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ABSTRACT

There are results of the melts of semimetals and semiconductors of various structural groups research in
the article. On the example of simplified regular Bethe lattice one can model destruction and
aggregation of structures in clusters and on it’s basis to substantiate the metal melts properties in the
form of nanolayers. The variety of compressibility polytherms forms in electronic melts requires typing,
since their analysis makes it possible to explain the mechanism of the aggregation and dissolution
processes of extended objects in melts. The article contains formulas that allow explaining the
mechanism of the dissolution of cluster structures and their influence on the physicochemical nature of
the molten state. There is considered the process of cluster fragmentation. Larger fragments of clusters
are formed in the process of crushing, and this fact leads to the compressibility that decreases more
rapidly, only after passing through the extremum it begins to increase due to the thermal loosening. The
study of the function's compressibility for an extremum in the compressibility's temperature
dependence also indicates the changing process of the clusters decomposition mechanisms in melts
with an increase in temperature and vice versa to aggregation with a decrease in the melt temperature
to the melting temperature.
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Introduction

The article is devoted to an important problem
in the development of the theory of the liquid
state, which allows to create new technological
processes of metal production and improve existing
processes. In a cluster solution, the forces of
interaction between monomers and clusters are
assumed to be pure van der Waals forces.
Simultaneously obtained the ratios required for the
calculation of the wave function and the radial
distribution function of the electron, the knowledge
of which allows to calculate the free energy.

Model formulas of interatomic potentials can
be used to calculate the physical properties of
liquid metals: energy, pressure, equation of state,
surface tension, viscosity and other parameters.

The presence of clusters not only near the
crystallization temperature, but also at very high
temperatures, in alloys of semi-metals and

semiconductors is due to the presence of two types
of chemical bonds - covalent and metallic [1-12].
The type of covalent bond that exists and
predominates in a crystal, it cannot disappear
immediately after melting or further heating when
it is in a liquid state. These bonds are embedded in
the nature of the atoms that make up semi-metals
and semiconductors, in the outer electron shell of
atoms, and cannot be lost in any aggregate state of
matter. The problem is only in the degree of their
clarity. If these bonds are accompanied by bonds
that differ greatly in energy, then they are
significantly defined, for example, molecular
liquids. If these bonds are not immersed in the
matrix of other types of bonds that do not differ
much in energy from them, then their individuality
is close in energy, but differs in the nature of
bonds, for example, metal bonds are leveled on a
leveling background. Thus, the cluster model of a
two-structure melt (model of a mixture of cluster
and atomic components), which is different in
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nature, but close in strength (energy), characterizes
the possibility of equilibrium of two types of
chemical bonds (covalent and metallic), ie
thermodynamic aspect and two mechanisms of
thermal decomposition of clusters (kinetic aspect),
semi-metals and semiconductors in alloys allow to
qualitatively correctly explain the main types of
experimental and theoretical polytherms of
compressibility.

The diversity of types of compressible
polytherms in electronic alloys requires typification,
otherwise their analysis allows to explain the
mechanism of dissolution and aggregation of
elongated objects in alloys.

Experimental research
From the point of view of the basic principles of

thermodynamics we consider the modulus of
isothermal elasticity [1, 6, 7]:
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where y is the coefficient of proportionality.
Let the pair potential be interpolated with the
following function:
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Differentiating this function by R and putting it
in formula (1), we obtain the following ratio for the
modulus of elasticity k:

(3)
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where a is some constant.

So for compression 8s we can write:
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Equation (4) allows to explain the mechanism
of the dissolution process of cluster structures and
their effect on the physical and chemical nature of
the molten state. Computer modeling of the order
8 in T-dependence according to the formula (4)
leads to the types of adiabatic compression
polyters, shown in Figure 1 (where E ~ T is taken
into account).
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Figure 1 - Compressive polytherms
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On the other hand, the matrix-cluster fluid is
mentally divided into a separate matrix, ie a
homogeneous atomic metallic fluid and a cluster, ie
a liquid consisting only of clusters, as shown in
Figure 1.

Such a division is possible only mentally,
because the clusters can only be in the medium of
the matrix fluid, and any attempt to separate them
precisely can lead to the cessation of clusters. But
mentally divide and pour into separate containers:
for the first matrix liquid; for the second cluster
fluid. Suppose that the compressibility of the matrix

fluid in the first vessel is equal to '81, the
compressibility of the cluster liquid in the second

vessel is equal to 2 . Further, assume that all
clusters in the second disk are the same size and

each has N atom. If N = 1, then we cannot
distinguish between the contents of the second and

first vessels, and '82='Bl. This is the first
extreme case.

