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In this paper, we simulate thermodynamically the morphology-dependent phase equilibria in core-shell
nanoparticles of a phase-separating solid solution using the example of W-Cr heavy alloy. The morphology of a
nanoparticle is described in the framework of the fractal geometry methods. It is shown that there are two
possible heterogeneous states in a nanoparticle while the compositions of phases in both states differ from each
other. The dependences of mutual solubilities of components on the temperature are obtained while the behavior
of these dependences significantly differs depending on the particular state and the morphology of nanoparticle
under consideration. In nanoparticles of a very complicated morphology, the phase separation itself gets
suppressed and the nanoparticle remains in the homogeneous state at the temperatures significantly below the
macroscopic value of the upper critical dissolution temperature. The demonstrated regularities are explained
based on three mechanisms of reducing the free energy of the system and the “competition” between them. In the
final section, a method for calculating ‘the equlibrium size distributions and average characteristics of
nanoparticle ensembles is described along with a technique of measuring nanoparticle fractal dimensions based
on the microscopy data.
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1. Introduction

In recent years, one of the main development vectors of the contemporary metallophysics is represented
by investigating the unique set of properties of nanoparticle-fabricated samples which are resulted from the
formation an ultrafine-grained structure in such materials. The structure of this type is generally obtained
using the up-to-date additive powder metallurgy technologies [1-5] including the selective laser melting
(SLM), selective laser sintering (SLS) and, especially, spark plasma sintering (SPS) methods [1, 2]. The last
technique consists in the high-rate heating of nanopowders in a special conducting (graphite) mold due to the
propagation of short (dozens of milliseconds) high-power current pulses through it. The sintering is carried
out in the vacuum or in the atmosphere of an inert gas, the one-axis pressure being applied to the sample at
the same time. An ultrafine-grained structure is obtained and the grain growth process is hampered in the
case of the considered technologies as a result due to the possibility of dramatically high heating rates (up to
2000 — 2500 °C/min). It also necessary to mention that the SPS technology provides a number of “knobs”
which make it possible to influence on the key characteristics of the obtained nanostructure of a metal
sample through tuning the value of the applied pressure, heating temperature and heating time, heating and
cooling rates etc. even in the course of the sintering process.

One of the primary objects of applying the developed additive manufacturing methods are the
nanostructured tungsten-based heavy pseudo-alloys (the components of those are boundedly soluble in each
other while the material is obtained using the different methods from the direct alloying) including the W ,—
Cr, ones [1-4, 6, 7]. Along with the significant fracture resistance under the dynamic loading conditions [6],
the alloys of this system are characterized, for example, by the possibility of self-passivation [1] and a
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dramatically high corrosion resistance at high temperatures [1, 2]. These ones and many other features [4]
together provide a large number of biomedical, construction and special applications for such alloys.

At the mascoscopic scale, the W,_,—Cr, to not form a continuous series of solid solutions and undergo
the phase separation with the upper critical dissolution temperature (UCDT) at 1906 K without any
intermetallic phases [1, 7-9]. In the case of the additive powder metallurgy technologies being applied, the
primary ways of controlling the physico-chemical properties of such materials consist in the formation of
super-saturated solid solutions [1, 4] as well as of grain-boundary segregations with excessive contents of the
dissolved component [7]. At the same time, in the analysis of phase equilibria in systems of a small volume,
it is necessary to take into account several characteristic features. These peculiarities manifest themselves in
significant dependences of mutual solubilities of components and equilibrium volume fractions of co-
existing phases on the volume [9-20], shape of a nanoparticle [12-14, 18], thermodynamical characteristics
of the surrounding environment [20] and several other factors [15, 17, 19]. The -equilibrium phase
compositions of small-volume systems are significantly different from the phase compositions of the same
systems in the bulk state and can be modeled using the methods of equilibrium chemical thermodynamics
[21] and several other approaches [22] (the applicability of thermodynamical methods in the analysis of
phase equlibria in small-volume systems as well as their applicability limits are discussed in [23]). The
experimental observations of the abovementioned effects are described, for example, in [24, 25].

2. Mathematical model of the phase separation in nanoscale particles

In the bulk state, the phase equilibria in the Wy,,-Cr, system are represented by the classical Becker
curve [1, 8, 9]: the components are boundedly soluble in each other below the temperature of ~1906 K. As
the system to be modeled below, we consider equiatomic nanoparticles of various shapes; below the UCDT,
the nanoparticle contains a spherical-shaped inclusion (which is hereinafter referred as “core-phase”) of a
solid-solution surrounded by a solid-solution layer (“shell-phase™) of a given shape. The nanoparticle volume
is characterized by the effective diameter (de, the diameter of the sphere, the volume of which being equal to
the one of the considered nanoparticle). In a closed binary system with the core-shell configuration, the
conservation conditions of matter interrelate the nanoparticle effective diameter, total amount of matter in the
system (n), numbers of moles of each component (n;, indices i= 1, 2 correspond to chromium and tungsten,
respectively) and concentrations of components i in phases j (x;, indices j = c, s correspond to core- and
shell-phases, respectively) [18]:

nd, /6 = ZVJ, no=xn,n,+n=ngn=yn,Vo=>nV,x = ”.,/Z n,. @
j

Here, V; and V; are the volume of phase j and the molar volume of component i, respectively. The molar
volumes are Vl = 7.23 cm®mol, V, = 9.53 cm*/mol. x=0.5 in the case of equiatomic particles [9, 15].

In order to provide- a general description of all the possible nanoparticle geometric configurations
including the most complicated and irregular ones, the fractal geometry approach is used [18, 26-28]. In the
framework of this approach, the nanoparticle shape is characterized by its fractal dimension D which relates

its surface area A to its volume (effective diameter des): A :C(nd:ﬁ /6)2/ ° . Without any losses of generality,

constant C is assumed to be C =4xn[18, 26-28]. For regular simple structures, D =3.00, in their turn, the
structures of a complicated and irregular morphology correspond to the values of D <3.00 while D is also
non-integer.

The examples of structures with various D are given in Refs. [27, 28]. Fractal dimension D of a
nanoparticle can also be expressed in terms of the nanoparticle surface-to-volume ratio (k):

k(V,D)=V*°/(3v/4n)", V =nd?, /6. The nanoparticles of 40 nm in effective diameter and fractal

dimensions of 2.60, 2.75 and 2.90 correspond to the surface-to-volume ratio values of 2.51, 1.72 and 1.23,
respectively.

In the considered system, the characteristics of the equilibrium state are obtained by minimizing the
Gibbs function (g) per one mole of matter including the energy contributions of all interface boundaries:

g :Z:(n1J +n,, J(X“,T)+GSAS +0, A,
i

2
Gj(xlj,T):Axlj(l—xlj)+Alxi_( )+AIII (1 X, ) +RT(x1j Inxlj+(1—xlj)ln(1—xlj)).
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Here, o  and o _ are the surface energies of the inner (core-shell) and outer (shell-) interface
boundaries while R is the universal gas constant. The parameters A, A, A, are as follows:

A =30202.0; A, =2635.5; A, =0][9, 15]. The energies of interface boundaries are calculated using the first
approximation (this approach and the obtained results are not accompanied by any losses of generality, see
also [17, 19]):c, =05> 0(x,), o(x,)=0x, +0,(1-x,), o =ox, +0,(1-x,). Here,o,=0.657 J/m?

6,=1.110 J/m? [9, 15].

In the case of the properties of small-volume systems being considered in the framework of the
thermodynamical approach, the problem of the thermodynamics applicability at the nanoscale and its lower
boundary cannot be ignored. As the authors of [23] have noted, it is the most appropriate to apply the
theoretical approaches based on the fluctuation theory to determine the applicability limits of chemical
thermodynamics. Indeed, spontaneous fluctuations of thermodynamical characteristics (associated with the
discreteness of the atomic-molecular structure of any system, being increased with a decrease in the amount
of the matter which forms the system) represent the natural limitations -on the application of
thermodynamical approaches: if the fluctuation values of a parameter get comparable with the values of the
parameter, this fact testifies, on the one hand, to the inadequate application of the thermodynamics
techniques in this case, on the other hand, to the instability of the considered system itself as well as to the
tendency of its decomposition due to fluctuations.

In [23], the authors have analyzed the fluctuations of temperature and surface tension of nanostructures.
The temperature is taken into account by the authors (instead of the density, for example) due to the fact that
the temperature plays the role of the “only state parameter introduced in the thermodynamics in addition to
the mechanical variables such as pressure P and volume V> for simple systems. Meanwhile, the structure
stability of small-volume systems directly depends on. the value of a temperature fluctuation. In order to
estimate the absolute value of the root-mean-square temperature fluctuation &7, the following expression

can be used: 8T =T4/R/CX N . Here, X is the variable (or the set of variables) which remain constant in the

considered case; N is the number of molecules and atoms which are contained in the considered systems; R is
the universal gas constant; Cy is the molar heat capacity at X = const. In [23], it is assumed that X = P while
the isobaric molar heat capacity is included into the abovementioned expression (in the considered case, the
surface contribution to the heat capacity of a nanosystem is not taken into account since the value of the
temperature derivative of the surface enthalpy (introduced for the first time by E. Guggenheim) does not
exceed a fraction of a cent of heat capacity Cp according to the authors’ early assessments). The results of
calculating 8T are given in Table 1 of [23] where nanoscale droplets of n-butane and solid nanoscale
aluminum and sodium particles have been used as model systems. The calculations show that the value of
3T does not exceed a few percent in all the three cases even for a system containing N = 100 atoms or
molecules (5T decreases with an increase in N).

In their turn, the following expression is used in order to calculate the relative fluctuations Ac/c of the
surface tension:

KT
Ac |, ’_[32 r<r,
— =9 \12xr
(&}

0, r>r,

where k is the Boltzmann constant; r is the radius of a nanoparticle; B, is the isothermal compressibility; re

is the characteristic size determined as follows: in the case r>r, the surface tension of a nanoparticle can be
considered to be equal to its macroscopic value; in the case r<rg, it is assumed that the dependence of the
surface tension on the system size is described by the linear formula of A.l. Rusanov: o = Kr where K is the
proportionality factor which is commonly estimated based on numerical simulations or empirically.

As it is demonstrated in Table 2 of [23], where the estimates of fluctuations for several pure metals are
given, the fluctuation values are no more than a fraction of a cent even for a cluster containing 12 atoms.The
considered estimates can also be accompanied by the considerations of M.N. Magomedov on the minimum
nanoparticle size at which the differences between solid and liquid phases disappear. The geometric
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characteristics of the objects studied in this paper correspond to the area where the applicability of the
thermodynamical approach leaves no doubt.

3. Simulation results and discussion

The Gibbs function of a two-components phase-separating system with a core-shell structure (1-2) has
two minima which correspond to two-phase states with different mutual positions of co-existing phases.
Below, the state where the core-phase is formed with tungsten (while the shell-phase is chromium based) is
referred as “state 1”. Vice versa, chromium prevails in the shell-phase in state 2. In the case the bulk
nanoparticles are dealt with, the minima of the Gibbs function corresponding to each state are symmetric and
characterized by equal energies while the compositions of co-existing core- and shell-phases do not depend
on the state, which emerges in the nanoparticle. The compositions of core-and shell-phases in the bulk
structures are also independent on particle size and morphologyand match the reference data [8]. At the
nanoscale, due to the significant increase in the energy contribution of all the interface boundaries in the
system, the minima of the Gibbs function shift in comparison with the ones of bulk structures. As a result,
the compositions of core- and shell-phases depend on the mutual arrangement of co-existing phases, being
different in states 1 and 2, as well as on the size and morphology of the considered nanoparticles. The free
energy of nanoparticles in state 1 is lower than the one of state 2, i.e., state 2 becomes metastable.

The effects demonstrated below result from the tendency of the nanosystem to reduce its free energy: in
a core-shell structure; such reduction can be realized according to the three .mechanisms. The terms
introduced in [17] being used, these mechanisms are as follows:

o volume-controlled segregation: transferring the matter form the inner phase (core-) into the outer one
(shell-) leading to a decrease in the area of the internal (core-shell) interface boundary (this mechanism is
hereinafter denoted as “mechanism 17);

o surface energy-controlled segregation: enriching predominantly the outer (shell-) phase with the
component with the lower surface energy leading to a decrease in the energy of the external interface
boundary (the energy contribution of the internal one being much lower practically always; this mechanism
is hereinafter denoted as “mechanism 2”);

e suppression: maintaining the homogeneous state of the system, the phase-separation process being
suppressed. Physically, this mechanism stems from reducing the upper critical dissolution temperature down
to the value below the considered one (this mechanism is hereinafter denoted as “mechanism 3”). In the case
mechanism 3 being realized, the minimum of the Gibbs function corresponding to the considered
heterogeneous state disappears, being replaced by the one corresponding to the homogeneous configuration.

In the considered system, tungsten is characterized by higher values (in comparison with chromium) by
higher values of the molar volume and surface energy at the same time. The effective diameter of the
nanoparticles simulated below is 40 nm. The nanoparticle composition is equiatomic.

For both states, Fig. 1 illustrates the dependence of the solubility limits of chromium in tungsten on the
nanoparticle morphology and temperature. The realization of the considered effects is the most vivid for state
2: the lower the volume of a nanoparticle is and the more complicated the morphology of a nanoparticle is
(the lower the fractal dimension is), the higher the solubility of chromium in tungsten. For example, being
equal to ~9 at. % (the values for bulk structures are given in Fig. 1 with the solid line without markers) for
macroscale particles at T = 1300 K, the solubility limit demonstrates a dramatic increase up to ~14 (for D =
2.90) and ~15 at. % (D = 2.80). At the same time, variations of the fractal dimension of a nanoparticle in
state 2 lead to small changes in the solubility of W in Cr. For state 1, the solubility of chromium in tungsten
shows a lower sensitiveness to the changes in D (which is accompanied, however, by a significant reduction
of the mentioned solubility limit with a decrease in the nanoparticle effective diameter).

Fig. 2, in its turn, demonstrates how the nanoparticle morphology influences on the solubility of W in
Cr in state 1. Firstly, the lower the fractal dimension is, the lower the solubility limit of tungsten in
chromium turns out to be. Secondly, the relation between the nanoscale solubility limit and the bulk one
depends on the fractal dimension of a nanoparticle. In detail, the solubility of tungsten in chromium in
nanoparticles is lower than the one in the bulk state in the case of D< 2.90. In the case of “regular”
nanoparticles (D = 3.00), meanwhile, the solubility limit exceeds the bulk value at “high” temperatures near
the UCDT.

