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MICROSCOPIC JUSTIFICATION OF THE MODEL
OF INTERACTING BOSONS AND A GENERELIZEDQUASISPIN
FORMALISM IN THE THEORY OF THE NUCLEI

Abstract. A relatively simple microscopic theory of the justification of the phenomenological model of
interacting bosons of collective excitation of nuclear systems is proposed, in which detailed calculations of the
parameters of the phenomenological model are made on the basis of a generalized fermion quasispin formalism
(GQF).This formalism makes it possible to extract the most necessary S — Dpair part from the huge shell space, in
which the collective states of the fermion systems are constructed by the action of single-particle and specified pair
forces between nucleons. The use of the generalized quasispin method made it possible to solve exactly the many-
particle problems for fermion systems with a certain number of particles and with given internucleon forces. The
operators of the equations include quantities reflecting the nonuniform distribution of nucleons over various
nondegeneratej — shells, which give a consistent description of the properties of real nuclei. The application of the
method to a system of interacting fermions greatly facilitates the exact solution of problems with certain symmetric-
model Hamiltonians and to calculate the selectable parameters of the boson theory of collective nuclear states
through the matrix elements of the fermion operators of the interaction of nucleons in the system. The separation
from the complete fermionic space of S — Dpairwise collective domains simplifies the procedure for calculating the
matrix elements of the operators of the problem, expressing many-particle integrals by calculating simple two-
particle ones.

The theory is applied to the study of the structure and properties of the collective states of even neodymium
isotopes™*2"1**Nd, which were also interpreted in the model of interacting bosons. The pair interactions of nucleons
are determined from the description of the spectra of the excited states of the nuclei under study. The tensor part of
the pair interaction is neglected because of their smallness in comparison with the Wigner and singlet parts of them.
The values of pair interactions of nucleons turned out to be close to the values of the corresponding parameters for
heavy nuclei obtained in earlier studies.Using the obtained wave functions of nuclear states, the reduced probabilities
of electromagnetic E2 — transitions between the levels of like and dissimilar bands of the spectrum are calculated.
The ratios of the probabilities of transitions between different states are also calculated. The results of the
calculations, both from the spectra and from the probabilities of gamma transitions between the levels, were
compared with their experimental values. Discussion of the results of the calculation with experimental data for even
neodymium isotopes was carried out.
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MUKPOCKOINYECKOE ObOCHOBAHUE MOJE/IN
B3AUMOJAEUCTBYIOHINX BO3OHOB 1 ObOBIEHHbIN
KBA3UCITMHOBBIN ®OPMAJIN3M B TEOPUU AAPA

Annorauus. IIpeamaraerca OTHOCHTENBHO IPOCTas MHUKPOCTKOIMYECKAA TEOPHA OOOCHOBAHMA ()EHOMEHO-
JOTHYECKOH MOJETH B3aMMOJCHCTBYIOINX OO30HOB KOJUICKTHBHOTO BO30YXKICHHS SIICPHBIX CHCTEM, B KOTOPOH




