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The use of a cluster-associate pattern for calculation of melt viscosity

The liquid state of the substance is the most complex for theoretical description. Modern ideas about theslig-
uid and its viscosity are reduced to the following: in the structure of the liquid, the spatial arrangement of at-
oms is not fixed, as in a crystal, and is not in a free state, as in a gas. Therefore, liquid may appreachits,prop-
erties to gas near the boiling point or the solid state near the melting point. Thus, the structube of the liquiddis
characterized by the short-range order of the bond. The properties of liquid metals are obtainég, maialy from
experimental studies. This article provides mathematical justification for the cluster-assagiate ‘pattern. The
purpose of the study is to show the possibility of applying a semi-empirical model to calculatedhe viscosity of
liquid metals. The proposed model is developed using the concept of chaotized partieles,"which'is based on
the Boltzmann distribution. This model is developed based on the association degree of clusters of their crys-
tal-moving particles. For many years, the viscosity of liquid metals has beengstudiedenly by experimental
methods. The model enables to find melt viscosity values analytically. The cal¢ulated viscosity values of
some metals are compared to experimental values in this model. It is estaljlished that/in all cases the obtained
values coincide with the experimental values. The correctness of the proposed model is confirmed by the cor-
relation coefficient. The application of the proposed model has been shewnipreviously on some metals. In
this work, we also show the applicability of the cluster-associate ‘pattern using the example of beryllium,
since it can be correlated with semimetals by many physicochémical properties. The degree of novelty of the
scientific results lies in the fact that the obtained high ¢errelation coefficients for the analysed metals indicate
their functionality.

Keywords: kinematic viscosity, cluster of crystal2amoving particles, metallurgy, boiling point, melting point,
melt, correlation coefficient, beryllium.

Introduction

Smelting and casting of metals and alleys are widely used in the national economy. Metallurgical pro-
cesses in general and in the field"ofnon-ferrous and rare earth metals in particular have been and still remain
one of the most important factors affecting the development of the country’s economy. In addition to meet-
ing the needs of metallurgical preduction, liquid metals are used as fluids and heat carriers in heat engineer-
ing, nuclear and electroni¢ technology, and other industries contributing to the development of new metal-
lurgical technologies."However, the insufficient use of mathematical methods for calculating and modeling
the state of complexqpolydisperse systems, for example, melts or liquid slags, and their manufacturing appli-
cation for prediction ofiflow and industrial processing control significantly hinder the development progress
of technolegies in“metallurgy. The most important direction in solving this problem is the improvement of
existingé@nd the“ereation of new high-efficiency technological schemes and processes for the production of
import-substituting’'and export-oriented products.

The problem of developing theories and methods for modeling the processes of changing the physical
properties of metal melts, such as viscosity, melting, ductility is complex and interesting. Therefore, it has
been studied thoroughly by researchers all across the world. Despite the existence of numerous methods for
studying the processes of measuring the physical properties of metal melts, today there are no single theoret-
ical models for describing the viscosity of liquid metals.

The topological characteristics of the liquid phase are most clearly expressed in simple liquids, to which
melts of most pure metals can be attributed, initial information about which appeared indirectly through the
research results of the viscosity-temperature dependence, electrical conductivity, and other characteristics.
Due to the development of quantum-statistical methods, including computer modeling, there is a certain un-
derstanding of the melt structure. However, direct experimental evidence of short-range order existence with
non-crystalline coordination in metal melts was obtained using the neutron and X-ray scattering method,
which made it possible to identify clusters with different geometries in melts of iron, nickel, and zirconium
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in a wide temperature range from a value much higher than the melting point to a deeply supercooled state at
a temperature less than the melting point.

