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§1. BBEJlEHHE 

B HaCTOR~ee apeMR noRBHnocb 3Ha4HTenbHoe 4Hcno TeopeTH4eCKHx 
HCCneAOBaHH~ /1, 2/, B KOTOPbiX CTPOHTCR noTeHI.IHan B3aHMOAe~CTBHR 
TRmenbiX RAePHbiX 4aCTHLI• 3TO HanpaaneHHe aKTHBHO pa3BHBaeTCR 
B CBR3H C TeM, 4TO TaKO~ noTeHI.IHan HCnOnb3yeTCR B OnHCaHHH yr
nOBbiX pacnpeAeneHH~ B ynpyrOM H HeynpyrOM CTOnKHOBEHHRX TRmenbiX 
HOHOB/3/. 

B pa6oTe/ 4/ HccneAOBaH noTeHI.IHan ABYKPaTHO~ caepTKH c cHnaMH 
CKHpMa AflR COBOKynHOCTH 6onee nerKHX, 4eM KHCnOPOA, 4aCTHLI• npH 
3TOM Hcnonb3oBaHbl nnoTHOCTH pacnpeAeneHHR RAepHoro ae~ecTaa, no
ny4eHHble B MeTOAe rHnepc~epH4eCKHX ~YHKI.IH~/S/ H OTTeCTHPOBaHHble 
no COBOKynHOCTH 3KCnepHMeHTanbHbiX AaHHbiX AnR OCHOB~biX H B036ym
AeHHbiX COCTORHH~ nerKHX RAep. 

JlnR noCTpoeHHR noTeHI.IHana CTOflKHOBeHHR TRmeflbiX ~OHOB C CHflaMH 
KOHe4HOrO paAHYCa Heo6XOAHMO HMeTb nnOTHOCTH RAePHCrO Be~eCTBa 
a aHanHTH4ecKoM BHAe. B CBR3H c 3THM B03HHKna 3aAa~a annpoKCHMa
LIHH 4HCfleHHbiX nflOTHOCTe~, nony4eHHbiX B MeTOAe rHne~C~epH4eCKHX 
~YHKLIH~ KaK AflR OCHOBHbiX, TaK H AnR B036ymAeHHbiX CCCTORHHH RAep. 
TaKHe nnoTHOCTH MOmHo Hcnonb30BaTb npH nocTpoeHHH FAepHoro no
TeHI.IHana AnR HeynpyrHX Ce4eHHH peaKI.IHH C TRmenbiMH ~OHaMH/6/. 

B 3TOH pa6oTe npoaeAeHa annpoKCHMai.IHR 4HcneHHbiX nnoTHocTeH, 
nony4eHHbiX B MeTOAe rHnepc~epH4eCKHX ~YHKI.IHH, HeCKCflbKHMH aHa
flHTH4eCKHMH BblpameHHRMH. nepBbl~ naparpa$ HOCHT BBOtHbiH XapaKTep, 
BO BTOPOM naparpa~e KpaTKO H3nomeH ~OpMaflH3M MeTOAc rHnepc~epH-

4eCKHX ~YHKI.IHH H cnoco6 nony4eHHR nnOTHOCTeH RAep E 4HCneHHOM 
BHAe, B TpeTbeM - npeAflOmeHbl anropHTMbl annpOKCHMai.I~H nnOTHOCTeH 
MeTOAa rHnepc~epH4eCKHX ~YHKLIHH, B 3aKnD4eHHH o6CY~AaDTCR pe3ynb
TaTbl pac4eTa H nepcneKTHBbl HX npHMeHeHHR B pa3flH4HbX ~H3H4eCKHX 
3aAa4ax. 

§2. ~PHAnH3H HETO~ rHnEPC~EPH4ECKHX ~YHK~HA 

B MeTOAe rHnepc~epH4eCKHX ~YHKLIH~ aonHoBaR QYHKL,HR RAPa 
H~eTCR B BHAe pa3nomeHHR no CTaHAaPTHbiM rHnepc~epH•IeCKHM rapMo
HH4eCKHM nOflHHOMaM: 

3A-,4 
--r-

I/J(1,2, ••• A) •p k; xky(p) Yk./Oi)' 
/1/ 
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~ C~CTeMa ypaeHeH~H A~R HaXO*AeH~R C06CTBeHH~X $YHK~~H ~ co6-
CTBeHH~X 3Ha4eH~H 3an~C~eaeTCR C~eAy~~M o6pa30M: 