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

MPOM3BOIATCS JCTANbHBIC BBIMHCICHHS IMAPaMETPOB (DEHOMECHOIOTHYCCKOW MOJEIM HA OCHOBE OOOOIICHHOTO
(hepMHOHHOTOKBA3UCTIHHOBOTO (popmamm3ma (OK®D). Jror (hopMamusM MMO3BOJLICT BBIIACAHTH H3 OTPOMHOTO
000JI0YEYHOTO IPOCTPAHCTBA CAMYO HEOOX0AMMYyI0 S — D MapHYI0 ec 4acTh, B KOTOPOH JCHCTBHEM OJHOYACTHY-
HBIX W 33JaHHBIX IAPHBIX CHJI MEXAY HYKIOHAMH CTPOSATCS KOJUICKTHBHBIC COCTOSHHS (DEPMHOHHBIX CHCTEM.
Hcnonpzosarne Meroma 00OOIMEHHOTO KBA3WCIHMHA JAJNO BO3MOKHOCTh TOYHO PEINNTh MHOTOYACTHYHBIC 33JA4H
111 (PEPMHOHHBIX CHCTEM C OMNPEACICHHBIM YHCJIOM YACTHII M C 3aJaHHBIMH MCKHYKJIOHHBIMH cuiamu. B
OTIEPAaTOPhl YPABHCHUHA BXOAAT BEIMYMHBI OTPAKAIOIIUE HEPABHOMECPHOC PACIPEACICHHE HYKJOHOB IO PAa3HbIM
HEBBIPOKICHHBIM j —000JIOUKAM, YTO JAIOT IOCICIOBATCIBHOC OIMMCAHUC CBOMCTB peanbHBIX saacp. [IpumeHeHue
MET0/A K CHCTEME B3aMMOJCHCTBYIOMMX (PEPMHOHOB HAMHOTO OOJIETYAcT TOUHOE PEHICHHUE 33Ja4Y C HEKOTOPBHIMH
CHMMETPHYHO-MOJCIPHBIMA TaMHIbTOHHAHAMH ¥ BBIMHCIHTh BBHIOMpAcMbIC MapaMeTphl OO30HHOH TEOpHH
KOJIJIEKTHBHBIX COCTOSTHHH SIIEP Y€Pe3 MATPHIHBIC 3JICMEHTHI (JePMHUOHHBIX OIIEPATOPOB B3aNMOACHCTBHS HYKJIOHOB
B cHcTeMe. BriaeneHue 13 morHOTO0 (DepMHOHHOTO IMPOCTPAHCTBA S — D MapHbBIC KOJICKTHBHBIC 00JIACTH YIIPOIIACT
MPOLEAYPY BBIMHCICHHUS MATPHYHBIX 3JIEMECHTOB OIIEPATOPOB 33JaYM, BBIPAKAS MHOTOYACTHUHBIC HHTETPAIBI
TOCPEACTBOM BBIMHCICHUS IMPOCTHIX JBYXUACTHIHBIX.

Teopus MPUMECHACTCS K HM3YUCHHIO CTPYKTYPHI H CBOWCTB KOJUICKTHBHBIX COCTOSHHH YCTHBIX H30TOIOB
neommva 2 8N d, koTophie TaksKe GBI HHTEPIPETHPOBAHBI B MOJICIH B3AHMOICHCTBYFOIIHX 6030H0B. ITapHbIe
B3aUMOJICHCTBHUS HYKJIOHOB OIIPECICHBI M3 OIMCAHMS CIICKTPOB BO30Y KICHHBIX COCTOSIHHI M3ydaeMbIX saep. [1pu
3TOM TEH30PHASI YacTh MAPHOTO B3aHMOJCHCTBHUS MPEHEOPEKCHBI U3-32 HX MAJIOCTH IO CPABHCHHUIO C BUTHEPOBCKOH
H CHHIJICTHOH WX YACTAMH. BEeTWMYMHBI MAPHBIX B3aMMOACHCTBHH HYKJIOHOB OKA3AMUCH OMM3KUMH K 3HAUCHHIM
COOTBETCTBYIOIIMX TAPAMETPOB A TDKCHBIX sACp, MOIYUCHHBIM B Oonee paHHHX padorax. Mcmoms3ys
MOy YCHHbBIC BOJIHOBBIC (DYHKUIMH COCTOSHHH AACp BBIMHCICHBI HMPUBCACHHBIC BEPOSTHOCTH 3JICKTPOMATHHTHBIX
E2 — mepexomoB MEXIy YPOBHSIMH OJHOMMCHHBIX W PA3HOMMCHHBIX IIOJIOC CIEKTpA. Taxkske BBIMUCICHBI
OTHOWLICHHUS BEPOATHOCTCH TEPEXOJOB MEXIY PA3IMIHBIMHA COCTOSHHSIMH. Pe3yiabTaThl BEMHCICHHH, KaK IO
CHEKTPaM TaK M MO BEPOATHOCTSAM Y — MEPEXOJ0B MEXKY YPOBHIMHU OBIIHM CPABHEHBI C X SKCICPHMEHTATbHBIMHU
3HA4YCHIWAMH. [IpoBeneHBI OOCYKACHHUS PE3yIbTATOB pacdeTa C IKCICPUMECHTAIBHBIMH JAHHBIMH I YCTHBIX
n3oromos Nd.

KimoueBpie cjioBa: aroMHOE SIIPO, HYKIOHBI, SHEPTHH, ONCPATOPHI, BOJHOBBIC (DYHKUMH, BEPOSITHOCTH
TIEPEX0/I0B.