Experimental

Earlier, scientists of the Chemical and Metallurgical Institute named after Zh. Abishev put forward the
concept of chaotic particles based on the Boltzmann distribution for the study of the chemical properties of
melts [1]. According to this concept, in each state of aggregation of matter, crystal-moving, liquid-moving
and steam-moving particles are present. Depending on the state of the substance, the proportion of above
particles varies. The proportion of three kinds of particles affects melt properties such as meltability, ductility
and viscosity. Professors V.P. Malyshev and A.M. Turdukozhayeva (A.M. Mukasheva) proposed three mod-
els for calculating viscosity taking into account three types of particles. In particular, considering the propor-
tion of crystal-moving particles, the following formula is proposed

V(1) =v T, /7. (1)

If the liquid fluidity, in addition to the inhibitory influence of the crystal-moving partigles, is'shown by
the contributing effect of the liquid-moving particles, then the viscosity equation for_the fraction of‘these par-
ticles will take the following form

. vrTr_[exp(— T /Tr)- eXp(‘ Ty /Tr )J
T [exp(— T IT)- exp(— T /T)J

Under the influence of all three kinds of particles, the temperaturé\dependence of viscosity will be de-
scribed by the following formula

)

14

V(a):VfTrex{h_Tm]. @)

T N T,

In these formulas, V — a kinematic viscosity, Ty — agmelting point, T, — a boiling point, v _and T, -

kinematic viscosity and reference point tempeérature. As a reference point, we can take any reliably estab-
lished observed point. Nevertheless, for moretaccurate calculations, it is advisable to choose a reference
point near the melting point.

Kinematic viscosities for 28 metals were calculated from these formulas. However, not all formulas
showed consistency of calculated datatwith/experimental [1]. After the calculations, it became necessary to
choose the most adequate model fora particular metal. Thus, the calculation procedure was complicated.
Therefore, it became necessary 10 create a single model for calculating the viscosity of liquid metals. As a
single model for calculating the kinematic viscosity of melts, we developed a semi-empirical model of vis-
cosity [2, 3]

V(4) =Vr (Tr IT )a_ (4)

In wiork [2]ma formula was given by which the degree of cluster association is calculated. Obtained val-
ues of clusters association degree of analysed metals were tested for range uniformity on the Nalimov crite-
rion accordingyte the following equations:

X = X
rmax = i 1 - rcr’
min n—
S(X),——
0"
S(x)= > (x ~%) ,
n-1
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where X — the minimax value of the range, X — the average value, S(X) — the mean-root-square error,
min

and n — the volume of the range. Normative table values of Nalimov criterion for 5% of significance level are

approximated with accuracy up to 5% to equation [4]

r, =1,483f

where f =n—2 —the number of degrees of freedom of Nalimov criterion.

In this work, we will justify the proposed model using any melting energy barrier (RT,) and melting
heat (4H,).

The use of quantum-chemical models of viscosity, as well as models based on activation energy of the
process of transferring particles from one virtual cluster to another, will provide a reliable mathematical de-
scription of the temperature dependence of viscosity only for a narrow temperature range.

To extend a similar possibility is provided by the concept of chaotic particles, based emythe application
of the Boltzmann distribution to a single mapping of three aggregate states of the substance, taking into ac-
count the proportions of sub-barrier and over-barrier particles with respect to meltingtandhoiling heats. In
this case, the viscosity is compared with the proportion of sub-barrier melting heat partieles called crystal-
moving, which results in the following model

Uzﬂr(Tr/r)a” ) (5)

where 7 — a dynamic viscosity; 7 — an absolute temperature; 7, and T —~the coordinates of reference point,
experimental or theoretically found; a, — clusters association degreg of erystal-moving particles.
During the processing of experimental data on 7; and T; acc@rding®t@iconverse equation (5)

a — In(i /7))
Y (T

it was found that this degree naturally decreases With increasing temperature, moreover the most adequate
description will be obtained when the form of dependengesis constant (5) relative to a,, since the dynamics of
association splitting is similar to that of the clusters splitting themselves in accordance with the concept of
chaotic particles:

a, =a;(T; T)°, 6)

where b, for a given range a;, T; i15'@ constant value that makes sense of the attenuation degree of the cluster
association. In view of a; > Qgthe,expression (6) guarantees the impossibility of obtaining absurd negative
values of the clusters associatioft degree and an asymptotic approximation a,, — 0 with a distant extrapola-
tion 7'— . The de@ree of attenuation of cluster association (b) is found by using an additional reference

point a;, T; as
o nla; /ai)

