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EyHaTHH r.r. P4-11151 
06ono'le'!Hhie nonpaBKH K nonyaMnHpH'IecKHM !flopMynaM anH Mace 

H cpeaHHX KBaapa TH'IHhiX PBilHYCOB Hllep 

.QnH TH)I{9flb!X clj>epH'!eCKHX Hllep HCCneayiOTCH norrpaBKH K nOny3MIIHpH'I9-

CKHM (lKHilKOKanenbHh!M) lj>opMynaM llflH 3HeprHH CBHC'II BE H cpellHero KBBilp&

TH'IHOrO paaHyca 8<r
2 > , o6ycnoeneHHhie o6ono'!e'IHoil crpyKTypoil Hllep, npH no

cneaoearenbHOM Y'I~Te CHflbHOrO B38HMOilei!CTBHH HyKnOHOB, noapo6HO BhiHCHH

eTCH, HB KBKYIO TO'IHOCTb MOryT npeTeHilOBBTb paC'I~Thi, BhinOnHeHHhie HB OCHOBe 

MeTOilB 06ono'le'1Hb!X nonpaBOK, l1ccneayeTCH 38BHCHMOCTb peaynbTBTOB OT BXO

.[IH!IlHX B pac'I~Thi napaMeTpoa, PeaynbTBThi Bhi'!HcneHuil B <r2>, BE conocraBnH

IOTCH c onhiTHhiMH aaHHhiMH. BhmonHeHo cpaBHI!TenbHoe H3y'leHHe BE anH aayx 

o6nacrel! Hllep: coceaHux c 
208 Pb u Hllep c 110.5 Z::; 120, 174::; N ::; 188 

( 'CBepXTH)I{9flhiX'), B HllHO, 'ITO IIpOBelleHHh!l! HBMH 8H8flH3 He ll89T OCHOBBHHli 

npH 3TH X Z , N O)KHJlBTb HanH'IHH llBB)KJlhi MarH'IeCKoro Hllpa, noao6Horo 208pb • 
06ono'le'IH8H IIOIIp8BK8 OK83biB89TCH llflH MHOrHX Hllep B 3TOl! ofinaCTH IIpHMepHO 

OllHHBKOBol!, BE --10 .;- -8 MaB, ecnH C'IHTaTb HX clj>epH'IecKHMH, 3ro Morno 

fihi cnylKHTb yKa3aHHeM Ha IIOBbiW9HHyiO CT86HnbHOCTb B paBHOl! Mepe llflH 6onb
WOrO 'IHCna TaKHX Hllep • .QaHbl 1IpHM9pbl OU9HOK nonynepHOilOB T ~ a -pacnaaa 
3THX Hllep, 

Pa6oTa BbinOnHeHa B na6opaTOPHH Hel!TpOHHOl! lj>H3HKH Ol1Hl1. 

llpeDpBBT 061.eABBe-oro -CTBTyT& aAePBWlt BCCJieA0--1. Jb6B& 1978 

Bunatian G,G, P4-11151 
Shell-Corrections to the Semi-Empiric Formulas for the 
Masses and Mean Square Radii of Nuclei 

The corrections to the semi-empiric {liquid-drop) formula for the 
l:?inding energy BE and the mean square radius B<r2> due to shell nuclear 
structure are investigated for heavy spherical nuclei taking into account 
the strong nucleon interaction in a consequent way, The thorough consi
deration is given to the possible accuracy of calculation in terms of the 
shell-corrections method, The dependence of the results on the parame
ters involved in the calculation is studied, The calculated results BE, ~<r 2> 
are compared with experimental ones, A comparative investigation BE is 
performed for the mass numbers in the vicinity of the 20Spb nucleus and 
nuclei with 110::; Z ::; 120, 174.5 N s; 188 (superheavy nuclei). The 
analysis carried out has shown that in this region {110 s;Z s; 120,174s;Ns;i88) 
one cannot expect the presence of the double magic nuclei similar to 208pb 
The shell correction appeared to be about the same {BE - -8 + -10 Mev) 
for most nuclei in this region if it was assumed that they were spherical. 
This result might be considered!a.& an incUcation of a higher stability for thE 
majority of such nuclei. The estimates of alpha-decay life-time for 
these nuclei are also presented. 
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C) 19711 Od'M6••••• ... ••ca•,.. JIHptl .. 1lMCCA•6oeaa•AJr~ 

