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Abstract

Relevance. Understanding the dynamic behavior of radicals in reactors undergoing gas-phase oxidation of
organic substances is crucial for optimizing reactor design and safety across industries.
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Purpose. This study aims to elucidate the emergence of standing wave structures influenced by feedback
mechanisms in reactors with cylindrical and spherical symmetry, using mathematical principles governing the
propagation of oscillations and shock waves in diffusion-driven chain reactions.

Methodology. Materials and methods for the research included a computer simulation using MATHCAD 20011,
and comparative analysis of experimental data obtained from reactor experiments. The computational modeling
revealed vivid formations of standing wave structures in reactors influenced by feedback mechanisms.

Results. The impact of reverse connections in reactors with cylindrical and spherical symmetry significantly
contributed to the formation of various standing wave structures of radical concentrations within the reaction
zone. It was found that these structures were largely imperceptible visually and could only be observed when
the reaction was accompanied by intense light emission. These visual representations served as compelling
evidence of the intricate interplay between reaction kinetics and feedback effects. The study emphasized the
importance of understanding and predicting the root causes of instabilities, ultimately enhancing the reliability
and safety of reactors across various industries. The results demonstrated a correlation between specific feedback
mechanisms and the spatial distribution of standing wave structures.

Conclusions. The derived computational patterns, as presented in this paper, provide compelling evidence
supporting the feasibility of standing wave structure formation within reactors when influenced by feedback
mechanisms. The study unveiled the potential for fine-tuning reactor parameters to influence the formation
and stability of these structures. The findings represented a significant stride towards a more comprehensive
understanding of dynamic regimes in reactors, with implications for reactor design, operation, and safety
protocols. The insights garnered from uncovering standing wave structures influenced by feedback mechanisms
offered valuable opportunities to optimize reactor design and operational safety, leading to more efficient and
sustainable processes.
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Introduction

The study of standing wave structures within reaction
mediums is of paramount relevance in chemical engi-
neering and reactor dynamics, holding substantial im-
plications for reactor design and safety. The inhibitory
effect of formaldehyde on oxidation reactions intro-
duces complexity, prompting an inquiry into whether
inhibition alone leads to the emergence of feedback
mechanisms capable of establishing oscillatory modes
within the system.

Combined with recent advances in understand-
ing the complexity of low-temperature oxidation pro-
cesses in confined spaces, it has become increasing-
ly important to combat the emergence of nonlinear
relationships. Research by C. Lin et al. demonstrated
the effects of nonlinear reaction kinetics and large
inelastic strain on the oxidation process, further em-
phasizing the importance of understanding nonlinear
relationships in oxidation reactions [1]. Moreover,
recent studies of these authors shed light on how
pulsation phenomena can occur as a result of the in-
teraction of the intermediates with concentrated ion-
ic complexes near the surface, resulting in the gen-
eration of subtle shock waves [2]. Such discoveries
as T. Abrahamyan et al., have profound implications
not only for the operational integrity and efficiency
of reactors using chain processes, but also for basic

scientific research aimed at mastering these complex
processes [3]. Oscillatory phenomena, including con-
centration and temperature fluctuations, are key is-
sues in the field of industrial chain processes. In the
context of standing wave structures, it is notable that
it can lead to the development of functional gradients
in which the concentration or activity of a particular
component exhibits spatial variations.

This phenomenon is of particular importance in
applications such as synthetic biology, where pre-
cise spatial organization is critical to the functional-
ity of the system as wrote S. Kretschmer et al. [4].
Accordingly, researchers as E. Villar-Septlveda &
A.R. Champneys are devoting themselves to studying
the spatial arrangement and dynamic behavior of rad-
icals in standing wave structures with the main goal
of improving reactor design and increasing its oper-
ational safety [5]. The focus is on understanding the
specific conditions and underlying mechanisms that
lead to the formation of these distinctive structures.
The implications of this research extend to improv-
ing reactor design and operational safety of processes
involving gas-phase oxidation reactions. By revealing
the spatial arrangement of radicals and the dynam-
ic interactions, valuable information can be obtained
to optimize reaction parameters, improve efficiency,



and ensure safe operations. Obtaining comprehensive
information and the ability to predict these phenom-
ena is of paramount importance for reactor protec-
tion, especially in critical areas such as chemistry. In
this regard, there is an urgent need for model studies
focused on processes characterized by chain devel-
opment as D. Gaskins et al. mentioned [6]. This en-
deavor serves a dual purpose: to anticipate and proac-
tively develop complex processes in key sectors such
as chemical engineering, energy, biology and various
fields of human activity.