At lower temperatures, however, the solubility limit is somewhat lower in comparison with the one for
macro-sized particles. Taking into account the mechanisms listed above, the demonstrated regularities can be
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explained as follows: “complicating” the morphology and decreasing the effective diameter of a nanoparticle
in state 2 leads to the predominant implementation of mechanism 2 (“surface energy-controlled
segregation”); the atomic fraction of Cr in the shell-phase grows up.
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Fig. 1. Temperature - dependent phase equilibria (the Fig. 2. Temperature-dependent phase equilibria (the
chromium solubility in tungsten, atomic fractions) for tungsten solubility in.chromium, atomic fractions) for
nanoparticles in different states of the core-shell structure nanoparticles in state 1 for various values of D.

for various values of D.

The same mechanism 2 is characteristic for “regular’” (D = 3.00) nanoparticles in state 1 at “low”
temperatures (a decrease in the atomic fraction of W in the shell-phase is observed). At “higher”
temperatures, at the same time, mechanism 1 (“volume-controlled segregation”) is realized while the
tungsten content is increased in the shell-phase: If the nanoparticle morphology becomes more complicated
(i.e., the fractal dimension of a nanoparticle is reduced) at any temperature in state 1, the realization of
mechanism 2 manifests itself (in more detail, the “competition” between the mechanisms of reducing the free
energy is discussed in [16, 17, 19]).In the Fig. 1, the vertical dashed lines represent the temperatures at which
mechanism 3 (“suppression”) is implemented in nanoparticles. At these temperatures, the minimum of the
Gibbs function (which corresponds to the heterogeneous state 2) disappear with the appearance of another
one in the position of the homogeneous state without the phase separation.

The “suppression” temperature for state 1 is higher than the one for state 2 (as demonstrated in Fig. 1):
between these temperatures for states 1-and 2, the heterogeneous state 1 and the homogeneous state formed
instead of the heterogeneous state 2 are the possible ones in the system. Above the ‘“suppression”
temperature for state 1, the homogeneous configuration becomes the only possible one. As mentioned above,
the “suppression” temperatures for nanoparticles can be associated with the nanoscale UCDT values for
states 1 and 2; in both cases the UCDTs are much lower in comparison with the bulk values, especially for
nanoparticles in state 2: the UCDT reduction with a decrease in the fractal dimension reaches the values of
hundreds degrees. The demonstrated results can be accompanied by several other non-trivial effects in small-
volume structures, e.g., by the effect of the chemical composition. In bulk structures, a variation of the initial
composition of the considered system leads only to changes in the volume fractions of co-existing phases
(directly according to the so-called “lever rule”) but has no influence on the equilibrium phase composition.
In small-volume systems, in their turn, not only the volume fractions but also the compositions of core- and
shell-phases (and co-existing phases in the most general case) at equilibrium depend on the initial
composition. This effect is generic for nanoscale structures, being explained by the realization of different
mechanisms of lowering the free energy of the system in the case of nanoparticles of different compositions
(see [17, 19] for more details).

In real-life fabrication processes, the nanoparticle ensembles are dealt with instead of individual
nanoparticles, being characterized by the size and shape distributions. As shown by us in [26, 28], the
equilibrium size distributions for a free-dispersed system formed by nanoparticles with fractal dimension D
can be expressed as follows:
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Here, ¢, = o(d, /d, )'is the so-called “stoichiometric number”of a nanoparticle (the number of atoms

in a nanoparticle), A_ (D)is the specific surface area of the nanoparticle ensemble, 5 is the surface energy of
the material in the considered external environment (see also some remarks in Ref. [20]); o is the lattice
packing density, N is the total number of atoms in the system, d_ is the atomic diameter.

The suggested calculation technique provides the results which are in perfect accordance with the
experimentally observed distributions (see [26] and Refs. therein). the estimates can be obtained which make
it possible to model the thermodynamical conditions for the realization of optimal average geometric
characteristics of nanoparticles leading to the optimal phase composition as well to predict the degree at
which the equilibrium phase compositions and the set of composition-dependent functional properties ‘are

“blurred” in an ensemble. For example, average fractal dimension (D), average stoichiometric number <¢p>

and average effective diameter d_, of nanoparticles in the ensemble can be calculated as follows [28]:

2.0,[ 1, (D.4,.N)ds, > [4,1,(D.¢,,N)dg,
(D)=~ C{e,)=— ,

a(N) a(N)

(d,)=2(N)’ dZI D,.4,)dg,, Q(N)= Zj D,.4,,N)dg,.

Here, the limits of the integration over ¢ belong to range [1 N] while the sample of distributions is

considered where D, e (2,3) with an arbitrarily selected step [26, 28].

The fractal dimension of nanoparticles can be estimated based on the optical or electron microscopy
data using various methods including the so-called ‘box-counting technique” [29]. In the framework of the
mentioned approach, the image of the considered nanoparticle ensemble is converted into a monochrome one
which is then divided into square equal-area cells. In order to calculate the fractal dimension, the image
divided into cells is transformed into a square matrix. If the brightness of a cell exceeds the preliminarily
selected brightness threshold value (By,), such a cell corresponds to the matrix cell with the value of 1.
Otherwise, an image cell is represented by a matrix cell with the value of 0. Based on this transformation,
fractal dimension D is calculated using the following expression: S = AL® where S is the number of matrix
cells with the value of 1; L is the matrix rank; A is the factor which matches dimensions. The dependence
is obtained using the least squares method: the matrix rank being sequentially decreased (the cell size being
increased) by 2, 4, 8, ... times provided that the value of 1 is assigned to the cells which contain at least one
pixel of the initial image, the brightness of which exceeds the selected threshold value.

In the general case, the calculated fractal dimension is sensitive to the value of By, being varied in a
wide range when changing B,. For selecting the correct value of By, the “calibration” dependence (D (B, ))
is constructed. The sensitivity of the fractal dimension to the brightness threshold is represented by the
inclination angle of curve D(B, ). An example of such “calibration” dependences is demonstrated in [30].

In the formal consideration, the random uniformly distributed white noise is characterized by its
fractal dimension as well as by the relation between D and the brightness threshold in the form of a smooth
monotonously decreasing function as follows:

B
In(l—Bn:Xj—lnA B™ g
D(Bm):2+ th , S:LZ( lth;X Ihj:ALD'

InL

th

In the case of a square image, A = 1. However, the dependence of D on matrix rank L does not allow
considering the random noise as an appropriate fractal object for the application of the box-counting
techniques. The monochrome images of the classical fractal objects (Koch snowflakes, Sierpinski carpets,
fractal trees etc) are characterized by D = const, A = const for any By, For real images which represent
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superpositions of fractal structure and noise, dependence D (B, ) contains straight sections, steps as well as

extrema and inflection points. The correct brightness threshold value corresponds to the straight section
within which the deviation of dependence InS =DInL +In A from a straight line is minimal. This section is

found based on the minimum value of the first derivation of dependence D(B, ). The absence of a well-

pronounced straight section can result from the heterogeneity of optical properties of nanoparticles or to the
insufficient image quality.

4. Conclusion

The performed thermodynamical analysis of how the phase equilibria in nanoscale particles of phase-
separating solid solutions depend on the particle morphology using the example of W-Cr heavy pseudo alloy
leads to the following conclusions.

1. A nanoparticle with a core-shell structure has two possible two-phase states which correspond to
different mutual arrangements of co-existing tungsten-based and chromium-based phases. Unlike systems in
the bulk state where both phases have equal free energies and compositions of core= and shell-phases, in
nanoscale particles, the phase compositions are considerably different in each state.

2. The temperature range in which the heterogeneous state is stable significantly shrinks with reducing
the volume of a nanoparticle and “complicating” its morphology. The upper critical dissolution temperatures
for each state of the core-shell structure are also different, being both reduced with a decrease in the particle
size and fractal dimension.

3. The equilibrium phase composition of nanoparticles in each state depends on the particle morphology
while the pattern itself of the dependences of mutual solubilities significantly differs for particles of various
shapes in different states. This fact is associated with the occurrence of three different mechanisms
(“volume-controlled segregation”, “surface energy-controlled segregation” and “suppression”) which can
manifest themselves at the same time and even be “competing”.

The obtained reguliarities also demonstrate an additional “knob” which makes it possible to tune
multiple composition-dependent functional properties of nanostructured materials (including electrical and
thermal conductivity, resistivity to corrosion, elastic properties etc) through the taking into account the
specific influence of morphology factors on the phase composition at the nanoscale. Such considerations
could also be accompanied either with the up-to-date techniques of the controllable synthesis of
nanoparticles with a given shape or with the methods of describing and predicting various properties of
nanoparticle ensembles. In the latter case, our considerations can be helpful in predicting the range possible
variations of nanoparticle phase compositions as well as the degree at which the corresponding functional
properties are “blurred” in an ensemble.
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Tareq M.H., Lafta Sadeq H., Hussain Wafaa A.

Temen moabaik KareinacTa CsyC01.o5/Fe,0, HaHOOOIIIEKTEPiHIH MATHATTIK KacueTTepiH 3epTTey

MarsuTTik KacueTtepAi Oackapy YIIiH OypbIH mNaiianaHbUIMaraH dJIEMEHTTepMEH (eppuTTi ajaMacTeIpy acepi
3epTTeyIIiNep YIIH YIKEH KbI3BIFYIBUIBIK Tyabipansl. bym seprreynme CsyCo0y.q5/F€,0,  HaHOOeMIEKTEPiHIH
KYPBUIBIMIIBIK, JKOHE MArHUTTIK KacueTtepine Y momsapibik KateiHackl 0,0, 0,05, 0,15 xone 0,25 Gonranmarsr Cs-niH
TOMEH aJIMacTBIPYBIHBIH ocepi KepceriireH. CHHTE3 9JIici peTiHae TYHABIPY 9/ici TaHAanasl Metamn xnopunrepi pH
10-ra xery maxcateiHga NaOH kxeMeriMeH Ta3apThUIFaH Cya peakius KYpridy YIIiH nainaransuiasl. bapisik yoirizep
YIIiH peHTreHAiK Au(paKiys, OpiCTIK SMHUCCHSUIBIK CKaHEepJieyIli >SJEKTPOHABl MHKPOCKOMISICHI, 3IIEKTPOHIIBI
TUCTIEPCUSUTBIK  peHTIeHOTpadus JKoHE Jipid YATUIepiHIH MarHATOMETPHACH KYprisimmi. bapieik  yirizepnae
IIMAHENBIK KypbUTeM HeridiHeH Co (eppuTiHiH KYpBUIBIMBIMEH colikec keneni. CS MemmepiHiH apTybIMeH TOPIBIH
TYPaKTHICBIHBIH KaJIBl apTybl OaiKammbel, Oy ke3me Moibaik KateiHac O-meH 0,25-ke meiiiH ©cKeHAe KPHCTaJLTUT
emmeMaepi mamaMeH 18-meH 12,2 uM-re nmeitiH a3aiimbl. DNEKTPOHABI-MUKPOCKONHSIIBIK 3epTTey OapiblK YATiIepae
Oacka mimrHaepci3 cdepanblik HaHOOeMmeKkTep Oap ekeHiH kepcerti. CS1+ Menmepi apTkaH Ke3ge OOIIIeKTep.IiH
opramra enuemi 40-tan 60 HM-Te neiiiH Oonabl. MarHWUTTIK mapaMeTpiiep HETi3iHeH CaJbICTBIPMANBL TYpPJE JKOFaphl
KOIPIMTHBTI KymTi (KeH iMMEKTep) »*KOHE MAarHuTTeny KaHbIKThUIBIFBIHBIH (50,43 MxI'/r Oeiin), Kpuctammbl
AQHMU30TPOINTHI TYPAKTHUIBIK IIEH KBaAPATTHIK KOA(PPHUIUESHTTIH TOMEH/ICYiH KOPCETTI.

KinT ce3nepi: uesuii-ko0anbt ¢peppuTi, KYpbUIBIMABIK KACUETTEP], TUCTEPE3NC 1IMETi, HAHOOOMIIEKTEp, MarHUTTEY.

Tareq M.H., Lafta Sadeq H., Hussain Wafaa A.

Hccaenopanue MarHUTHRIX cBokcTB HaHo4acTul CsyC0y.g5/F€,0, pu HU3KOM MOJISIDHOM COOTHOLIEHHH

D¢ dexr 3amemieHus peppuTa paHee HE HCMOIH30BABIIUMHUCS dJIEMEHTAMH [UTS YIPABICHNAS MarHUTHBIMU CBOWCTBAMH
mpencTaBiseT OONBIION HMHTEpec UL wccienoBateneidl. Jl[aHHOE HCCIIGHOBAaHHUE IUTIOCTPUPYET BIMSHHE HU3KOTO
3amerieHuss CS ¢ momsapabiMu cooTtHorreHussMu Y, paBabix 0,0, 0,05, 0,15 u 0,25, Ha CTPYKTYpHBIC W MarHUTHBIE
coiictBa Hanodactui Cs,C0qos5/F€,0,. MeTon cuHTE3a SBHANCS METOAOM OCaXAEHUsS. XJIOPHABI METalIoB
HCIIOJIb30BANIMCH JUIS POBEJICHUS peakuuy B IUCTUILIMPOBAHHON Boje ¢ ucnosbs3zoBanrneM NaOH mnst mocrtikenus pH
10. JIns Bcex o00pa3noB OBUIM TPOBEACHBI PEHITCHOBCKAS JIUGPAKLUSA, IOJIeBas SMUCCHOHHAs CKaHMPYIOIIas
9NEeKTPOHHAs MUKPOCKONHMSA, JJIEKTPOHHO-IUCIIEPCHOHHAsS pEHTreHorpadus W MarHUTOMETPHS BHOPHUPYIOMIHNX
00pa3ioB. Y Bcex 00pa3loB IIIHMHENbHAs CTPYKTypa B 3HAUNUTEIBHOW CTENeHH COBIAaeT ¢ CTpyKTypoit ¢peppura Co.
Habmonanoch oOliee yBeIMYEHHE MOCTOSHHOW peIIeTKH ¢ pocToM cozepkanuss CS, B TO BpeMsl Kak pasMep
KPHUCTAJUIUTOB yMEHbIIAJCS mpuMepHo ¢ 18-t 10 12,2 HM mpu yBeNMUeHHH MOJISIpHOTO cooTHomeHus ot 0 mo 0,25.
DIEeKTPOHHO-MHUKPOCKOITMIECKOEe MCCICIOBAHNE MOKA3alo, YTO BCe 00pa3lbl NMEIOT cepruiecKkre HAaHOYACTHIBI 0e3
Kakux-1moo apyrux ¢opm. CpenHuii pazmep dactull cocrasisul oT 40 1o 60 HM npu yBennueHuH coxepxanus Csl+.
MarHuTHBIE MapaMeTpbl B OCHOBHOM TOKa3alli OTHOCHUTEIHHO BBICOKYIO KOIPIUTHBHYIO CHIIy (IIHPOKHE METIH) U
CHIDKEHHE HACHIIICHHOCTH HaMarHmdeHHocTd (mo 50,43 mkI/r), KpHCTaTMYeCKOW aHW30TPOIMHON IOCTOSHHOH M
K03(h(puIMeHTa KBaJPATHIHOCTH.