In‘T,/I'J ’
by enumerating and averaging all options i, j or by selecting the most reliable points a;, T; and a;, T;.
Thus, totbtild an adequate temperature dependence of viscosity based on the Boltzmann distribution
and the concept of chaotic particles, only three experimental points are enough: 7, T,; a;, Ti; a;, T;. In the
most general form, this dependence, taking into account the formulae (5)-(7), will be expressed as

10l in(T. 1)
In(Tr/Tj )In(ni/nr)
In(iz /1, )[Tij In(T, ;)
p=ne (T T) LT

With the use of specific values of three reference points, this expression is simplified, reducing to the
following view

(7)

n=ny (T MO
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Selection of reference points from the experimental data array is advisable for 7, T, — at the beginning
of temperature dependence, for a;, T; — in the middle and for g;, T; — at the end of it.

It is of interest to consider justification for derivation of temperature dependence of kinematic viscosity
with independent consideration of another individual characteristic of the substance, that is, to consider the

melting heat AH , as an energy barrier.
Considering the melting heat as an energy barrier, the fraction of crystalline particles will be expressed

P, =1-exp _AH, .
RT

The range of the relative change in kinematic viscosity from v, at a melting point T, tov =0 at a in-

finitely high temperature, where the liquid can exist in the supercritical range of temperature and pressure in
an indistinguishable state with the gas, will be as follows:

Y >o. (8)

Vi

1>

The fraction of crystal-moving particles according to the formula with account:ef'the melting heat in the
same temperature range varies within the limits

AH AH
l1-exp| —— |21-exp| — |2 O 9
Xp[ RT, j Xp( RTJ )

m

Using algebraic transformations, the obtained inequality leads, to the:form
exp| — ﬂ < exp| = ﬁ <1
RT,) RT )

AH _ AH
_——2
RT, RT

After logarithmation we have

0.

From where the original inequality (9will take the following form

12T—mZO

T
that fully coincides with limits@f relative changes of kinematic viscosity (8).

Thus, regardless‘ef the choice of substance individual characteristic as an energy barrier, we come to
the same equation ofithe hasic formula (1).

Therefore, withoutychanging the limits of changes in kinematic viscosity, it is possible to raise to any

12[1—”‘ >0.
T

Therefore, based on the concept of chaotic particles, an additional justification is obtained for derivation
of the basic model of kinematic viscosity with independent consideration of another individual characteristic
of the substance. It has been shown that the normalization of the equation for the fraction of crystalline parti-
cles by melting heat or any other energy characteristic leads to the same model of viscosity (4), which justi-
fies its base value.

power thépart -I_-I_—m that'is,

Results and Discussion

In works [2, 3], we showed the possibility of applying model (4) to calculation of viscosity of liquid
metals. We made calculations for many liquid metals. It was found that the proposed model most accurately
describes the dependence of viscosity on temperature. This pattern was revealed in the process of comparing
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experimental data [5, 6] and data calculated for model (4). As a result, we believe that this model can be used
to calculate viscosity without conducting an experiment.

Let us consider the application of model (4) on beryllium, which can be correlated with semimetals ac-
cording to physicochemical properties.

There are no data on kinematic viscosity of beryllium in work [5] and in reference book [6]. In refer-
ence book [6], melting points T,, = 1560 K and boiling point T, = 2723 K are indicated.