Thus, it is possible to type Bs polytherms
according to the type of structural changes in the
melt.

In the absence of structural changes during the
heating of the condensed body, the interatomic
distances increase with temperature. Therefore,
the value of 85 increases with temperature, hence,
the compressive polymer for liquid metals
increases with temperature from thermal
loosening. Such polymers are classified as polymers
by type of metal.

Typification of compression polytherms of
semi-metals and semiconductors in alloys requires
the identification of the underlying sign. Such a sign
may be the nature of the structural changes of
clusters - the mechanism of their thermal
decomposition. Suppose that only the clusters
dissolve during heating in the "solution". Then,
according to the analysis of equation (4), the
compression polymer is characterized by a
minimum temperature 8s a curve that decreases
uniformly with temperature.

This is especially true of tellurium alloys.
Therefore, compressive polytherms are called
tellurium-type polytherms. During the process of
crushing clusters, the compressibility decreases
sharply and begins to increase after extremum,
which is characteristic of selenium. Such
polytherms can be called selenium-type
polytherms. The presence of extremums in the
temperature dependence of compressibility also

indicates a change in the mechanisms of melting
processes [4, 5, 6].

Research results and discussion

Clusters can exist as individual particles only up
to a certain size. As the dimensions increase, their

individuality begins to "wash out". If N s very
large, in order, then it makes no sense to talk about

clusters A it is better to say that the whole
container is filled with one "supercluster"”, ie there
will be crystallization. And in this case, the contents
of the dishes will not be separated again. In fact,
the clusters are poured into a homogeneous mass

not when N ~10%, but when the values of N

are much smaller. In fact, as clusters increase in
size, each atom in them will be surrounded by a
larger number of neighboring atoms, and the
packing of atoms will become more dense. As a
result, the hardness of covalent bonds begins to
decrease and will often break with the release of
electrons. It can be assumed that there is a finite
number of atoms N, when the clusters cease to
exist and merge into a homogeneous atomic

matrix. This is the second extreme case. So, if N -

N7 then the liquids in the first and second

vessels are in equilibrium, and again B2/ .

ﬂ:ﬁl ¢1+ﬁ1¢2 (5)

parts P and P2 of vapor-moving and liquid-
moving particles were studied by Professor V. P.
Malyshev's theory of disordered states [1, 2, 4]:

Ty
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(7)

Y

Here YM- is the proportion of vapor-moving

e Plam . o
particles, '™ is the proportion of liquid-moving
particles. Given (6) and (7), the formula for
compressibility can be written as follows:
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The temperature dependence '81 is shown in
Figure 1. A general description of the order of this
function is given in Figure 1. As the temperature of
the metal melts, the interatomic distances increase
with temperature, ie heat is released. This leads to
an increase in adiabatic compressibility with
temperature 6. The melt is very compressible.
Formula (8) can show changes in the nature of
structural changes in clusters in alloys and explain
the mechanism of their thermal decomposition or
aggregation. Assume that the clusters dissolve as
the temperature in the cluster solution rises. In this
case, according to the analysis of equation (8), the
adiabatic compression polymer is characterized by
a minimum temperature 8 and a decreasing curve
in temperature. This process is typical of molten
tellurium.

Now let's look at the process of cluster
fragmentation. When crushed, large clusters of
clusters are formed, which leads to a very rapid
decrease in compressibility and begins to increase
due to the release of heat only after the extremum.
The melt is microhomogenized, the same order of

compression polymers is observed for molten
selenium. The study of the extremum in the
temperature dependence of the function (8) shows
the mechanisms of decomposition of clusters in the
melt with increasing temperature and, conversely,
the transition to aggregation when the melting
temperature decreases to Tyal,

Conclusion

Thus, concluding that the forces of interaction
between monomers and clusters in a cluster
solution are pure van der Waals, it can been seen
that the energy of their interaction is much less
than the energy of formation of clusters
themselves. This is because the main part of the
deviation from the ideal order of solutions in the
cluster solution is explained by the interaction that
leads to the formation of clusters. The study of
extremum in the temperature dependence of
compressibility shows the mechanisms of
decomposition of clusters in melts when the
temperature rises and, conversely, the transition to
aggregation when the temperature melts.
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TYWNIHAEME

Knacrepiik KypbUIBIMIApIbIH €py MEXaHH3Mi KoHE

oJapIblH OAJIKBITBUIFAH KYWHAlH  Qusmka-

XUMHUAJIBIK TabUFaThIHA acep eTyiH KOJIIaHy apKbUIbl METAJUI GaJ'IKBITl'[a.]'Iap)IHH KYPBUIBIMBIH JKQHE

