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HEqETHbIE l1 qETHbIE 

TIPOTOHHbIE l1 HE:ATPOHHblE OBOJIQqKJ1 

B .51,[(PAX C N = Z 

HarrpaBJieHO B )K:ypHaJI <<.51,ll;epHa51 q>H3HKa» 



O6pa30Bam1e o6oJioqeK B SIJlpax c N = Z xapaKTepn3yeTCS1 PM0M oco6eH

HOCTeii KaK B qeTH0-qeTHhIX, TaK n B HeqeTH0-HeqeTHhIX 51Apax. O6m;HM )lJISI 

3T0I'O THIIa SI)lep SIBJI.sieTCSI YBeJinqeHHe 3HeprnH CBSl3H 51Aep rrpH N = Z 
BCJie)lCTBHe CHJibH0I'O rrepeKphITHSI B HHX B0JIH0BhIX <PYHKIJ;HH rrp0T0H0B H HeHT

p0H0B, qT0 rrpHB0JlHTJ( Q)OpMHpoBaHHIO oco6oro KJiacca o6oJioqeK B 3THX 51Apax. 

1. HEqETHbIE IlPOTOHHhIE 11 HE0:TPOHHbIE OBOJIQqKJ1 

B JIEfKl1X .sI,[(P AX 

Pa3BHTHe rrpe)lCTaBJieHHH 06 o6oJioqeqHoii CTPYKType 51Apa rrponcxo)lHJI0 

110 aHaJI0rHH C rrpe)lCTaBJieHHSIMH 06 o6oJioqKax B aT0Me. Cym;ecTBeHHhIM 

pa3JIHqneM B Q)OpMHpOBaHHH o6oJioqeK B aT0MaX H 51Apax SIBJISieTCSI TO, qT0 B 

aT0Max Mbl HMeeM )leJJ0 C 3aII0JIHeHHeM o6oJioqeK 0)lH0THIIHhIMH qacTHIJ;aMH-

3JieKTP0HaMH, a B Sl)lpax qaCTHIJ;aMH JlBYX THII0B - HeHTpOHaMH H rrpoT0HaMH, 

Me)K)ly K0T0pbIMH II0MHM0 KYJI0H0BCK0I'O B3aHMO)leHCTBHSI )leHCTBYIOT TaK)Ke 

Sl)lepHbie CHJihl. 3To rrpHB0)lHT K T0MY, qTo, HeCM0TpSI Ha aHaJiornqHhIH Me

xaHH3M Q)OpMHpOBaHHSI o6oJioqeK, MarnqeCKHe qnCJia B aT0Max H 51Apax pa3-

Hhle. Ha6JIIO)laeMaSI aHaJI0rHSI B Q)OpMHpOBaHHH o6oJioqeK B aT0Max n 51Apax He 

M0rJia )l0 II0CJie)lHero BpeMeHH cqnTaThCSI IIOJIHOH, TaK KaK rrpH aHaJIH3e 

II0TeHIJ;HaJI0B H0HH3all;HH aT0M0B II0MHM0 qeTHhIX qnceJI - 2, 10, 18, 36, 54 n 

T,Jl,, xapaKTepH3YIOID;HX 3aMhIKaHHSI o6oJioqeK, Ha6JIIO)laIO;x-cSI TaK)Ke He-

6oJibllIHe MaKCHMYMhl B 3HaqeHHSIX II0TeHIJ;HaJI0B H0HH3all;HH rrpH z = 7' 15 H 

33. TaKHe KOHQ)Hrypau;HH COOTBeTCTBYIOT cepe)lHHe 3aII0JIHeHHSI p-060JIOqeK, H 

)lJISI HHX peaJIH3yeTCSI MaKCHMaJibH0e qnCJI0 aHTHCHMMeTpHqHhIX CBSI3eH Me)K)ly 

p-3JieKTP0HaMH, H, CJie)l0BaTeJibH0, Jl0CTHraeTCSI MHHHMaJibH0e KYJI0H0BCK0e 

0TTaJIKHBam1e, rrpHB0)lSIID;ee K II0BhlmeHHIO II0TeHIJ;HaJia H0HH3au;m1 aT0Ma [1 ]. 