The work [5] gives the formula for the dynamic viscosity of beryllium

n=107T%  g/(sm-s)

where T=T, + AT.
After analyzing this formula, the author [1] revealed a sharp increase in viscosity with temperature rise.
Therefore, the author [1] proposes the following formula for calculating dynamic viscosity

n=10°AT°* | g/(sm-s) (10)

here AT — the degree of superheat of the melt over the crystallization point of pure beryHam, which is equal
to 1556 K. The kinematic viscosity of beryllium was estimated according to available data forthe area 1560-
1670 K through a leveled relationship (10). Point T, = 1570 K and v; = 3,494-107 m*/s.s,taken as a reference
point. Previously, in the work [1], it was found that the model (3) has an adyantage in/describing the rela-
tionship between viscosity and temperature. However, the results of the calculated viscosity values for four
models [2], which are listed in Table 1 and shown in Figure 1, prove thé mast adequate description of this
relationship with the help of the model (4).

Table 1
Comparison of data [1] with models calculated (1-4) on values.of Kiematic viscosity of beryllium, v-107, m%s

216 7 v(leveled relationship)

T kg/m® mPa-s 10"-v=1n'lp’, m?ls v(1) ") v(3) a v(4)
T.=1556 | (1689,5) | (0,758) - 3,52 352 | 354 - 3,71
1570 1688,4 0,590 3,494 3,49 3,49 3,49 - 3,49
1590 1686,1 0,494 2,930 3,45 3,44 3,41 13,91 3,10
1610 1683,8 0,450 2,674 3,41 3,38 3,32 10,63 2,75
1630 1681,5 0,423 2,514 3,37 3,33 3,24 8,78 2,45
1650 1679,2 0,403 2,4 3,32 3,28 3,17 7,56 2,18
1670 1676,9 0,388 2,313 3,28 3,23 3,10 6,68 1,94
R - <0 <0 0,51 - 0,84

4

=F

2 L

1 I L L L L J
1550 1580 1610 1640 1670 1700

v— kinematic viscosity, T — temperature.
Points - data [1], 1 — on model (1),
2 —on model (2), 3 —on model (3), 4 — on model (4)

Figure 1. Dependence of kinematic viscosity of beryllium on temperature
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The correlation coefficients for models (4) and (3) are equal to 0.84 and 0.51, respectively. Here there is
a great difference in the values of correlation coefficients: for model (4), the value is higher. Therefore, the
generalized model (4) is reasonable for describing the temperature dependence of viscosity.

The average value of @ = 9,51 indicates that beryllium has a great tendency to associate clusters of met-
al atoms. This is because a higher ionization potential makes beryllium less electropositive, and all its com-
pounds, at least partially, have covalent bonds. The tendency of beryllium to form a stronger metal bond due
to the transition to the electron conduction zone is reflected in the strength of associates in metal melts, the
destruction of which with an increase in temperature requires additional exposure to liquid- and vapor-
moving particles.

The homogeneity of the obtained range for a according to Nalimov criterion is observed: S(x) = 2,870;

i =1102 <r, =1,821.
max
In this temperature range, considering the degree of cluster association, model (4) with reference point

near the melting point can be used as a generalized model of melt viscosity T, = 1570 K

v = (0,864-10%*/T%%%) +0,2, m’/s.

The activation energy is E, =85231J/mol, and for the proposed modeliythe activation energy is

E, =128017 J/mol.

However, as it is shown in Figure 1, the processing of experimental data should be carried out for two
areas: 1560-1610 K (low temperature) and 1630-1670 K (high temperature). Eor each of areas clusters asso-
ciation degrees @ = 12,27 and a = 3,62 respectively were calculateok

Taking into account the obtained clusters association degrees,for éaeh of the areas, the temperature de-
pendence of melt viscosity can be expressed by the equationsg:
for low-temperature area

v = (5,69-10%T2*") £ 752-10°°, m?/s, (11)
for high-temperature area
v =(1,08-10%/T3%2)+2,69-107°, m%s. (12)
5,9 6,1 6,3 4 6,5
1477 , , T
lay
0149 A
l 1\
-15,1 A
[ )
2
-15,3 - ~ N

v— kinematic viscosity, 7 — temperature.
Points - experimental data, crosses - for models (11) and (12), straight lines - according to the equation
Inv=InA'+E,/(RT) for low-temperature and high-temperature areas

