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AHHOTANUA

I/ICCJICIIyeTCSI BO3MOXHOCTE HMCIIOJIb30BaHUSA B BapHallMOHHOM METOAC TepMO)Z[PIHaMI/I‘IeCKOfI TEOpUHU
BO3MYULICHUI HOBOW CHCTEMbI CPAaBHEHHUS — MOJEIM IPSIMOYTOJIBHOM SIMBI, KOTOpas pacCMaTpUBAEICS B
MPEATIOKEHHOW HaMH HEJJaBHO TOJTyaHaIUTHIECKON Mo (UKaun cpeHe-chepudecKoro nproImKeHusl.

[IpemnokeH crmocod MHUHUMH3AIMU CBOOOMHOW JHEPIHMHM, B KOTOPOM HCIOJIB3YEeTCS TOJBKO OIMH
CBOOO/IHBIN TIapaMeTp MPSMOYTOIbHON SMBI (IHaMETp TBEPJOrO OCTOBA), a JIBA JPYTUX ONPEACISIOTCS W3
JBYX JONOJHUTENBHBIX ycloBUi. [y ompemeneHuss OAHOTO W3 HUX (TIIyOWHBI TPSIMOYTOJBHOW SIMBI)
MpeJyIaraercsi UCIoJIb30BaHME YCIIOBHS PaBEHCTBA CTPYKTYPHO-3aBUCAILICH YaCTH NOTEHIUAIBHOW SHEPIUH,
BBI‘II/ICJ'ICHHOI‘/'I C HapHLIM IIOTCHIIHMAJIOM M3 MCTOAa IICCBAOIIOTCHIIMAaIa, U HOTeHHHaHBHOﬁ 3Hepr1/m B MOACIIU
MpsIMOYrofabHON siMBL. OmpeziesieHre BTOPOro mnapaMmerpa (IIMPHHBI MPAMOYTOJIBHOM SMBI) JOCTUTaeTCs
¢ukcanyell ee MpaBoi rPaHUIBI B TOUYKE BTOPOTO IepecedeHus 3QEeKTUBHOTO MapHOro MOTEHIUANa ¢ OChIO
abcruce. JIOMOTHUTENEHO IPOBOANTCS MUHUMH3ALIUS CBOOOJHON SHEPTHH 10 CPETHEMY aTOMHOMY OOBEMY.

Jns onmcanus 3()(HEKTUBHOrO MapHOro B3aUMOJICHCTBUS HUCIOIB3YIOTCS MOJICIBHBIA TICEBIOMOTCHIIHAI
AnnmMany-XeifHe B JTIOKaJlbHOM TPUONMKEHUH W OOMEHHO-KOppensiuonHas QyHkuus Bammmsi-CuHrew,
XOPOIIIO 3apEKOMEHJIOBABIIKME ce0sl paHee B pacuerax TEPMOAMHAMUYECKHX CBOMCTB METALIMYECKUX pPacIi-
JIABOB BapHaIlMOHHBIM METOIOM C CHCTEMOM CpaBHEHUS TBEPABIX cdep.

[Iporienypa pacuera COCTOMT B TOM, YTO IPU 3aJaHHOM CPEIHEM AaTOMHOM OO0ObEeMe, HCIONb3Ys
y1<a3aHHHe BBIIIIC ABa JOIMIOJHUTCIIBHBIX yCJIOBI/IH, BHa4daJIic paCC‘II/ITbIBaeTCH 3aBUCHUMOCTH CBOGO}IHOﬁ
9HEPTHU OT JWaMeTpa TBEPAOrO OCTOBA, a 3aTE€M ONpeesieTcs 3HAueHHe ahaMerpa TBEPAOrOo OCTOBa,
JAIOIIer0 MUHUMAJIbHOE 3HaUeHHE CBOOOMHOM sHepruu. Jlanee maHHas omepamus BBIIOIHSACTCS I APYTUX
aTOMHBIX OOBEMOB W B pe3yjibTare omperensercs rio0anbHbIi MUHUMYM Ha TIOBEPXHOCTH CBOOOIHOM
SHEPTUH, KaK QYHKIIMH JIBYX TIEPEMEHHBIX: THaMETPa TBEPIOTO OCTOBA U CPETHETO aTOMHOT0 00BheMa.

[Moaxon mpUMEHEH K KHIKOMY HATPHIO BOJHM3M TeMIepaTyphl IUIaBieHus. MccienoBana 3aBHCUMOCTD
CBOOOIHOW HEPrUU JKUIKOrO0 HATPHUS OT JAMaMeTpa TBEPAOro OCTOBA M CPEIHEro aTOMHOro o0bema, Ha
KOTOpOi OOHapyXeH OIUH TI00anbHbIii MUHUMYM. [loiydeHHbIe B TOUKE TT00aTbHOrO MUHIMYMa 3HAYCHUS
CBOOOJIHOWM OSHEPTHH, CpPENHEro aroMHOro o0beMa, BHYTPEHHEW HSHEPTHU W JHTPOMHU OYEHb XOPOIIO
COFJIHCYIOTCSI C UMCHOIIITUMMUCS 3KCHepI/IMeHTaJ'H)HBIMI/I JAHHBIMU. TaKI/IM 06pa30M, IIOKa3aHa HepCHeKTI/IBHOCTL
Moxenu SW B KadecTBE CHUCTEMBI CPaBHEHUS B BapHAIlMOHHOM METOJE JJISl M3YYCHHS CBOWCTB KUIKUX
MCTAJIJIOB.