BBE,4EHHE 

B Teopuu Jl,D,pa 6onhlllOH paJ,IJ,en cocTaBnJIIOT Ja,IJ,aqu, 
B KOTOphlX BJyqaeTCJI B3MeHeHHe CBOHCTB Jl,IJ,pa, o6ycnoa
neHHOe B3MeHeHHeM 8n = n- n pacnpe,D,eneHHJI HyKnOHOB nBlllb 
y DOBepXHOCTH cllepMH. llpHMepOM MO:>KeT cny:>KHTb H3MeHeHHe 
qucna qacTBU ua Benuquuy oA «A I A - qucno HyKnOHOB 
a Jl,D,pe/, ,IJ,eilcTBBe ua Jl,D,po auellluero non11, JaTparuaaJOIUee 
nHlllb COCTOJIHHJI y rpaHBUhl cllepMH, B T .D. llpHMeHeHBe 
MeTO,IJ,OB TeOpBH KOHeqHhlX cllepMB- CBCTeM /1/ D03BOnJleT 
so acex TaKHX Ja,IJ,aqax uaiiTB H3MeHeHBJI xapaKTepuJyro
IUHX Ji.D.PO clluJuqecKBX aenuquu c nocne,IJ,oBaTenhHhlM yqeToM 
cunbuoro aJaHMO.IJ.eilcTBHJI uyKnouoa. K 3TOMY :>Ke Kpyrl 
Ja,IJ,aq OTHOCHTCJI u awqucneuue o6onoqequwx nonpaaoK/2,3 
K nonyqeHHhlM Ha OCHOBe MO,IJ,enB :>KB,IJ,KOH KannB nony-
3MDHpHqeCKHM cllopMynaM, uanpuMep .D.nJI pa,IJ,uyca R = r0 A 1/3 
unu ,IJ,ns Mace s,IJ,ep/4/, TaKue nony3MnupuqecKue cllopMynw 
.IJ.OCTaToquo xopolllo nepe,D,aiOT nBlllb ycpe,D,ueuuyJO, nnaauy10 
JaBHCHMOCTb paccMaTpuaaeMhlX aenuquu OT Z, N ; ,IJ,nJI 
Ka:>K,IJ,OrO JI,D,pa BMeiOTCJI OTKnOHeHBJI OT 3TOH 3aBHCBMOCTB, 
o6ycnoaneuuwe oco6euuocTJIMH HMeuuo ero cTpoeuus. Ecnu 
npe,D,DOnO:>KHTb, qTO TaKBe cllopMynhl ODHChlBaiOT CBOHCTBa 
CBCTeMhl, KOTOpaJI xapaKTepB3yeTCJI HeKOTOpOH nnaBHOH, 
crna:>Keuuoil cllYHKUBeil OT Z, N pacnpe,D,eneuus uyKnouoa 
n A DO O,IJ,HoqaCTBqHhlM COCTOJIHBJIM A , TO MO:>KHO BBeCTB 
a paccMoTpeuue onA(N,Z)=nA(N,Z)-nA(N,Z)-oTKnoueuue uc
TBHHoil cllYHKUBB pacnpe,D,eneHBJI n A, yqBTbiBaiOIUeH o6ono
qequyiO CTPYKTYPY. OT TOH n A (Z, N)' KOTopag npBBO,IJ,Bna 
6w K nnaauoil JaBHCBMOCTB oT Z , N acex aenuquu. Ecnu 
llA TaKOBa, qTo 011)1. f. 0 nBlllb Y rpaHBUbl cllepMB, TO 
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OKa3LIBaeTCJI B03MO>KHLIM 15,61 BLI'IHCnHTb Bbi3BaHHYJO :nu
MB Bn.\ nonpasKy oE K 3Hepruu CBJI3H JI.IJ;pa E, nony11eu· 
Hoii no nony3MnHpH'IecKHM <llopMynaM H3 I 41. llpu 3TOM 
BE = E- E npe.~~;cTaBnJieTcJI B BH.IJ;e pa3nO)KeHHJI no sapua
QHJIM <iiYHKQHH pacnpe,~~;eneHHJI on,\. qepe3 on,\ MO>KHO Bbl· 
pa3HTb H nonpaBKH K .IJ;pyrHM 3MnHpH'IeCKHM <ilopMynaM, 
HanpHMep BLI'IHCnHTb OTKnOHeHHe B<r 2> Cpe.IJ;Hero KBa.IJ;pa
TH'IHOrO pa,~~;uyca OT nnasuoii 3aBHCHMOCTH <r 2> -A21 3. Cne
,~~;yeT nO.IJ;'IepKHYTb, 'ITO B OTnH'IHe OT .IJ;pyrHX 3a.IJ;a'l npH 
BLI'IHcneuuu o6onoqequwx nonpasoK Mbl HMeeM ,~~;eno c 
<iiYHKQHeii n ,.\• He OTHOCJIIQeiicJI K KaKOMy- nH60 peanbHOMy 
JI.IJ;py. Bse,~~;euue ee npe.~~;cTaBnJieT co6ol nuwb HCKyccT
seuuwii npHeM, HMeJOmuii QenLJO sw,~~;enHTb B nonuoii 3Hep
rHH CBJI3H E qacTb E , nnasuo 3aBHCJIIQyro oT Z , N , 
.IJ;nJI KOTOpoii H nony'leHbl nony3MnHpH'IeCKHe <llopMynw. 
B03MO)I(HOCTb nocTpoeHHJI TaKoii crna>Keuuoi <iiYHKQHH 
pacnpe,~~;eneHHJI ii , o6ecne'IHBaJOme:it O.IJ;H03Ha'IHoe sw
,~~;eneuue "rna.IJ;KHX>.t cocTasnJIJOIQHx B pa3nH'IHbiX senH'IH
uax E ,<r2> H T.n., Mbl uccne,~~;yeM B uacToJimei pa6oTe 
Ha npHMepe Bbi'IHCneHHJI MaCe H Cpe.IJ;HHX K.Ba.IJ;paTH'IHbiX 
pa.IJ;HYCOB TJI)KenbiX c<ilepH'IeCKHX JI.IJ;ep. llpe.IJ;CTOHT BbiJIC· 
HHTb, HaCKOnbKO O.IJ;H03Ha'IHbiM JIBnJieTCJI pe3ynbTaT Bbl· 
'IHCneHHJI BE, OCHOBaHHbli Ha BBe.IJ;eHHH on,.\ , HnH, HHbiMH 
CnOBaMH, KaKOBa CBJI3aHHa.R C 3THM TO'IHOCTb Bbi'IHCne
HHJI Mace .a,~~;ep /H ,~~;pyrux senH'IHH/ s MeTo,~~;e o6onoqeq
uwx nonpaBoK. Mw o6cy.IJ;BM TaK)Ke 3aBHCHMOCTh pe3ynb· 
TaTOB OT napaMeTpOB O.IJ;HO'IaCTB'IHOro noTeHQBana B pOnb 
qneua O 2 E , KBa.IJ;pa TB'IHOrO no on ,.\ , B Bblpa)l(eHBB .IJ;n.R 
• /eM. /1//. Bw.&CHBB yposeHb ,~~;ocTosepHocTB nony
qaeMLIX pe3ynbTaTOB, Mbl .IJ;anee paCCMOTpBM, KaKBe 3a· 
KnJO'IeHB.R MO>KHO C.IJ;enaTb 0 CBO:itCTBaX, KOTOpbiMB MOrna 
6w o6n&.IJ;aTit .a,~~;pa c 6on~tWBMH Z , N - cs~pXTalleenwe 
.a,~~;pa. 

ME TO,[f BJJfJHCJIEHHJI 

1. B pa6oTaxl5,6l npa nocne,~~;osaTenbHOM y'leTe canL
uoro B3aBMo.~~;e:itcTBB.R HyxnoHos 6wno nony'leHo Bblpa)l(eHBe 
.IJ;n.R B3MeHeHB.R oE 3HeprBB OCHOBHOro COCTOJIHBJI, Bbi3Ba.H-
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uoro H3MeueuueM Bn A <iiYHKU.HH pacnpe.~~;eneHHJI HyKnouos 
y nosepXHOCTH WepMH, B BH.IJ;e pa3nO)KeHHJI no BapHaiJ,BJIM 
on,.\. B HaCTOJIIQeii pa6oTe MLI npoBe.IJ;eM pac'leTbl 6e3 yqeTa 
napuwx KoppenJiu,Hii csepxnposo,~~;Jimero THna H orpaHH'IH
MCJI qneHaMH, KBa.~~;paTB'IHLIMH no Bn A. Tor,~~;a cornac
uol5,6l: 

,.\ ,.\ 
- - 1 2 11 

BE = E - E = o 
1
E + o

2
E = I fA Bn ,. + -

2 
I a f' on.\ on A , 

,.\ 1\ "'I- 2 "'02 1 2 

/1/ 

A BKnJO'IaeT H 3apJI.IJ;OBbiH HH.IJ;eKC v=p,n. B /1/ aMnnHiy.IJ;a 
pacceJIHHJI I' csJIJafa o6LI'IHLIM ypasueuueM c uenpuso,~~;uMoii 
aMnnHTY.IJ;OH l' w l , BXO.IJ;JIIQeii B TeOpHIO KOHe'IHLIX <ilepMH
CBCTeM: 

a2 I'= a2 r cv+ a2 rev A a 2 r, A,\,\'= (nA -nA' )(fA-f)\' )-1, V=V ',/\~)\ ', 

2 (t) ~-+ --'l>--'1> ... -i> 4-+ 

a I' dnld11 =f+g(aa')+f'(rr')+g'(aa')(rr'), /2/ 

l13MeHeHHe cpe.IJ;Hero KBa.~~;paTH'IHOro pa,~~;uyca o<r2>1 A onpe
,~~;enJieTCJI Bhipa)l(eHHeM 

o<r 2 > A=\>. [r 2/A]Bn /\' V[r 2/A]=r 21A+a2I'cvAV[r
2/A]. /3/ 

l13Meueuue cpe.~~;Hero KBa.~~;paTH'IHOro pa,~~;uyca JapJI,~~;a lkr2> z 
nonyqaeTCJI H3 /3/ JaMeHoii r21A ua r 2(rz +1)/2Z. CooTuo
weHHJI I 1/-/3/, KaK o6hi'IHQ I 1/, JanucaHLI B npe,~~;cTasne
HHB C06CTBeHHLIX <i~YHKIJ,HB ¢)\ OAHO'IaCTH'IHOrO raMHnhTO
HHaHa. ~nJI c<llepuqecKHX JI.IJ;ep nocne oT,~~;eneHHJI yrnoswx 
nepeMeHHLIX B ypasueHHJI /2/, /3/ soii.IJ;YT nuwh aMnnBTYALI 

fnn=fpp =f+f', f np=fpn=f-f', 

fvv'(r)=fvv'+(fvv'_c:V.) n(O)-n(r) 
m ex m n(O) /4/ 
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3)l.eCL Y'ITeHa KOOp)l.HHaTHaJI JaBHCHMOCTb /7/ aMnJIHTY.D. 
f vv, OT r . BXO)l.JII.QHe CIO)l.a f !'1', onpe)l.eJIJIJIHCb paHee In, ex 
Hl peweHHJI .n.pyrHx Ja.n.aq, Mw HcnoJILJyeM JHaqeHHJI 

nn np 
f = 1 f = -0 6 

in ' in ' ' 

nn np 
f =-1, f =-3, 

ex ex 
l4al 

npe.n.no:>KeHHble a /s/. 
2. flo CaMOMY CMbiCJIY HaweD: Ja)l.aqH CJie)l.yeT HC • 

noJILJ.~>BaTL co6cTBeHHble JHaqeHHJI E' A H co6cTBeHHble liJyHK

UHH cp ,.\ O)l.HoqacTH'IHOrO noTeHD;HaJia, napaMeTpbl KOTOporo 

noJiyqeHbl H3 aHaJIHJa 3KCnepHMeHTaJibHbiX )l.aHHbiX )l.JIJI 

60JibWOrO qHcJia Jl)l.ep H JIBJIJIIOTCJI nJiaBHbiMH liJyHKD;HJIMH 

Z , N . HaH6onee nonHo nocTpoeHHe TaKoro noTeHn;Hana 

BhlnOJIHeHO B pa6oTe /9/, Mbi npOBO)l.HM BCe OCHOBHble 

pacqeTbl C <-:\ , ¢ ,.\ noTeHD;HaJia H3 /9/, fi_!>H 3TOM, oqe: 