KiiloueBble €J10Ba: 11€3UiH-KOOAIBTOBBIM (QEpPUT, CTPYKTYpHBIE CBOWCTBA, METJISI THUCTEpPE3UCa, HAHOYACTHIIBI,
HaMarHUYMBaHUe.

Conoamxan /., Amanzenoi H., Maxanoeé K.M., Cmazynoe K.K., Ouyap A., Mayeii b..

Yaerinren °Li -nutnii wone '°0 — orreri AAPOJIapAbIH c - KOMIpTeri ApOChIHAH IAMBIPAYBIH KAPTHLIAI
MHKPOCKONMUSUIBIK Tajaayaa ;kaHa B3Y-Fetal moreHnnaapIH KoJgany

Temen smeprusima yaerinren °Li - murmii, °0 — orreri monmapemsi °C -keMipTeri SIpOJaH MIANIBIPAYBIHBIH
OYpBIMTHIK TaparyblHAH TaObUIFaH (PEHOMEHOIOTHSUIIBIK JKOHE JKapThlIall MUKPOCKONMMSJIBIK HMOTEHIHANIAP MOHJIEPI
aHbIKTaFad. CepriMIi mambIpayablH YKCIIEPUMEHTTIK IePEKTEPiHe ONTUKAJIBIK MOJIENb KOHE eKUTIK (HOJTUHT MOJIEIh
ureHOepinae Tanmay okacanraH. @DOJAMHT MOJENb Heri3iHae THIMAI HYKJIOH-HYKJIOH/BIK ©3apa dcepliecyadiH
THIFBI3ABIKKA Toyenai FOkaBanbiy 3 Tepmunai Fetal moteHnmans anram pet KongaHbuFad. ONTHKABIK TTOTEHITHAIBIH
HakTel Oemiri peringe FOxaBansiH 3 Tepmunmi Fetal, Reid, Paris moTeHIMangapblHBIH  TBHIFBI3ABIKKA TOYEINII
MHKPODOIIHHT Typiepi eKizik (omIMHr Mogenbae Kypbuasl, "O+2C sapolbIKk xKyiie yuiiH 3eprxaHaibik 28 MeV
xoHe 30 MeV oueprusmmapna xaHa Fetal wwukponorenimansiHeiH THimainiri Reid, Paris HyckamapbiMeH
CaJbICTBIPBIIMANIBL TYPAE 3EpPTTCIIICH. bLi+*C SAOPOJBIK JKyHeci ymiH 3eprxaHaiblk 12,3 MeV xone 20 MeV
sHeprusiiapaa xaHa Fetal xyii tenneyinin tuiMainiri Reid, Paris HyckanapbIMeH CajibICTHIPBUIMAIIBI TYPJE 3€PTTEINTEH.
(DeHOMEHONOTHSIIBIK  TalAAyIbIH HOTHIKECIHIE OKCIEPUMEHTTIK >QHE TEOPHSUIBIK KHUMaJlapiAblH CajbICTHIPMAIbI
karenikTepi 1,1 — 3,0 apanbikTa aHbIKTaIbl. JKapThllall MUKPOCKONHMSIIBIK TajlayblH HOTHXKECIH/IE MUKPO(OIIHHT
MOTeHIMANAAPABIH KaiiTa HopManay kodddummentepi 0,8 - 1,0 apanbiFblHIA aHBIKTANIBL. AJIBIHFAaH MOIMETTEpi
opTYpIi iprenm 3epTTeynepAe, arTam aWTKaHga OoJIANIAKTarbl TEPMOSIPONBIK KOHIBIPFBUIAPAA KOHE SIPOJIBIK
acTpo¢u3nKaaa KOJIaHbUIATBIH O0JaIbI.

KiaT ce3nepi: saposibIk MaTepus, CEpITiMII MaNIbIpay, >KapThllail MEKpOCKOTISUTBIK Tanaay, B3Y - Fetal morenmais.
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Conoamxan /1., Amanzenoi H., Maxanoe K.M., Cnazynoe K.K., Auyap A., Mayeii b.

Hcnosb3opanne HoBoro norenuuaia B3Y-Fetal npn nonymukpockonuyeckoM aHaan3e paccessHUsl YCKOPEHHBIX
sigep °Li - amrus u *°O - kucopona ot siapa “C — yruepona

OmpeneneHbl pEHOMEHOIOTHYECKUE U TIOJIyKOMUKPOCKOITMYECKHE 3HAaYEHHS ITIOTEHIINANIOB, 0OHApY)KEHHbIE B YIJIOBOM
pacnpenenennu paccesnus °Li - murns, °0 — nonoB kucnopona ot sapa “C - yriepona, yCKOPEHHOTO MPH HU3KHX
SHEPrUsiX. OKCIEPUMEHTAIbHBIE JAaHHBIC YIPYTOro paccessHUs ObUTM IMPOAHAIM3MPOBAHBI B PaMKaxX ONTHYECKOH
Mozeny U ABoWHOW Monenu Qomgmara. Ha ocHOBe Monenu ¢onauHTa BIEpBBIE OBUT HCIIONB30BaH MoTeHnuan Fetal,
co3aHHbIH B 3-TepMuHax HOKaBbI, 3aBHCUMOM OT TIIOTHOCTH 3()(EKTHBHOTO HYKJIOHHO-HYKIIOHHOTO B3aHMMOJICHCTBHA.
3aBHCHMBIC OT TUTOTHOCTH THIIBI MHUKpoQoauara moteHnuanos Fetal, Reid, Paris, chopmupoBanHbie u3 3-TepMHHOB
IOkaBBI Kak peanbHas 4acTh ONTHYECKOTO MOTEHIMANa OBUIM CO3AaHBI B MOJENU IBOWHOTrO (ongunra. Jns spepHoH
cucremsr “P0+C s peKkTuBHOCTE HOBOTO MuKponoTeHuuana Fetal mpu maboparopubix sHeprusix 28 MasB u 30 MaB
n3ydeHa comoctaBuMo ¢ BapuaHTamu Reid, Paris. DddexrrBHOCT, HOBOro ypaBHeHUs coctosiHusl Fetal mpu
nabopatopHsIX 3Heprusix 12,3 MaB n 20 MaB st siaepHoii cuctemMsl SLi+'2C M3ydajlach COIIOCTABMMO C BapHaHTaMuU
Reid, Paris. B pesynbrate (eHOMEHONOTMUECKOIO aHajiu3a OBUIM BBISBICHBl OTHOCHTENIBHBIE IMOFPELIHOCTH
IKCICPUMCHTAILHOTO M TEOPETHUYCCKOro cedyeHuit B mHTepBane 1,1 - 3,0. B pesynprarte MOIyMHUKPOCKOMAICCKOTO
aHanM3a MUKPOQOJIUHT ONpeAesIn KOod(hPHUIUEHTH nepedopMyaIMpoBaHus MOTeHnuanoB B mpeaenax 0,8 - 1,0.
[Nomyaennsle naHHBIC OyIyT UCHONB30BAHBI B PA3IMYHBIX (DyHIAMEHTAIBHBIX HCCIIEAOBAHMAX, B YACTHOCTH B OyXyIIHX
TEPMOSZIEPHBIX YCTAaHOBKAX M SAEPHON acTpodu3uKe.

KaroueBble ciioBa: snepHas MaTepys, YIPyroe paccesHue, IoJIyMHKPOCKOTMYECKUH aHau3, moteHnuan B3Y -Fetal.

Hypumounoe U., Tamumemos M. I0., Xooxncaeg Y. O., Omapos C. X., Xannoxoe @. K.

DJIeKTPOHBI CIYyJIeJeHYAIH TeMip KOCBUIFAH TAJNJIMIl MeH MHIMI MOHOCEJMHHMAIHIH YIUTIK KPHCTAJIIaPbIHbIH
KPUCTAIBIK KYPbUIBIMBIHA, 0€TTiH MUKpOpeibedine jKoHe 30HITAIFAH eHiHe dcepi.

BepiireH »yMbIC 3JICKTPOHIBI COYJICICHY IIH TEMIPMEH JICTUPJICHICH TalUIMi MEH MHIHA MOHOCCIHMHUATEPIHIH YIITIK
KPHUCTAJIapbIHBIH MOHO - JKOHE IIOJIMKPUCTAIJApbIHBIH KYPBUIBIMBIHA, O€TTIK MOpP(OJOTHACHIHA >KOHE ThIMbIM
CaJIbIHFaH aiiMarbiHa ocepi 3eprrenreH. CHHTE3CITeH MOJMKPUCTANIBL YITIep, COHAal-aK OCIpIIreH TAIHHA JKOHE
UHAUN MOHOCEIMHUATI MOHOKpHUCTaIaap O0ip (a3zasbl eKeHIT] aHBIKTaIIbl. KprcTangap Keneci Top nmapaMeTpiepiie ue
GONaThIH TETPAroHANbbI (KEHICTIKTiK ToT 14/MKM) 31eMeHTap ysuTblEsl 6ap: a ~b=8,12 A, ¢ = 6.88 A, a=p=y = 90°.
OHeprusicel 2 MaB xoHe coynernik TOK ThIFBI3IBIFGI 0,085 MKA/eM® 9JIEKTPOHAAPMEH COYJIEIEHAIPY 3JIEKTPOHJapAbIH
¢utoeHcine OaiiaHbICTB KPUCTAIIAPABIH KYPhUIBIMBI MEH KaCHETTEpiHiH KypJemni Typae e3repyine okeneni. CoHbIMEH
0ipre KpUCTAIABIK TOp MapaMeTpIIepiHiH e3repyine, MPoPMIbIIH opTama apu(METHKAIBIK ayBITKYBIHBIH MAaKCUMAIIBI
MOHIHIH JKOFapbUIayblHA, COHIAN-aK COYIICICHIIPIATeH KprucTanaap OeTiHIH opTamma KeIip-OyAbIpIbIFbIHBIH OHIKTITiHIH
TOMeHIeyiHe oKeledi. YHTaK YITiCiH oHeprési ThFb3mbiEsl  5x10%° om/cM?  SIeKTpoHZapMeH  coyielneHIipy
HaHOKpHUcTALTUT onmmeMiHiy 32.50 aM-meH 43.33 HM-Te AeiiiH apTTHIPYbIHA BIKIAIBIH THTI3E/i.

KinT ce3nep: MOHOKpUCTAII, KPUCTALABIK KYPBUTBIM, 3JIEMEHTAp YSIIBIK, KEHICTIKTIK TOM, 3JEKTPOH/bI COYJIENIEHY,
(Ir0eHC, KPUCTAIUIUT OJIIIEMI, Kelip-OyAbIPIBbUIBIK,

Hypumounoe H., Tawmumemos M.IO., Xoosxucaes ¥.0., Ymapos C.X., Xannokos @.K.

BuiMsinMe JJ1eKTPOHHOIO ~OOJIyYeHHsI HAa KPUCTAJUIMYECKYI0 CTPYKTYpPY, MHKpopeibed TIOBEPXHOCTH H
30HIMPOBAHHYI0 IHPUHY TPOMHBIX KPHCTAJJIOB 10NUPOBAHHOIO KeJIe30M TAJLJIUS M MOHOCEJTMHUIA MH/THUS.

B nanHOW paboTe WCCICOBAHO BIHMSHHE DIICKTPOHHOTO OOJYYEHHS HA CTPYKTYPY, MOP(OIOTHIO TMOBEPXHOCTH U
3aMpeIeHHY0 30Hy MOHO- M MOJMKPHCTAIUIOB JISTUPOBAHHBIX HKEJIE30M TPOMHBIX KPHCTAIUIOB MOHOCEIMHH/IOB TaJUTUS
W UHIUA. YCTaHOBJIEHO, HTO CHHTE3UPOBAaHHbBIC IOJMKPUCTAIMYECKHE OOpasibl, a TakXe BbIpalCHHbIC
MOHOKPHCTAJUIBl MOHOCEJIMHH/IOB TaJUIMsl M MHAMS SBIAIOTCS oxHo(azHbIMH. KpucTamisl MMEIOT TeTparoHaJbHYIO
3JleMeHTapHyIo suekky (Tp. rp. [4/MKM) co cleayromuMy napamMeTpamu pemeTku: a ~b = 8,12 A, ¢ = 6.88 A, o=p=y =
90°, O6myueHue >IeKTPOHAMHE ¢ SHeprieit 2 MaB n mioTHOCTIO ToKa mydka 0,085 MKA/CM® IPHBOIHUT K H3MEHEHHSIM
CTPYKTYPbI' M. CBOWCTB KPHCTAJUIOB CJIOXHBIM 00pa3oM B 3aBUCUMOCTH OT (pJiroeHca 3J1eKTpOHOB. Takxke MPUBOAMT K
HU3MEHEHHIO napameTpoB KPHCTaJUTUUECKOI pelieTky, YBEJIHMYCHHUIO MaKCHMaIIbHOTO 3HAYCHHS
cpeaHeapru(PMEeTHIeCKOro OTKJIOHEHHs Npo(Wisi, a TaKkKe YMEHBIICHHUIO BBICOTHI CPEJHEH IIepOXOBATOCTH
TTOBEPXHOCTH OONYYEHHBIX KpuUCTAIoB. OOMydeHHEe MOPOIIKOBOTO 00pasiia AJMEKTPOHAMH C TUIOTHOCTHIO DHEPTHUH
5x10"° a51/cM? crI0COBCTBYET YBEMMUEHHMIO pa3Mepa HAHOKPHCTAILTHTOB ¢ 32.50 HM 10 43.33 HM.

KaioueBble c10Ba: MOHOKPUCTAILI, KPUCTAIIMYECKAs! CTPYKTYpa, dJIEMEHTAapHAs siYeliKa, MPOCTpaHCTBEHHAs I'PyIINa,
JIEKTPOHHOE 00iyueHue, (IIIoeHC, pa3Mep KpUCTAJUINTOB, HIEPOXOBATOCTb.
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Konéanuna K.b., Maxmymoea A.C., Typovioexoe /I.M., Typovioexoe K.M., Tonenoea I K.

