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In the phenomenological approach, the problem of the possibility of applying the additivity principle to
the calculation of physical quantities or characteristics of multicomponent solid metal solutions, including
high-entropy ones, is analyzed. These values and characteristics include the lattice parameter and the Debye
temperature, since they can be considered indirectly through the radius and mass of an atom as their own,
rather than collective, characteristics of individual components, such as, for example, the magnetic moment
of an atom, magnetization, heat capacity. It is proposed to consider the relative change in resistance when
measuring the thermal coefficient of resistance or the strain coefficient as conditionally individual
characteristics of individual components. At the same time, applying the principle of additivity to collective
quantities or characteristics (melting temperature, Fermi energy, mean free path of electrons) can give very
approximate values.
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1. INTRODUCTION

In previous works [1-3], we made an attempt to
predict some physical quantities of multicomponent
materials in the form of solid solutions (s.s), including
and high-entropy (HEA). The methodological basis of
such a forecast is the concept (principle) of additivity of
physical quantities. The essence of the concept can be
illustrated by the following ratios:

€ = i1 Ci" €ai» (1)

where €4 is the average value of the energy level of d-
orbital; ¢; — the atomic fraction of component i in the
alloy; €4; — the d- orbital energy level of element i [4];

T = XiLi¢i T @)

where T, is the average melting temperature of the
alloy; T,; is melting point i components [5,6].

In works [1-3] is presented a large array of
calculation data for resistivity — p; thermal resistance
coefficient (TCR) — fr. longitudinal strain coefficient —
v:; lattice parameter s.s. — a; Debye temperature — @p;
melting point s.s. — Tjy, and others. Some of them (a, p,
TCR and y;) quantitatively agree with our experimental
data for film HEA.

Since agreement can be expected in the case of the
lattice parameter and TCR, we set ourselves the task of
analyzing the question of in which cases the principle of
additivity can claim accuracy and the principle
possibility of its application in the calculation of physical
quantities of multicomponent alloys.

2. INDIVIDUAL OR COLLECTIVE
CHARACTERISTICS OF ATOMS AND
ELECTRONS

By individual characteristics, we mean those that do
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not change (or change to an insignificant extent, as in
the case of €5 [4], when an isolated electron or atom falls
into the s.s. crystal lattice with its internal potential.

Such characteristics include the atoms size (then the
parameter a will act as its own characteristic); the mass
of an atom (the Debye frequency as a function of the
mass of an atom can be considered its own
characteristic); magnetic moment of an electron (u). In
this case, the additivity principle of physical quantities
can be written in the form of ratios [7]:

S.S. — n — n
05" = Xl=16iOp; Ass = Xj=1C; ;
—_ n
Uss = Zi:l Ci Ui 3)
and Mg, = Z?:l CilTl;

where M is magnetization vector.

Note that the relations given in (1) and (2), as well as
in (3), were "constructed" by analogy with Vegard's rule
for a two-component s.s.:

a =C1-a1+C2-Q2.

Regarding the possibility of applying the principle of
additivity to other physical quantities (o, By, Vi, Tm»
Fermi energy — &g, mean free path of electrons — 1),
some doubts arise and require additional analysis.

In the case of resistivity p, which is a collective
characteristic of s.s., the principle of additivity can most
likely be applied when the Fermi surfaces of individual
components differ little from the Fermi surface of s.s.
Note that this is a very partial case that does not apply
to the general case of multicomponent s.s.

Since the resistivity can be represented as

A

A
‘D_Ao_nand ﬂo—p—n,
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where n is concentration of free electrons; A is some
constant, then Ao also cannot act as a characteristic of
electrons, i.e p and Ao is non-additive property and
characteristic. The situation is somewhat different in
the case Br and y;, since they are expressed through
derivatives with respect to temperature or longitudinal
deformation:

_ dlnp _ dlnR _ dlinp
pr = dar andy, = dlnl_dlnl+1+2'uf’ )

where R is the sample resistance; d Inl= %= de; 1is

longitudinal Poisson's  ratio.