I. Beeaenue

HecmoTps Ha cnoKHOCTB M MalOW3YUCHHOCTh CHJ B3aMMOJCHCTBHS, ATOMHBIC fAApAa KaK CHCTEMA,
cocTosmas w3 OONBIIOTO YHCIA HYKJIOHOB, IO CBOMM HH3KONCKALIUM CIEKTPaM MPOSBIIIOT
OTHOCHTCIIBHO MPOCTVIO CTPYKTYpY. MHOTHE 3aKOHOMEPHOCTH COCTOSHMU sAep OBIIH OIHCAHBI
000I0YCYHOH MOAETIBIO IPU MOMOIIH BOJHOBBIX (DYHKLMI HYKIOHOB, JBHKYIIUXCS HE3ABUCHUMO APYT OT
Jpyra, B LCHTPaIbHOM CTarTHdeckoM moreHupane. Korga dHCIo BalieHTHBIX HYKIOHOB pacTeT,
MPUXOANTCS VYCCTh OCTATOYHBIC B3AUMOACHCTBHS MEXKIY HHMH, A0 TOro, 4YTOOBI OIMUCATh
KOJIJICKTUBHBIC COCTOSIHHSL B CICKTPE CHCTEM. Takue KOJICKTHBHBIC NMOJOCHI COCTOSHUH, JICKAIIHC B
HH3KUX SHEPTCTHUYCCKUX OONACTAX SAEP TSUKEIOTO M CPEAHErO aTOMHOTO BECA, VCICIIHO OMHCHIBAKOTCS
(PeHOMEHOIOTUYECKON MOJENBIO B3aMMOACHCTBYOmUX 6030HOB [MBE][1,2]. B (peHOMEHOTOTHIECKHX
BBIMHCICHIIX mapamerpsl MBB o0bivHO BRIGHparoTcs yOOOHBIM CIOCOOOM, YTOOBI MOMYYUTH JTYUIICE
ONHCAHHE COCTOSIHUH A1ep, B KOTOPHIX MapaMeTpsl TCOPHUM MEHSIOTCS ILIaBHO. BEIMM TpeAnpHHATHL
HCKOTOpHIC TIOMBITKA BBIYUCIUTh MOACTbHEIC mnapaMeTpel MBDB w3  onpeneneHHBIX aeTambHBIX
MHKPOCKOIMYECKHX MOAX0A0B [3 — 9]. Bo MHOTMX M3 HHX MPOH3BOAUIOCH OOPE3AHHE MOTHOr0060I0-
YEUHO-MOACTBHOrO MPOCTPAHCTBA U 3aMeHa ero S — D mapHo# 001acThi0 M HCTIONb30BAaHUE HEKOTOPBIX
MOJEIBHBIX B3aUMOACUCTBUN MEXKAY HYKIOHAMH.

B mpeacrasieHHON paGoTe mpeanoracTes ACTAIbHOC MHUKPOCKOIMHMYECKOE BBIUHCICHHE MAPAMETPOB
MBB Ha ocHoBe 0000mmeHHOTO KBasucmuHOBOro (opmamusma(OK®), B koropom moaemsHoe S — D
nmapHoe OOO0JOYEUHOE MPOCTPAHCTBO ONMCHIBACTCS KBAHTOBBIM UHCIOMOOOOINCHHON CCHBOPHTH H C
3aJaHHBIMH MEKHYKJIOHHBIMH CHIIAMH.

N3BecTHO, uTO OOBIMHBIM KBAa3UCIHMHOBBIM (PopMaTU3M JaeT BechbMa NPUOMIKEHHOC OIHCAHHC
CTPYKTYpHI U CBOMCTB peanbHBIX aaep. CoOcTBeHHbIe (YHKIUH H COOCTBEHHBIC 3HAUCHHS TaMHIBTO-
HHAHA B 3TOM MOJETH SIBISIFOTCS TOBOJBHO TPYOBIM MPUOIIKCHHEM K TOYHBIM PCLICHUSM VPaBHCHUS
lIpenunarepa. 10 CBA3aHO HE TOJNBKO C CHIBHOM HACANH3ALMCH CYINCCTBYIOIIUX SACPHBIX CHJI, HO H
TaKKE C CXEMATHYCCKUM PACHPEACICHHEM HYKIOHOB MO BBIPOXKICHHBIM | —O00ONOYKAM C PaBHBIMH
aAMILTHTYAaMH BEPOSTHOCTCH.
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