JIyNHMHUH AJIKAT0UABI MOJIEKYJIACBIHBIH KYPbLILIMbI MEH KACHEeTTePiH KBAHTTBIK - XHMHUSLIBIK 3epTTey.
Makanana 1-((4-(3-merokcudennn)- 1 H-1,2,3-rpuazosn-1-mn)mernn)okraruapo- | H-xuHommsua MOJIEKYyJTIaChIH
KBaHTTBIK-XUMUSIJIBIK 3€PTTEY HOTHXKeNepi KenTipinreH. KBaHTTBIK-XUMHSJIBIK €CENTeyJIep HOTHXKECIHAE albIHFaH
OepiireH MOJEKyJaHbIH T€OMETPHSUIBIK CHIaTTaManapbl TaliaHbIl, PEHTICHAl KYPBUIBIMIBIK — TajlayablH
9KCIIEPUMEHTTIK ManiMerTepiMen canbicThipbuirad. C11-N12 sxone C7-C11 nabunbai GaiinaHbIicTapblH Oypy apKbUIbI
KYPri3iireH KOH(QOPMaIMsUIBIK Tangay HOTHXKeJaepl OOWBbIHIIA MOJIEKYJIaHBIH €H THIMAI KOH()OPMalMsUIBIK KyHiaepi
apikTadraH. lllekapalplk MOJEKyJIajJblK opOutanpaepain gokamusamuschl Cl1 aTombr MaHbHAaFbl 1-3THin-4-(4-
Metokcupenn)-1H-1,2,3-Tprazon aaMacThIpFHIIBIHIA OOJNATHIHABIFEI KOPCETUITeH, ajl OyJI OHBIH aHa OMOJIOLHSIIBIK
OeJceHni 3aTTapas! i37ey YIMiH XKYPri3iiaeTiH Keiinri Moaudukanus peaksuiapblHa KaTHICYBIH OOTKaH/IbL.

KinT ce3nepi: KBaHTTBIK - XMMUSUIBIK €CENTEYJEP, XHMHOIM3UH TYBIHIBUIAPHI, KOH(GOPMAIMAIBIK TaJIay, JIOMUHUH
TYBIHIBUIAPHI, PCHTT€HIIK KYPBUIBIMABIK TaJIAAY.

Konoanuna K.b., Maxmymoea A.C., Typowvioexoes /1. M., Typovioexoe K.M., Tonenosa I'. K.

KBaHTOBO-XHMHYecKoOe HccIeJOBAHUE CTPYKTYPBI U CBOMCTB MOJIeKYJIbl IPOM3BOAHOTO AIKATOMIA JYNUHUHA.
B cratee mpencTaBieHbl pe3yJbTAThl KBAHTOBO-XHMHUYECKOTO n3ydeHuss monekynbl 1-((4-(3-metokcudenun)—1H-
1,2,3-tpuazon-1-un)mermn)okraruapo—1 H-xunonusuna. ['eomerpuyeckne XapakTepUCTHKH —JAHHOW  MOJICKYJIbI,
MOJydeHHble B pe3ylbTaTe  KBAaHTOBO-XMMHYECKHX  pacyeToB, IPOAHATU3UPOBAHBI W  CONOCTaBJIICHBI
9KCIIEPUMEHTAIBHBIM JIaHHBIM PEHTIEHOCTPYKTYpHOrO aHanu3a. [lo pesyiabpraTraM KOH(OpPMAalMOHHOTO aHaiu3a,
OCYIIIECTBJICHHOTO MyTEM BpPAIICHUS BIOJb JTabuabHbIX cBs3eit C11-N12 u C7-C11 ycTaHOBIEHBI HanOOJIeE BHITOTHBIC
KOH()OPMAaIlMOHHBIE COCTOSIHHSI MOJEKynbl. Iloka3zaHo, 4TO JOKanu3anusl TPAaHWYIHBIX MOJICKYJSPHBIX OpOWTanei
npuxomutcs Ha 1-3Trn-4-(4-merokcudenmn)-1H-1,2,3-rpuazonossiii 3amectutenb npu atome Cl1, uro mpeamnonaraet
€ro y4acTHe B IOCIEIYIOMINX PEakIMAX MOAW(PHUKALINH, MPOBOJUMBIX IS MOMCKAa HOBBIX OMOJOTHYECKH aKTHBHBIX
BEIIIECTB.

KnaioueBble cji0Ba: KBAaHTOBO-XMMHUYECKHE pacdeThl, MPOM3BOAHBIC XWHOIM3WHA, KOH()OPMAIMOHHBIA aHANW3,
IIPOMU3BOIHBIE JTIONMHIHA, PEHTTEHOCTPYKTYPHBIH aHAIH3.

Katomoea A.C., Cepuros T.M., Omaposa I.C., /[rcaxynosa M.C.

Kywmic HAHO0OJIIEKTEPiHiH KOHUEHTPAUMSACBIHBIH THTAH KOCTOTBIFBIHBIH HaHOO3eKIIelepiHiy
(doTokaTamuTUKAILIK OeceHaiairine acepi

Byn xymeicta Tutan auvokcuainig (TNR) HaHoe3sekuienepiHAeri Kymic HaHOOOINIIEKTEPiHIH KOHUEHTPAIMSCHIHBIH
oyiapAbIH (POTOKATAIUTUKAIIBIK OEJICEHIUTINHE 9CEePiH 3epTTey HOTMXKeNepi KearipinreH. Pyrun kypsuibiMbl 6ap TNR
THAPOTEPMHUSIIBIK CHHTE3 9[iCiMEH albIH/bL OTreli Metam Kymic Ty3siHbIH (AgNO3) 3at menmepimen e3repin, TNR
OeTiHAeri XMMUSUIBIK TOTHIKCBHI3JAHY ApKBUIBI OPTYPJi KOHIEHTpalHsgarkl Ag HAaHOOONIIEKTepi ajblHABL. beTTik
Mopdomnorust MmeH DJJA 3eprreynepi Ag HaHOOemIeKTepiHiH Oipkenki TapanraHbslH jkoHe TNR Oerine GexitinreHin
KepceTTi. YITiepAiH (pOTOKaTANHTHKAIBIK OSIICEHIUIIr MIeHKa OeTiHIH OipJiriHeH albliHFaH (OTOTOK MOJIIEepi )KoHE
KCEHOH IIaMBIHBIH JXapbIK KO3IMEH OeTTi JKAPBIKTAHABIPY Ke3iHIe METHJIEH KOK OOSFBINITHIH (hoTomerpasanuschl
OolBIHIIA OaFralaHIbl.

KiaT ce3nepi: HaHOO3€EKIIISACD, TUTAH KOCTOTHIFBI, KyMic HaHOOOIIeKTepi, Ag, (hOTOKATAIIH3.

Karomoea A.C., Cepuros T.M., Omaposa I.C., /Iricakynosa M.C.

BansiHue KOHIEHTPAIMU HAHOYACTHI cepedpa Ha GOTOKATATUTHYECKYI0 AKTHBHOCTh HAHOCTEP KHel AnoKcHaa
TUTaHA

B manHo# paboTte mpeacTaBieHB! pe3yabTaThl UCCIEIOBAHNS BIMSHIS KOHIICHTPALMN HAHOYACTHI] cepedpa B IIICHKaxX
n3 HaHoctepkHe amokcuna thtana (TNR) Ha mx doTokatamutmueckyro akTHBHOCTE. TNR co crpykTypoil pyTmia
OBUTH MTOJIyYeHBI METOIOM THAPOTEPMAIIFHOIO CHHTE3a. Bapupys KOJIMYecTBOM BEIIECTBA COJHM MEPEXOJIHOTO METaja
cepedpa (AgNO;), XxuMHYECKMM BOCCTAHOBJIEHHEM Ha NOBepxHOCTH TNR ObUTM TONydeHbI HAHOUACTHIBI Ag C
pa3MuHOM KOoHUeHTpauuei. MccienoBanust Mopdonoruid nosepxHoctd U OJIA mokaszanad, 4TO HaHOYACTHIBI Ag
PaBHOMEPHO pacmpeliesieHbl M 3akperieHsl Ha noBepxHocTH TNR. @orokaTamurhueckas akTHBHOCTH 00pas3IoB
OLIEHMBAJIACh 110 BEJIMYMHE T€HEPUPYEMOro (POTOTOKA C €IUHUIIBI TOBEPXHOCTH IUIEHOK U (POTOJETrpafaliii KpacuTems
METWJICHOBBIN ro1y00ii IpH OCBEIIEHUH ITOBEPXHOCTH HCTOYHUKOM CBETa KCEHOHOBOH JIaMITBI.

KiroueBble cji0Ba: HAHOCTEP)KHH, JUOKCU THTaHA, HAHOYACTHUIIBI cepebdpa, Ag, poToKaTanms.

be3poonviit M.K., Maiicmpenxo 0.0.

PereHepanusiHbl KOJIIaHYbIMEH ayaHbl KYPFATYIbIH JKBLITY COPFBI-AICOPOUMANIBIK ~ JKYleciH
TepMOJTUHAMHUKAJBIK TaJI/ay.

Bepinren »KymbIcTa KbUTy PEKYIEPATOPBIH KOJAAHYBIMEH KbUTY CODFBIII JKOHE aJCOPOLMSIIBIK POTOPIbl KAMTHTBIH
JKYWEHIH 93ipyieyl YCHIHBUIFaH. 3epTTey aschiHAa OV JKYHEHIH TEOPHSUIBIK MOJENI »acaJJbl, COHBIMEH Oipre OHBIH
JKYMBICHIH CaHJBIK TAJIJIAy YIIH MaTEMAaTUKAIBIK MOACTh KYPbULIBI. TepMOIUHAMUKAIBIK THIMIUTIKKE CAHIBIK TaIIay
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KYPTi3inai, )KyHeHiH Herisri TYHiHAepiHOeri aya mapaMeTplepiHiH e3repyl 3epTTelfi, TeMmepaTypa MeH KOopIIaraH
ayaHBIH CaJIBICTBIpMalbl BUIFALABIIBIFEI MEH percHepalys aya TEMIIepaTypachIHBIH JKYHEeHIH >KYMBICHIHA dcepi
tanganraH. CoHpaii-aK, )KbITy COPFBIHBIH KOHJICHCATOPBIHAH KeWiH CBIPTKBI aya IapaMeTpiiepi MEH pereHepanus aya
TeMIEpaTypachlHBIH  e3repicTepi  Ke3iHAe IKYHEeHIH THIMAUINTIHIH TpaduKadblK  TOYeIIUTIKTepl  aibIHFaH.
Pexyneparopapiy [TOK-HiH xyHeHIH jKanIbl SHEPrus THIMIUINiHE acepi 3epTTenreH. AJIBIHFAH HOTHXejep OepiireH
MHTETrpalysUIaHFaH JKYHEeCIH MaijanaHy >KYMBIC ayachlH KYPFATy VIIIH KaXXETTI JJIEKTP SHEPTHCHIHBIH MEHIIIKTI
LIBIFBIHBIH ~ €79yip TOMEHJCTETIHIH JKOHEe CBIPTKBl aya IapaMeTpiiepiHe ToyelCi3 peKynepaTtopchl3 Hemece
PEKYIepaTopChI3 XKHE JKbUTY COPFBICHI3 )KYHEJIEPEeH achIIl TYCETIHIH KopceTe .

Kint ce3mepi: Merayn kaOObIKTBI KOPPO3USIAH KOpFay, SHEPreTHKANIBIK JKaOJBIKTHI CaKTay, ayaHbl KemTipy,
aIcOpOIMSIIBIK KEIITIPTII, JKbITY COPFBICHI, KbUTY Bl KAJIIIBIHA KEJTIPY.

Be3poonviiit M.K., Maiicmpenko O.0.

TepMoaMHaAMHYeCKUIl aHAJIM3 TENJIOHACOCHO-aACOPOLIMOHHON CHCTEMBbI OCYLIEHUS BO31YyXa C MCII0JIb30BaHUEM
pexynepanuu

B nmanHOI1 paboTe mpeacTaBieHa pa3paboTKa CHCTEMBI, BKIIOYAIONICH B ce0sl TeIIIOBOM HAacoC, aacopOMHOHHEIH pOTOD,
¢ MpPUMEHEHHEM peKyliepaTopa Temrla. B paMkax JaHHOTO HCCIIeIOBaHUS Oblla pa3paboTaHa TEOpETHYECKas MOCIb
JAHHOW CHUCTEMBI, a TaKKe CO3JaHa MaTeMaTHdecKash MOJeNb JJi1 YUCIEHHOTO aHainu3a ee paboThl. beul mpoBeneH
YHUCJICHHBIH aHalu3 TEPMOJMHAMHYECKOH 3((PEKTUBHOCTH, M3YUYE€HO HW3MEHEHHE NMapaMeTPOB BO3AyXa B KIIOYEBBIX
y3JaX CHCTeMbl M TMPOAHAJM3UPOBAHO BO3ACHUCTBUE W3MEHEHUN TeMmepaTypbl W OTHOCHUTEIHHOW BIAXKHOCTH
OKpPY’KAaIOIIEro BO3/yXa M TEMIIEPaTyphl BO3/AyXa pereHepaluu Ha paboTy CHCTEMBI. TakKe MONy4eHbl rpadudeckue
3aBUCHMOCTH 3((PEKTUBHOCTH CHCTEMBI IIPH BAPbUPOBAHUH MapaMETPOB HAPY)KHOTO BO3JyXa U TEMIIEpaTyphl BO31yXa
pereHepaIyn mocje KOHACHCATopa TeIyIoBOro Hacoca. bruto mpoBeneno uccnegosanue BimsHus K1/ pexymeparopa
Ha 00IIyr0 SHEProd(pPEKTUBHOCTh CUCTEMBL. [10oydeHHBIE pPe3ynbTaThl CBHACTSABCTBYIOT O TOM, YTO HCIOJIH30BaHHE
JMAHHOW HWHTETPUPOBAHHON CHCTEMBI 3HAYHTENBHO CHUKACT YICNBHBIH PACXOI JICKTPOIHEPTHH, HEOOXOIUMOU IS
ocymIeHus pabodero Bo3Iyxa, H MPEBOCXOIUT CHCTEMBI 0e3 peKyIiepaTopa Wi 0e3 peKynepaTopa U TeIIOBOTo HACOCa,
HE3aBHUCHMO OT IapaMEeTPOB HApPYKHOTO BO3IyXa.

KioueBble cjioBa: 3amuTa METAJUIMYECKOTO OOOPYHOBaHMUS OT KOPPO3UH, KOHCEPBAIUS OSHEPTETUIECKOTO
000pyI0BaHUs, OCYIIIKA BO3YyXa, aICOPOLIMOHHAS OCYIINTEIIb, TCIUIOBOM HACOC, PEKYIIepaIHsl TeIla.

Meoemoexos b.C., Bypum A.JI., IIpozoposea U.B., Ilonog I0.A.