In light of these considerations, this study harness-
es the mathematical framework governing the birth
and propagation of oscillations and shock waves with-
in diffusion-driven chain reactions. The primary aim
is to delve into the establishment of standing wave
structures of radicals within reactors immersed in the
gas-phase oxidation of organic substances. Through
this comprehensive inquiry, an effort is being made to
enhance the comprehension of the dynamic behavior
of radicals and spatial organization, ultimately con-
tributing to the advancement of reactor design and
operational safety.

Materials and Methods

Prior to commencing the experimental phase, an ex-
tensive review of existing literature was conducted.
This involved a thorough examination of scientific
publications, articles, monographs, and reports, pro-
viding a comprehensive overview of the current state
of the issue surrounding the formation of structures
of standing waves of radicals in reactors engaged in
gas-phase oxidation of organic substances. Notably,
key theoretical and experimental studies in this do-
main, along with the respective findings, were under-
scored [2; 7].

The computer modeling was executed utilizing
the MATHCAD 2001i software package to validate
theoretical concepts and scrutinize the behavior of
the reaction medium. Within this endeavor, a math-
ematical model was crafted, encompassing equations
elucidating the diffusion propagation of the chain re-
action and the emergence of structures of standing
waves of radicals. By employing MATHCAD 2001i,
the numerical solution of a system of differential
equations was achieved, alongside the capacity to
visualize outcomes through graphs and diagrams.
Following the computer modeling phase, the results
thus obtained underwent a meticulous comparative
analysis. This step involved a rigorous examination to
ascertain the congruence or disparities between the
modeled data and existing empirical evidence or the-
oretical predictions, thereby ensuring the robustness
and accuracy of the model.

The study used mathematical modelling. The mo-
del consideration is carried out within the framework
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of the theory of diffusion propagation of particles with
reproduction in limited volumes. The solution to the
problem is reduced to solving the equation:

u, = a’Au + fu - inside the T area, @)

where: u — concentration of active particles;a? = D/c;
D - diffusion coefficient of active particles; ¢ — porosity
of the medium (in case of gas medium c = 1); S - re-
production rate; A Laplace operator.

With initial and boundary conditions:

u(M, 0) = M), u_=0. (2)
As a result, a function was obtained [8]:
uM, D =%"_, Cne(/"“zx")‘vn(M), 3)

where: C, — number describing a curve, the contour
of an arc, but in this work the behavior of the con-
centration of active particles depending on time and
space due to periodic changes in the properties of the
reaction medium is also important; A_— characteristic
parameter which, in the case of a reactor with spheri-
cal symmetry, has the form:
2
hw=(%). @
The use of this formula to solve the problem is
more convenient, since it allows to present the com-
plex problem of the relationship of chain oxidation
processes in the most convenient way to find a quali-
tative picture of the influence of unnecessary connec-
tions on the type of dynamic regime in the system.
Namely, the appearance of an inhibitor that destroys
the leading chain radical leads to the formation of a
periodic decrease and restoration of the rate of repro-
duction during the diffusion of active particles, by rep-
resenting the coefficient f as a value periodically vary-
ing with time, namely f*|sin(#)|. In this approximation,
equation (1) can be represented as:

uM, T) =X _, C ePlsn@l< )y (M), 5)

For simplicity, it is being considered the case of
n =1 and a spherically symmetric reactor. In this case,
equation (2) is represented as:

T 2 - (T
u(M,T) = const * e(ﬁlsm(t)')_m(ﬁ) . sin(z) . (6)

r
R

In this work, interest is focused not so much on
obtaining exact numerical values characterizing the
reaction, but rather on finding the range of values
of these parameters leading to the establishment of
standing wave structures in reactors during techno-
logical processes based on chain reactions.
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Results

The investigation into the emergence of standing
wave structures within the reaction medium during
the progression of the diffusion-driven chain reaction
process yielded compelling findings. These results
provide valuable insights into the dynamic interplay
of radicals and spatial organization within the reac-
tor. To begin, it is essential to highlight the distinctive
patterns and characteristics observed in the standing
wave formations, shedding light on the underlying
mechanisms. A quantitative analysis of key parame-
ters, such as wave amplitude and frequency, serves
to elucidate influence on the overall reaction kinetics.