BBenenue

TepmoauHaMuKa METAJUTMUYECKUX CUCTEM IPOJIOJDKACT B MOCJEIHUE TOAbl aKTUBHO HCCIIEH0-
BaTbhCA KaK SKCIIEPUMEHTAIbHBIMU, TAK U TEOPETUUECKUMH MeTodamH [ 1-4].

HenaBHo B pabotax [5-7] ans BapuallMOHHOTO METOJla TEPMOJMHAMHUYECKON TEOPUU BO3MY-
meHni [8] ObuTa TIpeaioKEeHa HOBasi CHCTEMa CPaBHEHMS — MOJIENb MPSMOYTOJIbHOM sIMBI (square
well — SW) u npumeHeHa K *UIAKUM IIEJI0OYHBIM MeTajulaM. bbulo yCcTaHOBIIEHO, UTO P MUHUMU-
3aiuu cBoOoaHOM 3Hepruu (I'enpmronbiia), £, o BceM TpeM napamerpam SW rinodanbHbeli MUHUMYM
NaHHOW (QYHKIMU OTCYTCTBYET, TaK Kak F(o,&,A) — —o0 IpHU & — —©.

B Hacrosimielt paboTe mpeuioKeH HOBBIM CIIOCOO MUHUMHU3ALMU, B KOTOPOM HCIIOJIb3YETCS
TOJIBKO OJIUH CBOOOHBIN apamerp SW, a 1Ba Apyrux sBISIFOTCSI OT HETO 3aBUCSIIMMHU.

10 r. Kaszans. Pecniyonuka Tatapcran. Poccust. © Bymaeposckue coobwenus. 2016. T.47. Ne8.
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Teopus
ITapHplii TIOTEHIIMAT B MOJEIU IPSAMOYIOJBHOM SIMBI, (g, (7), 3aIMCBIBAETCS CIIETYIOLIUM

obpazom:
©, r<oc
O () =3¢, o<r<ic (D
0, r>io

rae o,& U A —napaMmeTpsl noteHnuana (o — auametp “rBepaoro octora’ (hard core — HC);
& 1 o(A—1) —rnybuna u mmpuaa SW, COOTBETCTBEHHO).

B nannoii pabote mapameTp ¢ HoJiaraeTcsi CBOOOIHBIM.

JUis onpenenenus napaMerpa £ NpeIaraeTcsl NCHOJIb30BaHUE YCIIOBUS PaBEHCTBA CTPYKTYPHO-
3aBUCSIIEH YaCTH MOTEHIIMAIbHOM SHEPTrUy UCCIIEAYEMOTO BEIIeCTBa B BApUALMOHHOM MeTo e ¢ SW
CUCTEMOM CpaBHEHUS U MOTEHLIMAIbHON SHEPIUH caMoil cucteMbl SW:

i;rzgsw (M (r)ridr = i;rzgsw (Mg, (r)r’dr, (2)

rae Q — cpeaHuil aToMHbIA 00beM; g(r) — MapHas KOppensuuoHHas QyHKIINS;
@(r) —>(pPeKTUBHBII MAPHBIN MOTEHIIUAT B METOE I1CEBIONIOTEHIIMANA:

2 © .
ze Q sin(gr
o) =+ 2 [P ()™ qq, 3)
r 87" qr
rJe Z — BaJCHTHOCTh; € — 3apsij deKkTpoHa; F'(g) — xapakTepuctiuyeckas QpyHKIHS.

[Tapametp A ompenensieTcs U3 yCIOBHs PaBEHCTBA 3HAYCHUsI AG KOOPIMHATE BTOPOTO Tiepe-
ceuenusi ((r) ¢ ochio abercc.

[Ipouenypa pacuera siBisieTCS CIEAYIOIIEH: IPU 3aaHHOM () BHayalle ONpeJelisieTcs 3Haye-
HUE Ao, TIOCJIE YEero PacCUMTHIBACTCS 3aBUCUMOCTh F(0) ¢ mcmosb3oBaHueM ycioBus (2). Ha
JAHHOW 3aBUCHUMOCTH HINETCSI MUHUMYM. JIOMOJHUTEIBRHO MPOBOJIWTCS MHUHUMHU3auus F mo (2.
Takum 00pa3zom, KaXK/Iblil U3 MapaMeTpoB & U A 3aBUCUT OT 0 U Q.