HBI'.1M 3epTTey peaKkTOPBIHBIH KOFAPHI k9HE TOMEH 0AlBITHIIFAH OTHIHLIHAH 06J1iIHY OHIM/IEePiHIH IBIFBIMBI.
UBI'.1M peakTopblHIa TOMEH OallBITBUIFAH OTHIHBI Oap Cy CaNKBIHAATHIIATHIH TEXHOJOTHSAJIBIK apHAJIapFa CHIHAKTAP
KYprizy KesiHJe TeMeH OallbITbUIFaH JKOHE JKOFapbl OAWBITHUIFAH OTBIHBI 0ap TEXHOJIOTHSUIBIK apHalap/blH JKbLITY
TachIMAJJaFBIIBIHAAFEI 06Ty eHIMIepi MEH aKTUBTEHAIPY OHIMEpiHIH KypaMbIH CalIBICTBIPMANIbl OJIIIey XKYPri3imi.
CeiHanmaTelH TOMEH OaMbITBIIFAaH OTBIH Cy  CAIKBIHIATKBIII apHAJIAPBIHBIH JKOHE MKOFapbl OalbITBUIFAaH OTHIH
apHaJIapbIHBIH OTHIHHAH O6JIiHY ©HIMAEpiHIH INBIFYbIH CHNATTAHTBIH CaHIBIK MOHJEPAl CAJBICTBIPYFa OOJIATHIHIBIFBI
kepcetingi. UBT.1M peakTOpbIHBIH, CaTKBIHAATKBIIIBIHA KE3ACCETIH PaIHOHYKIUATEPIH JKaIbl Ti30eCiHeH, )KaKChl
aHBIKTANATHIH PAJAMOHYKIIMITEP-TAAAFbIIITAD TAHAAIABI, OJAPABIH KYPaMbIH CaJKBIHJIATKBIIITA AHBIKTAY >KBUTY
TachIMAJIJIAFbIIIKA OOJIiHY @HIMIEPIHIH IIBIFY napamerpiepi OOHbIHIIA TBA KaOBIKTAPBHIHBIH Ie€PMETHUKAIIBIFBIH OKIIII
OaKplIay IbIH JKETKUIIKTI 9/1ICI PETiHAE YCHIHBUTYbl MYMKIH.

KinT ce3mepi: XbUly TachIMalaFbIll, TB3J, TBAJ KaOBIKIIACH, OOJiHY ©HIMI, O6JiHy ©HIMIEPIHIH CaJbICThIPMAJbI
LIBIFBIMbI, FAMMa-CIIEKTPOMETPHSI.

Meoemaoexos b.C., Bypum A./I., IIposoposa H.B., Ilonoe I0.A.

BbIxoa HpOAYKTOB JAe/1eHUs H3 BBICOKO U HH3K0000TraleHHOr0 TOIIMBA HCCJIeJ0BATeIbCKOr0 peakTopa upr.1m
[Ipn npoBeneHNM MCHBITAHUH BOJOOXJIAKAAEMBIX TEXHOJOTMYECKHMX KaHalIOB C HHM3KOOOOTAIIEHHBIM TOIUIMBOM B
peakrope VIBI'.1M BBINOJIHEHBI CPaBHUTEIILHBIE N3MEPEHHS COAEPKaHMUs IIPOJYKTOB JETIECHUS U IPOJYKTOB aKTHBAIMH
B TEIUIOHOCUTEJIE TEXHOJIOIMYECKNX KaHAJIOB C HU3KOOOOTaIIEHHBIM U BEICOKOOOOTaIlIEHHBIM TOTUTHBOM.

[TokazaHo, YTO KOJMYECTBEHHBIC 3HAYEHHS, XapaKTEPHU3YIOIHe BHIXOJI MMPOAYKTOB JEJICHUS U3 TOILIMBA TECTUPYEMBIX
BOJIOOXJIXKJAEMBIX KAaHAJOB C HH3KOOOOTAIIEHHBIM TOIUIMBOM M M3 KAaHAJIOB C BHICOKOOOOTANIEHHBIM TOILUIMBOM,
comoctaBuMBl. M3 oOmiero mepedHs pagMOHYKIHIIOB, OOHApyKMBaeMbIX B TeIUIOHOcUTene peakropa VBI.1M,
BBIOpaHBI ~ XOpOILIO HACHTUPHIHPYEMBIE PATHOHYKIUIBI-AaHAINTHI, OIpPEEeICHHEe COACPKAaHUS KOTOPBIX B
TEIUIOHOCHUTENE MOXET OBITh PEKOMEHJOBAHO B KAadeCTBE IOCTATOYHOIO CIIOCO0a MPEACTAaBUTEIHHOTO KOHTPOISA
TepPMETHIHOCTH 000JI0YEK TBJIOB 110 ITApaMeTPaM BBIXOAA MPOAYKTOB JCTICHHUS B TETFIOHOCHUTEIb.

KiroueBble c10Ba: TEIUIOHOCUTENb, TB3J, 000I0YKA TB3Ja, MPOAYKTHI JEJICHUS, OTHOCUTEIBHBIA BBIXOJA MPOTYKTOB
JETICHUs], TaMMa-CIIEKTPOMETPHS.
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I{vizanos B.B., lleiiko C.II., Illlanomees B.A., Booennukosa O.C., Kynaonuesa O.A.

Kypaenai nuHaMuKkagbIK KyKTeMe Ke3iHae TpuOoTyiiinaectipy/ep 6eamekTepiniH To3yra Te3imMainirine opTanbIg
MeXaHHKAJIbIK-XUMHUSIBIK dcepJiepiHiH KblIAaMAATbLIFAH CHIHAKTAPBI.

Kypaeni nuHaMUKaNbIK JKYKTEMe >KargaibiHAa TpUOOTYHiHAeCTipynep OemmeKTepiHiH TO3yhl KapacThIpsuIFaH. Ker
KOMITOHEHTTI JAMHAMHUKAJBIK JKYKTeMe Ke3iHJAe YHKeTiC >KYNTapblH KbULAaMAATBUIFaH ChIHAKTAp OICI YCHIHBLIFaH.
KoHrakTii e3apa apekeTTecy NpolecTepiH MOJIENbICyre apHallFaH CTEHJ KOHCTPYKIMSICBI, COHBIMEH 0ipre apTypui
Maiiyay JKoHE CaJKBIHIATy OpTachIMEH KYplelli JWHAMHUKAIBIK JKYKTeMe >KarAalblHIa J>KYMBIC ICTEHTIH Tpuoo-
TYWIHAECTIpYJIEpAIH TO3yFa TO3IMJIUIIIH 3epTTeyre apHalFaH CTeHJ KOHCTPYKIMSCHl YCBIHBUIFaH. O3ipJeHreH
onmicreMe OoWBIHIIA TPHOOTYHIHIECTIpYNEepAiH KaHacy alMarblHIAFbl MEXaHWKaIBIK-XUMUSUIBIK TYPJICHIIPYIepaiH
TO3yFa TO3IMIUIIKKE acepiH Oaranay HOTKeNepi KenTipiireH. Maiinay-cankbIHAATY CYHBIKTBIFBIHBIH KYPaMbIHIaFbI
JKOFaphl MOJICKYJANBIK KOCBUIBICTAPABIH BIABIPAY OHIMIEPIHIH TPHOOTYHIHACCTIpYNEpaiH JXaHACy aiiMarbIHAaFrbl
MeTaNIapAbIH TO3yFa TO3IMALIITIHE dcepiH Oaramay MYMKIHAITT KepceTinreH. ¥YCBHIHBUIFAH MaTepHaIIapabl KOJIIAHY
OepiireH >KYMBIC IIapTTapbl YIIiH YHKETiC JKYNTaphIHBIH MaTepHajIapblH HETi3[i TaHaayFa, jKaHa TO3yFa Te3IMIi
MaTepHaIgap MEH >KaObIHIAP Ibl, Maiijay jKOHE CANKBIHAATy OPTACHIHBIH KYPaMBIH jkKacayFa MYMKIHIIK Oepei.

Kinm ce30epi: 103y, KYpAeii )KYKTeMe, YHKEIIiC, CTCH, TOJIUMED.

Lvicanos B.B., lleiiko C.IL., Lllanomees B.A., Booennuxoesa O.C., Kynaonuesa O.A.

YckopeHHble HCHBITAHUSI MEXAHOXMMMYECKOr0 BO3JeHCTBMA cpelbl Ha HM3HOCO-CTOMKOCTH JeTajieil
TPUOOCONPSZKEHUH NPHU CJI0KHOM JUHAMHUYECKOM HATPYKEHHUH.

PaccmoTtpen m3HOC netaneil TpHOOCOIPSHKEHUH B YCIOBHSAX CIIOKHOTO AWHAMHYECKOTro Harpyxenus. [Ipemmoxena
METOIMKA YCKOPEHHBIX HWCIBITAHWA Tap TpPeHHWs INPH MHOTOKOMIIOHEHTHOM - AMHAMUYECKOM HAarpy)KEHHH.
IIpencTaBneHsl KOHCTPYKIMH CTCHIOB JUI MOJECIHUPOBAHMS IPOLIECCOB KOHTAKTHOTO B3aUMOCHCTBUS, HCCIICTOBAHUH
U3HOCOCTOMKOCTH TPUOOCONPSDKEHUH, KOTOpbIE pabOTalOT B YCIOBHSX CIOXHOTO JUHAMHYECKOTO HATPYKEHHs C
pa3IMYHON CMa304HO-OXJaxmaome cpenoil. I[lpuBeneHs! pe3ynbTaTbl OLEHKM BIMSHUS MEXaHOXMMHYECKHUX
NpeBpalleHnid B 30HE KOHTAaKTa TPUOOCONPSDKEHMH Ha M3HOCOCTOMKOCTB IO pa3paboTaHHO# meroauke. [TokazaHa
BO3MOXXHOCTh OIIGHKH 3(()EKTUBHOCTH BIMSHUS NPOJYKTOB NECTPYKIHMU BBICOKOMOJICKYJSIPHBIX COCAMHEHUH B
COCTaBe CMa30YHO-OXJIAKJAIOIIEH XHUIKOCTH Ha M3HOCOCTONKOCTh METAJIOB B 30HE KOHTAaKTa TPUOOCOMPSIKEHHH.
Hcnonp30BaHue MNPeNCTaBICHHBIX MAaTepuajoB MO3BOJsET OOOCHOBAHHO BBIOMpPATh MaTepHanbl Map TPEHUS AT
3aJ[aHHBIX YCIOBUH SKCIUTyaTalny, pa3padaTbiBaTh HOBbIE H3HOCOCTOMKHE MaTepralibl U MOKPBITHS, COCTaB CMa304HO-
OXJIRXKIAIOMIEH cpebl.

KuroueBble ¢j10Ba: U3HAINUBAHKE, CIOXKHOE HATPY)KEHHE, TPEHUE, CTEHI, TIONHMED.

Hlvinapoek A.b., Paxaounoeé b.K., Cmenanosa O.A., Kycaunoe P.K., Kacynan A.2K., /Jlaymosa I .K.

30XTI'CA 0oJsiaTTaH KacaJIiFaH :Ka0bIHAAPABI JICKTP J0FAJIBIK METAIIaHABLIPY NPOLECIH 3epTTey.

Makanaza xaObIHAAPABIH KYPbUIBIMBI -MeH KacuerTepiHe ocep ereriH 30XI['CA 0OosiaT ChIMIApPBIHBIH DIIEKTPJIIK
JIOFaJIBIK, METaJIJaHIBIPYBIHBIH TEXHOJOTHSUIBIK PEXHUMIEPi KapacThIPBIIFAaH. JJIEKTp HoFaibKk Oypky SX-600 amextp
JIOFaJibl METAJLIU3aTOP/Abl KOJIaHy apKbUIbI JKYPri3uimi. AJbIHFAH XaOBIHIAAPABIH KACHETTEPl MEH CHIIATTaMasaphbl
CBIMHBIH O€pisly >KBIJIIaMJBIFBL, ‘KEpPHEY JKOHE TOK KYIIi CHAKTHI OipHEIIe MeTaJJaHAbIpy MapaMeTpiepiHe Toyemi.
DNEKTPOHBIK MHKPOCKOIHSL JKoHE MeTAIOrpadusuIblK Tanjay oAiCTepiMeH KaObIHIAap/AbIH KYpPbUIBIMBI 3€PTTEII.
’abblH KaTaWThUIFaH KOHBEKTHBTI METaJlJl arblH/AapbIHAH, MUKPOJIOHEKEPJICHI€H YCaK METall OeJIIEKTepiHEeH KoHe
OKCHATEPZICH TYpaThlH Ka0aTThl KypBUIBIMFA He. 3epTTey HOTIKeNepi MeTanJaHaplpy Ke3iHae CbhIM  Oepy
JKBUTIAMIBIFBIHBIH JKOFapBUIAYBI YaKbIT OIpIIriHIe albIHFaH jKAObIH KaJBIHIBIFBIHBIH apTybIHA OKEJICTiHIH KepceTe .
45 GonatThiH OCTiHAC TaHAAIFAaH PEKUMIe OaiaHBICTBI KATBIHIABIFEI 50 MkM-men 370 mxMm-re apeiinri 30XT'CA
OonarraH jkacajFaH jkaObiHmap naima Oomnel. XKaOwempapnapaelr 30XI'CA ceimmen OJIM Oypky kesiHze OeTki
Ka0aTThIH MHKPOKATTBUIBIFBIHBIH MoHI 45 00NaTThIH MHUKPOKATTBUIBIFBIHA KAaTHICTHI 2 €ce apTaTbIHbl aHBIKTAJIbI.
DJeKTpPIiK JIOFajbIK OYpKy NpoueciHiH (GakTopiiapbIHbIH >KaObIHAAPBIH KYPBIIBIMBI MEH KacHETTEepiHe acepi Typajbl
3epTTeyIepAiH HOTIKeIepiH KopeIThHAbIIaN Kene, 30 XI'CA GonmaT moFaiblK MEeTaIIaHABIPYAbl 0oiat cyOcTpaTTapaa
KaTTBUIBIFbI KOFaphI )KaObIHIAP/IbI Iy YIIIH KOJIIaHyFa 001a/ibl IereH KOPBITBIH/bI JKacayFa 00aibl.

KiaT ce3nmepi: »yiekTp JOFAaChIH METAIIAHABIPY, CBIM, XKa0ObIH, 007IaT, KYPBUTBIM, MUKPOKATTBUIBIK, TO3yFa TO3IMILUTIK.

Hlvinapoex A.b., Paxaounos b.K., Cmenanosa O.A., Kycaunoe P.K., Kacynan A.JK., /laymosa I'.K.