Makana kengi: 30 kaHmap 2021
PeueH3eHTTeH oTTi: 25 aknaH 2021
Kabbinganabl: 05 Haypeiz 2021

TEOMETPHSIIBIK MapaMeTpiiepiH 3epjeriey HerisiHue
HEri3ri MakcaTsl 0okl TabbLTafgbl. Makanama opTypil KYPHUIBIMABIK TONTAap/bIH >KapThUIai MeTall
OaNKpITIANAPBl MEH JKapThUlall OTKI3TIIITEpiH 3epTTey HOTMKeNepl KenTipinreH. bere TOPBIHBIH
MBICaJIBIHA KJIacTepiepaeri KyphUIBIMAAPABIH Oy3bUTYbl MOJEIBACHTEH
HaHOKa0aTTapbl TYpiHAEri

ONap/blH TaOMFATBIH HAKThUIAY 3€PTTEYJIEpIiH

JKOHE OHBIH HeEri3iHae

MeTalul OajKbITHANApbIHBIH KAacHeTTepl HeTi3fenreH. ATOMIapablH

OpHaJlaCybsl 9p TYpJ'Il aTOMJApAbIH ©3apa JCepJIECy INMOTCHIHUAJIBI apKbUIbl CHUIIATTAJIa[bl, JKOHE 1C

TOpAArbl aToMAapabIH

a3 CaHbl faHa KapacTbIpbUIaJbl. Eepinreﬂ TYKbIpbIMJIAMaHbL

Hajifaianbll, KBa3UTOP SHEPrUsCHIHBIH OpTAllla MOHI ecenTeNreH. DJIeKTPOHABIK OajKbITIatapaarbl
CBHIFBUIFBIIITHIK MOJNUTEPMANapbl TYPJEPiHIH alyaH TYPJIri THUNTEHIIpYyAi Tajam ereldi, oTmece
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onapipl Tanjay OalKbITIajdapAarbl CO3BUIFAH OOBEKTIIEPIAIH epy XKOHE arperamus MpolecTepiHiH
MEXaHH3MIiH TYCIHAIpyre MyMKiHAIK Oepeni. Makanaia kiacTepiik KypbUIBIMAApIbl €piTy HPOLECiHIH
MEXaHU3MIH JKOHE OJIap/blH OaJKBITBUIFAH KYHIIH (DH3HMKa-XUMUSUIBIK CHUIIaThIHA OCEPIH TYCIHIIpyre
MYMKiHZAIK Oeperin dopmynanap kentipiareH. Kimacteprmepai ycakray mpomeci KapacThIPBLIAIbL
¥Ycakray KesiHze KiacTepiepAiH aca ipi >KapKbIHIIAKTaphl Ty3ileni ge, Oy CHIFBUIFBIITHIKTHIH aca
JKBUIZAM ~ TOMCHJCYiHE OKeNeAli JKOHE OKCTPEMyMHAaH OTKCHHEH COH FaHa  JKbUIyMEH
0oCaTbUIATBIHABIKTAH ~yiFas OacTainpl. CHIFBUIFBIITHIKTBIH — TEMIIEPATypalbIK — TOYyeIIUIriHae
9KCTPEMyMFa 3epTTey TEMIIepaTypa JKOFapbUIaFaHAa OaJKBITIANAPIAFbl KIACTEPJIEpAiH bIAbIpAY
MeXaHU3M/JIEPIiHIH JKoHE KepiciHlle GanKy TeMrepaTypachkiHa JeiiiH TOMEH/IETCH/IE arperaiysra aybicy
npoueci kepceresi. JKYMBICTBIH INPaKTHKAJIbIK MAaHBI3IBUIBIFBI TYCTi JKOHE Kapa MeTaLlyprusja
KOJIIAHBUIATBIH TEXHOJIOTHSUIAP/BI 93ipiey YIIIH FBUIBIMU HETI3ACNIeH AaNIFbIIapTTapibl Kypy,
TEePMOJMHAMHKAIIBIK MOJENIBAI  JKacayFa JKOHE  OaNKbITBUFAH KYWHIH XUMHSIBIK AKTHUBTUIIMH
OospKaypl JaMBITYFa KOMEKTeCy OO0JIbII TaOblIabl.