/2/ 
2m __ k' ' 

= - l wl< Y (p) x (p) 
h 2 k'y'~ky y k'y' • 

rAe wty(p) - MaTp~4H~e 3~eMeHT~ noTeH~~a~bHOH 3Hepr~~ HYK~oH
HyK~OH~oro B3a~MOAeHCTB~~; 

A 

V = l V(r .. ), V(r .. ) = f (r .. ) W • 
i<j I J IJ IJ UT 

noc~e peweH~R C~CTeM~ /2/ HaXOART C06CTBeHH~e ~YHK~~~ ~ coficT
BeHH~e 3Ha4eH~R. Aa~ee 3T~ ~YHK~~~ ~cno~b3Y~TCR A~R nocTpoeH~R 
Heo6XOA~M~X MaTP~4H~X 3~eMeHTOB, 

B 3TOM C~Y4ae n~oTHOCTb pacnpeAe~eH~R 4aCT~~ A~R RAeP c A = 
4+16 ~MeeT c~eAY~~~H B~A: 

5A-l6 
16 1( 5A- 11 ·) 

"" 2 2 ~-
= ___ _?____ J ie...::!..J..~-- X ( p) ( ) d + 

- 5A---1A r n 5A-l3 i X]. p p .l .. rr_~, 
. ' 2 

5A-l6 

S(A-4) 
+ ------

.,. r2 (p2_,r2) 2 

f --------------v-;;1(~~) r p5A-l3 
2 

np~ 3TOM n~OTHOCTb HOPM~poeaHa c~eAY~~~M o6pa30M: 

4 rr r n ( r ) r 
2 

dr = A. 

/3/ 

/4/ 

B TaKoH cxeMe pac4eTa e pa6oTe 151 6~~~ no~y4eH~ n~oTHocT~ 
pacnpeAe~eH~R ee~ecTea A~R PRAa ~erK~x RAep e 4~c~eHHOM B~Ae. 
H~lKe ~a~ara~TCR a~rop~TM~ annpoKc~Ma~~~ 3T~x n~OTHOCTeH pa3~~4-
H~M~ aHa~~T~4eCK~M~ B~palKeH~RM~. 

2 

§3. METOA AnnPOKCHMAUHH nnOTHOCTE~ 

a/ B Ka4ecTee OAHOro ~3 cnoco6oe annpoKC~Ma~~~ 6~~ e~6paH 
MeTOA Ha~MeHbW~X KBaApaTOB C np~MeHeH~eM OPTOHOpM~pOBaHH~X no~~
HOMOB Ha KOHe4HOM MHOlKeCTBe C ~HA~B~AYa~bH~~1~ BeCaM~, A~rop~TM 
nporpaMM paapa6o~aH e/7/ Ha OCHOBe pa6oT~ ~OpCaHTa/8/, B KOTOPOH 
COAePlK~TCR AOKa3aTe~bCTBO peKyppeHTHOrO COOTHOWeH~R MelKAY no~~
HOMaM~ j-, j- 1-, j + 1-ro nopRAKa. B pa6oTaxl7/ 3T~ yTeeplKAeH~R 
pacw~peH~ Ha c~y4aH npo~aeo~bH~X no~olK~Te~bH~x eecoe np~ CTaH
AaPT~aa~~~ Ha6opa no~~HOMOB K eA~H~4H~M HOpMaM ~ AOnO~H~Te~bHOM 

AOKa3aTe~bCTBe TeopeM 0 KOHe4HOCT~ ~ nO~HOTe C~CTeM~. 

HeCMOTPR Ha AaBH~~ ~3BeCTHOCTb OCHOBH~X no~OlKeH~H MeTOAa 
~ HeKoTop~e nporpaMMH~e pea~~aa~~~. AO c~x nop He 6~~o ceeAeH~H 
o6 ~cno~b3oeaHH~ ero e npaKT~Ke peweH~R ~~3~4eCK~x aaAa4, B pa-
6oTax17/ noKa3aH~ AOCTO~HCTBa 3TOH annpOKC~Ma~~~ no OTHOWeH~~ 
K Ha~6o~ee pacnpocTpaHeHHOMY ~~T~poeaH~~ o6~4H~M~ no~~HoMaM~, 
a TaKlKe Ae~aeTCR B~BOA 0 TOM, 4TO 3TOT nOAXOA pacw~pReT K~acc 
pewaeM~X 3aAa4 Ha 38M ~ RB~ReTCR cy~eCTBeHH~M YC~OB~eM HaXOmAe
H~R peWeH~R. 