YToqHeHne neK0T0phlx oco6eHHOCTeii o6oJioqeqHoii CTPYKTYPhl MPa 6hIJIO 

c)leJiaHo B pa6oTax [2-5 ]. B pa6oTe [2] rrpn BhlqnCJieHHH MaccoBoii QJOPMYJihl · 

Ha ocHoBe rrpeJlCTaBJieHHSI o HerrpephIBHOH Mo3anqHoii 51AepHoii 3HepreTnqec

Koii rroBepxH0CTH rroKa3aHo, qTo rroMHMO H3BeCTHhIX MarnqecKHX qnceJI Heo6-

X0JlHM0 yqnThIBaTh TaK)Ke H cy6MarnqecKne qnCJia, cpeJlH K0T0phlx B iieiiTpoH

HhIX o60JIOqKax )l0Jl:>KHhl 6b1Tb n HeqeTHhle qnCJia 33, 8 7, 8 9 n 101. 3aKJIIOqeHHe -

0 B03M0:>KH0M cym;eCTBOBa~HH HeqeTHOH ~arnqecKOH CQ)epnqecKOH o6oJioqKH C 

N ::d 15 rrpHBe)leH0 B pa6oTe' [3] Ha 0CH0Be )laHHhIX, rrpe)lCTaBJieHHblX B [4 ]. 
IlpH 3T0M IIp0B0)lHJICSI aHaJIH3 3HeprnH OT)leJieHHSI S2n )lJISI IDHp0K0I'O Kpyra 
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, P11c. 1. <l>aKTOphl 3anpern /-3anpe~eHHhIX nepexO'AOB a Jienmx ll'Apax. · 11HCJia Ha 

rpaqmKax IlOKa3bIBaIOT 'IHCJIO 'leTHbIX HYKJIOHOB B 'leTHO-He'leTH~IX 11 He'leTHO-'leTHblX 
ll'Apax. 

JierKHX 51Aep. OcHOBaHHeM AJISI HAeHTHcpHKaIJ,HH HeqeTHblX o6oJioqeK B. 51Apax 

MO::>KeT 6bl-X:b KaK IlOBbIIIIeHHe 3Hepnrn CBSl3H HYKJIOHOB, TaK ll ee CKaqKoo6paa

·, Hoe IlaAeHHe ,IIOCJI~ npOXO::>KAeHHSI o6oJioqKH, tITO H Ha6JIIOAaJIOCb B AaHHOM CJiy
t, 

'~: ~ :,::~ .. ;, 
,.,2,,. .. . ,: 

.. 
-;j''l'•,,,·, 

.-; 

<>, 

j) 

'i. 

qae. B AaJlbHefuueM B pa6oTe (5] 6hIJIO IlOKa3aHo, qTo 3HaqeHHSI cpaKTOpOB 3a

npeTa MarHHTHhIX A~nOJihHhIX l-3anpeIIIeHHhIX nepexoAOB no3BOJISIIOT CAeJiaTh 

aHaJIOrHqHoe 3aKJIIOqeHHe O MamqHOCTH qHCJia z = 15 (pHc.1). BeJIHqHHbl 

cpaKTOpOB 3anpeTa no MoIIIKOBCKOMY' npHBeAeHHble Ha PHC.1, paccqHTaHbl Ha 

OCHOBe AaHHhIX, B3SITblX H3 pa6oT (6, 7 ]. B pacqernx yqHTblBaJICSI TaK)Ke H 

CTaTHCTHqecKHll cpaKTOp. 