The results are summarized below provide a com-
prehensive visual representation of the dynamic oxi-
dation reaction of organic compounds within reactors
possessing both spherical and cylindrical symmetry.
This dynamic process is influenced by the presence of
an inhibitory factor, either in the form of an interme-
diate product or through the occurrence of periodic
shifts in concentration along the radical chain within
the reactor wall layer.

The calculations are based on formula (2), which
accommodates the introduction of an inhibitor — either
an intermediate or final product of the reaction. This
inhibitor exerts a significant influence on the leading
chain radical, resulting in a temporary reduction in
reaction rate. In cases where feedback occurs, peri-
odic variations may manifest. This behavior is quan-
tified by modifying the parameter # with the function
|sin(t) |, signifying its prevalence throughout the en-
tire volume. Alternatively, in scenarios characterized
by concentrated feedback near the reactor periphery,
a factor denoted o - |sin(t) |as is subtracted from the
reactor’s diameter (in the case of spherical symmetry)
or radius (in the case of cylindrical symmetry). This
signifies a periodic contraction of the reactor’s dimen-
sions, reflecting the feedback’s spatial extent. This
nuanced consideration expands the understanding of
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the intricate interplay between reaction kinetics and
inhibitor-induced dynamics.

Periodic inhibition of a process

by a reaction intermediate

In the existing literature, instances have been re-
ported where the presence of excited formaldehyde
molecules, an intermediate product of the acetalde-
hyde oxidation reaction, disrupts the leading radical
chain, resulting in the onset of an oscillatory regime
in the system [7]. This phenomenon is attributed to
quantum resonance, wherein the excitation ener-
gy of formaldehyde is transferred from the leading
chain to the CH,CO, radical, a phenomenon detailed
in theoretical studies. Empirical data affirms that the
introduction of formaldehyde molecules from an ex-
ternal source exerts an inhibitory influence on the
oxidation reaction. This effect is ascribed to the con-
version of highly active radicals into less reactive spe-
cies. Nevertheless, it’s important to note that mere
inhibition does not automatically result in the de-
velopment of feedback mechanisms that can induce
oscillatory dynamic modes within the system. Pre-
vious works primarily addressed scenarios involving
the appearance of excited formaldehyde molecules,
which were more likely to induce the formation of
cold flames [2; 7]. Through simulations focusing on
the generation of highly vibrationally excited formal-
dehyde molecules via heterogeneous recombination,
a diverse range of feedback modes and intriguing
phenomena were observed.

Particularly noteworthy is the proposition that
feedback is concentrated near the surface, prompting
inquiries into its broader impact on the overall vol-
umetric process. This innovative perspective promis-
es to deepen understanding of the intricate interplay
between inhibition, feedback, and overall reactor dy-
namics. The calculation results using the MATHCAD
2001i program are shown in the Figure 1.
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Figure 1. Establishment of the structure of standing waves
in a spherical reactor due to feedback at the reactor walls calculated using the MATHCAD 2001i program
Note: according to the formula: u(r, t) =j (0, n/(5-|sin(t) |)); r — coordinate; t — time

Source: developed by the authors



In the context of the stationary reaction mode,
characterized by the condition f-a*, = 0 in equation
(1), and with the radius subject to periodic variations
described by R - |sin(t) |, a discernible phenomenon
emerges. The visual representation vividly illustrates
the establishment of a standing wave structure within
a reactor exhibiting spherical symmetry. This dynamic
portrayal underscores the critical interplay between
parameters f, a, and A , demonstrating pivotal roles
in shaping the distinctive patterns observed. As the
reactor’s radius oscillates in a periodic manner, the re-
sulting spatial variations give rise to the formation of
these intriguing standing waves [8].

While this structural phenomenon may not be
readily discernible to the naked eye, it becomes de-
tectable through sensitive sensors if the reaction is
accompanied by light emission, particularly in the IR,
UV, or visible spectrums. This visual insight provides
a valuable perspective on the system’s behavior in re-
sponse to the interplay of reaction kinetics and feed-
back mechanisms [9]. This observation underscores
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the significance of specialized detection methods in
revealing hidden structural intricacies within reac-
tors. Valuable insights into the dynamic behavior of
radicals and spatial organization, which are otherwise
imperceptible through visual inspection alone, can be
gleaned by harnessing sensitive sensors. This deeper
understanding holds substantial implications for en-
hancing the monitoring and optimization of reactions
in spherical reactors.

