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Direct Correlation between Fluid Cluster Structure and Its Viscosity

The research purpose is to prove the probability of a direct quantitative correlation between proportion of
these clusters and liquid viscosity. A quasi-polycrystalline clustering model of the liquid (in particular, melts)
should be used. The Boltzmann distribution, the concepts of the chaotic particles and the virtual cluster size
distribution should be applied to achieve this purpose. This study analyzed the complete reference data on the
temperature dependences of the dynamic viscosity for the alkali metals. As a result, a directly proportional
correlation between viscosity and cluster content in liquid has been determined. It has provided the probabil-
ity for the quantitative concept of the quasi-polycrystalline clustering model on the liquid state of matter due
to its properties. The concept of the chaotic particles in direct correlation to the Boltzmann distribution has
been used as a basis. The Boltzmann energy spectrum has been used for the kinetic energy of the chaotic
thermal particle motion in the solid, liquid and gaseous states of matter. As a result, their three energy classes
have been distinguished with their presence in all aggregate states and in the sum constantly equal to one.
Formulas to calculate the proportion of the virtually ordered clustering and complete chaotic fluid compo-
nents were deduced. These formulas have been derived with using the particle distributions by the energy
class and cluster sizes.

Keywords: Boltzmann distribution, randomized particles, probability, virtuality, cluster, melt, viscosity, alkali
metals.

Introduction

The most adequate physical model of a liquid and, in particular, of melts, is the quasi-polycrystalline
model [1-4]. The most relevant physical model for liquids (namely, melts) is a quasi-polycrystalline model
[1-4]. This model examined the melt as a combination of two structural components such as clusters and the
separating clusters. Thus, clusters were microvolumes with an ordered particle arrangement, close as in a
crystal. By contrast, the separating clusters had a disordered zone with the chaotic and loose particle ar-
rangement. The disordered zone has formed a continuous three-dimensional cellular network in the melt,
which filled the gaps between the clusters. The gaps were disorderly oriented in relation to each other.

The clusters and a disordered zone were thermodynamically unstable. After the energy fluctuations,
they continuously regenerated each other. The volume ratio filled with clusters and a disordered zone was
established by a temperature of the melt. Thus, the temperature rise led to a decrease in the proportion of
clusters due to an increasing of their disordered zone. It was assumed that the cluster zone disappeared at
some temperature. It probably corresponded to a “contrary flexure” on the “physical property-temperature”
curve and transition of the curvilinear section to a straight-line one.

This idea of the cluster disappearance was questionable. Thus, any contrary flexures, i.e. breaks were
not actually observed on such curves. The straight-line proportions were an asymptotic approximation in the
decreasing curvature region with the single temperature dependence of the physical property. In any case,
there was no prohibition to form clusters based on fundamental laws relating to the liquid nature. In addition,
the quasi-polycrystalline model had no analytical expression or the mathematical semi empirical interpreta-
tion.

As a result, the physical model was insufficiently developed. Since, some paradoxes of the temperature
correlation of viscosity were not explained by the quasi-polycrystalline model [5]. Also works were being
studied to determine the shape and structure of clusters with using their formation based on the solid phase
nanoparticles during the melting of matter [6]. To date, the analysis of the unstable clustering phase in the
liquid demonstrated that the structural approach dominated despite the advantage of such phase in a state
without structure [7-10].
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Thus, the obvious virtuality of the cluster existence and the disordered zone in the liquid has showed
that a probability interpretation of its nature and all aggregate states of matter was relevant. Academician
M.A. Leontovich’s point was fundamental to use the Boltzmann distribution (an energy spectrum) on the
kinetic energy of the chaotic (thermal) particle motion to the gaseous and liquid, solid states of matter [11].

The research purpose is to substantiate the probability of a direct quantitative correlation between pro-
portion of these clusters and liquid viscosity. A quasi-polycrystalline clustering model of the liquid (in par-
ticular, melts) should be applied. The Boltzmann distribution, the concepts of the chaotic particles and the
virtual cluster size distribution should be used to realize this purpose.

