;uii, · con:MecTUMbix· c · TaKuM: 6onhniHM 3Ha<JenneM 
cmino·a npoTo:riuoii p(h9/2 17/2) n ueiiTpoun6ii ri (i 13/ 2) 2, o<JeHb Man. 
Cy.n;H no cneKTpaM 21o Po ··u 206-200 Pb ,onn Bo36yiK.n;aiO:rcH TonhKO 
rrpu 3HeprHHX ..;·. 2200-2500 K3B. B HHiKHHX .·ypoBHHX · Po H :Rn 
c 'I = 2+, · cy.n;H ·no pe3KOMY oTnu.:miO ux · xo.n;a OT xo.n;a B H.n;pax Pb , 

. BepOHTHO, BenuKa ponb npoTOHHOH KOMnoneHThl, :OTCYTCT~yiOw;eii B Pb . 
. ' (lpn C>T.XO~e OT,H.n;ep C 'N = 126 3Tn'ypOBHll; 6biCTpO KOnnekTUBHJUpyiOT-

CH. 
Cxo.n;cTBO :B XOAe ypoBneil: c I = 4+.- B u3oToiia.x . Pb u Po , 

'Rn CBH,IJ;EhenbCTBYIOT 0 6onbiiiOM BKna.n;e B UX BOJIHOBYIO lPYHKIJ;UIO 
ueil:TpOHIIOH. KOMnOHeHTbl .. IJOCKOnbKY HH:iKHUH ·ypOlleHb . 1684 K3B B . 

206 Ph Tnna n ( {5 /2-1 p 3/2 - 1 ); TO U ana.JlorU'IIIbiM_ ypOBHHM C [ .=4+ 
208 210 . ' . . 

B ' Po H · Rn BepOHTHO, MOiKHO npnnucaTb TaKyJO KOH<lJurypan;niO. 
B 3aKmO'IeHue cne.n;yeT 3aMeTHTb, 'ITO B U3(>TOrrax ' Po H 'Rn 

C. y.n;arieHUeM. OT .N = 126. ypOBHU C I = 2+ IIOHH~aiDTCH, a ypoBHU 
.c. = 4+. noBhiiiiaiOTCH, npu<JeM, E 4+ /E2+ ->:2 . ii E6+/ E 2f, ·• 3. 3To 

. -~ xapaKTepuo .n;nH ·npdn;ecca npeapaw;eHnH .n;ByXKBa3u<JacTn'IHbiX ypoBneii 
B KonneKTIIBHble COCTOHHHH. qTO KacaeTCH OCHOBHOrO COCTOHHUH 

210 F · . 2o6 8 .. 208 At 
. . . 87 r 

1
:.1

3 
, TO no auanornn c B3 · 1123 n 85 ' 123 eMy MOiKeT 

·. · 6hiTb npnnucaua · Kou<Pnrypan;nH p (h 9/2) 5 n(fS/2) - 1 u cnuu 1 11 =· 6+ 
'ri]ui 7+. '·' · 
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' EJlllHCTBBHHblll BllJl . 
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mypH8.1lb!1 ll3Jl8 romiiBCSI B 
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COB HB Bb!CblllKY II3Jl8Hll 

yKa3b!B8Tb IIHJlBKC aanp1 

TincbMa no .BceM no 
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AJlpec Jlllst noCblllKI 
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