EcTeCTBeHHO B03HHKaeT BOnpoc: HMelOTCSI JIH,eIIIe KaKHe-JIH6o apryMeHTbl 

B Il0Jlb3Y CyIUeCTBOBaHHSI HeqeTHblX MarnqecKHX qHCeJI B SJApax? l13BeCTeH 3cp

cpeKT KOrepeHTHOro ycHJieHHSI 3aMblKaHHSI o6oJioqeK B qeTHo-qeTHblX Mpax 

BCJieACTBHe B3aHMHoro BJIHSIHHSI npoTOHHhIX H HeiiTpOHHhIX 060JI011eK. Oco6eH

Ho narJISIAHO 3TO BHAHO B CJiyqae 3aMblKaHHSI npoTOHHOH noAo6oJioqicH, 

HanpHMep, B CJiyqae Z = 64 B 
146Gd npH N = 82. B JierKHx qeTtto-qeTHhlx 

SJApax npH z = N (A = 12 + 32) 3TOT 3cpcpeKT TaK::>Ke Ha6JIIOAaeTCSI (8 ]. TT03TO

My ecTeCTBeHHOH SIBJISieTCSI.IIOilblTKa o6Hapy::>KeHHSI HeqeTHblX o6oJioqeK B He

qeTHO-HeqeTHblX SJApax npH z = N. TaKHX HeqeTHO-HeqeTHblX Mep, AJISI KOTO

pbIX H3BeCTHbl 3KCnepHMeHTaJibHO onpeAeJieHHhle BeJIHqHHbl Sn' Sp' S 2n' S 2p 

[9], BCero 13: 2H, 6Li, !OB, 14N, !Sp, 22Na, 26Al, 30p, 34c1, 38K, 42sc, 46y H 

50
Mn. TToCJieAOBaTeJibHOCTb 3ailOJIHeHilSI op6HTaJiett npOTOHaMH H HeiiTpoHaMH 

B 3THX SJApax OAHa H Ta .)Ke. 3TO AaeT OCHOBaHHe paccquTblBaTb Ha KOrepeHTHOe 

ycHJieHHe 3cpcpeKTa 3aMblKaHHSI HeqeTHblX o6oJioqeK B Mpe BCJICACTBHe CY,IIIe-
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CTBeHHOro nepeKpblTHSI BOJIHOBhlX cpyHKI.J:HH OL{HOTHnHblX npOTOHOB H HeHTpo

HOB. Ha pHc.2 npHBei:{eHhl 3aBHCHMOCTH 3HeprnH OTL{~JieHHSI Sp, Sn' s2p' s2n OT 

z, N. OTMeTHM, '!TO, nOMHMO MaKCHMyMa q>yHKU:HH s2n npH N = 15, Ha6moi:{a

eTCSI pe3KHH cnai:{ 3Hal!CHHSI s2p noCJie z = 15, '!TO nOL{TBep)KJ].aeT cymecTBo

BaHHe Hel!eTHOH npOTOHHOH o60JIOl!KH, npHl!eM CKal!OK B 3HeprnH OTL{CJieHHSI 

s2p H s2~ L{JISI SIL{pa C N, z = 15 no cpaBHeHHIO C coce,':{HHMH SIL{paMH L{OCTHraeT 

CJiei:{yIOrn;Hx BeJIHl!HH: 11S
2
P = 3,22 M3B H tiS

2
n = 1,94 M3B, '!TO COH3MepHMO 

C 3HeprneH OTL{eJieHHSI nap HYKJIOHOB npH 3aMbIKaHHH 'leTHblX o6oJIOl!eK B 

nernx SIApax, Han~HMep, B 
4
°Ca - 8,30 M3B H tis2n = 9,09 M3B. Eme 6onee 

onpei:{eJieHHO no cpaBHeHHIO C o60JIOl!KaMH z, N = 15 Bbli:{eJISIIOTCSI o6oJIOl!KH 

N, Z = 7. TTpH 3THX 060JI01IKax tiS
2 

= 5,70 M3B H tiS
2 

= 4,67 M3B, '!TO , P n 
cpairnHMO 'C BeJIHl!HHOH 3HeprnH OTL{eJieHHSI nap HYKJIOHOB, Ha6JIIOL{aeMblX B 