Experimental

The Boltzmann distribution and the concept of chaotic particles as a virtual basis

R =N,/N=exp[—¢ /KT]/> exp[—g /KT], 1)
i=1
where P; and N; are share and number of particles with average ;i kinetic energy; N is the total amount of
particles in the system; k is the Boltzmann constant; n is the number of energy levels taken into account.

A significant advantage of the shared distribution was able to interpret P; as the particle content with a
certain energy level and probability to form and detect them. Therefore, the laws of the accidental events
based on combining of the probability of the elementary events were used for them. The different fundamen-
tal property for this distribution was a universal expression of the thermal energy reserve at any temperature
in an aggregate state as kT (per mol RT). And it did not depend on the continuous or discrete nature of this
distribution [12-15].

The ability was additionally created to determine the proportion of the super-barrier, sub-barrier and in-
ter-barrier particles, i.e. any energy classes. Thus, the total proportion of such particles was equal to one. As
a result, a faithful scientific basis was to develop the chaotic particles concepts and to apply their crossing or
not crossing the thermal barriers of RTy, melting and RT, boiling [16, 17].

This concept has demonstrated three particle energy classes at all temperatures and in all aggregate
states:
the crystal-mobile particles with energy no more than the thermal barrier RT, and proportions:

P, =1—exp[-RT, /(RT)]=1-exp(-T, /T), @)
the liquid-mobile particles with energy above RTw, but no more than RTy, and proportions:
Pam =&XP(-T, /T)—exp(-T,/T), (3)
the vapor-mobile particles with energy above RTy and proportions:
P =exp(-T,/T) 4)
upon condition
Pom + Bam + B =1. (5)

In this instance, this nature has been displayed with the melting and boiling points relevant to energy
levels of kT and KT.

The temperature range showed that the regions of the crystalline, liquid, vapor states and crm, Igm- and
vm-particles in each of them should be well defined. The real properties of these states corresponded to it.

The feature of the liquid-mobile particles was compared to the crystal-mobile and vapor-mobile parti-
cles. The proportion of the first above in the full temperature range (from zero to infinity) varied from 1 to 0.
The proportion of the second above varied from 0 to 1. As a result, the feature was defined by difference be-
tween unity and sum of the oppositely varying fractions of crm- and vm-particles, as per (3). Thus, the frac-
tion of Igm-particles varied from zero to zero passing through some maximum. Its position is analytically
calculated by (3) and corresponds to a temperature:

Tammae = (To =T )/ IN(T, /T,). (6)

lgm, max
The obvious dominance of the crystalline particles was observed up to the boiling point. This predomi-
nance was characteristic for the Boltzmann energy spectrum. As a result, the lower levels were more filled
than the upper ones. The crystal-mobile particles were low-energy and realized their dominance. They re-
duced their proportion in a liquid state from the predominant one at a melting point to others at the boiling
point. Thus, it was requested to determine their form in the liquid. If it was abstract from a specific structure
of clusters, it can be argued that crm-particles should be associated or virtually condensed. If the particles
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constantly hit with each other and with all other particles, they should correspond to some virtual distribution
by the number of particles included in cluster, i.e. to be one-, two-, three- and n-particle clusters. Herewith,
abstraction from a specific cluster structures did not mean its ignoring. By contrast, it should be examined as
separation of the chaotic basis to make the certain structures under influence of the potential energy for at-
traction or repulse of particles. The last mentioned above were explicitly analyzed in some papers, namely, in
a review of [18].

In order to determine such distribution, it should be stated that a quantitative expression for the total
matter proportion was first received by a quasi-polycrystalline clustering model of the liquid state based on
the chaotic particles concept. It was as a reservoir to form the clusters. Thereat, this proportion was compli-
ant with the universal criteria for the structural stability of the complex systems [19-21], specifically, by the
proportion of the golden section.