M~ ~CKa~~ n~OTHOCT~ OCHOBHbiX ~ B03fiYlKAeHH~X COCTORH~H B B~Ae 

2 2 
r 

P ( r ) 
-2 n -Tn . 

e ( l c. P. ( r ) ) = e ( ~ a. r 1 
) 

ia0 1 1 i=) 1 
/5/ 

rAe Cj - K03~~~~eHT~ B OPTOrOHa~bHOM pa3~0lKeH~~, a; - K03~~~~eH

T~ B o6~4HOM pa3~0lKeH~~ • 
no cpaBHeH~~ C W~POKO np~MeHReMOH ~opMy~OH rapMOH~4eCKOrO oc

~~~~RTOpa 

2 
r 

P ( r ) 
1 -~ 
l a. e 

i•O I 

2i 
r 

b2i 
i 

/6/ 

B ~OpMy~e /5/ COAeplKaTCR 4~eH~ C He4eTH~M~ CTeneHRM~ r , 4TO OT
Kp~BaeT Hoe~e cTeneH~ ceo6oA~· Beca 

W; • 171 

lPie<re) W;(re) ll (re) .. aik' /8/ 

6~~~ noAo6paH~ c Y4eToM noeeAeH~R annpoKc~M~poeaHHOH ~YHK~~~ 
a cepeA~He ~ Ha KOH~e ~HTepea~a. 
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6/ B Ka4ecTee APYroro B~Aa annpoKc~Ma~~~ nnoTHOCTe~ 6~na e~-
6paHa <!>opMyna 

2 

191 

BBeAeHHaR no aHanor~~ C aHan~T~4eCK~M B~pa~eH~eM AnR nnOTHOCT~ 
B MOAen~ rapMOH~4eCKOrO OC~~nnRTOpa /6/, HOB OTn~4~e OT Hee 
B <!>opMyny /9/ BXOART pa3n~4H~e OC~~nnRTOpH~e napaMeTp~, a TaK*e 
4neH~ C 6onee B~COK~M~ CTeneHRM~ r • Ha R3~Ke o6ono4e4HOH MO
Aen~ 3TO 03Ha4ano 6~ y4eT np~Mec~ 6onee cno*H~x KOH<!>~rypa~~H. 
Anrop~TM nporpaMM~ FUMILI AnR pac4eTa nnOTHOCT~ no <!>OPMyne /9/ 
OCHOBaH Ha MeTOAe Ha~MeHbW~X KBaApaT·OB, 8 Ka4eCTBe Ha4anbHbiX 
AaHH~X 6~n~ ~cnonb30BaH~ napaMeTp~ ~3 pa6oT~/9/. Beca 

1 1 
Wi • ------------------:r-- = -·---

[ F( ri • ~i • ai ) - FTi ] 0, 01 V FT. 
I 

/10/ 

nOA6~pan~Cb TaK~M o6pa30M, 4To6~ OTKnOHeH~R OT 4~CneHH~X nnoT
HOCTeH, nony4eHH~X B MeTOAe r~nepc<!>ep~4eCK~X <!>yHK~~H, He Bn~Rn~ 
Ha 3Ha4eH~e cpeAHero KBaAPaT~4HOro paA~YCa RAPa. 

rl. ..,,..""'''"' "T'I'ITit """t"'llr-TI"\n •• '''' ,.,.,..,..,,\1/n,..llllr
'Y' • I ~ltJJ' JIIJ I r"\ I i.-'1 I nv -~~I VU t'l l'ln UIJWJ 11\M&...IIPI~ 

M~ npoeen~ pac4eT~ nnoTHOCTeH nerK~x RAeP 4
He, 6Li , 12c ~ 16o. 

~3y4an~Cb nnoTHOCT~ KaK OCHOBH~X, TaK ~ B03fiy*AeHH~X COCTORH~~ 
RAep, a TaK*e nepeXOAH~e nnOTHOCT~. 

Ha p~cyHKe noKa3aH~ nnoTHOCT~ RAep 12c ~ 16 o e MeTOAe r~nep
c<!>ep~4ecK~X <!>YHK~~H/&I,KOTOp~e M~ annpOKC~M~poean~ B 3TOH pa6oTe. 

8 Ta6n.1 ~ 2 AaH~ napaMeTp~ ai nnOTHOCT~ AnR OCHOBH~X ~ B03-
6y*AeHH~X COCTORH~H RAep 12 C ~ 160, paCC4~TaHHm1 no <!>OpMyne /5/, 
4~cneHHble o~eHK~ noKa3an~, 4To 3Ta <!>opMyna AaeT xopowy~ annpoK
c~Ma~~~ AnR 4 :::; n ~ 11 • 04eHb YA06H~M~ oKa3an~cb eeca 