L{Ba)KL{bl Marn'leCKHX l!CTHO-l!eTHbIX SIL{pax. O6IIIHM L{JISI SIL{ep c o6oJIOl!KaMH 

z, N = 7 H 15 SIBJISICTCSI CnHH OCHOBHOro COCTOSIHHSI /:re = 1 +, 3Hal!CHHe KOTO

poro onpei:{CJISICTCSI THnOM CBSI3H (l + l ) - (s + s ). AHanornl!HhlH THn CBSI3H n p n p , • 

ocymecTBJISICTCSI H n £:]ipe 
38

K npH Z, N = 19. TTp~ 3TOM l!HCJie HYKJIOHOB Ha-

6JIIOL{aeTCSI He60JibIIIOH MaKCHMYM B 3Ha'leHHSIX 3HeprnH OTL{CJICHHSI s n H s p· 

Oco6hIH' HHTepec Bhl3bIBalOT o60JIO'IKH npH z, N = 23. CnHH OCHOBHOI'O COCTO

SIHHSI 
46V /:re= 0+ OnpCL{CJISieTCSI KOHq>HrypaU:HCH (n2s)-l = 1/2+ H 

l + . 
(v2s)- = 1 /2 • TaK KaK npH 3TOM npoTOHHhle H HCHTpOHHblC noi:{060JIO'lKH 

1/ 7 /23anoJIHCHbI HanoJIOBHHY, TO MO)KHO O)KHL{aTh, '!TO 3TO SIAPO L{eq>opMHpOBa-

H0. TTOL{TBep)KL{CHHeM 3TOro MO)KeT CJIY)KHTb cyru:eCTBOBaHHe o6JiaCTH L{eq>op

MaU:HH SIACP Ne, Na, Mg, Al, Pc N > 20. Mo)KHO OTMeTHTh TaK)Ke ~aJIHl!He He-

6oJihIIIoro MaKCHMyMa B 3HeprnSIX CBSl3H npH z, N = 11, '!TO, KaK H B npCL{hli:{y

IIIeM CJiyqae, B03MO~Ho, OObSICHSICTCSI L{eq>opMaa:HeH SIL{pa, o6yCJIOBJieHHOH 

3anoJIHCHHeM HanonoBHHY noi:{o6onoqKH ld512" CKalIKH B 3HeprnH OTL{eJieHHSI 

S , S , S
2 

, S
2 

L{JISI 3THX o60JIOl!CK L{OCTHraIOT 1-2 M3B. ,UonOJIHHTCJlbHbIM p n p n 
apryMCHTOM B nOJih3Y cymecTBoBaHHSI Hel!eTHbIX o60JIOl!CK npH z, N :;; 11 H 19 

MoX<eT TaK)KC CJiy)KHTb q>aKT so3pacTaHHSI q>aKTopos 3anpern - F(Ml) /-3a

npemeHHh1x Ml-nepeXOJ:{0B npH 3THX 3Hal!CHHSIX (pHc. l). 