Figure 2. Logarithm dependence of beryllium kinematic viscosity on reciprocal temperature
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The homogeneity of the obtained range for a according to Nalimov criterion in each area is observed:
for low-temperature area S(x) = 2,316; .. = 1,001< r, = 1,483, for high-temperature area S(x) = 0,260;

min
max
r... =0978<r, =1483.
max

Activation energy for each of areas is Ea/ =162181 J/mol and E,’ = 49670 J/mol respectively. The tran-

sition temperature from one area to another is 1605 K. The correlation coefficients for each area are equal to
each other and R; = R, = 0,999.

This model was tested on 28 metals. In all cases, the viscosity values calculated from the proposed
model were closest to the experimental data. Also, according to the proposed model, slag viscosity of the
synthetic mixture of the system CaO-SiO,-Al,03-MgO-Cr,03, obtained by members of the Chemical and
Metallurgical Institute named after Zh. Abishev, laboratory of ferroalloys and restorative processes was cal-
culated.

Conclusions

During the research, it was established that the given justification of the clustersassociate pattern
makes it possible to judge its veracity and possibility of application for calculation®df kinematic viscosity of
melts from a mathematical point of view. The veracity of the results is also supported™y the coincidence of
some results obtained independently from other researchers with data available inighe world literature [5-9].
We also assume that this model will allow conducting physical and ghemical jjustification of chemical and
metallurgical processes more reliably and will provide more reasonable regtirements for their production
technology. With the help of the proposed model, it is possible to Caleulate melt viscosity values at different
temperature values, up to the highest values without conducting high-cost experiments. The model also pro-
vides prerequisites for calculation of viscosity of multicomponentsystems.
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A.1l. Kaxxukenona, JI.b. Omibues, )K.M. TenrekOaena,
A.C. Cmaurnosa, P.A. Opasbekosa, 1.C. KaysimOek

BaakbsiManapabIH TYTKBIPJBIFBIH €cenTey YUIiH
KJIACTEPJIiK-2CCOUMATUBTI MO/l KOJIIaHy