W.- _!_ .. (r
0

2 + 1- i )-1, /11/ 
I e~ 

I 

rAe If,\- ow~6K~. TaK~M o6pa30M, KOP~AOP ow~6oK yMeHbwaeTCR n~
HeHHO C yeen~4eH~eM HOMepa T04K~. 

AnR cpaeHeH~R c 4~cneHH~M~ nnoTHOCTRM~ np~BeAeHa Ta6n.3, 
B KOTOPOH AaH~ OTHOC~TenbH~e norpeWHOCT~ pac4eTOB Ha4~HaR 
c 40-H To4K~. Mo*Ho OTMeT~Tb, 4To: 

1/ AnR n = 4 ~n~ n = 5 OTHOC~TenbHaR norpeWHOCTb B 60nbW~HCTBe 
cny4aee MeHbwe 3%; 

2/ AnR n = 9 OTHOC~TenbHaR norpeWHOCTb MeHReTCR B ~HTepeane 
0,01%< 8 < 1,73%; 
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Pacct.!HTaHHbJe a MeTop;e rHnepc!lJepHt.~ecKHX IPYHK~Hii 

nnOTHOCTH Hp;ep 12C H 16Q, KOTOphle Mhl annpOKCHMHpOBanH. 

3/ B~fipaHH~e HaMH eeca, 3aBHCR~He nHHeHHO OT HOMepa T04KH no 
~OpMyne /11/, MOryT ycneWHO HCnOnb30BaTbCR, TaK KaK He 3aMe4aeT
CR yeenH4eHHR OTHOCHTenbHOH norpeWHOCTH K KOH~y HHTepeana. 

TaKHM o6pa3oM, ~opMyna /5/ c xopoweH T04HOCTb~ onHc~eaeT 
nnoTHOCTb RAPa npH n > 4. 

B Ta6n,4 AaH~ nap~MeTp~ ai H bi nnOTHOCTH OCHOBH~X, B036y~
AeHH~X, a TaK~e nepeXOAH~X COCTORHHH RAep 4He, 6Li , 12c H 160, 
pacc4HTaHHOH no QopMyne /9/. CpaeHeHHe c 4HcneHH~MH nnoTHOCTRMH 
H3 pa6oT~/5/ npHBeAeHo e Ta6n.5. 

AnR paAHYCOB BenH4HHOH OT 0 AO 8 ~M OTHOCHTenbH~e norpeWHOCTH 
nnoTHOCTH Man~ /noPRAKa 1-5%/. 0AHaKo Ha4HHaR c T04KH R = 8 ~M 
AO 10 QM norpewHoCTH Bo3pacTa~T AO 30-50%. A6con~TH~e 3Ha4eHHR 
nnOTHOCTH B 3THX T04KaX nOPRAKa 10-S H 10-IO COOTBeTCTBeHHO, 
npH npoBeAeHHH paC4eTOB pa3nH4H~X ~H3H4eCKHX BenH4HH, TaKHX, 
KaK cpeAHHH KBaApaTH4H~H paAHYC, HanpHMep, HnH noTeH~Han~ ABOH
HOH ceepTKH, nnOTHOCTb BXOAHT B paC4eT HHTerpanoB C BeCOB~M MHO-
l!<HTeneM R2 B CBR3H c 3THM e T04Kax R = 8 H 1 0 ~M 3Ha4eHHR 

• 4 8 
nnOTHOCTeH OTnH4a~TCR Ha 4 nOPRAKa /nOPRAKH 10 H 10 COOTBeTcT-

10 

eeHHO/, TaK 4TO BKnaA nepH~epH4eCKHX 4aCTeH AnR Tex 3Ha4eHHH R, 
rAe OWH6KH BenHKH, KpaHHe Man, B Ka4eCTBe npHMepa B Ta6n.6 npH
eeAeH~ 3Ha4eHHR cpeAHero KBaApaTH4HOrO paAHYCa AnR ABYX Ha6opoe 
napaMeTpoe nnoTHOCTeH RAPa 4 He: 

a/ napaMeTpoe, npHBeAeHH~x e Ta6n.4, 
6/ napaMeTpOB C APYrHM BeCOB~M MHO~HTeneM, 

Aa~~HM HH3KHe norpeWHOCTH /-5%/ Ha KOH~e HHTepeana 8+10 ~M. 
H3 TafinH~~ BHAHO, 4TO yny4WeHHe nnOTHOCTH Ha HHTepeane OT 8 AO 
10 ~M npHBOAHT K 3aMeTHOMY CABHry KPHBOH paAHanbHOH 3aBHCHMOCTH 