HccaenoBanue npoiecca 3j1eKTPOAyroBoii MeTajutu3anuu nokpbiTuii u3 craau 30XI'CA

B cratbe paccMOTpeHBl TEXHOJOTHUECKUE PEXKHUMBI 3JIEKTPOAYroBOM MeTammusanuu mnpoBosiok cramu 30XTCA,
BIMSIOIINX Ha CTPYKTYpOOOpa3oBaHHWE M CBOMCTBA IOKPHITHH. JJIEKTPOAYrOBOE HANbUICHHE NPOU3BOJMIOCH C
NIPUMEHEHNEM 3JIeKTpoayroBoro Meraummsaropa SX-600. CoiicTBa M XapaKTEpUCTHKH IOJNYyYaeMBIX MOKPBITHH
3aBUCAT OT HECKOJIBKHMX MapaMeTpOB METAJUIM3alUM, TAKUX KaK CKOPOCTh MOJAaud NMPOBOJIOKH, HAMpPSHKEHHE, U CHia
ToKa. MeTogaMy 3NEKTPOHHOW MHUKPOCKONMH M METaIorpaduueckoro aHajau3a HM3y4eHa CTPYKTypa HOKPBITHH.
[ToxpbITHE WMEET CIIONCTYIO CTPYKTYpYy, KOTOpas COCTOMT M3 3aCTBHIBIIMX KOHBEKTHBHBIX IIOTOKOB METAaJlIa,
MHKPOCBapEHHBIX MEJKHX METAUIMYECKUX YaCTHIl W OKCHAOB. Pe3ympTaThl HMCCIENOBaHWS ITOKAa3BIBAIOT, HYTO
YBENWYECHHE CKOPOCTH TOAAYM TPOBOJOKH NPH METAJUIM3AIMHN TPHUBOIUT K YBEIHMUCHHIO ITOJyYAaeMON TOJITMHBI
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MOKPBITHS 3a €OWHUNY BpeMmeHW. Ha moBepxHocTH cTamum 45 B 3aBUCHMOCTH OT IIOJOOPaHHOTO pEeXnMa
cthopmupoBanich mokpeitus u3 ctanu 30XT'CA TommuHO# B nmuama3oHe oT 50 MM 1o 370 MKM. YCTaHOBIIEHO, YTO
nipu HanbuteHUH /M nokpsiTHii mpoBosokoit 30XI'CA 3HaYeHHEe MHUKPOTBEPIOCTH ITOBEPXHOCTHOTO CJIOSI BO3PACTACT
B 2 pa3a IO OTHOUICHHIO K MHUKPOTBepAOCTH cTayiu 45. O000mas pe3yapTaThl HCCIEIOBAHNH 0 BIUSHHUIO (PaKTOPOB
nporecca 3eKTPOAYTOBOTO HABUICHHSI Ha CTPYKTYpooOpa3oBaHHe U CBOMCTBA MOKPHITUII MOJKHO CHIEJIaTh BBIBOJ, YTO
anexTpoayrosas meraumzanus cranud 30XI'CA MOXKeT HMCIOJIb30BaThCs ISl NONYUYSHUS! MOKPBITHH C HOBBIIICHHOM
TBEPAOCTHIO Ha CTAIBHBIX IOIJI0KKaX.

KaioueBble cjioBa: 311eKTpoIyroBas MeTajUIM3alysi, IIPOBOJIOKA, MOKPBITHE, CTalb, CTPYKTYpa, MHKPOTBEPIOCTH,
U3HOCOTOMKOCTS.

Hopaumos M.K., Koscazynos E.T., Kexceovaii /I.M., Capmanoemos C.A.

Kpucrana-xyiie Herizinaeri painoKypbLIFBIHBIH (PYHKIHMOHAIABIK 0JIOTBIH KYy3ere acbIpy.

Byt sxymBIC KpUCTaI - JKYHe Heri3iHmeri paIroKypBUIFBIHBIH (YHKIHOHAJABIK OJIOTHIH JKY3ere achlpyra apHaJFaH.
Herisri Hasap OarzmapraMalaHaTblH JIOTHKAIBIK HHTETPAJIBIK CXeMajapla MOIYJSIUS JkoHe okbumaM Dypse
TYPACHOIPYl CHAKTHI PaTUOKYPBUIFBIHBIH OJOKTapblH OipikTipyre OarbITTanradn. Moaymnbaepal  sxoOaiayIsiH,
tectineynig xoHe Radio Unit(RU) OiprikTepiHiH ©HIMIUTITIH OHTAMIaHIBIPYIBIH TEXHUKAIBIK ACICKTIIACpi erxKei-
Terkeitni kKapactelpeurrad. Hotmxkenep kepcetkenneit, Fifth Generation (5G) pagno GorbIHEH 7.3 (QYHKIHOHAIIBIFBIH
OpTaK mNaljajaHy Ke3iHIe MOIYJSALMs OJorbl Oacka OJOKTapMeH CalbICTBIPFaH/a JIOTHKAIBIK WHTErPajlibIK
cxemajiap/iaFbl pecypcTapbiHBIH €H a3 MeulepiH naipananansl. JKeunam ®Dypbe TypiieHAIpyi OJOTBI MakCUMa bl
naiijananyra OOJaThIH JIOTMKAJIBIK MHTErpaJIbIK cxeManapiarbl emmemi MeH 250 MI'm rtakrinmik skuimikre Kigipic
TaJaNTapblH KaHaFaTTaHJbIpa anaabsl. by Makaiga 3aMaHayW paavoxKyhenepiae eHIMIUITI JKOFapbl (YHKIIMOHAIIBI
OJIOKTap bl KOOaNayIbl XKOHE OIPIKTIPYAl OHTAWIAHIBIPYFa MYIICTI HHXXCHEPJICP MEH 3epTTeYIIUICp YIIiH pecypc
peTiHae KBI3MET eTei.

Kiar ce3aepi: morukanbik HHTETpanabslK cxemanapaa, Zyng, Fifth Generation New Radio, pagmo G0k, OpTOroHasb a6
KHLTIKTI 00Ty MyTBTHILICKCHPIICY.

Hopaumoe M.K., Koscazynos E.T., Kexceoain /I.M., Capmanoemos C.A.

Peanu3auns pyHKIHMOHAJBHOIO 0JI0KA PaJUOYCTPOICTBA HA OCHOBE CHCTEMbI-HA-KpHUCTAaJLIe.

JlanHasi cTaThs NOCBsIIEHa peau3annd (QYHKIHMOHAILHOTO 0JIOKa paJMOyCTPOMCTBA HA OCHOBE CHCTEMBbI-Ha-
kpuctaie. OCHOBHOE BHUMaHHE YAETSIETCS MHTETPalldi OJIOKOB PaOyCTPOMCTBA, TAKMX KaK MOIYJIANHUSA U ObICTpoe
npeobpasoBanue Dypbe, Ha MPOrpaMMHUPYEMBIX BEHTHJIBHBIX MaTpuuax. [logpoGHO paccMaTpHBaIOTCs TEXHHYECKHE
aCTEKTHI MIPOSKTHUPOBAHMUS, TECTUPOBAHUS MOIYyJIEH U ONTHMM3ALHUIO IPOU3BOAUTEIBHOCTH OJIOKOB pagloyCTPOMCTRA.
Pe3ynbraThl MOKa3bIBaET, YTO MPH paszeieHur (yHKIMOHAIBLHOCTH panrodioka 7.3 rexnonoruu Fifth Generation (5G)
OJIOK MOJYJSLMH HCIIOJIb3yeT MHUHHUMAaJIbHOE KOJIMUECTBA PECYPCOB IPOrPaMMHUPYEMbBIX BEHTHIJIBHBIX MaTpHLAX IO
CPaBHEHUIO C OCTaNbHBIMH OoKaMu. biok ObicTporo mpeodpasoBanust @ypbe MOXET COOTBETCTBOBATH TPEOOBAHHIO
3aJIep>KKU TIPH MakCUMaJIbHO MCIIOIb3YeMOM pa3Mepe M TaKTOBOH 4acTOTE MPOrpaMMHUPYEMbBIX BEHTHIIBHBIX MaTpHUIAX
250 MI'TI. Ora craThsl CIyKUT PECYpCOM Ul MHXKEHEPOB M MCCIIENOBATENE, 3aMHTEPECOBAHHBIX B ONTUMHU3ALMU
mponecca pa3pabOTKM M WHTErpaliy  BBICOKOIPOW3BOJUTENBHBIX (YHKIMOHAIBHBIX OJIOKOB B COBPEMEHHBIX
panrocucTemMax.

Karouesnbie cioBa: [IporpaMmmupyemast loruueckas MHTerpanbHas cxema, Zyng, Fifth Generation New Radio, Radio
Unit, MHOTOJTy4eBOI TOCTYII ¢ OPTOTOHATBHBIM Pa3/IeICHHEM YacToOT.

Jobooa IO. O., I'anvyesa O. B., bupioxosa H. C.

"Bioloid Premium  Kit" koHcTpykuusi Herisinae KbUIaH POOOTBHIHBIH KO3FAIBICHIHBIH  (U3HKAIBIK
CHNAaTTaMaJIapbIH 3ePTTey.

Makasiaja KpuiaH pOOOT KO3FalbIChIHBIH (DU3MKAJIBIK CHUITATTaMalapbl KapacThIpbUIFaH. bepiireH jKyMbICTBIH HEri3ri
MaKcaTsl - OHAIPICTIK POOOT-MAaHUITYISTOP MEH MOOMIIBAI POOOT YIIIH KOPIIaraH OPTaHBIH OPTYPI XKaFaaiiapbelHaa
KO3FaJlyFa MYMKIHJIIK OepeTiH XbUIaH pOOOTTHIH KO3FaJIBICHIHBIH (PU3NKAIBIK CHIIATTaMaJIapblH 3epTTEyre Heri3esreH
JITOPHUTM >Kacay Ooubin TaObIazpl. XKyMbIc 6apbIChIHAA pOOOT-KBUIAHHBIH 9PTYpIIi OeTTeperi Ko3raubic TeHaeyepi
anbsiHABL JKbltaH poOOTH alIBIK KMHEMAaTHKAIBIK Ti30€K EKEHJIri aHbIKTaN[bl, OHBIH J3JIEMEHTTepl KHHEMaTHKaHbIH
TiKeJel jkoHe Kepi ecenTepiH IIemyre koHe poOoT OJIOTHIHBIH OepilireH OarbITTaFbl OPHBIH €CENTeyre Heri3enreH oec
HeMece OJjaH Ja Kell KMHEMAaTHKaJbIK aiHaly TyHiHgepiMeH e3apa OaianbicThl. JKbulaHIapablH (QH3HMKAIBIK
KO3FaJIBICBIH 3€PTTEY HETI3iHJe JKbUIaH POOOTHIHBIH KO3FAIBICHIHBIH TATEHTTENTESH aJlropuTMi »acaiabl. Robotis
BIOLOID Premium >XHBIHTBIFBIHA HETI3JIENTEH >KbUIAH POOOTHIHBIH MPOTOTHITI KYPACTBIPBUIBII, XeTi Typii Oerrte
CBIHAK Kypriziai. KypacTelpbuiraH jxoFapbl KbUIIAMABIKTBI TPOTOTHUIT OH Oip OJIOKTaH koHe neHrenekrepi kok CM-
530 KOHTpOJUIEPIHEH TYpaJbl )KOHE JaMbIFaH AITOPUTMII KOJIIaHY apKbUIbl aHAJIOTTAPMEH CANIBICTBIPFAHIA KOFapPhI
KO3FaJIbIC )KaTBIKTBIFBIH KAMTaMaChI3 €TE/.

Kinr ce3mepi: bputaH poOOTHIHBIH aTOPUTMI, KbUIAHHBIH KO3FAJIBICHI, KbUIAH POOOTHI, (PU3UKAIBIK CUITATTaMalaphbl,
Oackapy snemeHrTepi, RoboPlus.
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Joé6ooa I0.0., I'anvyesa O.B., bupwrosa H.C.

N3yyenne QU3NIECKHX XaPAKTEPHCTHK JBHKEHHS PoOOTa-3MeH Ha OCHOBe KoHCTpykmum “Bioloid Premium
Kit”.

B crarse paccmaTpuBaroTcs GU3HMUECKHE XapaKTEPHCTUKU IBIDKEHUS poboTa-3Men. OCHOBHOW IEIBI0 JAHHOW pabOTHI
SIBJISIeTCsl pa3paboTKa aJlrOpuTMa, OCHOBAHHBIN Ha W3Y4YEeHUM (DU3UUSCKHX XapaKTEPHCTHK JBIDKEHUS poOoTa-3Mew,
KOTOPBIN IO3BOJINT MEPEJBUraThCsl B PA3IMYHBIX YCIOBHIX OKpY’KaroLIeH Cpenbl, KaKk HPOMBIIIJICHHOMY pOOOTY-
MaHHUIYJISATOPY, TaK U MOOMIBHOMY poOoTy. B Xoze paboThl ObUIM MONTyYeHBI ypaBHEHUsI ABHXXEHUsSI poOOTa-3MEeH MO
pa3IMuHBIM IIOBEPXHOCTSM. YCTAaHOBJIEHO, YTO POOOT-3Mesl NPEJCTaBIsET COOOH Pa3OMKHYTYIO KHHEMAaTHYECKYIO
LTI, SIEMEHTBI KOTOPOIl COEAMHEHBI MEX Ty CO00i MATHIO MK OoJiee KWHEMAaTHYECKUMH y3JIaMU BpAIlleHUs] HA OCHOBE
peLIeHus NPSIMBIX M OOpaTHBIX 3324 KHHEMAaTHKU U pacueTa MoJIoKeHHs 0Jloka poboTa B 3aaHHOl opueHTauuu. Ha
OCHOBE M3yUeHHS (QU3MUECKUX IBIKECHUH 3Mel ObUT pa3paboTaH 3alaTeHTOBAHHBIA aJTOPUTM IEpEABIKCHUS poOOoTa-
3men. [IporoTun pobora-3men, ocHoBanHbIH Ha Habope ROBOTIS BIOLOID Premium, 6511 coOpaH U IPOTECTUPOBAH
Ha CEMH PAa3IMYHBIX MOBepXHOCTAX. CO3MaHHBI BBICOKOCKOPOCTHOW HMPOTOTHI COCTOMT W3 ONMHHAINATH OJOKOB U
koHTposutepa CM-530 Ge3 kojec u 0OecreunBaeT BBICOKYIO IIABHOCTH IEPEIBIDKCHUS MO CPaBHEHHUIO C aHAIOTAaMHU
OJaroapst UCIIOJIB30BAHUIO Pa3pabOTaHHOTO AITOPHTMA.

KaioueBble cioBa: anroputM poOoTa-3MeH, JBHIKCHHUE 3MEH, 3MECBUAHBIA pOOOT, (U3MYECKHNE XapaKTEePUCTHKH,
ympasienue, RoboPlus.

Typnvikoscaesa JI.A., Ycinoe HM., Baiicanuesa A.H., Temewesa C.A., bonvicoau A.T., Aopaxmamosa I'.A.,
Axmanos C.T.

AKNapaTTbIK JHTPONHUS TEOPUSICHIHA Heri3JesireH ChIMCBI3 TOPJIBI JKeJlire apHaJFaH MapupyTTay Kepcerkiuri
JK9HE MPOTOKOJIBI.