Benrini 6onranmaii, 3aTTHIH CYWBIK KYHIH TEOPUSUIBIK TYPFBIIAH CHNATTAay ©Te KUbIH. CYHBIKTHIK IIEH OHBIH
TYTKBIPIBIFBI Typajbl Ka3ipri 3aMaHayd yFbIMAAp MbIHaFaH Casjibl: CYHBIKTBIK KYPBUIBIMBIHIA aTOMIAP/IBIH
KEHICTIKTIK OpHaJacybl KpUCTaIJIAarbiIail OCKITIIMETeH JKOHE Ta3JaFblnail epkiH Kyine emec. COHIBIKTAH
CYMBIKTBIK ©3iHIH KacuerTepi Oo#bIHIIA KaifHAy TemIlepaTypachlHa JKaKkbIH Ta3fa HeMece Oalky
TeMIlepaTypachlHa JKaKbIH KaTThl JeHere jKaKplHIaybl MYMKiH. Ocbutaiiima, CYHBIKTBIKTBIH KYPBUIBIMBI
JKakpIH Oaifmanbic TopTiOiMeH cumarTaiansl. CyHBIK MeTangapAblH KacHEeTTepl HETi3iHeH >KCIEPUMEHTTIK
3epTTeyepAcH alblHagbl. Makanaga KJIacTepiliK-aCCOLMATUBTI MOJENBJIIH MAaTeMaTHUKAIBIK TYPFbUIAH
HeTi3eMeci KenTipiireH. 3epTTeydiH MakcaThl — CYHBIK MeTaJAapIblH TYTKBIPJIBIFBIH €cenTey YIUiH
JKapThUIall SMIMPHUKAIBIK MOJCHbII KOJNJAHy MYMKIHAINH KepceTy. ¥CBIHBUIFAH MOJeNb BosbEMaHHBIH
TapaThUIybIHA HETI3eIreH PEeTCi3 OeNIIeKTep TYXKbIPIMAAMAchlH KOJIaHa OTBHIPHII JKacajFaH. By Moieis
aCCOLMPIICHTeH KIIACTEP/IH MOPEXKECiH ecKepe OTBHIPHII JkacaiaFaH. KemrTereH >xpuimapgOOMBE CYHBIK,
MeTaJIapAbIH TYTKBIPIBIFEl TEK SKCIIEPHMEHTTIK SMICIeH 3epTTeii. ¥ CHIHBUIFaH MOJeNb OaTKbIMaNapbIH
TYTKBIPJIBIK MOHZAEPIH aHAJIMTHKAIBIK Typle TaOyra MYMKiHIIK Oepeni. Ocbl Mojesp OOHMbIHMIA KeitOip
METaJIapAbIH €CeNTEeNreH TYTKBIPIBIK MOHAEPi IKCHEPHMEHTTIK MOHAEPMEH CadbICEBIPBUIABL. bapibik
JKaFJalnapaa ajablHFAaH MOHJEPIIH SKCHEPHMEHTAIIbl MOHICPMEH COMKECTIri @HBIKTajbld ¥ CBIHBUIFAH
MOZENBAIH TYPHICTHIFBI KOppemsus Ko3(dunueHTiMer pactanagsl. ¥ CHIHBUTFAH MOMEIbl KOIIaHy OypbIH
Keiibip Metanmapna kepcerinireH. CoOHBIMEH KaTap aBTopiap OepwiiMid  MbICATBIHIA —KJIACTEPIiK-
ACCOIMATHBTI MOJIETBIIH KOJIAHBUTYBIH KOPCETKEH, OUTKEHI OHBI KONTEERCH (PHBNKA-XUMUSIIBIK KacHeTTepi
GoMbIHIIA JKapTHl MeTajapMeH OaiiaHbIcThIpyFa 0onaasl. FrulbiMu HOTHIKETSPEIH| *KaHAIIBIIIBIK Jopexeci
YCHIHBUIFAaH MOJENBAIH HeTi3eMeci OHBIH CEHIMIUIrIH aonelnecifmi, skdHe 3epTTelreH MeTanjap YINiH
QIBIHFaH JKOFapbl KOPPeIsIuus KodhGHUIeHTTep] OHBIH (DYHKINOHAIIBIFbIHIKOpCETE .

Kinm ce30ep: KMHeMaTHKAIBIK TYTKBIPIbIK, peTci3aenren GeicKkiep, aGCOLUPIICHTeH KIIacTepAiH Jopexeci,
KJIACTEePIIi-acCCOLMATUBTI MOJENi, CYHBIK MeTanaapdhKpHCTaIKO3EaIbICTEl OOIIIEKTep, TYTKBIPIBIKTHIH
TeMIIepaTypara TOYeIAiri, OepuLImii.

A.1I. Kaxxukenona, JI.b. Omioues, XK. M. TenrekOaena,
A.C. Cmaunona, PLA. Opazoekona, 1.C. KaybimOek