Further development of the chaotic particles concept proved the virtuality of their existence in the form
of cluster distribution by the number of the included particles. The equality conditions of probabilities for the
mutual conversion of clusters were applied, thus, it led to the maximum uncertainty of their system [17].

Pomn = (1= P ) Pl (7)

crm,n crm

where P! is the proportion of n-partial clusters.

As applied to the quasi-polycrystalline model of a liquid [1-4], it has been required to use the found
particle distributions by the energy classes and cluster sizes to distinguish the virtually ordered cluster and
fully chaotic components of the liquid. The last above mentioned was represented by single particles. It in-
cluded all liquid-mobile, vapor-mobile and single crystal-mobile particles. They were the most energy-
intensive in their class and as a transition to liquid-mobile ones. The total proportion of such particles calling
as free, as described in (2)—(5) and (7) should be [17]

Pfr = Pcrm,l +(qum + I:)vm ) = I:)(:rm (1_ Pcrm)+ (1_ I:)t:rm ) =1- Pcfm ' (8)
Thereafter, the cluster zone should take a proportion of
Pcl =1- Pfr = Pcfm . (9)

Integrally, the chaotic component of matter was studied. It was a primary basis to examine the ordered
component through the characteristics of dependence. Besides, the probabilistic distribution of clusters ac-
cording to the number of the included particles created a reservoir to form the supracluster compounds —
associates. The associates were detected in the liquid crystallization area [22]. The recording this loss of
simplicity required the special study in relation to the liquid properties as described in our paper [20] with
regard to viscosity. In all cases, the Boltzmann distribution was an inexhaustible source to develop the theory
of a matter [23-25].

It should be previously to assure oneself of the most direct quantitative correlation of any physicochem-
ical liquid property with the found cluster proportions. This could be exemplified by a dynamic viscosity for
the most typical liquid metals of the basic subgroup of the first group of the periodic element system.

Results and Discussion

The correlation of the dynamic viscosity of the liquid alkali metals to their cluster content should be
present below.

The chaotic particles concept and the quasi-polycrystalline clustering model of a liquid demonstrated
that its viscosity should not be defined by all proportion of the crystal-mobile P.m particles. It should be de-
termined by its part belonging to non-single virtual formations. Thus, it should be equal to P2 . It might be

illustrated with the most complete reference data on the temperature dependences of the dynamic viscosity of
alkali metals [26, 27].

Data correlation of m, mPa-c, with Pom = 1 — exp(-Tw/T) and P2, =[1-exp(-T, /T)]2 in the range
from T to Ty, are resulted in Tables 1-5 and Figures 1-5.
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Table 1
The dependence of the dynamic lithium viscosity on the temperature [26, 27]
and proportion of the crystal-mobile Perm particles and P2 clusters
T, K M, mPa-c Perm P T, K n, mPa-c Perm P
Tm =453.7 - 0.632 0.400 1073 0.238 0.345 0.119
473 0.566 0.617 0.380 1173 0.219 0.321 0.103
573 0.453 0.547 0.299 1273 0.204 0.300 0.089
673 0.379 0.490 0.240 1373 0.191 0.281 0.079
773 0.328 0.444 0.197 1473 0.180 0.265 0.070
873 0.290 0.405 0.164 1573 0.170 0.251 0.063
973 0.261 0.373 0.139 Tp = 1615 - 0.245 0.060
Table 2

The dependence of the dynamic sodium viscosity on the temperature [26, 27] and proportion of the crystal-
mobile Perm particles and P?  clusters