¥ CHIHBUIFaH MaKalajJa MaKeTTiH JKOFaly BIKTUMAIJBIFBIH €CKePETIH KOPCETKIMITL ECeTeY YIIiH aKNapaTThIK SHTPOIHI
TEOPHSACHIHA HETI3NENTeH MapIIpyTTay alropuTMi OepinreH. AKMapaTTHIK SHTPOIWS TCOPHACH ACPEKTepAi Oepyneri
OeNTiCi3aIK MeH TOPTIMCI3AIKTI OaranayIplH CeHIMII HeTi3i peTiHae KbI3MET eTeli, OYJI TYPaKTHI JKOHE MHTEIUICKTYaJIbI
MapuIpyTTay CTPaTerHsChIH d3ipieyai skeHinereni. KonmaHblcTaFbl alrOpUTMICPICH albIPMAIIbLIbIFGI, YCHIHBLIFAH
TOCLT MaKCHUMAJIBI THIMIUTIKKE KETy YIIIH MapHIpyTTay MPOLECIH OHTAMIaHIBIPY apKbLIBI JKei iIiHAeTI JepeKTepIl
Oepy camachlH JQJIipek Oaraayra MYMKIHIIK Oepefi. DKCICPUMEHT HATHKEIEPl KOFapbl OHIMIUTIKTI CaKTai OTHIPHIII,
JKeJlire KbI3MET KOpPCETy CallachlHbIH aiiTapibIKTail jKaKcapFaHbIH KepceTe/li. AJITOPUTMHIH THIMIUIITIH TeKCepy YIIiH
OTKI3y KaOlleTTijiri, Kiiipic )koHe MaKeTTIH KOFalIybl CUSKTBI HETI3T1 OHIMAIIIK KOPCETKIITEpiH OaranalTbiH OipKaTap
sKcriepuMenTTep Kyprizinai. Conpaii-ak, Oeiriun anropuTMAEpre KaThICThl apTHIKUIBUIBIKTAP MEH KEeMIIUTIKTep.i
Oarayayra MYMKIHJIK OepeTiH OeNrijieHreH MapuipyTTay alrOpHUTMAEPIMEH CalbICTBIPMANbl TaJAay >KYPTi3iiji.
Hotmxenep yCHIHBUIFAH aJTOPUTM AEPEKTEP CalachlH JKOHE JKEINHIH KaJIIbl THIMAUITIH OHTAHIAHIBIpya ACTYPII
MapHIpyTTay 9/IiCTepiHEH achIll TYCETiHIH KOpCETeIi.

KinT ce3aepi: Mapuipyrray, SHTpPONHS, aKNapar, CHIMCHI3 TOPJIBI JKEJ.

Typavikoorcaesa /I.A., Ycinoe H.M., Baiicanuesa A.H., Temewesa C.A., bonvicoaui A.T., Aopaxmamosa I'.A.,
Axmanoe C.T.

MeTpuka MapmipyTH3ald M HNPOTOKOJ AJds 0OecpoBOJHOI fAYeHCTOl ceTH, OCHOBAHHBbIE Ha TEOPHHU
HH(OPMALIIOHHOM IHTPOIIUM

B mpencraBiieHHOW cTaThe MPEACTABIEH alrOPUTM MaplpyTHU3allMd, OCHOBAaHHBIA Ha TeopuHn HH(OPMALMOHHOM
SHTPOIINH, IS BBIUHCICHMS ITOKA3aTelNs, YYUTHIBAIOIIETO BEPOSTHOCTH NMOTEPH Makera. Teopus WHGOPMAIMOHHOM
SHTPOITNH CIIYXXHUT HaIEKHON OCHOBOM JJISl OLIEHKH HEONPEIEICHHOCTH U OecropsaKa IpH Mepeaaye TaHHbIX, o0yerdas
pa3paboTky Oonee yCTOMYMBOM M MHTEUIEKTYaJTbHOM CTpaTerHMHM MapIIpyTH3alMH. B oTiWdme OT CymecTBYIOMINX
AJITOPUIMOB, IMpeaiaraeMblii MOJXO0 MO3BOJSET OoJiee TOYHO OLEHWBATh KayeCcTBO Iepejadyll JAaHHBIX BHYTPH CETH,
ONTHMU3UPYS TPOLIECC MAPLIPYTH3ALUH [UIsl JOCTH)KEHHUST MaKCUMaJIbHOH 3(QeKTHBHOCTH. Pe3ynpTaThl sKCrIepuMeHTa
JEMOHCTPUPYIOT 3HAYMTENILHOE TIOBBINICHWE KadyecTBAa OOCITY)KMBAaHMS CETH TIPH COXPAaHEHHH BBICOKOM
npousBoauTeNbHOCTH. [t mpoBepku 3ddeKkTUBHOCTHM anropuTMa ObUIa IIPOBEJCHA CEPUsl AKCIIEPUMEHTOB,
OLIEHUBAIOIINX KIIIOYEBbIE OKA3aTEIN PON3BOIUTEILHOCTH, TAKHE KaK MPOITYCKHAsi CHOCOOHOCTb, 3aiepKKa U IOTepst
nmakeToB. Taike OBLI INPOBEJIEH CPAaBHUTENBHBI aHalM3 C YCTAHOBJCHHBIMH alrOPUTMaMH MapIIpyTH3allny,
MTO3BOJIMBINMI OIEHUTh MPEUMYIIECTBA M HEIOCTATKH 10 OTHOIICHWIO K XOPOIIO W3BECTHBIM aJTOPUTMAM.
[Tomy4yeHHBIE PE3yABTATHI CBHIACTEIBCTBYIOT O TOM, YTO MPEUIOKEHHBIN alTOPUTM MPEBOCXOIUT TPATUIHOHHEIE
METOJBI MAPIIPYTH3AIUK B ONTHMHU3AIINH KadecTBa Iepeaadn JaHHBIX 1 o0mmel 3¢ dexTHBHOCTH ceTH.

KiroueBble ¢j10Ba: MapIIpyTH3aI¥s, SHTPOIISL, HHPOpMaIns, OeCTIpOBOIHAS STYCUCTAs CETh.
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ITnomnukoe H.B., Kopomxkuit U.A., Hesepos E.H., Kopomkasa E.B., IInomnuxoea JI.B.

ArpoeHepkacinTik KelleHHIH KaiiTa eHJey oHIipicTepi YyumIiH MexaTpoHABI ¢y AalbIHAAY MOXYJIiH
MOJepHU3ANMAIAY.

ATpoeHepKaciNTIK KellleH O0BEKTIepi Cyabl opTypil MakcaTTapia IaijanaHaibl, oJlap TYTHIHATBIH CYABIH KeleMi
enoyip yikeH, 60 KM® CyJaH acaThlH TaOHFH Cy OOBEKTIIEPIHEH PECypec PeTiHAe KbLN CallbIH TOPTTEH Gip Geiri
arpoeHEpKACINTIK KelIeHAepre Keneai, MYHJal J>KybIKTaIFaH MAJIIMETTep aybll NIapyallbUIBIK CHSKTBL ipi Cy
TYTHIHYIIBIFA XKATKbI3yFa MYMKIHIIK Oepemi. byn xarmaiina MaHbI3IbI mapaMmeTpiepdid Oipi - cymsl AadblHAAy Ofici
acep eTeTiH CyabIH canachl 0oJbin Tabbutaabl. Cyabl TaibIHAAYABIH €H MEPCHIEeKTUBTI 9/1iCi KPHOKOHIEHTPIIEY OOJIBII
TaObIIabl, OJ1 BUIFAJIBIH KPUCTAIJaHybIHAH, COJaH KEeHiHT1 KaTThl (a3aHblH BIFBICYbIHAH KYpbUIaJsl. by nponectin
YKOHE OHBIH aIapaTThHIK KOHCTPYKIMSACHIHBIH KETIIMETSHIIT1 OYIT ofmicTi eHipicke eHrizyi Texerai. Cynpl JalbIHIAY
Ke3iHIe KPHOKOHIEHTPJICY ONICIHIH OHIMAUIITIH apTTHIPYy MakcaThblHOa peKylepalisulayMeH Kapyceiab THIITI
anmapaTThlH JKaHa KOHCTPYKIMACHI KYPaCTHIPBUIBIN Xacaumbl. KpHCTauIM3aTIeH KaXeTCi3 3JIeMEHTTEpAl YCTayblH
a3aliTy JKOHE KpHCTaJAaHy INpPOIECIHIH CHNATBIH AHBIKTAYy YIIiH KPHOKOHIEHTPATOPIBIH >XYMbIC IUTACTHHAIAPAA
MPOIIECTIH YTBIMIBI TapaMeTpiiepiH OpHATyFa MYMKIiHAIK OepeTiH OipkaTap OSKCIEpUMEHTTEp Kypri3immi. Byn
aBTOpJIapFa Kapycellb THIITI allapaT YIIiH MeXaTPOH/IBI KPHOKOHIICHTPIICY MOAYIIH XKacayFa MyMKIHIIK Oepi.

KinT ce3nmepi: KpHOKOHLEHTpJEY, CyIbl NaibIHAAY, Kapycelb THITI KPHOKOHIEHTPATOP, KPHOKOHIIEHTPATOPJIBIH
MEXaTPOHIBIK MOIYJII.

IInomnukoe U.B., Kopomkuit H.A., Hesepos E.H., Kopomkas E.B., ITnomnuxoea JI.B.

Mopepuu3anusi MeXaTPOHHOTO0  MOIYJISI  BOJOMOATOTOBKH [JIsi  NeEpPepadaThIBAIONIAX  IPOM3BOICTB
arponpoMbIILIEHHOT0 KOMILIEKca

OOBEKThI arpONMPOMBIIUICHHOTO KOMILIEKCa, UCTIONB3YIOT BOLY B PA3AMYHBIX LENSX, 00bEM MOTPEOISIeMOM UMHU BOJIBI
JOCTaTOYHO BEJHK, MPU OOINEM EXErOAHOM H3BSTUH BOJbI, KaK PECcypea, M3 MPHUPOJHBIX BOJHBIX OOBEKTOB
npeBbimaomeM 60 KM® BOABI, O 9ETBEPTH NPHXOMMTCS HA arpoNpPOMbIILICHHBIE KOMIUICKCHI, JakKe TaKHe
NpUOJMKECHHBIE JAHHBIC MO3BOJIIOT OTHECTH CENILCKOE XO3SUCTBO K KpyMHeieMy Bogonotpedutento. [Ipu sTom
OJTHMM W3 BaXXHBIX MapPaMETPOB SIBISICTCS KA4eCTBO BOJBI, HA KOTOpPOE BIMSET CHOCOO BoAONOAroToBKH. Hambornee
MEPCIICKTUBHBIM ~ CITOCOOOM  BOJOMOATOTOBKH  SIBJIACTCSI  KPHOKOHIICHTPUPOBAaHHE, KOTOPOE 3aKII0YaeTcs B
KPHUCTAJUIM3ALMU BJIard C IMOCIEAYIOIUM BBITECHEHHEM TBep/aoW (as3bl. HecoBeplIEHCTBO NaHHOTO IMpolecca M ero
anmaparypHoro o(GOpMIIEHUS CIEp)KHMBAeT BHEIPEHHE JaHHOro crnocoba B Tpou3BoAcTBO. C LENbI0 HOBBIMICHHS
MIPOU3BOIUTEIHLHOCTH METOAa KPHOKOHIICHTPUPOBAHUS TPU MTPOBEACHUHU BOJIOMOATOTOBKU ObLIa paspaboTaHa HOBas
KOHCTPYKLIMS amrapaTa KapycelbHOro THUIla C peKynepauuen. s CHUKEeHHs 3aXxBaTa HEXKEJIATENBbHBIX 3JIEMEHTOB
KPHUCTAJUIM3aTOM M OIpPENENCHUs] XapakTepa MPOTEKaHUs Mpoliecca KpUCTALIM3alMd Ha paboyux IUIaCTUHAX
KPHOKOHIIEHTpaTopa Oblila MPOBE/ICHAa CepHs IKCIIEPIMEHTOB, ITO3BOJISIONIAs YCTAHOBHTH PAaIlOHAJBHEIC ITapaMeTphl
mporecca. DTO IMO3BOJIIIO aBTOpPaM pPa3padOTaTh MEXaTPOHHBIA MOAYJb KPHOKOHIICHTPUPOBAHHS IS ammapara
KapycenbHOrO TUIIA.

KiaroueBble ca0Ba: KPHOKOHIEGHTPHUPOBAHWE, BOIOMOJATOTOBKA, KPHOKOHIICHTPATOp KapyCeIbHOTO  THIIA,
MEXaTPOHHEI MOTyTTh KPHOKOHICHTPATOPA:

Kanaoaee 3.2K., Axmanoe C.T., Tiney A.O., Onmen /I.b.

Jlazeputik ra3 ceHCOpPBIHAAFBI KOTE€PEHTTi aMIVIMTYAAIBIK MOAYJISINSA.

Makasa FbUIBIM MEH TEXHUKaJaFbl ©3€KTi TAaKbIPBIIKA — JIa3ep/JiH KOMEriMeH Ia3/iblH Typi MEH KOHIECHTPAIMsCHIH
aHBIKTayFa apHaiFaH. JKachln Jazep coylieleHyiHIH KapKbIHABUIBIFBI MEH BIFBICY KEepHEYiHIH >KaKblH MOHJAEpiHIe
(OTOIMOATHIH MIBIFBIC CHUTHAJBIHBIH YaKBITTHIK KaTapbIHBIH HWHTEPGEpEeHIMAIBIK YATiIepi amsiHAsl. KorepeHTTimik
nopexeci (~0,1-1eH )oFapel) ra3mapablH TYPJIEPiH JKOHE ONapblH KOHIICHTPAMSIAPBIH aKbIpaTyFa MyMKIHIIK Oepi.
CurHaj KOTepeHTTUIr AJIaH JeBHALMACHI MOHACPIMEH OaKbpUIaHIBI. 3EpTTEY OMICiHIH KAHAIBIFBI MOIYIISIIUSHBIH
HETI3r1 XHLIIrl PeTiHie 3JIeKTp JKeJCiHIH rapMOHHUKACHhIH TaHay 00ibIn TabbiIaasl. Koppeasuusiislk GyHKIOUIap MeH
Colikec KyaT CHEKTpJIepi MOJISKYJalap/blH JKOHE OJIap/IbIH LIOFBIPJIapbIHBIH TOMEH XKUUTIKTETi TepOernicTepine cesrim
GoJtaTbIHbI KepceTireH. by 0eaMe KbICBIMBI MEH TeMITEpaTypachlH1a ONTHKAIBIK acanTapblH YIKESH OJIeM/ Il )KoHe
KBIMOAT KellleHIePiHiH OPHBIHA OCBI KYMBICTBIH HOTWKEJIEPl MCH O/IiCTEpiH HAKTHI JKaFIainapaa KoJIIaHyFa MyMKIHIIIK
oepeni.

