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Taking into consideration the third order corrections of perturba-
tion theory for electron-ionic pseudopotential, the calculation of the
effective interionic interaction potentials in 3d—transition metals was
carried out. For more full consideration of the model potential nonlo-
cality in determination of its form-factors the procedure of the angular
coordinates averaging was used. The analysis of the calculated poten-
tials shows that the consideration of the third order corrections for
model potential results in the increasing of the first minimum depth
and decreasing of the equilibrium distance between ions.

One of the most important characteristics of metals that determines
their equilibrium properties are effective potentials of interionic interaction.
Usually the interionic interaction is represented in the form of a sum of
pair-wise Coulomb potential and indirect interaction of ions through con-
ducting electrons. An investigation of the interionic interaction for simple
metals was performed in many works in which there were considered both
the pair-wise interaction [1-3] (the second order of perturbation theory for
pseudopotential) and the terms of perturbation theory of higher orders [4-6].
Concerning transition metals that problem is studied insufficiently.

Previously we carried out calculation of the effective potential of inte-
rionic interaction for 3d—transition metals in the second order perturbation
theory for pseudopotential [7]. For determination of the formfactors of the
nonlocal model potential (MP) the semilocal approximation of Fermi sphere
was used [2]. However, it is known that for quantitative calculations of the
properties of metals the following aspects are actual. First, the more precise
consideration of the electron-ion MP nonlocality. That can be achieved by
using the procedure of formfactor averaging over angular coordinates [8] in-
stead of the Fermi sphere approximation. Second, it is important to consider
the perturbation theory terms of higher orders for MP that corresponds to
many-particles correlations in the electronic subsystem.

Taking into account the above mentioned suggestions we express the
effective two-particle potential of interionic interaction as a power series in

MP
Vers (r) = Viea(r) + > Vi (r), (1)

where the first term describes the direct interaction of ions (the most fre-

quently used here is the pure Coulomb potential z2/r), and Vi™ (r) is the
contribution of the n-order of perturbation theory in the pair-wise indirect
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interionic interaction. In particular, in the second order the correction to the
effective potential of interionic interaction for transition metals is presented
in the form [7]
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here 3" is the overlap integral of d-orbitals, m is quantum magnetic num-
ber. The characteristic function of band structure F'(g), matrix elements of
additional (k|w'%,|k) and hybridization (k|whybr|k) for transition metals are

determined in [8]. Let us remark that the second term in (2) describes the
indirect interaction between external d-shell neighbouring ions as a result
of their overlapping.

If we move in (2) from summation to integration then for the component

Vi? (r) we obtain
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Similarly we can write the correction of the third order to V,;; ()
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here A®) (g1, G5, @) is electron threepole for which we used the expression

obtained in [9]; form—factors of the screened MP (k + lw|k) are determined
in [§].

[Pligure 1 show the results of calculation of the pair—wise effective poten-
tial of interionic interaction for 3d-transition metals (1 — Fe, 2 — Co, 3 — N1
). Figures 2—4 show, for comparison, the potential V,;; (r) calculated with
the consideration of second (1) and third (2) order perturbation theory cor-
rections. As it is seen from the figures, the consideration of the third order
term essentially influence on the form of the effective potential of interionic
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interaction. For all three metals the consideration of VQ(g) (r) results in the
increasing of the first minimum depth and decreasing of the equilibrium

distance between ions. Obviously, Vi® (r) will have the essential role for
4d— and 5d— transition metals since MP is more strong for them. That is
why while summing up the perturbation series in MP we can not restrict
ourselves by lower orders of perturbation theory.
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Figurel. Effective interi- Figure 2. Effective interi-

onic interaction in transi-
tion metals (1 - Fe, 2— Co,
3 — Ni).
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Figure3. Effective interi-
onic interaction for Co (1 -
second order correction, 2 -
third order correction).

onic interaction for Fe (1 -
second order correction, 2 -
third order correction).
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Figure 4. Effective interi-
onic interaction for Ni (1 -
second order correction, 2 -
third order correction).
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EDPEKTMBHA MI2>KIOHHA B3AEGMOJIIA
B IIEPEXITHMNX METAJIAX

II.M.fki6uyk

BpaxoBymoun mompaBku TpeTLOr0 HMOPAOKY Teopii 30ypeHn 3a
€JIEKTPOH-IOHHUM IICEBIONOTEHINAI0M 0OUNCIeH] e)eK TUBHI TOTEH-
miagau MixkioHHOI B3aemomii 3d mepeximuux MertaJsiB. s Oianim
[IOBHOT'O BPaXyBaHHsA HEJOKAJILHOCTI MOOEJIBLHOTO HMOTEHIIAIY IpPU
PO3paxyHKY HOro (opMEpaKTOPiB BUKOPUCTAHO IPOLENYyPY ycepen-
HEHHSI 33 KyTOBUMU KOOpDIOWHATAMU. AHAJI3 OOUMCIEHUX TOTEH-
miajiB mMoKa3ye, MO BPAaXyBaHHsA NMOIPABOK TPETLOTO MOPSIKY Te-
opiei 30ypeHnb 3a MCEBOOMOTEHINAJOM HPUBOIUTL OO0 3POCTAHHIA
TINOWHY HePHIIOTO MiHIMYMY Ta 3MEHIIEeHHS PIBHOBAYKHOTO aTOMHO-
ro pamiycy.