Periodic development of the inhibitor

in the reaction medium of a spherical reactor
Figure 2 and 3 depict the outcomes of computations
elucidating the impact of feedback mechanisms with-
in the system on the reaction medium. This phenom-
enon leads to the emergence of a distinct standing
wave structure within a reactor characterized by
spherical symmetry. Notably, these visual representa-
tions showcase varying sets of characterizing param-
eters, providing a comprehensive view of the system’s
response to different conditions.
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M Radius (x 0,25)

Figure 2. The structure of standing waves in the medium of a reactor with spherical symmetry
in the case of the presence of nonlinear coupling in the reactor at the value
of the characteristic parameters calculated using the MATHCAD 2001i program

Note: according to the formula: u(r,t) = e
Source: developed by the authors
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Figure 3. The structure of standing waves in the medium of a reactor with spherical symmetry
in the case of the presence of nonlinear coupling in the reactor at the value
of the characteristic parameters calculated using the MATHCAD 2001i program

Note: according to the formula: u(r,t) = e(
Source: developed by the authors
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Figures depict the formations of standing wave
structures within a reactor exhibiting spherical sym-
metry. These structures arise in scenarios where non-
linear coupling is present, and are calculated based
on the specified characteristic parameters detailed in
the accompanying calculation formulas.

In these specific cases, the simulation accounts
for the influence of feedback extending uniformly
throughout the entire reactor volume. This dynam-
ic process involves the periodic oscillation of the
concentration of active leading radicals, with due ¢
onsideration to the diffusion [10]. Consequently, this
intricate interplay culminates in the establishment
of a structured pattern of active radicals within the
spherical reactor. These figures serve as a crucial
visual testament to the sensitivity of the reaction dy-
namics to changes in the governing parameters. The
nuanced variations in these parameters yield unique
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patterns and shapes in the standing wave structures,
underscoring the intricate interplay between reaction
kinetics and feedback effects. This comprehensive
understanding further advances grasp of the system’s
behavior under diverse operational scenarios.

Periodic mode, concentrated near

the surface of a cylindrical reactor

In the illustration below, it can be observed the dis-
tinctive structural patterns within a cylindrical re-
actor, specifically in the scenario where feedback
manifests along the surface layer (Fig. 4). These
results were obtained through computations using
the MATHCAD 2001i program, utilizing specified
values for the characteristic parameters. The formu-
lation used for these calculations provides further
context regarding the parameters that govern this
intricate process.
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Figure 4. Formation of a structure of standing waves of concentration radicals
in the case of a reactor with cylindrical symmetry at the value
of the characteristic parameters calculated usirig the MATHCAD 2001i program
4045x1

Note: according to the formula: u(y, t) = ¢%15*¢
Source: developed by the authors

From the depicted image, it is evident that in a re-
actor with cylindrical symmetry, the presence of feed-
back leads to the establishment of a standing wave
structure within the reactor volume. This observation
underscores the profound impact of feedback mecha-
nisms on the dynamic behavior of the system. Under-
standing the emergence of standing wave structures
in reactors with cylindrical symmetry is crucial for
gaining insights into the complex interplay between
reaction kinetics and feedback effects. This phenom-
enon has significant implications for the optimization
and control of processes in such reactors.

When dynamic modes are studied and the effec-
tiveness and safety are assessed, a significant contribu-
tion can be made by recording the wave structures of
radicals in the reactor if feedback occurs in the system
due to the inhibition of the reaction by intermediate or
final excited reaction products. In areas where the con-
centration of radicals is at its maximum, there is a high

2.

*2%Jo 10—4|cos(8t)|

likelihood that the reaction radiation will be more in-
tense. Consequently, a striped pattern can be obtained
during registration allowing for the extraction of in-
formation about the nature of feedback in the reactor.