crm

T, K n, mPa-c Perm P2, T, K n, mPa-c Perm P
Tm=2371 - 0.632 0.400 773 0.237 0.381 0.145
373 0.687 0.630 0.397 873 0.208 0.346 0.120
473 0.451 0.544 0.296 973 0.186 0.317 0.100
573 0.341 0.477 0.227 1073 0.170 0.282 0.085
673 0.278 0.424 0.180 Tp = 1156 - 0.274 0.075
Table 3
The dependence of the dynamic potassium viscosity on the temperature [26, 27]
and proportion of the crystal-mobile Perm particles and P2 clusters
T, K 7, mPa-c Perm P2, T, K 1, mPa-c Perm P2
Tm =337 - 0.632 0.400 773 0.166 0.353 0.125
373 0.441 0.585 0.354 873 0.146 0.320 0.103
473 0.303 0.510 0.260 973 0.132 0.293 0.086
573 0.234 0.444 0.198 T, = 1032 - 0.279 0.078
673 0.193 0.394 0.155
Table 4
The dependence of the dynamic rubidium viscosity on the temperature [26, 27]
and proportion of the crystal-mobile Perm particles and P2 clusters
T, K 1, mPa-c Perm P2, T, K 1, mPa-c Perm P
Tm=312.5 - 0.632 0.400 673 0.212 0.371 0.138
373 0.435 0.567 0.322 773 0.185 0.332 0.111
473 0.316 0.484 0.234 873 0.165 0.301 0.090
573 0.252 0.420 0.177 T = 961 - 0.278 0.077
Table 5
The dependence of the dynamic cesium viscosity on the temperature [26, 27]
and proportion of the crystal-mobile Pem particles and P2 clusters
T, K 7, mPa-c Perm Pcfm T, K n, mPa-c Perm Pczm
Tm=23017 - 0.632 0.400 673 0.221 0.365 0.130
373 0.469 0.555 0.308 773 0.192 0.323 0.104
473 0.334 0.472 0.222 873 0.171 0.292 0.085
573 0.264 0.409 0.168 T, =944 - 0.274 0.075
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Figure 1. The dependence of the dynamic lithium viscosity on temperature [26, 27]
and proportion of the crystal-mobile Pem particles and P2 clusters (lines by (10))
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Figure 2. The dependence of the dynamic sodium viscosity on temperature [26, 27]
and proportion of the crystal-mobile Pem particles and PZ clusters (lines by (10))
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Figure 3. The dependence of the dynamic potassium viscosity on temperature [26, 27]
and proportion of the crystal-mobile P particles and P2 clusters (lines by (10))
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Figure 4. The dependence of the dynamic rubidium viscosity on temperature [26, 27]
and proportion of the crystal-mobile Pem particles and PZ clusters (lines by (10))

All figures illustrated a uniform variation in the forms of the dynamic viscosity correlations: from obvi-
ous nonlinear by temperature to smoothed proportion of the crystal-mobile particles and clear enough
straight-line by cluster proportions. Thus, the directly proportional correlation of the viscosity directly with
the cluster content in the liquid was proved.

The probability was discovered for the quantitative concept of the quasi-polycrystalline clustering mod-
el of the liquid matter state through its properties. Therefore, the chaotic particles concept and the Boltzmann
distribution were applied.

In a first approximation, such dependence might be represented as a straight line equation. After calcu-
lation of the P2  variable, the viscosity was showed as

n=a+chfm=a+b[1—exp(—Tm/T):|2, (10)

where a and b are free term and proportionality coefficient, respectively. They could be found by the least
squares method. Then they should be used to determine the physical meaning.
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Figure 5. The dependence of the dynamic cesium viscosity on temperature [26, 27]
and proportion of the crystal-mobile Pem particles and P2 clusters (lines by (10))

For instance, at a melting point, the equation (10) had a single formula for all substances
n=a+0.400b . (11)
The different substances were compared by this viscosity value. Since it referred to the liquid phase at a
melting point, where the liquid and solid states were in equilibrium. Thus, the direct experimental definition
of viscosity was difficult due to the simultaneous presence and uncertain ratio of the solid and liquid phases.
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It was required to ascertain that the straight-line dependence of the discussed data for alkali metals was
adequate. With this view, they were processed by the least squares method to obtain the numerical values of
parameters of a and b, the R correlation coefficient and its significance for the 95 % confidence level (tr > 2),
the determination degree of the received dependencies (D = R?) [28] and the nm melting viscosity. Results
are presented in Table 6 and Figures of 1-5.