PaCCMOTpl!HHhle SIL{pa OTHOCSITCSI K TOH rpynne JICrKHX SIL{ep, SIL{CpHblC CBOH

CTBa KOTOpbIX onpei:{CJISIIOTCSI B OCHOBHOM ABYXllaCTHl!HbIMH B3aHMOL{eHCTBHSIMH 

B sd-o6oJIOl!Kax. 3aMel!eHHhle pattee aHOMaJIHH B 3HeprnH OTL{CJieHHSI s2n npn 

N = 15 H N = 19, 20 [ 10-12 ] HaIIIJIH s OCHOBHOM CBOe OObSICHeHHC npH pacqe

Tax Ii paMKax 0606iu:ettHOH 060JI01Ie'IHOH MOAeJIH [13-15], B KOTopoH pac

CMaTpusaIO.TCSI CBOHCTBa JICrKHX SIL{Cp B nOJIHOM sd-npocTpaHCTBC BOJIHOBbIX 

4 

n 
u 

:1 

{ 

I 
'1 1i 

cpyHKU:HH 06ono1Ie1IHOH MOAeJIH (0d512 - ls
112 

- 0d312f BbIJio noKa3aHo, '!TO 

CKal!Koo6pa3HOC H3MeHeHHC B 3HeprnH OTL{eJieHHSI s2n onpei:{CJISleTCSI KOHKy

peHU:HCH pa3JIHl!HhlX THnos AByxqaCTHl!HhlX B3aHMOAeiicTBHH. Ilpe

sanHpyIOru:ee ABYXllaCTHl!HOC B3aHMOL{eHCTBHe npHTSl)KeHHSI npH N = 15 

(0d512 - Od512), (0d512 - lsl/2)1 = 2 H (ls112 - lsl/2) npH N = 16 ycrynaeT 

MCCTO OTTaJIKHBaIOI.QeMy ABY~llaCTHl!HOMY B3aHMOL{eHCTBHIO 

(0d512 - lsl/2)1 = 
3

• AHoMaJIHSI B pattoHe N = 19, 20, npoS1BJIS110IIJ;aS1cS1 AJISI 

HeHTPOHOH36hlTOl!Hhlx H3oTonos Na H Mg, MO)KeT 001>S1CHS1ThCS1
1 

HHBepcHeii 

HH)KaHIIIHX/p- H sd-op6HT [16 ]. 

TTpei:{CTaBJISieT HHTepec npoBe,':{eHHe pac'leTOB L{JISI HCl!CTHO-He'leTHblX 

nerKHX SIACP npH Z = N B paMKax 06061.QeHHoii 06ono1Ie1IHOH sd-MOJ'.teJIH c 

U:CJiblO ycTaHOBJICHHSI BHL{a .rtBYXllaCTHl!HOro B3aHMOJ'.(eHCTBHSI npH o6pa30BaHHH 

o6Hapy)KeHHblX Hel!CTHbIX o6oJIO'l,eK. 

TaKHM o6pa30M, B He'leTHO-Hel!eTHblX JierKHX SIL{pax BCJICJ'.tCTBHe B03MO)K

HOro KOrepeHTHOro ycHJICHHSI 3aMbIKaHHSI o60JIOl!eK Ha6JIIO.rtaIOTCSI Hel!eTHhle ' 

060JI01IKH npH Z, N = 7, 11, 15, 19, 23. TTpH 3TOM 060JI01IKH Z, N = 11 H 23, 

CKopee BCero, OTHOCSITCSI K KJiaccy .rteq>opMHPOBaHHhlX.' O6oJIOl!KH z, N = 7 H 15 

aHaJIOrlll!Hbl o60JI04KaM C TaKHMH MarnqeCKHMH l!HCJiaMH B aTOMax H .rtOJI)KHbI 

6b1Tb ccpepHl!eCKHMH. • 

2. 3AMhIKAHl1E OBOJIQqEK 

B 1IETHO-1IETHbIX 51,UPAX C N = Z 

B pa6oTe [8 J y)Ke o6parn;anoch BHHMaHHe Ha TO, '!TO B JICrKHX qeTHO-l!eT

HbIX SIJ'.tpax C N = z (A = 12-32) npOHCXOJ'.tHT 3aMhlKaHHe o6oJIOl!eK. 3TO 6bIJio 

ycTaHOBJICHO no H3MeHeHHIO 3Heprnii 6eTa- H raMMa-sn6paa:HOHHblX COCTO

SIHHH. 3TOT 3q>q>eKT Ha6JIIO.rtaeTCSI TaK)Ke H no H3MCHeHHIO 3HeprnH CBSl3H 

JICrKHX SI.rtCP [ 1 ]. BoJiee SIPKO H Ha 60JibIIIeM l!HCJie SI.rtep 3aMhlKaHHe 060JIOl!CK B 