BH)l.HO, npe.n.noJiaraeTCJI, qTo HMeHHO TaKOH ycpe)l.HeHHbiH 

no Z, N O)l.HOqacTHqHbiH noTeHn;HaJI OTHOCHTCJI K CHCTeMe 

co crJia:>KeHHOH liJYHKD;HeH pacnpe.n.eneHHJI n ,.\ . H3MeHeHHe 

lilYHKD;HH pacnpe.n.eneHHJI on A npHBO)l.HT K OT JIHqHJO O)l.HO

qacTHqHoro cneKTpa <A OT co6cTBeHHbiX JHaqeHHH Ta

Koro raMHJibTOHHaHa 

o< A =<A- f' A = a
2 1/~,on A, , 151 

H Bbipa:>KeHHe 111 MO:>KHO nepenHCaTb B BH)l.e 

oE ~ E - E = ~ <A on A - ~ A~. a 
2 

1 ~~,.\' 8nA on A , , l1al 

T.e. eCJIH 6bl npH BblqHCJieHHH nepBOH CYMMbl B 111 HC· 

nOJiblOBaJIHCb 6bl fA , a He f-A , TO H3MeHHJICJI 6~ 3HaK 

nepe.n. BTOpbiM qneHOM. 0TJIHqHe (A OT ( ,.\ H n A'¢ A OT 

nA,¢ ,.\ BO BTOpOH CYMMe B 111, l1al y:>Ke He cyweCTBeH· 

HO, T .K. ero yqeT npHBeJI 6bl K BblJIBJieHHIO 'IJieHOB 6onee 

BbiCOKOrO nop.R)l.Ka no on, KOTOpble Mbl 3)l.eCb He yqHTbiBaeM. 

3. Bae.n.eHHe nA MO:>KHO npe.n.cTaB~TL ce6e cne.n.yiOI.QHM 

o6paJoM. BHaqane c n;eJILIO nonyqeHHJI nA (A) )l.JIJI HeKoToporo 

.ll)l.pa A ycpe)l.HHM npOCTO nA (A) no HeKOTOpOMY HHTep

BaJiy JI.n.ep IT.e. JHaqeHHH A I BOKpyr .n.aHHoro A 
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n A (A) 
A i =A+ypj2 

Z. n A (A.) . 
YA Ai=A-y/2 1 

1 161 

PeJyJILTaT TaKoro ycpe.n.HeHHJI oqeaH.n.eH. EcJIH HeKoTopoe 

COCTOJIHHe A 1 JaHJITO y BCeX Jl)l.ep B HHTepBaJie ycpe)l.He-

HHJI, T .e. n, (A.) = 1 )l.JIJI BCeX 3THX A. , TO, oqeBH)l.HO, 
1\ · I 1 

n, = 1 
/\1 ' 

eCJIH nA 2 JaHJITO y acex JI)l.ep A i, KpoMe 

JIHWb O)l.HOrO, TO nA
2
=(yA-1)/yA H T.)l.. ,UJIJI COCTOJIHHJI 

,.\; JaHJITOro JIHWb y O)l.HOrO Jl)l.pa, oqeBH)l.HO, n A= 1/y A' a 

)l.JIJI cocTOJIHHJI A', cao6o.n.Horo y acex JI.n.ep, ii A·= 0 . 
Mo:>KHO nepenHcaTL 161 B BH)l.e: 

f.L+Y I 2 ()() , 

nA =.!.. J n(f1~A)df.1'= J n(f.1'-fA)((f.1-f.1 )df.L', 
y f.l-y/2 -oo y 

( = I 1/y, -y/2..:; 11 '- f.1 :;:; y/2 

0 

171 

3.n.ecL JLv - 3HeprHJI l}lepMH .ll)l.pa, )l.JIJI KoToporo onpe.n.e

JIJieTCJI ii A (A) , n ( f.1 v - < A) "' () (f.L v -<A)=nA- ycpe)l.HJieMaJI 

liJYHKUHJI. Y cpe.n.HeHHe B 17 I npoao.n.HTCJI c npocTeH:weH: 

BeCOBOH liJyHKD;HeH (. ECJIH 6bl Mbl JaMeHHJIH (, Ha o -
liJyHKD;HIO, qTO COOTBeTCTByeT HyJieBONY HHTepBaJiy ycpe.n.

HeHHJI, TO, oqeBH)l.HO, nonyqHJIH 6bl ll,.\ = n ,.\ • o · liJyHKD;HIO 

MO:>KHO npe)l.CTaBHTb B BH)l.e pa3JIO:>KeHH.II no nOJIHHOMaM 

3pMHTa Hk: 
2 -v v 

2 - m f.1 -f.l 
o(x)=exp(-x )/(yyrr) I akHk(x),m->oo, X=---

k=0,2... y 

181 
by)l.eM MeHJITb Tenepb BeCOBYIO liJyHKD;HIO (, , a C HeiO H 

34MlleKTBBHWH HHTepBaJI ycpe)l.HeHHJI, HCnOJiblY.II )l.JIJI (, Bbl

pa:>KeHHe 181, HO OCTaBJIJIJI B 3TOH CYMMe JIHWb KOHe'IHOe, 

He6oJILwoe qHcno cnaraeMwx IT.e. k=2ml H MeH.IIJI TaK:>Ke 
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- t/ 
aenB'IBHY y. Bxo;:VIIQBii CIO,D,a napaMeTp /'- - "crnaJKeH-
HaB" 3Heprus WepMB - onpe,D,enseTCB Bl ycnoaus coxpa
HeHBB 'IBCna 'laCTHU 

l on i\ = 0. 
i\ 

191 

Onpe,D,eneHue oni\ co,D,ep>KBT, cne,D,oaaTen~>Ho, napaMeT
Pbl m, Y· Bae,D,eHHaB Tai<BM cnoco6oM n i\ y,D,oaneTaopBeT 
Heo6XO,IJ,BMWM ycnoaBBM, 06Cy>K,IJ,aaWBMCB ao aae,D,eHBB, 
ecnB CyiQeCTayeT ,IJ,OCTaTO'IHO 6onbWOH BHTepaan lHa'leHBH 
aenB'IBH m, y, ,D,nB I<OTOporo pelynbTaT aW'IBCneHBB oE, 
o<r2> B T.n. C oni\(m,y)=nA(m,y)-n(m,y) He laaBCHT OT 
m, y. PalyMeeTcJI, napaMeTpw m, y ,D,On>KHbl 6WTb Tai<B
MB, 'IT06W on i\ f- 0 nBWb ,D,nB COCTOBHBH i\ y rpaHBUW 
WepMB; oqeaB,D,BO, ,D,On>KHO 6WTb y << 11 v ,D,n.ll I<oHe'IHoro, 
He cnuwi<oM 6on1.woro m , m = 275. C ,D,pyroii cTopoHw, Ha 
BHTepaane y ,IJ,On>KHO HaXO,IJ,BTbCB ,IJ,OCTaTO'IHO MHOrO ypoB
Heii, T.e. y > 5 M3B. 