Table 6
Parameters of equation (12) for alkali metals
Element Tm, K a b R tr D Nm, MPa-c
Lithium 453.7 0.100 1.18 0.9986 813>2 0.9971 0.572
Sodium 371 0.000 1.58 0.9815 60 > 2 0.9634 0.632
Potassium 337 0.025 1.13 0.9907 118>2 0.9815 0.478
Rubidium 3125 0.045 1.18 0.9948 189>2 0.9896 0.517
Cesium 301.7 0.050 1.32 0.9960 249>2 0.9920 0.578

The Table 6 demonstrated that a high adequacy of the straight-line correlation of viscosity with the
cluster proportions and directly with temperature was established for all alkali metals. Since, they were dis-
played by a single equation (10). A high degree to determine these dependencies indicated their proximity to
the fundamental pattern based on the physical nature of the liquid state.

Somewhat worse correlation of the data for sodium had a physical explanation. Thus, the experimental
values of viscosity were markedly higher than the calculated values at 373 K by two degrees above a melting
point. It might be due to the probability of a partial presence of the solid phase within the accuracy of melt
temperature maintenance.

For all other alkali metals, the first experimental point was established at a temperature no less than
twenty degrees above a melting point.

Herewith, the nm melting viscosity for sodium was abnormally high. A comparative analysis of the data
on this value became difficult because it was a characteristic for the contribution of the chaotic virtual com-
ponent of the melting viscosity.

The graphical data for sodium showed some residual curvature of the correlation on the cluster propor-
tion. It was less visible on similar dependences for other metals. It indicated a more complex nature of the
cluster influence on the melt viscosity. It might be caused by formation of more complex super-cluster virtu-
al structures of less strong cluster associates. This aspect was examined in the monograph [17]. It ended with
construction of a more accurate semi-empirical cluster-associated viscosity model. Thus, the cluster associa-
tion degree was applied, and the correlation with activation energy of fluidity was discovered by the Frenkel-
Andrade viscosity model [29-31].

It was important to state that determination of the activation energy was possible due to linearization of
this model. It was widespread procedure to analyze and process data for the complex physicochemical pat-
terns in order to define their adequacy and apply them to the real processes.

Conclusions

The probabilistic nature of formation and the virtual existence of the solid phase clusters in liquid were
applied to develop the existing quasi-polycrystalline clustering model of the liquid state of matter.

It was studied by Boltzmann distribution of an energy spectrum and the chaotic particles concept with
using an additional cluster distribution per the number of the crystal-mobile particles included in them.

The form of this distribution was defined by the equal probability of the mutual cluster conversions and
expressed by the virtuality essence of the liquid state.

The proportional correlation of viscosity directly with the cluster content in the liquid was established
by the analysis of the most complete reference data on temperature dependences of dynamic viscosity for
alkali metals. Probability was provided to quantitative concept of the quasi-polycrystalline clustering model
of the liquid state of matter based on its properties with using the chaotic particles concept and the Boltz-
mann distribution.

It was clear that each straight-line correlation was not functional. In this case, the argument (the cluster
proportions of P’ ) and function (viscosity) were related as cause and effect. The cluster proportions were

determined by the fundamental Boltzmann distribution. It was found the proportion of low-energy (the crys-
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tal-mobile) particles in it. It was as a reservoir to form (virtual crystallization) clusters. They created more
chaotic particles and a thicker consistency of the liquid state. This consistency might be equated with the lig-
uid viscosity. It was quite possible that a similar straight-line correlation of cluster proportions could be dis-
covered with other properties of the liquid, e.g., by density and electrical conductivity.