SIL{pax nptt N = Z Ha6JIIO.rtaeTCSI npn aHaJIH3e 3Heprnii OT.rtCJieHm1 HYKJIOHOB H 

nap HYKJIOHOB - S , S , S
2 

, S
2 

• 3TOT aHaJIH3 6bIJI IlpOBe.rteH J'.tJISI IIIHpOKOI'O n p n p 

Kpyra MCP OT Z = 2 .rto 32. TTpn 3TOM paccMaTpHBaJIHCh BeJIHl!HHhl 

liSn(Z,N) = SnCZ,N) - SnCZ,N+2) H tiS2n(Z,N) = S 2nCZ,N) - S 2nCZ,N+2), 

T.e. q>aKTH'leCKH npoBO.rtHJIOCh .rtHq>q>epeHU:HPOBaHHe noBepXHOCTH 3Heprnii 

OT.rteJieHHSI HYKJIOHOB H nap HyKJIOHOB C U:eJihIO BhlSIWleHHSI 3KCTpeMaJibHblX 

OTKJIOHeHHH B 3Hal!CHHSIX 3THX 3Heprnii. B Kal!eCTBe npHMepa Ha PHC.3 npe.rt

CTaBJICl{bl .rtaHHble J'.tJISI H30TOnOB C z OT 18 .rtO 24. Bo Bcex OCTaJibHblX paCCMOT

peHHbIX CJiyl!aSIX Ha6JIIO.rtaJiaCb aHaJIOrHl!HaSI KapTirna. 

PaccMOTpeHHblC .rtnarpaMMbl n03B0JISIIOT C.rtCJiaTh 3aKJIIO'leHne O cym;eCTBO

BaHHH CJia6oii o6oJIOl!KH C N = 24 H ycTaHOBHTh' 30HY ee .rteHCTBHSI, KOTOpaSI 

5 
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PHC. 3. Pa3HOCTH :meprnii OT'ACJICHl1SI !)..Sn 11 

!)..S2n B 'lCTHO-'lCTHhIX Sl'AP~ np11 N = Z. 

npoCJie)KHBaeTCSI, no KpaiIHeH Mepe, OT 

Z = 18 AO 24. IlpH1.1eM npH N = Z = 24 
scpcpeKT 3aMhlKaHHSI cyIIJ,eCTBeHHO 

ycJUIHBaeTCSI, 01.leB~HO, BCJICACTBHe 

o6paID,eHHSI B ,,HOJih · l.lJleHa 

Bsymm(N - Z)2 /2A, xapaKTCpH3yIOIIJ,ero 
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PHC. 4. Pa3HOCTH :meprnii OT'ACJICHHSI !)..Sp 11 

!)..S2p B 'lCTHO-'lCTHbIX Sl'Apax npH N = z. 

SHeprnro CHMMeTpHH MPa H BXOASIIIJ,ero B Bblpa%eHHe nOJIHOH SHeprHH CBSl3H 

Mpa. PaHee 060JI01.1Ka c N = 24 6bIJla _ycraHOBJieHa B Mpax c Z = · 18 H 22 no 

6 

H3MeHeHHIO SHeprnH COCTOSIHHH 0i H 2i [8 ]. OTMCTHM, l.lTO, HCXOASI H3 pacqe

TOB, npoBeAeHHhIX B pa6oTe [2 ], B Mpax ,l:\OJl)KHbl cymecTBOBaTh o6oJIOl.lKH KaK 

npH z = 24, TaK H npH N = 24. Ha6JIIOAaeTCSI 3aKOHOMCpHOCTb B H3MeHeHHH 

SHeprniI OTAeJieHHSI npOTOHOB H nap npOTOHOB 

!!,.S (Z,N)=S (Z,N)-S (Z+2,N) H 8S2 (Z,N)=S2 (Z,N)-S2 (Z+2,N), l.lTO p p. p . p p p 

aHaJIOI'lll.lHO xapaKTepy H3MeHeHHSI l!,.S H l!,.S2 . Ha puc.4 npnBeAeHhl AaHHhle 
'l n 

AJISI HeKOTOpbIX H3o6apOB. BttAHO 3aMblKaHne o60JI01.1,KH npu N = 14. 3oHa ee 

AeiICTBHSI npocJie:lKttBaeTcsi OT N = 12 .i\O N = 20, n oHa SIBJISieTCSI 6oJiee 

CHJihHOH, 1.1eM 060JI01.1Ka c N = 24. 