4. EIQe pal no,D,'Iepi<HeM, 'ITO MW BW'IBCnJieM Heno
cpe,D,CTBeHHO BlMeHeHBB oE = E-E, o<r2>, aWlBaHHWe Ha
nB'IBeM on i\, a HB B I<OeM cny'lae He caMB E, <r 2 > B 
T.n. B p.II,D,e pa6oT/3/ o6onotfe'1Hble nonpaai<H BW'IBcnBnBcb 
no 3MnBpH'IeCI<OH «llopMyne 

/1 1 . ( - (i\ 
oE = l i, n, - f f -I (( --)d£ 

i\ /\/\ -oo Yi\ y 

oo 2 2m - y -x 
= l fA on A- -= l f xe dx l a k H k ( x) . 

i\ V 1T i\ (E,\-11) k=O, 2 ... 
1101 

y 

Ecnu MO>KHo npeHe6pe'lb l,D,ecb nocne,D,Heii cyMMoi, 
To swpa>KeHue 1101 cosnanaeT c 111 npu I'=O, T.e. npu 
OTCYTCTaBB B3aBMO,JleHCTBBJI Me>K,IJ,y KBa3B'IaCTBIJ;aMB. Ou;eH
KB BTopoii cyMMbl B I 10 I, nposonuswuec.11 B I 5/ , yxa
lWBaiOT, aB,D,BMO, Ha ee ManOCTb no cpaBHeHHIO C nepBOB. 
fiO,D,'IepKHeM, 'ITO a npOTBBOnonO>KHOCTb 111 BWpa>KeHBe 
1101 He o6paiQaeTCJI aHynbnpB oni\'~0 B3·3aHanB'IHJIB HeM 
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nocne,D,Heii cyMMW. Bonpoc o palnB'IBB 111 B 1101 lacny
)I(JiaaeT, aolMO>KHO, 6onee ,D,eTanbHoro Bly'leHBB. 

PE3YJlhTAThl PACqETOB ,[{JI.H T.H)J(EJIMX 
C~EPHqECKHX .H,4EP 

1. B 3TOM pal,D,ene MW npe>K,ll,e scero awscHBM Ha npa
Mepe JI,D,ep, coce,D,HBX c 208 Pb, Haci<onbi<O ,D,ocTosepHWMB 
MO>KHO C'IHTaTb pelynbTaTW, nony'leHBWe Ha OCHOBe BlnO
>KeHHOrO awwe MeTO,D,a, T .e. Ha I<ai<yiO TO'IHOCTb OnBCaHBJI 
caoii:CTB JI,D,ep MO>KeT npeTeH,D,OBaTb 3TOT MeTO,IJ,. 

CllopMynw I 11-131 co,D,ep>Ka T ue TOnbi<O cyMMW no co
CTOJIBHJIM ,IJ,BCI<peTHOrO cnei<Tpa, HO Tai<>Ke B HBTerpanw 
no HenpepwBBOMY cnei<TPY. B «ll<?PMYnax, co,D,ep>KaiQHx on i\, 
cyMMHpOBaHBe H HHTerpBpoBaHBe Be,D,eTCJI no COCTOJIHBJIM, 
He cnuwi<oM ,D,anei<HM OT rpaHBUW WepMB, T .I<. c y,D,aneHBeM 
OT Hee .Sn i\ 6biCTpO y6b1BaiOT. B HaWBX pac'leTaX Mhl laMe
H.lleM ,D,n.ll He cnBWI<OM 60nbWBX nonOlKBTenbHWX :JHeprBi, 
fA :S 20 M3B, BHTerpuposaHBe no HenpepwBHOMY cnei<TPY 
CYMMBpoaaHBeM no I<aalBCTaiJ;BOHapHbiM COCTOJIHBJIM, cy· 
IQeCTBYIOIQHM ppH Tai<BX 3HeprHJIX B noTeH:uuane By,D,ca
Cai<COHa Bl /fJ/. Haxo>K,IJ,eHBe cooTBeTCTBYIOIQHX I<oMnnei<c
Hwx co6cTBeHHbiX 3Heprui E i\ = '£ i\ -ifi\ /2 B «llYHI<UBi ix. onu
c~Ho no,D,po6Ho a I 10/. B Haw~x pactfeTax MW npeHe6peraeM 
[' i\ B MHBMOB qaCTbiO lm rp i\ , 'ITO COOTBeTCTByeT npe
He6pe>KeHBIO laTyXaHHeM I<aalB'IaCTBU la C'leT BWneTa Hl 
cucTeMbl. BolMO>KHOCTb Tai<oro npeHe6pe>KeHB.II o6cy>K,D,a
nacb alto/. B Hawux pac'leTax cyMMBposaHBe npoHlBO,D,B-
nocb no cocTo.IIHB.IIM i\ npu ycnoBBB, 'ITO l'i\- t F I ::::. 
:; 25730 M3B. 3Toro snonHe nocTaTO'IHO, T.I<. TO'IHOCTb 
caMoro MeTo,D,a, I<ai< MW y6eABMC.II nanee, He ny'IWe-2 M3B, 
a BI<niO'IeHBe ypOBHei C 6bnbWBMB n,f. npHBO.JlHT npB 
y = 5710 M3B K BlMeHeHBJIM B BE, He npesocxo,D,.IIIQHM 

~ 1 M3B. 
2. Mw nposenu ace pactfeTw nn• 'leTuwx 3Ha'leHBi 

Z, N , 120 ::;_N::;_130, 76 ::;_ Zs90, MeHJIJI m B }' B ,JlOCTaTO'IHO 
wspoxux npenenax, c uenbiO nposepKB cymecTBOBaHBJI 
o6naCTB lHa'leHBB m, y, JVIJI KOTOpoi Bhi'IBCnJieMWe Be
nB'IBHW oE , 8 <r 2 > MOlKIIO C onpeneneBHOi TO'IHOCTbiO 
nonaraTb ue 3aBBCJIIQHMH oT m, y. TunB'IHWe pe3yn~oTaTw 
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Taxax pacqeToB npe.IJ;CTaBJieHbl Ha puc. 1. C qacTo MeTo

.IJ;Hqecxoa ~eJibiO Mbl H306pa3HJIH OT.IJ;eJibHO CYMMbl 0 l E 11 H 

0 1 EP no HeBTpOHHbiM H npoTOHHbiM COCTO.IIHH.IIM (,\E = 
= 0 1 E p + 81 En), a TaK)I(e BCIO BeJiaqaHy oE, BKJIIOqa.ll 

H 8 2 E /1/. OxaJbiBaeTc.ll, qTo .IJ;JI.II pa3JIHqHbJX .II.IJ;ep JaBa-
l/ 

CHMOCTb 0 l E , oE OT m, y COBepweHHO pa3JIHqHa, HO 

JIHWb .IJ;JI.II .II,IJ;pa 208pb MO)I(HO C .IJ;OCTaTOqHOB TOqHOCTbiO, 

-0,1-0,2 M3B, nonaraTb ol<~ (m,y) He 3aBHC.IIUUIMH OT m, 

yB o6nacTH 3HaqeHHB 6~2m::;10, 7 M3B ~ y ~ 9 M3B. 

5 ma3 
m•S 

10 

10 12 

*os 
10~ 5 ',,_ 

...... -------
8 ·-.,lO 

-5 ·-.., -5 
8 

~ 
' ' 5 

-211Ro 

-5 

5 5~----·-·-.. ·-· 
\ 10 / 

\ ' -5 ', ....... " .... __ , 

Puc. 1. 3aeucuMoc•r. o6oAo'le'IHr.lx nonpaeoK K 3Hepzuu 
/M3B/ o• y /M3B/ npu pa~.IIU'IHWX rn /eM. /10//. Hl•pux
nyHK.UpHaJI KpueaJI - 81 EP , w•puxoeaHHaJI KpueaJI- 81 En, 
Cn.IIOJIIHQJI KPU6QJI - nO.IIHQJI 8E = 8 lE p+ 81E~ + ollE. 