This study demonstrates the profound influence
of feedback mechanisms on the spatial organization
of radicals within reactors of varying symmetries.
Through rigorous computational modeling and analy-
sis, standing wave structures were observed to emerge
in reactors with both spherical and cylindrical symme-
try. These patterns were shown to be highly sensitive
to changes in characteristic parameters, showcasing
the intricate interplay between reaction kinetics and
feedback effects. Additionally, the presence of nonlin-
ear coupling in reactors with spherical symmetry fur-
ther enriched the complexity of standing wave forma-
tions [11]. These findings provide valuable insights
for optimizing and controlling reactions in diverse
reactor configurations.



Discussion

This work introduces a novel approach, leveraging a
mathematical method from existing literature to de-
scribe the propagation of chain reactions in confined
volumes during the diffusion of an unstable gas. This
approach provides insights into the establishment of
dynamic regimes featuring standing wave structures
in the system. Throughout the research, particularly
noteworthy results have been obtained for the first
time, shedding light on the influence of external con-
ditions (such as heat removal, presence of excited par-
ticles, and alterations in surface properties of reaction
vessels), often manifesting as feedback on systems
with a chain development mechanism.

An additional point of interest lies in understand-
ing the state of the reaction medium based on the
specific structure of standing waves. By delving into
this aspect, it becomes possible to anticipate the type
and location of feedback within the reactor. The work
of G. Sargsyan et al. cited elucidate the phenomenon
of feedback formation near the reactor wall layer [7].
This study reveals that the presence of active centers at
the vessel walls leads to the generation of excited for-
maldehyde molecules, which act as destructive agents
for active radicals, particularly the leading chains of
CH,CO.,. This, in turn, gives rise to concentration fluc-
tuations of these radicals in the near-surface layer of
the reactor. This work, in particular, scrutinizes the
impact of oscillations within the near-surface layer on
the overall reactor process. The challenge is addressed
by resolving the considerations of a stationary process
within a reactor featuring a dynamically changing ra-
dius, specifically in cases of reactors with spherical
symmetry. When the concentration of CH,CO, radi-
cals diminishes due to interactions with excited for-
maldehyde molecules, it is postulated that the reac-
tor’s radius contracts in proportion to the penetration
depth of excited formaldehyde molecules facilitated
by diffusion.

The studies outlined above provide valuable par-
allels and insights that complement this investigation
into standing wave structures in reaction media dur-
ing the diffusion-driven chain reaction process. Sev-
eral key considerations for future research endeavors
can be gleaned from these findings. This work aligns
with the study of C.T. Hamik & O. Steinbock that ex-
plores excitation waves in reaction-diffusion media
with non-monotonic dispersion relations [12]. The
observations revealed the presence of rotating spiral
waves and target patterns in two-dimensional excita-
ble systems. Comparisons between results could shed
light on potential commonalities and offer a basis
for refining mathematical models. Another work by
S. Hata et al. established essential conditions for wave
instability in general three-component reaction-dif-
fusion systems [13]. These conditions, expressed in
terms of the Jacobian matrix of the system’s uniform
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steady state, provide a means to determine the poten-
tial observability of wave instability with the gradual
increase of species mobility. This insight can be in-
strumental in refining understanding of the stability
and dynamics of standing wave structures, providing
criteria for the emergence. In a different approach
K. Regenauer-Lieb et al. proposed the universality of
dissipative wave phenomena in Thermo-Hydro-Me-
chanical-Chemical (THMC) reaction-diffusion sys-
tems that operate far from equilibrium [14]. It intro-
duced an updated formulation for chemical systems,
contending that the wave operator must incorporate
non-local reaction-diffusion equations. Further re-
search could explore the applicability of this univer-
sal concept to specific context, potentially uncovering
additional insights into the underlying mechanisms.

The study of D. Cuifias et al. investigated the
transition from traveling to standing waves in a reac-
tion-diffusion system as a function of frequency [15].
The researchers noted that a further increase in fre-
quency led to yet another transition, this time result-
ing in bulk oscillations. Future studies based on this
may delve deeper into the underlying factors influ-
encing such transitions, potentially shedding light on
the nuanced interplay of feedback mechanisms in this
specific system. The work of C. Hamster & P. van Hei-
jster elucidated how stochastic patterns arising from
the stochastic cell motility model equation can be har-
nessed to comprehend experimentally observed dy-
namics, particularly those pertaining to waves [16].
Understanding how stochasticity influences wave
dynamics may provide valuable insights into the ro-
bustness and adaptability of standing wave structures
in response to environmental perturbations. Incorpo-
rating these comparative considerations into future
research endeavors holds promise for refining un-
derstanding of standing wave structures in reaction
media. Additionally, it is worth noting that while the
study primarily focuses on reactors with gas-phase ox-
idation of organic substances, the insights gained have
broader implications [17]. The emergence of standing
wave structures, influenced by feedback mechanisms,
extends to various reaction-diffusion systems [18].
Exploring the universality of these phenomena across
different contexts could open avenues for interdis-
ciplinary research and applications in fields beyond
chemical engineering.