3AKJII01IEHl1E 

lJeTH0-1.leTHhle H Hel.leTHO-Hel.leTHbll! JierKHC MPa C N = Z, B KOTOpbIX Ha-

6JIIOAaIOTCSI o6oJIOl.lKH, HMeIOT cymeCTBeHHYIO pa3HHU:Y . B sm~prnsix OTphIBa 

HYKJIOHOB HJIH nap HYKJIOHOB npu npoXO:lKAeHHH l.lCTHOH IUIH Hel.leTHOH 060-

JIOl.lKH. TaK, B MIJax c A·=== 10 AJISI l!,.S , !!,.S
2 

oHa ,l:\OCTnraeT 5 + 6 MsB AJISI He-n n . 
1.1eTHO-Hel.leTHhIX Mep H 10 + 20 MsB ,l:\JISI 1.1eTHO-l.leTHhIX Mep, a AJISI smep C 

A === 50 pa31uiu:a AOCTHraeT 1 + 2 MsB ARSI He1.1eTHO-He1.1eTHhIX Mep H 

2 + 3 MsB AJISI l.leTH0-1.leTHblX SI,llep. LI:pyrnM OTJIHl.lHTCJibHblM CBOHCTBOM. STOH 

rpynnhl SIAep, B KOTOpbIX Ha6JIIOAaIOTCSI o6oJIOl.lKH, SIBJISICTCSI nepHO,l:\Hl.lHOCTb B 

3Ha1.1eHnsix Macconhlx 1.1uceJI A. LI:Jisi 1.1eTH0'-1.1eTHhIX SI,llep A = 4n, rAe n = 1,2,3 
u T,A, [1 ], a AJISI Hel.leTHO-HCl.leTHblX Mep A= 2(4n+ 7), r,lle n = 0,1,2 n T,A, 

He1.1eTHhle o6oJIOl.lKH KaK HeHTpOHHhle, TaK u npoTOHHhle Ha6JIIO,[\aIOTCSI He 

TOJihKO B Hel.leTHO-Hel.leTHhIX, . HO H B Hel.leTH0-1.ICTHhIX H l.leTHO-Hel.leTHblX 

SIApax·, l.lTO M0%HO ycTaHOBHTb He TOJlbKO no SHeprnu OT,l:\CJICHHSI HYKJIOHOB H 

nap HyKJioHon, HO u no H3MeHeuuro cpaKTopon 3anpeTa /-3anpemeHHhlx Ml
nepexo,!lon. He1.1eTHblC SIAepHhle 060JI01.IKH aHaJIOrtttJHhl aTOMHblM B TOH HX 

1.1aCTH, KOTOpasi o6yCJIOBJieHa B3aHMOACHCTBHeM HYKJIOHOB C u:eHTpaJibHblM ca

MOCOrJiaCOBaHHbIM noJieM, a OTJIHl.lHhle OT aTOMHblX Hel.leTHble MepHble 060-

JIOl.lKH MOryT B03HHKaTh, HanpnMep, BCJICACTBHe AecpopMaU:HH SI,llep 3a Cl.lCT 

OCTaTOl.lHOI'O AByx1.1aCTHl.l!fOI'O B3aHMOAeHCTBHSI. 

3aMKHYThle o6oJIOl.lKH B 1.1eTH0-1.1eTHhIX Mpax C N = z ~eHTHq>HU:HPYIOTCSI 
I 

KaK no SHeprnu OTACJieHHSI HYKJIOHOB H nap HYKJIOHOB, TaK H no SHeprHH B03-

6y%AeHHhIX KOJie6aTCJihHblX COCTOSIHHH B STHX SIApax. TaK, HanpnMep, 6hIJia 

yCTaHOBJieHa CJia6asi o60JI01.1Ka N = 24 B H30TOnax SJieMeHTOB C z = 18, 20, 22, 
24. Mo%HO, 01.leBHAHO, CACJiaTb 3aKJIIOl.leHHe, l.lT0 nOSIBJieHtte l.leTHbIX H Hel.leT