HpHMeHEHI/Ie KJIaCTepHO-aCCOHI/IaTHOﬁ MOJ€JIH IJIA pacueTa BA3KOCTH pacnijiaBoB

Kak u3BecTHO, *xuakoe cocTsHie BelecTBa ABIsSeTC Hanboee CIOKHBIM JUIsl TEOPETUUECKOTO ONMUCAHHS.
CoBpeMeHHbIE PEICTABICHUS] OPKUIKOCTH U €€ BA3KOCTH CBOJSTCS K CIEAYIOMEMY: B CTPYKTYPe KHUIAKOCTH
MPOCTPAHCTBEHHOE PACHONIOKOHHS@TOMOB HE 3aKpEIUIeHO, KaK B KPHUCTAIe, OHH HE HAXOAATCSA B CBOOO-
HOM COCTOSTHHH, KaK, B Fa3el 1103ToMy KMAKOCTH 10 CBOMM CBOMCTBAM MOJKET NMPUOIMKATHCS K Ta3y BOIM3H
TeMIepaTyPhIQKATICHHS WL K TBEPAOMY TeTy BOJNM3HM TeMIIepaTyphl IUIABICHUS. TeM caMbIM CTPYKType
KHUAKOCTH XapaKEepPeH, OKHUI mopsiiok cBsizn. CBOMCTBA KHMIKUX METAJUIOB IIOJy4eHBI B OCHOBHOM H3
9KCHEePUMEHTAIBHBIX HCCenoBaHuil. B cTaTbe npuBeeHO 000CHOBaHHE KJIACTEPHO-aCCOLMATHOW MOJEIH C
MaTeMaTH4YecKOMTOoUKH 3peHus. Llenp uccienoBanns — Moka3aTb BO3MOXKHOCTh IPUMEHEHHUS MOIY3IMITUPU-
4eeKOil MOJCIIH I pacueTa BA3KOCTH XXKUIKUX MeTaiioB. [IpeqiaraemMas Mozness pa3paboTaHa C IOMOILBIO
KOHICHIMN X@@IM3MPOBAHHBIX YACTHI], B OCHOBE KOTOPOMH JISKHUT pacipenenenue bonprmana. JlaHHas Mo-
JensfpazpaboTaHa ¢ y4eTOM CTEIIeHH acCOIMAIMH KJIACTEPOB MX KPHCTAIIONOBIDKHBIX YacTHI. MHOTHE T0-
JBI BS3KQETH KHUAKAX METAIIOB MCCIEI0BATACh TONBKO 3KCHEPHUMEHTANBHBIM MeTonoM. [Ipenmaraemast mo-
JeTb HO3BOISET aHATNTHYCCKA HAWTH 3HAYSHUs BS3KOCTH PACIUIaBOB. PaccumTaHHBIE 3HAYECHUS BS3KOCTH
HEKOTOPBIX METAJJIOB [0 JAaHHOI Mozaenu ObUIM CPaBHEHbBI C 3KCIIEPUMEHTAILHBIMHM 3HAYEHUSIMH, BO BCEX
cilydasix ObUIO BBISIBICHO MX COBIajeHHe. KOppeKkTHOCTh MpeyiaraeMoil MoieNi MoATBepskaAaeTcst Kodddu-
IIUEHTOM Koppessiuuu. IIpumeHeHne Takoif Mozesu ObUIO IIOKA3aHO paHee Ha HEKOTOpBIX MeTayiax. Kpome
TOr0, aBTOpPAaMH CTaThU IOKa3aHa MPUMEHHMOCTh KJIaCTEpHO-acCOLMATHOW MOJENH Ha mpumepe Oepuiuius,
TaK KaK ero 10 MHOTHM ()H3HKO-XUMHUYECKHM CBOICTBAM MOXHO COOTHECTH K mosyMmerayuiaM. CTereHb HO-
BU3HBI HAYYHBIX PE3YJIHTATOB COCTOUT B TOM, UTO IOJy9E€HHBIE BBHICOKHE KOA(P(UIMEHTH KOPPEAIuN JUIs
HCCIIeIOBAaHHBIX METAJUIOB YKa3bIBAIOT HA €€ (DyHKIIMOHAIBHOCTD.

Knioueswvie cnosa: kuHeMaTnueckasi BI3KOCTh, KJIACTEP U3 KPUCTAIUIONOABIKHBIX YaCTHI], CTEIIEHb aCCOIHa-
LMY, TEMIIepaTypa KUIEHHs1, TeMIIepaTypa IUIaBIeHHUs, paciuiaB, KOdGGHUIMEHT KOPPEesuy, Oepuiinii.
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