Multiplier d Inp = (%) and < ‘Zp)
T &

y; can be considered to some extent as the own
characteristics of individual components. At the same
time, T,, and &r act as collective (non-additive)
characteristics, since melting s.s. occurs when bonds
between atoms are broken i and k component, which will
be less affected by energy bonds between atoms of the
same type. The Fermi energy can also be only a collective
characteristic, the value of which will be completely
determined by the internal potential of the s.s.

deformation; u, 1is

) in ratios for frand

3. CONCLUSIONS

Qualitative analysis makes it possible to draw
conclusions regarding a fairly accurate or approximate
prediction of the properties of multicomponent metallic
s.s. The prediction can claim to be sufficiently accurate
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if we are talking about the intrinsic characteristics of the
atoms, which almost do not differ in free or s.s. atoms.
This, first of all, is about the size of atoms, their mass,
magnetic moment. We come to the conclusion that the
relative change in resistivity in thermal or deformation
processes can be considered a conditionally
characteristic characteristic, although the resistivity
itself is a collective characteristic of s.s. and

Pss. = Z?zl Ci Pi (5)

most likely not legitimate. In our opinion, the self-
diffusion coefficient of atoms in the case can be
attributed to the conditionally proper characteristic of
atoms HEA.

With regard to the forecast for Ty,,, Ao and &g, then it
will have a very approximate character, since all three
quantities have a collective character, as in the case of
equation (5).

Finally, we note the following. Ratio (1) includes the
characteristic of atoms g4, although, in our opinion, €;
cannot be a collective characteristic and cannot be a
physical quantity or characteristic s.s., because, to a
large extent, it has no physical content (such as, for
example, the average temperature of patients in a
hospital).
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IIpo mo:kauBiCcTh 3aCTOCYBAHHA NPUHIUILY aJUTUBHOCTI (PisMIHUX BeJIUIUH
0araTOKOMIIOHEHTHHX MeTaJIeBUX MaTepiais

1.IO. Ilpomenko

KRagbeopa eniekmponiru, 3a2anvhoi ma npukaadroi gisurxu, Cymcokull OepocasHuil yHisepcumemn,
8ysi. Pumcorozo-Kopcarosa, 2, 40007, Cymu, Yrkpaina

Y denomeHosIOTIUHOMY HAOJIMIKEHH] IIPOAHAI30BAHE IIATAHHS IIPO MOYKJIMBICTD 3aCTOCYBAHHS
[IPUHIUITY AJATUBHOCTL JJIS PO3PAXyHKIB (DI3UYHMUX BEJIHMYMH 400 XapaKTEePHCTUK 0araTOKOMIIOHEHTHUX
TBEPIUX MeTaJIEBUX PO3YMHIB, B TOMY YHCJII 1 BUCOKOEHTPOIHHUX. [0 I[UX BeJIMYMH 1 XapAKTEPUCTUK MOKHA
BiJHeCTHU ITapaMeTp rpaTku 1 Temreparypy Jlebas, oCKiIbKYM BOHM OITOCEPEIKOBAHO Yepe3 padiyc i Macy atoMma
MOSKYTB PO3IJISIATHUCS SIK BJIACHI, 4 He KOJIEKTUBHI XapaKTePUCTUKY OKPEMUX KOMIIOHEHTIB SIK 1, HAIIPUKJIAT,
MATHITHUN MOMEHT aToMa, HAMATHIYeHICTb, TEeIJIOEMHICTh. 3AIPOIIOHOBAHO POSIJIAMATHA BIJHOCHY 3MIHY
OTIOPY IIPM BHUMIPIOBAHHI TEPMIYHOTO KOeQII[ieHTy Omopy a00 KoediI[ieHTy TEeH30UyTJIMBOCTI SK YMOBHO
1HAMBITyaJIbHI XaPAKTEPUCTUKN OKPEMUX KOMIIOHEHTIB. ¥ TOH Ke Yac 3aCTOCYBaHHS IIPUHITUILY aIUTHUBHOCTL
10 KOJIGKTUBHUX BeJIMYMH UM XapaKTePUCTUK (TeMIleparypa IuiaBieHHs, edepria Oepwmi, cepeHs JOBKAHA
BLJIBHOTO IIPOOITY €JIEKTPOHIB) MOKe JaBaTH IysKe HAOIIKeH] 3HAYEHHS.

Knro4gori cnora: BararoxommonenTHi marepianu, BumcoroeHtpomifiai crtaBu, Teepai posumuu, Biachi
BeJINYMHY 1 Xapakrepuctuku, KonekTusHi Betmunnuy 1 xapakrepuctuky, [IpuHImn (IpaBuiio) aJuTUBHOCTI.
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