In reference to correlation between the cluster proportions and viscosity, it might be physically com-
pared with the state of a mechanical mixture of water and sand. The sand played the role as a cluster phase,
and created the emulsion viscosity. It was important to state that the rectilinearity of correlation between the
cluster proportions and viscosity did not apply to all crystal-mobile particles (Pcm). It was applied for two or

more partial formations (PZ ). It was clearly illustrated by the graphical data for alkali metals. In this case, it

was of no concern a structure of the formed clusters. Since, the chaotic component of the substance was
used. Thus, its contribution to the liquid state was examined. The influence of the potential energy of attrac-
tion and repulse of particles might add the general picture of such state as certain cluster structure formation.
However, the chaotic component of matter by the kinetic energy of the thermal particle motion was basic to
display the formation and properties of matter as a whole.
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A.M. Makamena, B.I1. Maneimes, JI.A. bek6aeBa

CYHBIKTBIKTBIH KJIACTEPJIK KYPbLIBIMbIHBIH TiKeJel 0ailJIaHbIChI
’KOHE OHBIH TYTKBIPJIBIFbI TYPaJbl

JKymbIcTBIH MaKcaThl — BoJbIMaH yiiecTipiMiH, peTci3 OenekTep TYKbIPHIMIaMaChiH JKoHE KlIacTeplepaiy
BUPTYAJIBI YIECTIPLTYiH KOJIaHa OTBIPHII, OJAap.IbIH eJIeMaepi OOMbIHIA CYHBIKTHIKTBIH (aTan alTKaH/a,
OanKpIManap) KBa3UMOJIUKPUCTAIIBI KIACTEPIIK MOJENI asChIHIA OCHI KIACTEPIIEPIiH YIIECiH CYHBIKTHIKTBIH
TYTKBIPJIBIFBIMEH TIiKENEH CaHIBIK OalTlaHBIC MYMKIHAITIH Herizaey. Makajajga CUITUTIK MeTajaapIblH
JMHAMUKAJIBIK TYTKBIPJIBIFBIHBIH ~TEMIIEpaTypaiblK TOYelqimiri OOWBbIHIIA €H TOJBIK AHBIKTAMAJBIK
MOJIIMETTepAl TalAay MbICANBIHAA TYTKBIPIBIKTBIH CYHBIKTHIKTAFbl KJIACTEpJIEPiH KypaMbIMEH TiKenlei
HPONOPLIMOHANBI  OalyIaHBICHl  aHBIKTaJdFaH. byl bBojblMaHHBIH TapanyblHa Tikelied OaillaHBICTHI
XaOTUKAJIBIK OOJIIIEKTep TYKBIPbIMJAMAachlHA HETi3AeNTreH 3aTThIH CYHBIK KYHiHIH KBa3HIIOJIMKPHUCTAJIIBI
(xymacTepitik) MOAENIH OHBIH KAacHeTTepi apKbUIBl CaHIBIK TYypAe OUIAIpYy MYMKIHAITIH KaMTaMachl3 eTeli.
3aTTBIH KaTTBl, CYWBIK JKOHE Ta3 TOpi3di KyWiepiHmeri OeIIeKTepAiH PEeTCi3 JKBUTYJNBIK KO3FaIbICHIHBIH
KHHETHKAJIBIK JHEPrHsChIHA KOJNAAHBUIATBIH BOJBIMOHHBIH SHEPreTHKAIBIK CIEKTPi ONap/blH OapIbIK
arperaTThIK Kyitnepinae O0MybIMEH OJapAblH YII 3HEPTeTHKANBIK KIACHIH aXbIpaTyFa MYMKIHIIK Oepi, ai
KOCBIHIBI OpKamiaH Oipeyre TeH. KiacTepnepiiH SHEpreTHKalbIK KIAacTapbl MEH eJmiemiaepi OoWbIHIIa
OeJILeKTepIiH Tapalybl apKbUIBI TAOBIUTFAH BUPTYANIbl PETTENTeH KIACTEPIIK KHE TOJIBIFBIMEH Xa0THKAJIBIK
CYUBIKTBIK KOMIIOHEHTTEPIHIH YJIECIH ecenTey OOWbIHIIA (POpMyTanapbl KEITIPiIreH.