10. 

<.. 

,L\JI.II ,D;pyrHX .II,IJ;ep .IJ;JIJI 2m = 4-:-12, npH H3MeHeHHH y OT 

6 .IJ;O 10 M3B 0 1E MeHJieTCJI He MeHee qeM Ha BeJIHqHHY 

-1-:-2 M3B. OqeBH.IJ;HO, qTo JIHWb Ha Taxyro ToqHoCTb H 

MO)I(eT npeTeH.IJ;OBaTb BbJqHCJieHHe 8E B COOTBeTCTBHH C 

caMOB CYil\HOCTbiO MeTo.IJ;a. BH.IJ;HMO, Haa6onee nnaBHO npa 

2m= 6 8E (m, y) JaBHCHT OT y .IJ;JIJI 7 M3B :S. y$. 9. M3B, 
HJIH npa 2m= 8 .IJ;JIJI 8 M 3B 5.. y :::; 10 M 3B. M O)I(HO, Bb16paB, 

HanpaMep, 2m= 6, y--,8 M3B, BblqacJIHTb tiE .IJ;JIJI Bcex JI.IJ;ep 

paCCMaTpHBaeMOB 06JiaCTH, nOMHJI, O,IJ;HaKO, npH 3TOM, qTO 

TOqHOCTb TaKoro pacqeTa, BO BCJIKOM CJiyqae, He Jiyqwe 

qeM - 1-'-2 M3B. Mbi npoBO.IJ;HM pacqeTbl .IJ;JIJI ccl>epaqecxax 

JI.IJ;ep, .IJ;JIJI xoTopbiX napaMeTpbl cpe.IJ;Hero noTeH~Hana/9/ 
no.IJ;o6paHbl xax pal Haa6onee onpe.IJ;eJieHHO. Kax noxa3biBaJOT 

BblnOJIHeHHble HaMH pacqeTbl, ,IJ;a)l(e BeCbMa He3HaqHTeJib

Hble H3MeHeHHJI napaMeTpOB 3TOrO noTeH~HaJia, Bbl3biBaJO

UUie HJMeHeHHJI D< A. B npe,D;enax- 0,2 M3B, MoryT npHBO.IJ;HTb 

K HJMeHeHHIO 8E Ha BenaqaHy -1 M3B. B ma6.11. 1 npe.IJ;

cTaBJieHbl pe3yJILTaTbl BblqHCJieHHJI oE H 8 2E npH ill = 3, 
y = 8 M3B, noJBOJIJIIOII.\He cy.IJ;HTL o BenaqaHe BKJia.IJ;a 82 E B 

8E .IJ;JIJI pa3JIHqHbJX a.IJ;ep. Kax BH.IJ;HO H3 3TOB Ta6JIH~bl, 
acer.IJ;a 1i 

2
E > 0 H He npeBocxo.IJ;HT -2 M3B, T.e. HMeeT 

TOT )l(e nopJI.IJ;OK BeJIHqHHbl, qTo H Heonpe,D;eJieHHOCTH B BbJ· 

qacneHHH o 1 E , CBJI3aHHble c Bbl6opoM m, y, HJIH napaMeT

poB O.IJ;HOqaCTHqHOrO noTeH~HaJia. llpH 3TOM OKa3b1BaeTC.II, 

qTo8
2

E npaKTHqeCKH He JaBHCHT OT IP,y .IJ;JIJI 4:S_2m:S_10, 
6 M3Bs_ys_10 M3B. 

3. 113 111a6.11. J BH.IJ;HO, qTO HaHMeHbWero 3HaqeHHJI oE < 0 
.IJ;OCTHraeT .IJ;JIJI 208Pb. llpH He6oJILWOM OTJiaqaa Z, N OT 

Z =82, N =126 8E cyll.\eCTBeHHO MeHJieTcJI; 3TH H3MeHeHHJI 

ropa3.IJ;O 60JibWe o6Cy)I(.IJ,aBWHXCJI BbiWe Heonpe,D;eJieHHOCTeB 

B BblqacneHHH o 
1
E. ,L\JIJI .IJ;Ba)I(.IJ;bl Maraqecxoro JI.IJ;pa H ero 

6JIH)I(aBWHX COCe,IJ;eB 8E < 0 aHOMaJibHO MaJibl, npaqeM 3TOT 

KaqecTBeHHbiB pe3yJibTaT JIBJIJieTCJI BnOJIHe .IJ;OCTOBepHbiM, 

XOTJI CaMa BeJIHqHHa oE H BblqHCJIJieTCJI JIHWb C TOqHOCTbiO 

- 1-'-2 M 3B. Ha puc. 2 H 3 BblqacneHHble HaMH npa 2m =6, 
y =8 M3B oE cpaBHHBaiOTC.II c pa3HOCTJIMH 8E 3KCTI Me)I(.IJ;Y 

3KCnepHMeHTaJibHbiMH MaCCaMH JI,IJ;ep H HX 3HaqeHH.IIMH, no

nyqeHHbiMH no nony3MnHpaqecxo8 cl>opMyne H3 I 4/ • Mbi 

npe,D;CTaBHJIH pe3yJibTaTbl TaK, qT06bl noKa3aTb 3aBHCHMOCTb 

3KCnepHMeHTaJibHbiX H BblqHCJieHHbiX HaMH BeJIHqHH OT N 
npa cl>axcapoBaHHbiX Z, HJIH OT Z npa cl>axcapoBaHHbiX N . 
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Ta6nnua 1 
3asH:CH:MOCTb 8E ( M:aB) ( sepXHHe qncna s Ka)t<llOH KneTKe) 
H 8 E ( M:aB) ( HH:)KHHe 'iH:cna) or Z, N ans1 smep, coceaHHX 

2 c 208pb(IIpH 2m=6, y = 8 M:aB) 

A>Z ?6 78 80 82 84 86 88 90 

120 
3,81 0,74 -1,87 -6,00 -2,94 -o,36 0,72 2,1 

1,1 1,13 1,78 1,8 1,19 0,74 0,45 0,4 

122 
-o,99 -2,44 -5,24 -8,2 ~.36 -3,68 -3,04 -1,58 

0,87 0,7 1,II 1,15 0,6 0,3 0,13 0,22 

124 
-3,98 6,22 -8,96 -12,00 -10,04 -7,23. ~.07 -5,21 

1,08 0,64 0,81 0,79 0,4 0,25 0,25 0,46 

126 
~.74 -8,49 -II,15 -14,82 -12,58 -9,63 -7,71 ~.77 

1,56 . 1,02 1,16 0,51 0,33 0,33 0,51 0,94 

128 
-3,3 -5,37 -7,83 -II,19 -?,a; -5,44 -2,61 -1,68 

1,78 1,16 1,14 0,42 0,33 0,46 O,?I 1,24 

-2,14 -4,74 -7, '70 -3,44 -o,97 2,00 3,2 
130 

1,54 1,36 0,59 0,59 0,83 1,17 1,8 

KaK BHAHO, so scex cny'laJix uaraqecKae 'IRena Z =82, 
N =126 'leTKO Bbl.l(eneHbl KaK ,l:(nJI Bbi'IHCneHHbiX, TaK H .l(nJI 
3KcnepHMeuTan&uwx 3Ha'lenai 8E • IlpH Z =82 HnH N =126 
Bcer,l(a HMeeTCJI pe3KHH MHHHMyM oE(Z, N). 0TMeTHM, 
'ITO Bbi'IHcneuaaJI sena'IHHa 8E(Z, N) aueeT .ll~e 6onee 
pe3KHJl NHHHMYM npH uarH'IeCKHX 'IHCnax, 'leN 3Kcnepa· 
ueHTan&HaJI. Eu.-e pa3 no,ll'lepKHeu, 'ITO AaHHwl NeTO.Il, KaK 
6wno BbiJICHeHo swwe, ,l(a)f(e .l(nJI xopowo accneAoBaHHoA 
o6nacTB JIJlep, coceAHBX c 208pb , 3aBeAOMo He MO)f(eT 
npeTeH.IlOBaT& Ha KOnB'IeCTBeHHoe onacaHae uacc Jl.llep c 
TO'IHOCT&JO, nyqwei 'leM -2 MaB. 
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flO ~ 1/11 

N 
Puc. 2. B~>lttUcAeHHI>Ie npu 2m =6, y =8 MaB u aKcnepuMeH· 
•aAbHble /Kpec•UKU/ 3HQ'I€HUJI o6oAO'I€'1HbiX nonpa60K oE(Z,N) 
/MaB/ K nOAY3Mnuput.teCKUM (JopMyAaM OAJI Mace JIOep/4/ 
e aaeucuMoc•u o• N npu onpeOeAeHHI>IX Z. 

