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Within the conserving ®-derivable and virial approaches to equilibrium dilute
strongly-interacting systems, we study a system of nonrelativistic fermions of one
kind (e.g., neutron matter) interacting via a pair potential in the limit nA® < 1,
where n is the fermion number density and A is the thermal wavelength. The
variety of potentials of the quantum and classical origin is used for the quantitative
comparison of results obtained within both approaches. In all cases relevant to
the nucleon-nucleon interaction, the attraction volume of the interaction is larger
than the repulsion one. General properties of the ®-derivable approach are studied.
Expressions for the second and third virial coefficients are derived and analyzed for
the ® functional, including the tadpole and sandwich diagrams. The classical high-
temperature limit of the ® functional is reproduced by the tadpole diagram. Next,
classical, semiclassical (up to order 1%) and purely quantum (Beth-Uhlenbeck) virial
expansions of the equation of state are studied. Various extrapolations of the virial
equation of state are considered, including the van der Waals form and the excluded
volume models. We derive the expression for the second virial coefficient within
the effective range approximation for the scattering amplitude. Comparison with
purely quantum Beth—Uhlenbeck result employing experimental phase shifts shows
approximate agreement for low temperatures, T' < 20 MeV. Then, we study the
problem of the anomalously large empirical value of the nucleon—nucleon scattering
length, appearing due to existence of the quasi-bound state in nucleon—nucleon
scattering. The latter is destroyed already in a dilute matter due to the Pauli blocking.
Subtracting the quasi-bound state term, we show that the second virial coefficient
has the same low-temperature dependence as the one obtained within the ®-derivable
approach in the Born approximation. Also, we discuss origins of differences arising
beyond the region of the common validity of the ®-derivable and virial approaches.

B paMKax TaK Ha3blBa€MOI'o COXPaHSIOLIEro $-BBIBOIUMOTO U BUPHAJIBHOTO ITOAXO-
JOB K Pa3psAKEHHBbIM DAaBHOBECHBIM CI/IJIbHOBSaI/IMOI[teICTBy}OIlLI/IM ChCTeMaM paccMar-
puBaeTCsa CUCTEMA HEPEJATUBUCTCKUX CpepMI/IOHOB OIHOTO copTa (HaHpI/IMep, HeﬁTpOH-
HOE BeIJJ,eCTBO), B3aI/IMOZleIL/'ICTBy}OHJ,I/IX MNOCPEACTBOM IMAPHOTO NOTEHILHaJsa B Tpenese
n)\3 < 1, rge n — IIJIOTHOCTb YHUCJa CpepMI/IOHOB, a A — remnJjoBas JIJIMHA BOJI-
HBI. I[JIH KOJIMYECTBEHHOI'0 CPaBHEHHS Pe3yJbTAaTOB, NMOJYYEHHBIX B paMKax 060UX
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MOAXOJ0B, HUCIOJb30BaHbl Pa3/NH4YHble KBAaHTOBBlE M KJAaCCHYECKHe MOTeHLHalbl. Bo
BCEX CJY4asX, OTHOCALIMXCH K HYKJ/OH-HYKJIOHHOMY B3aUMOJAEHCTBHIO, 06beM IpH-
TSJKEHHS] OKasblBaeTcsi OoJiblile 00beMa OTTaNKWBaHHs. M3yueHbl ofmiue cBoiicTBa
®-BbIBogMMOro noaxozna. [lomydeHsl 1 npoaHa n3UPOBaHbl BbIPaXKeHHs AJISI BTOPOTO U
TPeTbero BUPHAJ/IbHBEIX KOS (QHULHEHTOB 15 (pyHKIHOHaAa $, BK/IOYAOIero quarpam-
Mbl THIIA «TOJIOBACTHK» M «CIHIABHY». Ksaccu4yecKui BbICOKOTEMIEpaTYpPHbIH Mpened
¢dyHkuvoHana ® BocnpousBOAMTCS AuarpaMMol rosoBacThka. Jlanee, u3yvaroTcs
KJlacCHUeCKoe, KBasuKIaccuueckoe (1o mopsaka 4°) u uncro ksautosoe (Bera-Yen-
6exa) BUpHAJIbHbIE PA3JIOXKEHHsI YPaBHEHHsI COCTOsIHUS. PaccMarpuBaloTcst pasinyHble
9KCTPANOJ/IALHMY BUPHANBHOIO yDaBHEHHSI COCTOSIHHS, BKJouas ypaBHeHHe Ban mep
Baanbca u momesb uckiodeHHOro o6bema. [losyueHo BblpakeHHe AJi BTOPOrO BH-
puasbHOro Kosdduurenta B NpubIHKeHUH 3(GHEeKTHBHOrO pajuyca A aMIJIUTYIbl
paccesinusi. CpaBHEHHe C UUCTO KBAHTOBBIM pe3yJsbTaToM Dera—YieH6eka, HCMO/b3Y1O-
IMM IKCTepPHUMeHTaNbHble (pa30Bble CABUTH, NOKa3biBaeT NPUOJIU3HUTENbHOE COrylacHe
nsst Huskux Ttemmneparyp: T < 20 MaB. 3areM uccaenyercsl npo6semMa aHOMaJbHO
60JIbLIOrO SMITUPHYECKOTO 3HAYEHHUS IJIMHBI HYKJOH-HYKJIOHHOTO pacCesiHWsl, BO3HHU-
KaIolIero M3-3a CyLIeCTBOBAHHS KBA3HUCBA3aHHOI'O COCTOSIHUS B HYKJIOH-HYKJOHHOM
paccesinuu. [locsientee paspyiiaercs y:ke B pa3pszkeHHOH MaTepUH H3-3a GJIOKUPOBKH
[Taysu. Ilpu BbIYMTAHMM BKJajia KBa3UCBS3aHHOTO COCTOSIHMS MOKa3aHO, YTO BTOPOH
BUPHAJ/IbHBIH KO3(D(ULHEHT MMeeT TaKyl »Ke HHU3KOTEMIIEPATYypPHYIO 3aBUCHMOCTb,
KaK M I0JIyueHHbIH B pamKax P-BbIBOAHMOrO MOAX0AAa B GOPHOBCKOM MpPHOJIHKEHHH.
O6cyxnaloTcss NPUUMHBL Pa3JiMuMil, BO3HHKAIOLIMX 3a MNpefenaMd oOlied obsaacTu
NPUMEHUMOCTH P-BBIBOIUMOrO U BUPHAJILHOTO MOAXOLO0B.
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