TyiiiH ce30ep: »yNTHIK MOTCHUUATAAP, ATOMIAPBIH YJIECTIPIM (YHKIHMACHI, )KapThUIAH OTKI3TIILTIK,
(DYHKLMOHAI THIFBI3/IBIFBI, ATOM/IAP, MOJICKYJIANIBIK AUHAMUKA, KJIACTEPIIK KYPBUIBIM.
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Pa3bACHEHNEe MeXaHU3Ma PACcTBOPEHUA KNACTEPHbIX CTPYKTYP U BAUAHUE UX Ha
GU3MKO-XMMUUECKYIO NPUPOAY PACN/IaB/IEHHOTO COCTOAHUA
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AHHOTALUMUA

OCHOBHOI LENb0 UCCNea0BaHUM ABNAETCA YTOYHEHME MPUPOAbl HAa OCHOBE M3YYeHMUA CTPYKTYpbl W
reOMETPUYECKUX MapamMeTPoB META/IZIMYECKMX PACMIaBOB C UCMO/Ab30BAaHMEM MEXaHW3Ma M/iaBieHus
KNacTePHbIX CTPYKTYP M UX BAMAHUA Ha GU3NKO-XMMMUYECKYIO NPUPOAY Pacn/iaBaeHHOro COCTOAHMUA. B
cTaTbe MPUBOAATCA pPe3ynbTaTbl WCCAEAOBaHUM PAcnaaBoB MOAYMETANN0B U NOAYNPOBOAHMKOB
Pa3IMUYHbIX CTPYKTYPHbIX rpynn. Ha npumepe ynpoLiLeHHOW perynspHoit peleTku bete MOMKHO
MOAENMPOBaTb PaspyLIeHMe 1 arperaumio CTPYKTYp B KaacTepax U Ha ee ocHoBe 060CHOBATb CBOWCTBA
pacn/iaBoB MeTa/i/ioB B BMAE HAHOC/I0eB. PacnosioskeHne aTOMOB OMMWCLIBAETCA 4Yepes MoTeHLuuan
B3aMMOZEWNCTBMA Pa3/INYHbIX aTOMOB, MPUYEM PAcCCMaTPUBAETCA AWIUb Masioe YWUCI0 aTOMOB B
peweTke. Mcnonb3ya AaHHYIO KOHLUEMUMIO BblYUMCASEM CpPeAHee 3HauyeHMe SHepruu KeasuTopa.
PasHoo6pasme Gopm NOAUTEPM CHUMAEMOCTU B 3/IEKTPOHHBIX pacnnasax Tpebyer TMNM3aumm, Tak Kak
WX aHanM3 No3BO/AET Pa3bACHUTb MEXaHW3M MPOLLECCOB arperauum M pacTBOPEHWUA MPOTAMKEHHbIX
06beKToB B pacniaBax. B ctaTbe npuseseHbl GOPMybl, KOTOPbIE MO3BO/AKOT PA3bACHUTL MEXaHU3M
npoLecca PacTBOPEeHUS KNACTEPHbIX CTPYKTYP W BAWAHME MX HA OU3MKO-XMMMYECKYID Npupoay
pacnnasieHHOro coctoaHuA. PaccmaTpusaetca npouecc apobaeHusa Knactepos. Mpu apobnaeHumn
obpasytotca 6onee KpynHble OCKONKM KNacTepoB W 3TO MPUBOAMUT K TOMY, YTO CKMMaAeMOCTb nagaert
60nee BbICTPO M TONBKO MOCAE MPOXOXKAEHMA 3KCTPEMYMA HauMHaEeT BO3pacTaTb M3 - 33 TEMN/IoBble
paspbixneHus. UccnepoBaHne GYHKLUM CHUMAEMOCTM HA SKCTPEMYM B TEMMEPATYPHOW 3aBUCMMOCTM
CMMAEMOCTM YKa3blBAET TaKKe Ha NPOLLECC CMEHbl MEXaHM3MOB PacnaZa KAacTepos B pacnaaBax npu
BO3pacTaHUM TemnepaTypbl M HaobOPOT K arperauuu Npu MOHWMKEHWM TemnepaTypbl MAaBAeHUsA.
MpaKTMyeckas 3HaYMMOCTb PaboTbl 3aK/1OYAETCA B CO34aHUM HayYHO 060CHOBAHHbIX NPEAMNOCLINOK ANs
pa3paboTKM  TEXHONOTMM B  LBETHOW W  YEpHOW MEeTannyprum, comenctsum  paspabotke
TEPMOAMHAMMUYECKON  MOLENW W Pas3BUTUIO  NPOTHO3MPOBAHWA  XMMWMYECKOW  aKTUBHOCTM
pacnnaBieHHOro COCTOAHMS.

Knioyesble cn0ea: napHble MOTEHUManbl, paguvanbHble pacnpeaeneHns aToOMOB, MNONYNPOBOAHMK,
GYHKUMOHAN N/IOTHOCTM, CTPYKTYPHbIN GaKTOp, aToMbl, MOJIEKYAApHana AMHAMKKa, KaactepHas

CTPYKTYpa.
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