4. H3MeHeHBJI 8<r2 >A' 8 <r 2 > ~ uw Bbi'IBCnJieM cor nacHo 
/3/ C TeMB .liCe on A , ''lTO B oE. IlpB 3TOM O.IC&3biBaeTCJI, 
'ITO CYI1-'eCTByeT npB 2m=6,8 .llOCTaTO'IHO 6on&WOJl BHTepsan 
3Ha'leHBi y. 5 MaB ::;y~ 10 MaB, B KOTOPOM o<r 2> Z,A 
ueHJieTCJI cna6o, a npe.l(enax -10720~, ecna Ton&Ko caMH 
8<r2> He cnBWKOM uanw, O<r 2>- 0,1 4>M 2 . B •a6A. 2 
npHBe,l(eHbl 3Ha'leHHJI o<r 2 ~o<r 2> z,Bid'IHCneHHble npH 2m=6, 
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' 
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-1 

' 
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Puc. 3. To JICe, ~mo Ha puc. 2, HO npuaooumc.R 3aeucuMocmb 
oE(Z, N) om Z npu onpeOe/leHHbiX N. 

y =8. H3 ma6A. BHJJ.HO, qro yqeT fi<r 2>,Bb13BaHHoro oTKno
HeHHeM on A • npHBO)l,HT K 3aMe)l,JieHHIO poeT a <r 2>(A) )l,JIJI 
paccMaTpHBaeMbiX Z, N. ,Il.eiicTBHTeJILHO, c pocToM A 
15 <r 2 ~, yMeHLwaeTCJI. HHTepecHo 3aMeTHTb, qTo npH N =126 
a<r 2> z MHHHMaJibHO npH Z =82, a 8<r2> A npH Z =82 
MHHHMaJILHO npH N=126. !!_~KcnepHMeHTax nonyqaroT pa3-
HOCTH ~(<r2>z ), HJIH Mv<r2>z) coceJJ.HHX JIJJ.ep. ,Il.nJI pac
cMoTpeHHbiX HaMH Jl)l,ep TaKHX )l,aHHbiX He MHOrO, OHH 
co6paHbl BO BTOpOM CTOJI6Ue ma6/l. 3. B !£._eTbeM CTOJI6Ue 
npHBe)l,eHbl pa3HOCTH ~(<r2>z) , HJIH ~(y<r 2> z ), KOTOpble 
nonyqaroTCJI, ecnH <r 2 > z= 0,6r ~A213 , r 0 =1,24 cl>M. 
B nocne)l,HeM cTon6ue )l,aHbl Te )l(e pa3HOCTH c yqeTOM 
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o<r
2

>z H3 ma6/l. 2, T.e. <r 2>z=0,6r~A2/ 3 +.:'kr~z-MO:>KHO 
3aMeTHTb, qTo yqeT D<r 2> z llpH6JIH)I(aeT BblqHCJieHHble 3Ha
qeHHJI K 3KCnepHMeHTaJibHbiM. 

Ta6mma 2 
BenH'IHHhi 8<r2> A <PM 2 (aepxagg 'IaCTh ra6nHUhJ) R O<r2>z¢M 2 
(HHMH5151 qacrh ra6nnuhl), Bhl'IHCneHHhle cornacao (3) nng 

pa3nR'IHhiX Z, N 

d(Z~A 
~ 120 122 124 I:£ 128 130 

76 0,217 0,16 0,14 0,08 O,I 
78 0,17 0,14 0,05 0,05 0,07 0,09 
8lJ O,II O,II 0,00 0,03 0,04 0,05 
82 O,II 0,09 O,ffi O,OI 0,03 0,04 
84 0,09 0,07 0,04 -0,01 0,02 0,04 
8G 0,08 0,05 0,03 -0,02 -0,01 0,02 
88 -o,02 -0,05 -o,oo -o,04 -0,02 -D,01 
9C -C,04 -0,00 -0,09. -0,07 -0,04 -0,02 

- --- ---- -

~<z?z -
IaJ 122 124 Ia1 128 130 

?6 0,21 0,2 C,I5 0,00 0,03 
78 0,13 0,1 0,07 -D,02 .0,05 -o,os 
Ell 0,05 U,02 -0,01 -D,1 .0,12 -D,15 
82 -0,02 -D,05 -0,07 -D,15 -o,I8 -o,2I 
84 -D,03 -D,05 -o,07 -D,14 .0,17 -o,2 
B6 -D,04 -o,oo -o,os -D,I4 ..0,015 -o,2 
88 -D,1 -o,I -o,I -o,I4 .0,14 .0,17 
90 -o,I -D,I -D,I3 -0,15 -D,I6 -o,I7 

-
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Ta6nHua 3 
3KCllepH~an&Hbie H Bbl'lJHCneHHbie pa3HOCTH ~(<r2 > z) Hnli 

~(y<rfil>z)coceaHHX gaep (nogcHeHHg a TeKcre) 

ll,Itp8 I 
8KCD8pJOI.SHftU.HH8 

.lt8HRW8 

JDf .206 l'':'>(~\.c,oi3<1M /II/ I 0,0184> .. 1 
pe, fg -il,OI44>M /!2/ 

ktl~) =O,o99±o,o!4J~ /r3A O,I9W~ I 

:zo&rt;~rt ~.c,m;t().oC /13/l o.r~ I 

.!Of ~ 
Hs-, Ht} 

(<t~)"O.I6A,our../r3/l 
=O,II~/!4/ 

O,I~ I 

~~\~ ~HJ~t\r'>·n~ /I4/ I o.r~ I 

PACqETJJ )1JI.R .R,/1EP C EOJih/DHMH Z,N 
/CBEPXT .R)J(EJIIJX/ 

0,0!2¢"' 

2 O,II1Wt4 

2 0,13cll ... 