This study highlights the importance of consid-
ering external conditions and feedback effects when
designing and operating reactors. The ability to pre-
dict and control standing wave structures provides
a valuable tool for optimizing process efficiency and
ensuring safety [19]. This has direct relevance to in-
dustries where precise control of chemical reactions is
paramount, such as in pharmaceuticals, petrochemi-
cals, and environmental engineering. In terms of fu-
ture research directions, a deeper investigation into
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the role of specific feedback mechanisms and inter-
actions with different reaction pathways could yield
further insights. Additionally, exploring the potential
for dynamic control of standing wave structures, for
example, through modulation of external conditions,
presents an intriguing avenue for enhancing process
flexibility and performance.

The experimental validation of the computational
models and theoretical frameworks proposed in this
study would be a crucial step towards real-world appli-
cation. Conducting experiments to observe and quanti-
fy standing wave structures in practical reactor setups
would provide empirical support for the theoretical
findings. The study not only advances understanding
of standing wave structures in reactors with gas-phase
oxidation but also lays the groundwork for broader
applications in reaction-diffusion systems [20-22].
Improved reactor design and operation, with implica-
tions for a wide range of industries, can be achieved
by considering feedback mechanisms and external
conditions [23; 24]. Future research avenues include
exploring specific feedback mechanisms, dynamic con-
trol strategies, and experimental validation of theoret-
ical models. investigating the potential integration of
advanced computational techniques, such as machine
learning algorithms, could offer a powerful tool for
predicting and optimizing standing wave structures in
complex reaction-diffusion systems, further enhanc-
ing the precision and efficiency of reactor operations.

Conclusions

The approach proposed in this study, specifically the
use of a mathematically developed method, highlights
the intricacies of establishing dynamic regimes with
standing wave structures in the system. The research
yielded novel and compelling insights into the impacts
of external conditions, such as heat dissipation, excit-
ed particles, and changes in the surface properties of
reaction vessels, often manifesting as feedback mech-
anisms on the dynamic behavior of chain reaction
systems. A particularly noteworthy aspect explored in
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this work is the influence of oscillation phenomena in
the near-surface layer on the overall reactor process.
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from the registration of radical wave structures in the
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the formation of standing wave structures. This work
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ing processes in chemical engineering applications.
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AHoTaniga

AxTyanbHicTh. PO3yMiHHS AuUHaMiYHOI TOBEJIHKY paJUKaliB y peakTopaX, fKi 3a3HaIOTh rasohasHoro
OKUCJIEHHs OPTaHIYHUX PEeYOBHH, Ma€ BUpilllaabHe 3HaUeHH /I OIITUMIi3allii KOHCTPYKIIii peakTopa Ta 6e3mneKu
B IIPOMUCJIOBOCTI.

Merta. lle gocmifkeHHA Mae Ha MeTi 3’ACYBaTU IOABY CTPYKTYpP CTOSYUX XBWIb IIiJ] BIUTUBOM MeXaHi3MiB
3BOPOTHOTO 3B’SI3Ky B peaKTOpax i3 UWIHAPUYHOIO Ta CHEPUIHOIO0 CHMETPi€r0, BUKOPUCTOBYIOYH MaTeMaTHYHi
TIPUHIIANY, 10 KepyloTh IMOIIMPEeHHAM KOJWBAaHb i yZApHUX XBWIb y JIAHIIOTOBUX peakKIlifix, KepOBaHUX
audysiero.

MeTozgosoria. MaTepiaau Ta MeTOAU JOCTIKeHHA BKIIOYaIl KOMITIOTEPHE MOJENI0OBAHHA 3 BUKOPHUCTAHHAM
MATHCAD 2001i Ta mNOpiBHAJBHUI aHasli3 eKCIIepUMEHTAaJbHUX JaHUX, OTPHMAHHUX y peaKTOPHUX
eKcreprMeHTax. Po3paxyHkoBe MOZe/M0OBAHHA BUABUIO ICKPaBi yTBOPEHHS CTPYKTYP CTOS4OI XBIJIi B peaKTopax
TIi/i BILTUBOM MeXaHi3MiB 3BOPOTHOTI'O 3B’A3KY.