nnOTHOCTH Ha HHTepeane OT 0 AO 8 ~M, 4TO Bne4eT 3a COfiOH H3Me
HeHHe CPeAHero KBaApaTH4HOro paAHYCa RAPa BO BTOPOM 3HaKe. 

Ta6nH~a 6 

R ii'l ii~ 

I, 728 I, 740 I, 980 

., I ""' 

nony4eHH~e HaMH pe3ynbTaT~ AnR PRAa nerKHX RAeP MoryT 6~Tb 
Hcnonb30BaH~ B AanbHeHweM npH pac4eTax pa3nH4H~X QH3H4eCKHX 
BenH4HH, TaKHX, KaK ynpyrHe H HeynpyrHe ~OpM~aKTOp~ pacceRHHR 
3neKTPOHOB, RAePH~e noTeH~Han~ CTOnKHOBeHHR TR~en~X HOHOB 1 H PRA~ 
APYrHx. 

ABTOP~ C4HTa~T CBOHM npHRTH~M AOnroM B~pa3HTb rnyfioKy~ 6naro
AaPHOCTb A-py ~H3HKo-MaTeMaTH4eCKHX HayK B.B.nawKeBH4Y 3a none3-
H~e coseT~ H noMO~b e pa3pa6oTKe anropHTMOB nporpaMM. 
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PyKonHcb nocTynHna 
27 HIOnR 

B H3AaTenbCKHH OTAen 
1983 roAa. 

6orAaHoaa H., WHpoKoaa A.A., WHTHKoaa K.B. P4-83-547 
06 annpOKCHMa~HH nnOTHOCTeH OCHOaHWX H ao36Y*AeHHWX COCTOAHHH 
nerKHX AAeP 

C ~enbO nocTpoeHHA noTeH~Hana CTQnKHOaeHHA TA*enwx HOHOa C CHnaMH 
KOHe4HOrO paAHYCa annpOKCHMHpoaanHCb 4HCneHHWe nnOTHOCTH AAePHOrO a~eCTaa, 
nony4eHHwe a MeToAe rHnepc~epH4eCKHx ~YHK~HH. OpeAno*eHw pa3nH4Hwe anropHT
MW annpOKCHMa~HH nnOTHOCTeH nerKHX AAep, npoaOAHMWX no MeTOAY HaHMeHbWHX 
KaaAPaToa. HaHAeHW napaMeTpW nnOTHOCTeH AnA OCHOaHWX H ao36Y*AeHHWX CO
CTOAHHH AAeP 4a,, 6 Li , 12C H l60, 0HH MOryT 6WTb HCnQnb30aaHW a paC4eTaX yn
pyrHX H HeynpyrHX ~p~aKTOpoa pacceAHHA 3neKTPQHOa, AAePHWX noTeH~Hanoa 
CTOnKHOaeHHA TA*enWX HOHOa, 

Pa6oTa awnonHeHa a na6opaTOPHH TeopeTH4eCKOH ~H3HKH OHRH. 

Bogdanova N., Shlrokova A.A., Shltlkova K.V. P4-8J-547 
On Density Approximation of Ground and Excites States 
of Light Nuclei 

For constructing the folding potentials and finite-range effective 
nucleon-nucleon forces the nuclear matter distribution obtained in the 
method of hyperspherlcal functions Is approximated. Different algorithms 
of nuclear matter approximation are proposed which are calculated by 
the least-square method. The parameters are found of nuclear matter for 
ground and exc I ted states of nuc I e I : "He , 6u , 12 c and 16 0. These may be 
used for calculation, e.g., of the binding energy, rms radii, elastic 
and inelastic form factors, folding potentials In a system of Interacting 
heavy Ions. 

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