Kinm ce30ep: BonbIMaHHBIH Tapaiybl, perci3 OeIeKkTep, BIKTHMAaJIbUIBIK, BHUPTYAJIBUIBIK, KiacTtep,
OankbIMa, TYTKBIPJIBIK, CLITLI MeTaaap.

A.M. Makamesa, B.I1. Mansimes, JI.A. bekbaeBa

O npsiMoii CBSI3U KJIACTEPHOI0 CTPOCHMS KHIKOCTH U ee BA3KOCTH

HCJ'[I: paGOTBI — B paMKax KBa3HHOHHKpHCTaHHH‘{eCKOﬁ KJ'[aCTepHOﬁ MOACIIH KUIKOCTHU (B YaCTHOCTH, pac-
HHaBOB) C NMOMOLIBIO pacCIpeaCICHUA EOHLHMaHa, KOHICTINUN XAaOTHU3UPOBAHHBIX YAaCTHUIl U BUPTYaJIbHOI'O
pacnpeacIeHus KJIaCTepoOB IO UX pasMepamM 000CHOBATh BO3MOKHOCTE Hp}IMOﬁ KOJIMYECTBEHHOU CBSI3U JIOJIH
OTHUX KJIaCTCPOB C BA3ZKOCTBHIO KUAKOCTH. B crathe Ha MpUMEPE aHaJIM3a HauboJIee TOTHBIX CIIpaBOYHBIX JaH-
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A.M. Makasheva, V.P. Malyshev, L.A. Bekbayeva

HBIX 110 TEMIIEpaTypHBIM 3aBUCUMOCTSIM IUHAMUUYECKON BA3KOCTH ILENIOYHBIX METAJUIOB YCTAaHOBJIECHA IPSAMO
MPOMOPLHOHATIbHAS CBSA3b BSI3KOCTH HEIOCPEICTBEHHO C COJEpPKaHUEM KJIACTEPOB B JKUAKOCTH. DTHM obec-
MEYMBAETCS] BO3MOXHOCTh KOJIMYECTBEHHOTO BBIPAKECHHUS KBA3HIIOJUKPUCTAIIIMYECKOH (KI1acTepHOil) MoAeIH
JKUJKOTO COCTOSIHHSI BEUIECTBa Yepe3 €€ CBOMCTBA HAa OCHOBE KOHIEMIWU XaOTH3UPOBAHHBIX YacTHUIl B Mpsi-
Moil cBsi3u ¢ pacrpenenenuem bosbiMana. DHepreTuueckuil criektp bonbliMaHa MPUMEHUTENEHO K KUHETH-
YEeCKOIl SHEPTUU XaOTHYECKOTO TEIUIOBOTO JIBHXKCHHS YACTHIl B TBEPAOM, )KHUIKOM H Ta3000pa3HOM COCTOSI-
HUSIX BEILECTBA MO3BOJIWI BBLACIUTH TPU DHEPreTHUECKUX KJIacca C MPUCYTCTBUEM HMX BO BCEX arperaTHbIX
COCTOSIHUSIX M B CyMMe, Bcer/ia paBHOM eauuuie. [IpuBeneHs! GopMyIibl MO0 pacdyeTy AOJIH BUPTYaIbHO YIO-
PANOYEHHOMN KJIACTEPHON M MOJHOCTHIO XAaOTHU3UPOBAHHOM COCTABISIOIIMX JKMIKOCTH, HAHJAEHHBIX C MOMO-
LIBIO PACHpeieIeHUA YaCTHUI] IT0 SHEPTETHYECKUM KJIACCaM H pa3MepaM KJIaCTEpOB.

Kniouesvie cnosa: pacnpencicHue BOHBHMaHa, XAa0TU3UPOBAHHBIE YaCTULbI, BEPOATHOCTH, BUPTYaAJIbHOCTD,
KJIaCTEp, paciliaB, BA3KOCTb, HICJIOYHBIC METAJJIbI.
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