PesynbraTi. BIUIMB 3BOPOTHUX 3B’SI3KiB y peakToOpax 3 IWIIHAPUYHOIO Ta cHEpPUYHOIO0 CUMETPIi€l0 CYTTEBO
CIPUAB YTBOPEHHIO Pi3HOMAaHITHUX CTPYKTYP CTOAYOI XBWII KOHIIEHTpalill pagukailiB y 30Hi peakii. Byno
BUSIBJIEHO, IO 1Ii CTPYKTYpU OyJIM B OCHOBHOMY HEMOMITHUMM Bi3yaslbHO i MOIVIM CIIOCTEPIraTHCS JIUIIE TOZI,
KOJMHU Ppeakllisi CyIpOBOKyBajacsi iHTEHCHUBHUM BUIIPOMiHIOBaHHAM cBiTia. Lli BisyanbHi mpezacTaBieHHA
CITYKVUTY TIEPEKOHIMBUM I0Ka30M CKJIaZHOI B3aEMO/i1 MiK KIHETUKOIO peakilii Ta epeKTaMu 3BOPOTHOTO 3B’A3KY.
JlocimKkeHHA HAarosIoIye Ha BAKJIMBOCTi PO3yMiHHSA Ta MPOTHO3YBAHHS OCHOBHUX IIPUYUH HECTAGLIBHOCTI, 1110
B KiHI[EBOMY ITiICYMKY IIiIBUIIy€ HAAiHHICTh i 6€31eKy peaKTOpPiB y Pi3HUX Taly3saX MPOMUCIOBOCTI. Pe3ynbraTu
MIPOJEMOHCTPYBAJIN KOPEJALiI0 MK KOHKPEeTHHMU MeXaHi3MaM{ 3BOPOTHOTO 3B’A3Ky Ta INPOCTOPOBUM
PO3IOALIOM CTPYKTYP CTOSYO01 XBUJI.
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BucHoBku. OTpuMaHi Mojeni 064YMCIeHb, MPeACTaBIeHi B IIili CTaTTi, HaJalOTh MEPEKOHIUBI J0Kasu, IO
MiATBEPKYIOTh MOXJIUBICTh GOPMYBaHHS CTPYKTYPH CTOSYOi XBWII B peaKTOpax I/l BILIMBOM MeXaHi3MiB
3BOPOTHOTO 3B’13Ky. JlOCTiKEeHHST PO3KPWIO TMOTEHIlia /i TOYHOTO HaJalITyBaHHSA IapaMeTpiB peakTopa
JUTsA BIUTMBY Ha GOPMYBaHHS Ta CTaOLUIBHICTD LIUX CTPYKTYp. OTpUMaHi pe3y/IbTaTh CTalu 3HAYHUM KPOKOM /10
OLIBII TOBHOTO PO3YMiHHSA AMHAMIUYHUX PEXUMIB y peaKTopax, II0 Ma€e HaCHiAKU i KOHCTPYKIIii peakTopa,
eKCIUTyaTallii Ta IPOTOKOJiB Oe3MeKu. YABIEeHH, OTPUMaHi B Pe3y/IbTaTi PO3KPUTTS CTPYKTYP CTOSYUX XBUIIb,
Ha AKi BIUTMBAIOTh MeXaHi3MH1 3BOPOTHOT'O 3B’A3KY, IPOIIOHYIOTh LiHHI MOXKJIMBOCTI /1A ONITUMi3allii KOHCTPYKIIii
peakTopa Ta 6e3MmeKH eKCIuTyaTailiii, 110 MPU3BOAUTD /0 OiTbIT ePEeKTUBHUX i CTIHKUX MIPOIIECiB.

K1r04oBi c10Ba: OKMCHEHHS; 3BOPOTHUH 3B’130K; MOZETIOBAaHHSA AUHAMIYHUX PEXKUMIB; PaZIUKaJIN; KOJTUBATbHI
SIBUIIA; CTAlliOHaPHUU TIPOIleC