O,I~ 

O,I6w2"" 

1. Mw y6e~HnHCL, 'ITO pa3BHBaewwi Me To~ co~eplKHT 
pJI~ Heonpe~eneHHOCTei H, DO CytUeCTBy, He MOlKeT B DpHH· 
mme ~alKe ~· xopomo H3y'leuuwx •~ep, coce~uax c 208 Pb. 
npeTeH~OBaTL ua TO'IHOCTL, ny'IWYJO 'lew - 2 M3B. Ho ou 
~eT auowanJ.HO wanwe 3Ha'leHBJI oE<O ~n• ~BaliCJlW wara· 
qecxoro s~pa H ero 6JJBliCaiwHx coce~ei, Tew caww:w xa
qecTseuuo BWAenss Taxae •~pa H3 scex ~pyrBx B cooTBeT
CTBHB C ODWTHWMH AAHHWMB 0 ~accax Jl~ep. B :JTOM pa3~ene 
MW DOJC&ll(eM, 1C IC81CBM pe3ynLT8T8M DpBBOUT BW'IBCneHHe 
3THM MeTO,IlOM M8CC TeX S~ep, KOTOpble HMenB 6W 60nLWHe 
Z,N : 110$Z$120, 174 $N$ 188, csepXTD(enwx AAep, B 
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npe~nonolKeHHH, 'ITO OHH ccllepH'Iecxue. ,lJ;nJI npose~eHHJI 

TaKHX pac'leToB HaM npe~e scero Heo6xo~HMO 3KCTpano
nuposaTL noTeH:u;uan H3/gj B o6nacTL 6onLWHX Z,N. MLI 
~enaeM :no, npocTo no~cTaBnJIJI 6onLWHe Z,N B cllopMynLI 
pa60Tbl jgf, ~810lllHe 38BHCHMOCTL napaMeTpOB DOTeH:o;Hana 
oT Z,N. Heso3MOlKHO cxonLxo-ua6y~L onpe~eneHuo o:u;eHHTL 
TO'IHOCTL TaKoi 3KCTpanonJlllHH. MolKHO nawL ua~eJITLCJI 
nony'IHTL Ka'leCTBeHHO npaBHnLHLie pe3yHLT8Tbl, ecnH npe~
nonaraTL, 'ITO T8KHe CBepXTJllKenLie Jl~pa OTHH'I8IOTCJI OT 
06LI'IHbiX TJllKenLIX Jl~ep HHWL 6onLWHM 'IHCHOM HYKHOHOB 
H HMeiOT npH 3TOM TY lKe cpe~HIOIO nnoTuocTL p , rpa~HeHT 

nnoTHOCTH Vp H T .n. Bee Bbi'IHcneHHJI nposo~JITCJI cosep
weuuo TaK lKe, KaK H B npe~LI~YllleM pa3~ene. B cllopMynax 
/1/ · /3/ CYMMHpOB8HHe no COCTOJIHHJIM A DpOBO~HnOCL 
npH ycno.BHH, 'ITO I<).- fFI ::: 25-c-30 M3B. BKniO'IeHHe ypos
uei C 6onLWHMH D ,f' He npe~CTaBnJleT CnOlKHOCTH, HO JIB• 
nJleTCJI H3nHWHHM, ecnH y'leCTL 06CylK~8BWHeCJI B npe~LJ· 
~yllleM pa3~ene ileonpe~eneHHOCTH B Bbi'IHcneHHH 5 1 E. 

2. KaK H B npe~LI~YllleM pa3~ene MLI BLIJICHHnH, MOlKHO 
nH ~nJI 3THX Jl~ep yxa3aTL o6nacTL 3Ha'leHHi m, y, r~e 
oE(m, y) 6LJna 6LI C xopomei TO'IHOCTLIO DOCTOJIHHa. 
,lJ;nJI HeCKOnLKHX Jl~ep pe3ynLT8TLI T8KHX pacqeTOB npe~CTaB· 
neHLI Ha puc. 4. lf3 DpHBe~eHHbiX DpHMepOB MOlKHO 38KniO· 
'IHTL, 'ITO ~nJI 2m =6,8 oE 38BRCHT OT y npH 5 M3B 5: y.:: 
:58 M3B npHMepHO CTOHL )l(e CHHLHO, KaK H ~nJI cnyqaes, 
npe~cTasneuuwx ua puc. 1. B •a6A. 4 H ua puc. 5,6 npe~
cTaBneuw pe3yn'IJT8Tbl Hamero BLI'IHCne}IHJI oE H o2 E npH 

2m=6, Y = 7 M3B ~nJI 174 ~ N ~ 188, 110:5 Z~ 120. KaK 
BH~HO H3 •a6A. 4, oE HMeeT npHMepHO O~Hy H Ty )l(e BenH· 
'IHHY, - 8 -c- - 10 M 3B, ~nJI MHorHx Jl~ep B 3Toi o6nacTH 
Z, N . Cne~osaTenLHO, y uac BeT ocuosau&i C'IHTaTL 
K8KOe • nH60 H3 Jl~ep 3TOB o6naCTH ~Ba)l(~bl M8I'H'IeCKHM 
B DpOTHBODOnO)I(HOCTL TOB CHTya:o;HH, KOTOpaJI HMena MeCTO 
~Jl 208 Pb H coce~HHX c HHM Jl~ep. qacTo o6cy~llleecs 
B nHTepaType Jl~po c Z =114, N=184, KaK 3TO B~Ho H3 
11Cl6A. 4, OTHIO~L He MOlKeT C'IHT8TLCJI ~B8)1(~bl M8I'H'IeCKHM: 

~· Hero oE < 0 ~alKe 6onLwe, qey ~nJI PJI~a coce~HHX 
c HHM JI~ep. HanH'IHe npHMepHo o~HHaxosoi o6onoqequoi 
nonpaBKH, oE - -8-c-·10 M3B, K nony3MDHPH'IecKoi /xa
nenLuoi/ 3HeprHH CBJI3H I 4/ y wuorHx JI~ep o3Ha'laeT, 
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5 5 ~ t N:184 

m=3 m= 4 I 110 114 118 z 11~ I n~ I ~18 z 

Z=112 8 10 8 10 _ 5 t. \ /--1 _5 
N=ffi2 ,~ 

-5 -5 f "0' l -10 
-10 ~ -10 ~ 

~ 1 -15 
5 5 

Z=114 6 a 10 
N=184 /-- ~~x I I I >; I -s f.-\ I -s 

-5 \\. ,/ -5 

-10 ~ ·'--' ~ -10 ~ v-·,, 1 -10 ~ \ __ ........ 
5 5 -15 -15 Puc. 5. 3aeucuMocmb 

Z=116 .6 8 10 i6 8 10 o1E(ZIN) /M:JB//wmpu-

N =180 \ /- - \ / xoeaHHaJi KpueaR/ u 
-5 \j~ ~s ~~~/~ -5 -5 8E(Z,N)/M3B/ /cnAOIUHOA 

-10 ~ \./ -10 V . ,.. KpueaR/ om N npu 3aoaH-
-10 HbiX z OJIJi 110.:; z <;_120, 

5 5 Puc. 4. To JICe, 176 ;;N s_188.m=3, y=7M:JB. 

z =120 6 8 10_ 'lmo Ha puc. 1, -15 
N =182 / \ / 11'2 116 1'20 Z 112 116 120 Z 

-5 \---;r. '· -5 • / .'/", HO vJIJi OJibiUUX /. 1 '. 

I r . I __ ,__ A 6 17 N 
,_. ' 

-10 ~ -10 

'ITO BCe OHH MOryT B paBHOH Mepe o6na,IJ,aTb HeCKOnbKO 

nOBbiWeHHOH no OTHOWeHHIO K ,IJ,eneHHIO CTa6HnbHOCTbiO, 

HO cpe,!I,H HHX Henb3JI Bbi,IJ,enHTb O,IJ,HO HnH HeCKOnbKO Jl,!l,ep, 

,IJ,nJI KOTOpbiX MO)I(HO 6blnO 6bl O)I(H,!J,aTb CTa6HnbHOCTH, 

aHOManbHO 6onhWOH no cpaBHeHHIO CO BCeMH COCe,IJ,HHMH 

Jl,IJ,paMH. 113 conocTasneHHJI c pe3ynhTaTaMH npe,IJ,bi,IJ,ymero 

pa3,IJ,ena HCHO, 'ITO BbiBO,!J, 06 OTCYTCTBHH ,IJ,Ba.>K,IJ,bl MarH· 

qecxoro Jl,IJ,pa B 3TOii o6nacTH Z, N MO)I(HO C'IHTaTb snonHe 

,!J,OCTOBepHbiM, HeCMOTpH Ha Heonpe,IJ,eneHHOCTH B Bbi'IHCne· 

HHH olE nopH,IJ,Ka HeCKOnbKHX M3B. K TaKOMY 3aKnJO'IeHHIO 
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Mbl npHXO,!J,HM, cpaBHHBaH ,IJ,aHHbie ma6JI. 1 H 4, a TaiOKe 

puc. 2,3 c puc. 5,6. 113 ma611. 1 H puc. 2,3 BH,IJ,HO, 'ITO qucna 

Z =82, N =126 HBHO Bbi,IJ,eneHbl, ,IJ,nH HHX oE<O HMeeT BCer,IJ,a 

'leTKHH MHHHMyM. fipH'IeM, pacqeTbl ,IJ,aiOT MHHHMYM ,IJ,a)l(e 

6onee pe3KHii, qeM 3TO cne,IJ,yeT H3 onblTOB. A H3 ma611. 4 
H pUC. 5,6 HCHO, 'ITO ,IJ,nH Z =114, N =184, HnH KaKHX ·nH60 

,IJ,pyrHX Z,N B 3TOH o6naCTH, oE<O TaKoro MHHHMyMa He 

HMeeT; ,IJ,nH60nbWOrO 'IHCna H,IJ,ep oE npHMepHO O,!J,HHaKOBble. 