Mogens SW pemaercs B cpenHe-chepudeckoM NpUOIMHKEHUN [9] MpenioKeHHBIM HaMH
paHee nojgyaHaIUTUYECKUM criocoboM [10].

st onucanust 3pPEKTUBHOTO MAPHOTO B3aMMOACHCTBUS MCTIOJIB3YIOTCS MOJICIBHBIN MICEBI0-
noreHan AnuMany-Xenne [11] B mokansHOM mpubamkenun [12] m 0oOMEHHO-KOPpEAIIUOHHAS
¢yukius Bammmtel-Cunrsu [13], Xopolio 3apeKkoMeHI0BaBIINe ce0sl paHee B pacyeTax TePMOIU-
HaMHYECKHX CBOMCTB METAUNIMYECKHX PACIIABOB BAPHUAIMOHHBIM METOJIOM C CHCTEMOMN CpaBHEHUS
TBepAbIX chep [14-17].

PesyabTaThl H X 00cy:K1eHHE
[Tonxox mpumeneH k xuakomy HaTputo npu 7 = 373K . Ha puc. 1 nmokazanel 3aBUCUMOCTH
F (o), nonyuenHsle npu pa3nnyHbix 3HaueHuax (2. Ha npuBenenHbIX 3aBucuMoctsx F'(o) obHapy-

KEHbl MUHUMYMBI B IPOMEXYTKE 3HaueHuil o oT 6.15 1o 6.18 a.e.
Ha 3aBucumoctu F(0,()), mpuBeAeHHON Ha puc. 2, OOHapyXeH TIJI00aJbHbII MHHUMYM.

[TonyuenHble B TOUKE I7100aIbHOTO MUHUMYMa 3HaueHus F', (), a Takke BHYTpeHHEH sHepruu, £, u

SHTPOMHH, S, 04EHb XOPOIIO COTIACYIOTCS C UMEIOMUMHUCS IKCIIEPUMEHTATIHHBIMU TaHHBIMU [ 18, 19]
(Tabmura).

Ta6auua. CpaBHEHHE PE3yILTATOB pacueTa ¢ IKCIEPUMEHTAIbHBIMU
TaHHBIMU (kB — nocrostHHas bonbiimana)

F ,»B E.,»B S/ky Q ae.

Pacuer ~6.398 -6.152 7.66 2852
Dkcriepument  -6.399 [18]  -6.149[18]  7.79[18] 277.6[19]

© Bymneposckue coobwenus. 2016. T.47. Ne8. E-mail: journal.bc@gmail.com 11
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3HAYCHMSIX CPEIAHEr0 aTOMHOr0 00beMa U CPEAHEro aTOMHOr0 00bemMa
BrIBOABI

[Ipemmoxen crmocod MUHUMH3AIMKA CBOOOIHON SHEPIUH, KOTOPBIM MOKa3al aJeKBaTHOCTh MOJIETH
SW B kauecTBe CHUCTEMBbl CpaBHEHHsS B BapHalMOHHOM MeToje. [losydeHHble Npu MUHMMHU3ALUU
CBOOOJIHOM »Hepruu no ¢ u ) TepMoauHamuueckue cBoiictBa (F', E u §), a Takke cpeaHui
aTOMHBIN 00bEM XOPOIIO COTJIACYIOTCS C IKCIEPUMEHTAIbHBIMU JAHHBIMU.
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Abstract

The possibility of using the square-well model (considered within the suggested by us recently semi-
analytical modification of the mean spherical approximation) as a new reference system in the framework of
the variational method of the thermodynamic perturbation theory is investigated.

A way to minimize the free energy, when uses only one free parameter of the square-well (diameter of
the hard core) is used and the other two are determined from two additional conditions, is suggested. To
define one of them (depth square well), it is proposed the use the condition that the structure-dependent part of
the potential energy calculated from the pair potential found by the pseudopotential method is equal to the
potential energy of the square-well model. Determination of the second parameter (the width of the square
well) is achieved by locking the right boundary at the second intersection of the effective pair potential with
the x-axis. Additionally the free energy minimization is fulfilled with respect to the mean atomic volume.

To describe the effective pair interaction we use the model Animalu-Heine in the local approximation
and the Vashishta-Singwi exchange-correlation function proven earlier in the calculations of thermodynamic
properties of metal melts by variational method with a reference system of hard spheres.

Calculating procedure is the following: at first for a given mean atomic volume using the above two
additional conditions the free energy dependence on the diameter of the hard core is calculated and then the
value of the diameter of the hard core giving the minimum value of the free energy is determined. Then, this
operation is performed for the other atomic volumes and as a result the global minimum on the free energy as
a function of two variables (the diameter of the solid core and the mean atomic volume) is determined.

The approach is applied to the liquid sodium near the melting temperature. The dependence of the free
energy of liquid sodium on the hard-core diameter and the mean atomic volume is investigated and one global
minimum is found. Obtained in the global minimum values of the free energy, mean atomic volume, internal
energy and entropy very good agree with the experimental data. Thus, the prospect of the square-well model
as a reference system in the variational method for studying the properties of liquid metals is shown.
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