Kiar ce3aepi: nasep, ra3 ceHCOPHI, TOMEH XXHUTIKTEP, POTOINOM, aMMHUAK.

Kanaoaee 3.7K., Axmanoe C.T., Tiney A.0O., Onmen JI.b.

KorepeHTHasi aMIIMTYTHASI MOAYJISIIMS B JIa3ePHOM ra3oceHcope.

Crarbsl TIOCBSAIICHA AKTyaJIbHON TeME HAYKH U TEXHHUKH — OINPEICICHHUIO BUIa U KOHIICHTPAIMK ra3a UCIO0JIb30BaHUEM
nmasepa. [Ipu OMU3KKMX 3HAYCHHSAX WHTCHCHMBHOCTH JIA3€PHOIO HM3JIYYCHHS 3CJICHOTO I[BETA M HANPSHKCHUS CMEIICHUS
¢doronuona moydyeHsl MHTEP()EPCHIIMOHHBIC KApTHHBI BPEMCHHOTO psifia BBIXOJHOTO curHana (ortoamona. CreneHb
korepeHTHOCTH (Oosee yem ~0,1) MO3BOJIMII Pa3iIMYUTh BUJABI T'a30B M UX KOHICHTpanud. KOrepeHTHOCTh CUTHAJIOB
KOHTPOJHMPOBAJaCh 3HAYCHHUSMHU JAcBHanuu AsuiaHa. HOBH3HON Merona WCCIeIOBaHUs SBISICTCS BHIOOP B Ka4eCTBE
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OCHOBHOH YacTOTHl MOJIYJLSIIMKA TapMOHHKY OJJleKTpuieckoil ceru. [lokazaHo, 49To (yHKOMH KOppesmuid U
COOTBETCTBYIOIINE CIEKTPHI MOIIHOCTH YYBCTBHUTEIBHBI K HU3KOYACTOTHBIM (PIyKTyaIMsM MOJEKYNI W HUX CI'YyCTKOB.
3T0 MO3BONAET WCIONB30BATh PE3yNbTaThl M METOAWKY HAacToAmeH padOThl B KOHKPETHBIX CIIydasX BMECTO
KpPYHMHOTaOapUTHBIX M JOPOTOCTOSAIINX KOMIUIEKCOB ONTHYECKUX MPUOOPOB NPH KOMHATHBIX 3HAYCHUSAX NABICHUHU H
TeMInepaTypsbl.

KaioueBble ci1oBa: nasep, ra3oBblii CEHCOpP, HU3KHE YacTOTHI, POTOIMOMA, aMMHAK.

Manuxoe B.H., Kamaconoe A.0., Hukoe A.B., ®@aoees /.A., Boiinawm C.A., Bopnauesa HU.B., 3acuoynaun P.P.,
HImeikosa I1.A.

7Kyka MeTasn KaObIpIIaKTapAbIH 6ipTekci3Airi MeH akayJapbiH 3epTTeydiH KYHbIHABI TOK d/ici.

Kyka merayur KaObIpIIaKTapIblH KaJbIHJBIFBIHBIH a3/bIFBIMEH OaiJIaHBICTBI SPTYpJi KYPBUIBIMAApD MEH epeKie
KacHeTTep OoNapablH (U3WKAJBIK CHIaTTamMajapbl MAacCHBTIK KYWIeri COHmal MaTepHalfapAaH adTapibIKTai
epeKIIeNeHeTIHAIrine okeneni. Kyka MeTamun KaOBIpHIaKTAPBIHBIH CHIIATTAMAaNapbhlH aHBIKTAay YIOiH Oy30aiThIH
3epTTeydiH JkKaHa OMiCTepiH o3ipiey e3ekTi Oombim Tabputampl. Makamama OpTYpili MeTalumapOblH JKYKa MeETajul
KaOBIpIIaKTapBIHEIH OCTiH 3epTTey YIIiH KYHBIHABI TOKTHI OaKpUIay OICiHIH apTHIKIIBUIBIKTaphl HETi3nenreH. JKyka
MeTaiT KaObIPIIaKTapbIHBIH MIEKTP OTKI3TIIITIrH, KaTbIHIBIFBIH KOHE 3aKbIMIAHY AOPEKECIH 3epTTEyre apHanFaH aca
Kiln KYWHBIHABI TOK TYPJCHIIPTIIIHIH KOHCTPYKUMSCHI YCHIHBUIFAH, COHBIMEH KaTap o3ipJIeHreH TYpJIeHAiprimTi
Oackapyra MYMKIiHIIK OepeTiH OarmapiaMaiblK-alllapaTThlK KeIIeH jKacairaH. MeTaml KaObIpIIaKTaphl 3epTTey
HerizgeMe OeTiHe 3aTThIH TapajyblHbIH OipTekcizmirin kepcerti. CoHnai-ak, o3IpJeHTeH TYPJICHIIPTilITIH CUTHAI
AMIUTMTYAAChIHBIH ~KaOBIPIIAK KAIBIHABIFBIHA TOYEJAUIN aHBIKTANIBl. AJIBIHFAH HOTIDKEJEepAl TeKcepy YIUiH
(OTOMETPHSIIBIK SMIICIIEH KaObIpIIaKTapAbIH KapbIKTHIH OTKi3yiHE 3epTTey Kypri3uireH. Eki oicrieH anblHFaH eJjiiey
HOTW)KEJIEPIH CaJbICTBIPY O3ipJEeHIreH KaObIpIIakTapAsl 3epTTey oJicTepi apachblHIAFBl JKOFapbl YHISCIMALTIKTI
KOPCETTi.

KinT ce3nepi: xyka KaObIKIIanap, Merannap, KYHbIHIBI TOK TYPJICHIIPFIlIl, MaTepraiiapasl 3epTTey, KaObIPIIaKThIH
OipTeKci3miri.

Manuxoe B.H., Kamaconoe A.0., Hukoe A.B., @aodees JI.A., Boiunam C.A., Bopnauesa HU.B., 3azudyrnun P.P.,
HImvikosa I1.A.

BuxpeTokoBblii MeTO/1 HCCI€I0BAHUS HEOTHOPOAHOCTEH 1 1e(heKTOB TOHKUX METAJIMYECKHUX IIEHOK.
MHoroo0pasue CTpYKTYphl M crenu()uIecKue CBONCTBA, CBS3aHHBIC C MAJIOCTHIO TOJIIHHBI TOHKUX METAJUTMYCCKHX
IJICHOK, MPUBOJIUT K TOMY, YTO MX (DU3MUYECKUE XAPAKTEPUCTHKH CYIECTBEHHO OTJIMYAIOTCS OT XapaKTEPUCTHK ITHX
)K€ MaTepualoB B MACCHUBHOM COCTOSHUHU. g ompeneneHus XapaKTepUCTUK TOHKHX METaJUIMYECKUX TUICHOK
aKTyalbHa pa3pabOTKa HOBBIX METOJOB HEpa3pyIIAIOIIEro HCCIeqoBaHUSA. B crarbe 00OCHOBBIBAIOTCS TOCTOMHCTBA
METOJ]a BHUXPETOKOBOTO KOHTPOJS JUIS HCCICTOBAHUS IOBEPXHOCTH TOHKHX METAUTHYECKUX IUICHOK pPa3IHIHBIX
MeTaiuioB. [IpencTaBieHa KOHCTPYKIHS CBEPXMHUHHATIOPHOTO BHXPETOKOBOTO TMpeoOpa3oBaTels, MperHa3HAYeHHOTO
JUTSL MICCIICIOBAHMUS SIIEKTPOTIPOBOAHOCTH, TONMIMHEI H CTETICHH IMOBPEKICHHUS TOHKHX METAILTMYECKUX TUICHOK, a TAaKXKe
CKOHCTPYHPOBAaH MPOTPaMMHO-allIapaTHEIA KOMILUICKC, ITO3BOJISIONMIMN IPOU3BOANTEH YIpaBICHHUE pa3pabOTaHHBIM
npeobpaszoBareneM. MccnenoBanne METALIMICCKUX IDICHOK ITO3BOJIIIO TMOKA3aTh HEOJAHOPOTHOCTH pacIpeeICHUs
BEI[ECTBA IO MOBEPXHOCTH MOJUIOKKH. Taxke Oblia ompejesieHa 3aBUCUMOCTh aMIUIMTYIbI CUTHANA pa3padoTaHHOTO
mnmpeoOpa3oBatelisi OT TOJIIUHBI MJICHKH. J[JIs1 MPOBEPKH MOJyYaeMbIX PE3yJIbTATOB ObUIH MPOBEICHBI HCCIICIOBAHUS
CBETONPONYCKAHUS TJIEHOK (OTOMETpUYECKUM MeToJ oM. CpaBHEHHE PE3YJIbTATOB M3MEPEHHUN, MOMYyUYEHHBIX JABYMS
METOJ[AMH, TIOKa3aJH BBICOKYIO CTETICHb COTJIACOBAHHOCTH MEXAY IBYMs pa3pabOTaHHBIMH METOJAMH HCCIICIOBaAHUS
IUIEHOK.

KiloueBble ¢JI0Ba: TOHKWE IUICHKH, METallbl, BUXPETOKOBBIH mpeoOpa3oBaTelb, HCCICIOBAHUS MAaTEPHAIIOB,
HEOJHOPOAHOCTb IIEHKH.

Luwynun A.B., llomanoe A.A., Illuwiynuna A.B.

KaOpIpmiakTel KaTThl epiTiHallepain ¢pakranablk mimingi HaHoOeMmeKkTepi: MOPQOJOTHSIHBIH aybIp
BOJIb(hpaM MCEeBAOKOPBLITHAIAPBIHAAFLI (ha3aJibIK Tene-TeHAiKKe dcepi.

@Ou3nKa-XUMUSUIBIK ~ KACHETTepAiH Oipereil KMBIHTHIFBIHBIH ~apKachblHJa HAaHOKYPBUIBIMIBI ayblp BOJb(pam
TMICEBJJOKOPBITIIANAPEI, SCIPEce YHTAKThl METAJUTYPrHSHBbIH 3aMaHayd aJIUTUBTI TEXHOJOTUSIIAPBIHBIH HBICAHBI PETIHAE
JKOFapbl KBI3BIFYIIBUIBIK TyAbIpanbl. bepinren skymbicta W-Cr ayblp KOPBITIIACHIHBIH MbIcajbiHaa core-Shell
KaOBIPIIAKTAUTBIH KaTTHI €piTiHAl KypbUIBIMBI 0ap HaHOOeNmIeKTep YIIH (a3aiblK Tene-TeHAIKTIH Mopdomorusra
TOYETAIIri TepMOAMHAMUKAIBIK TYpAe MojeibaeHreH. Hanobemmexrepain MOphOIoTHsaCch (DpakTaaabIK TeOMETPHUs
omicTepiH KojmaHy apKpuiel OepinreH. Teme-TeHmik (azaiblKk KypamMbl MEH OPTYpPJl TeTeporeHidl KyinepaiH
TeMIIepaTypa MEH HaHOOeNIIEKTep/iH MOpP(OJOTHACHIHA TO3IMIUIr )KyHeHIH 00C SHEeprusiChlH TOMEHAETYAIH YII
MeXaHM3Mi Heri3iHne Tycinaipineni. JKyMbICTBIH COHFBI O6JIiriHIe HaHOOeIIIIEKTep aHCaMOIbAEPIHICT] eJIIeMAep MeH
opTamia cunarramaiap OOMBIHIIA Tere-TEHJIK YJECTIpyJepiH ecentey oiici, COHIai-aK MHKPOCKOIUS MaJiMeTTepi
Heri3iHe HaHOOeIeKTepAiH (paKTaIIbIK OJIIIEMIH OJIIIey 9/IiCi CHUIIaTTaJIFaH.

KinT ce3nepi: HaHOOeIIIEKTEP, KABBIPLIAKTAY, BOJIL(GPAM, XpOM, (GPaKTAIIBIK OJILIEMILIIK.
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Hluwynun A.B., Ilomanoe A.A., Iluwynuna A.B.

HanouyacTuusl ¢pakrajibHoii (GopMbl paccianBalOIIMXCS TBEPAbIX PACTBOPOB: BJMsIHUEe MOP(OJIOrHH Ha
(a3oBbie paBHOBeCHSI B TSIXKeJbIX BOIb(GPaMOBBIX NCEBJ0OCILIABAX

bnaromaps yHuKambHOMY HaOOpy (H3MKO-XMMHYECKHX CBOWCTB HAHOCTPYKTYPHPOBAaHHBIE TSDKEIBIE BOJIb(PaMOBBIC
TICEBJIOCIIIABHI SIBISIIOTCS OOBEKTOM MOBBINIEHHOTO HWHTEpeca, B OCOOCHHOCTH KaK OOBEKT Uil COBPEMEHHBIX
AIUIUTHBHBIX TEXHOJIOTWI IOPOLIKOBOW MeTaulyprud. B Hacrosimed paboTe TepMOAMHAMUYECKH CMOJEIHPOBaHA
3aBHCHUMOCTH (Da30BBIX paBHOBECHIl OT MOP(OIOTHH Uil HAHOYACTHUIL CO CTPYKTypoi core-shell paccnamparomerocs
TBEPJOro pacTBopa Ha mpuMepe Tspkenoro crutasa W-Cr. Mopdororust HaHOYacTHIl 3a/1aBajiach C HCIOJIb30BaHUEM
METO/OB (ppakTaibHOW reomerpuu. [losrydeHHBIE 3aBUCHMOCTH PaBHOBECHOTO (Da30BOTO COCTaBAa W YCTOWYHMBOCTH
Pa3JIMYHBIX TE€TEPOTEHHBIX COCTOSHHUH OT TeMIlepaTypbl ¥ MOP(]OJIOTMH HAHOYACTUI] WHTEPIPETHPOBAHbI HA OCHOBE
TpeX MEXaHM3MOB IIOHIDKCHHS CBOOOIHON SHEPIMU CHUCTEMBl. B 3akmrounTensHON 4YacTu pabOTBI ONMMCAH METOJ
pacdera paBHOBECHBIX paclpelelIeHHH M0 pa3MepaM M CPETHHX XapaKTEPHCTHK B aHCaMOJIAX HAHOYACTHI, a TaKxkKe
METOJUKA N3MEPEHNUS (PpaKTanbHON pa3MEPHOCTH HAHOYACTHIl HETTOCPEICTBEHHO HA OCHOBE JTAaHHBIX MHUKPOCKOIIHH.
KnroueBble c10Ba: HAHOYACTHUIIBI, PacCIanBaHKE, BOIb(PPaM, XpoM, (ppakTaIbHAs pa3MEPHOCTb.