KaK BH,IJ,HO H3 ma611. 4 H puc. 5,6, yqeT o2 E ,IJ,nH 3THX H,IJ,ep 

HrpaeT ,!I,OCTaTO'IHO Ba)I(HYIO pOnb H 3aMeTHO BnHHeT Ha 

3aBHCHMOCTb oE(Z,N) OT Z,N. B PH,IJ,e cnyqaeB OKa3blBaeT· 

CH, 'ITO 01 E(Z, N) H oE(Z 'N) HMeiOT MHHHMYM npH pa3nuq

HblX Z,N. 
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Ta6mma 4 
3aBHCHMOCTb oE (Z. N) ( MaB) ( BepXHHe qucna B K8)!(Jl0ll 
KnerKe) u 82 E (Z, N) (MaB) ( HH)!(HHe qucna) or Z , N am1 
6onbuatx Z, N : 110::; Z ::; 120, 174:;. N ~ 188 (rrpH y = 

y = 7 MaB, 2m=6) 

;v-z IIO 112 II' II6 na 13) 

1'74 -1,5'7 ~.26 ~.69 ~.45 ~.IB -4,8 

1,36 0,78 0,5'7 0,615 1,2'1 1,9& 

1'16 -1,82 ~.06 -10,2'1 -10,1? ~.IIi ~.6 
1,'1'7 0,98 0,58 0,58 0,91 1,'19 

I'18 -2,51 -7,22 -11,66 -II,70 -IO,I? ~.93 

2," I,fi 0,86 0,71 0,88 1,115 

180 -2,36 ~.OI -10,98 -10,40 -e,58 ~.83 
2,78 I,M 1,23 I,IO 1,215 1,82 

182 -3,25 ~.M -10,91 -10,33 -8,03 ~." 
3,31 2,48 1,89 1,74 1,94 2,30 

184 -2,'1'7 ~.45 -9,40 -e,98 -8,04 -7,9& 
4,49 3,58 3,19 2,98 3,18 3,75 

186 0,615 -3,22 ~.30 ~.75 -3,74 -3,37 
4,82 3,87 3,42 . 3,1Ji 3,22 3,54 

188 4,26 0,86 -2,56 -2,0 -0,1 0,68 
5,35 4,22 3,'1'7 3,33 3,42 3,60 

3. Mbi nonyqunu .n;ocTaTO"'HO Manyro 8E <0 .n;m1 MHorux 
.11.n;ep c 6onhWHMH Z,N, C"'HTaB ux c4JepuqecKHMH. EcTecT
aeHHO nonaraTb, 'iTO c .n;e4JopMauueB: .11.n;ep 8E 6y.n;eT pacTH 
acne.n;cTBHe yaenuqeHHB nnoTHOCTH ypoaHeii: y rpaHHUbi 
<l>epMH. 3TO D03BOll.lleT O)KH)l;aTb HallH'iH.II 6apbepa .n;eneHH.II 
y :nux .11.n;ep. OTMeTHM, 'iTO nocKonLKY h2 E .n;aeT JaMeTHbiB 
BKna.n; a 8E , .n;o 3.;_4 M3B, TO 82E Heo6xo.n;HMO y'iHTbiBaTb 
npH DODbiTKaX Bbl'iHClleHH.II 6apbepOB .n;eneHH.II. 

HcnonL3YB nony'ieHHble peJynhTaTbl H nony3Mnapaqe
CKHe 4JopMynhl .n;n.11 Mace .11.n;ep I 4/, Mbl MO)KeM oueHHTh 
3Heprau a- pacna.n;a Q a. B ma6A. 5 .n;nB HeCKOllhKHX caepx-
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174 178 162 

Z=112 

-5 -5 

-101-- Z=110 -10 

Z=114 

-5 ~ I I -5 , 
I 

I 
, 

I 
I 

-10 1'"- / I I -10 
·~, 

~ 
I , __ _.._~ ...... 

-15 I. I I I I I I I I I I I. I I 

-5 

-10 

z = 118 

' ''- ___...- I ·,..__-- I 
.._ ... ~ I 

'J 

, 
/ 

-15 I I I I I I I I • I I I I I I I 

176 180 184 168 

...._ I 
~., .......... ..~ 

-15 I I I I I I I I I I I I I I I I 

-5 

I ,~ I 
................... .J -10 

I 
~ 
I 

, 

15 I I I I I I I I I I I I I I II 

176 180 184 188 N 

Puc. 6. To Jtte, 'l•o Ha puc. 5, HO npueoc)u•cJI 3aeucuMoc•r. 
o• Z npu 3ac)aHHbiX N. 

T.R)I(en.wx .a.n;ep npase.n;ea.w Qa a cooTBeTCTBYJO~e HM 3Ha
'leHBJI log10 T ~ , nonyqeaa.we B3 cscTeMaTBJCB nepBO.IlOB 
nonypacna,lla/15/,KaJC BB.IlBM, ecTJ. ocHOBaHB.I B p.l,lle cny'laea 
O)I(B,Il&Tio .llOCT&TO'IHO 6onJ.WBX T~. EcTecTBeHBO, npsae
.n;eaa.we ,ll&HHble .IBn.IJOTC.I JIJUIIIo OpBeHTBpOBO'IHWMB B3 • 3& 
o6cy)l(,llaamsxc.l a.wme seonpe,lleneH:aocTel B Bbi'IBcneHBB o 

1 
E. 

H3 npsae,lleHHoro H&MB sccne,llOBaHBJI .1cao, 'ITO pa3BB· 
aaeM.wl MeTO.Il no3BOn.leT nony'IBTio P.l.ll none3Hhlx cae,lleHd 
0 CBOICTB&X .l,llep. fipB 3TOM, O,llH&KO, He06XO,IlBMO .ICBO 
npe,llcTaBn.ITio ce6e, 'ITO no cauol caoel cyTB oa MO)I(eT 

.npeTeH,IlOB&Tio nBWio Ha BeCioM& orp&BB'IeHBYJO TO'IHOCTio. 
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Ta6mma 5 
3 uepra.H Q a If norapa<lJMbi nonynepaonoa a -pacnana caepx

T.SI)KenhiX .Hnep 

2 ;V Qd.._ (Y&B) .&~ ' T~ (MIDI) 
o .~..o ~ 

!82 4,8 2!,9 
II2 !84 5,6 !5,85 

!86 8,2 2,7 

I78 4,8 22,9 
II4 ISO 6,4 II,8 

!82 5,0 2!,3 
!84 6,9 9,I 
!86 9,6 -I,.&S 

I78 9,7 -I,I6 

II6 !80 12,2 -7,6 
!82 II,4 ~.a 
!84 II,5 -6,0 
!86 !3,9 -II,O 

- -----

B JaKniO'Ieuue aaTop 6naro,IJ;apHT li .H.llycThlnbHHKa 
3a BHHMaHHe K pa6oTe H MHOI'O'IHCneHHble none3Hble ,IJ;HC
KYCCHH. 
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