HbIX nepHOAHl.leCKHX o60JIOl.leK B JierKHX 1.1eTH0-1.1eTHblX H Hel.leTHO-HCl.lCTHblX 

SIApax c N = z o6yCJIOBJICHO cymecTBOBaHHCM npocrpaHCTBCHH0-

CHMMCTPHl.lHhIX COCTOSIHHH n npoT0HH0H H HCHTpOHHOH cncTCMax SI,llpa. 
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.Uauuasi: pa6oTa BhlnOJIHeua npu cpuuaucoBoii no;mep)l(Ke Pc:DCl>H (KO.Ll 

rpaHTa 95-02-05686-a). 
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MopoJOB B.A. .· , . . . 
He4.ern1,ie JI 'Ieni'1,1e npoTOHHb_Ie 11 HeiiTpOH

1

Hble o6oJIO'IKl1 
P6-95-182 

B m:tpax c N = Z . · · · · 

Ha ocuose airnn11Ja JHatJeHHH 3Heprm~ OT.Ll~JieH11J1 HYKllOIIO~ H nap HYKJIOHOB 
Sn,' Sp, Sz,1 Ii Szp , B ~elJeTHO-Hetiern1,1x I! tJeTHO-'IeTHhlX JierKHX ,llnpax, C N =Z 6bmo 

. nmcaJaHo, 'ITO Ha6JIJO,Lla'IOTCll ueqeTHbie 06<:~JJO'IKH ;np11 z, ,N =7, n, 15, 19, 23. ITp11 
3TOM o6ono'IKHZ, N = l l 11 23, c.:Kopee scero, OTHOCllTCll K ina'ccy· necpopMHposau: 
11~1x. 06o~o'1KH. Z,' N = 7 H I 5 au~orn4111,1 ~6onotJKaM c TaK11~rn Man~tJecK11M11 

,lJJ,[CJia~11 B aTm.t'ax H .uom~Hbl 6i,n1, ccpep114e'cKii~1i1. rio~tH~IO msecrnoro cpaKTa 
Ja~bIKaH11~. o60JJO'IeK B 11e;HO~'IeTHhlX ll.Llpax np11 ,'N; Z ua6JJIO.LlaIOTCll. TaK)Ke 

•I o6onO'IK~ np11 Z = 14' H ,N = 24. . . . 

I 

P?6orn· s1,monueua· B Jla69parop1rn J1.Llep111,1x npo6ne~1 Ol151H. 
: ' ' ) ~ - '' ' 1 ' ,', , '" • '' 

J 

. npe~p1111T 
1

0m,~)l11Hel/1;0~0 l;HCT~~a ll~ep~blX HCCJle)lOBatt~f1; 
0

L(y611a'. ( 995 

ITepeso.u asTOp~B 

MoroZOv'v.A.' ' ,' ',, ': ' ' ' ' ·,., 
Odd, and Even Proton .and Neutron Shells iri Nuclei_ with N = Z 

,', t ·: ·,' ,··;, .. · ,,' :, 'I ,:,'• ,r''. ,, '; .' I ,, , • \ 

It is. shown , by >'apa1ysis of, nucleon and nucleon pair separation . energies 
~n' Sp, Sz,;, Szp 'in_ .o~d-odd nuclei that odd ,sheils are observed:at z, N =· 7, 1 I, 15; 
.J9, 23 as a re'~ult'of coherently enhanced shell closure. The Z, N = .11· and.23.shells 
are inos(probably, deformed. The Z, }{= 7, I5'~hells are similar to the shells with 
the same. magic numbers in atoms and thus' must be spher.ical.. Ther~ were also 
established the shell closures for even-even nuclei (N~ Z) at Z = 14 and N = 24 .. 

! ' '.•• ' ' •,, '.•·•,' : :\ ' •• ' < ' ',' .. ' ' ·: ' ' ! ' ,' '·, • ' 

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