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Novelty of this research is to explore an impact of Lorentz force, Arrhenius activation energy, and Conduction of Melting Heat on the
micropolar fluid behaviour of steady radiative bio-convective micropolar nanofluid flow towards a stretchable surface. Using the
standard similarity method, we have derived the equations of similarity for the relevant quantities of momentum, angular momentum,
temperature, and concentration. The MATLAB tool 'bvp4c' is used to determine solutions to the transformed governing equations.
Equations of similarity in four dimensions (momentum, angular momentum, temperature, and concentration) are numerically solved.
We have examined, microrotation, velocity, concentration, temperature fields behavior for various parameters. Results show that the
motile density of microorganisms decreases when the Peclet number and the microorganism concentration differential parameter are
increased. Motility density increases as the Peclet number in microbial concentrations rises. Nanofluids are therefore appropriate as
heat transfer fluids due to their surface cooling effect. The numerical scheme applied is validated by comparison with the previous
numerical values.
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Nomenclature
K Material parameter C concentration
Rd Thermal radiation parameter Cw Concentration at the surface
Pr Prandtal number Coo Ambient fluid concentration
Nb Brownian Motion parameter Cp Specific heat
Nt Thermo Phoresis parameter Ds Microorganism diffusion coefficient
Ec Eckert Number f Dimension less stream function
Le Lewis number f' Dimension less velocity
Da Darcy number k* Mean absorption coefficient
M Magnetic parameter Nu Local Nusselt number
y) Mixed convection parameter Qo Heat generation/Absorption parameter
Ow Temperature Ratio parameter s Microorganism field
E Activation Energy parameter Sw Microorganism at the surface
Lb The Bioconvection Lewis number S Ambient fluid Microorganism
Pe Peclet number Sh Local Sherwood number
Q The constant difference constant of microorganism T Fluid temperature
S Suction parameter Tw Temperature at the surface
Ma  Melting parameter Too Ambient fluid temperature
L Momentum slip parameter Uw Stretching velocity
m Micro rotation parameter (u, v) Velocity components along x-axis and y-axis respectively
v Thermal Biot number xy Space coordinates
2 Mass Biot number We Cell moving speed
Nr Buoyancy Ratio parameter ] Dimension less variable
Nc Bioconvection Rayley number u Dynamic viscosity
& Variable thermal conductivity parameter c* Stefan-Boltzmann constant
Re Reynolds number ¢ Volumetric concentration
4 Reaction rate parameter X Microorganism concentration
a Stretching rate v Stream function
Bh Local microorganism density number
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As micro-organisms move upward on average, the phenomenon of bioconvection occurs In general, microorganisms
have a higher density than water. It is the microorganisms' own self-propelled movement across the upper fluid zone that
causes the surface there to thicken to an unstable degree. Exciting circumstances lead to a complex network of currents.
Bioconvection is used in a wide variety of fields, but the ones that stand out the most include bio microsystems,
biotechnology, environmental systems, biofuels, and petroleum engineering. Using nanoparticles in a bioconvection
process calls for the combined properties of buoyant forces and microorganisms. Suspensions containing nanoparticles
and gyrotactic microorganisms may grow in a way that is both pleasant and effective in terms of their stability.
Microorganisms are often sorted into the chemotactic or oxytactic kind, the gyrotactic, microorganisms, and the geotactic,
microorganisms, based on the directions in which they travel. Another key factor in the enhanced stability of nanoparticles
is the bioconvection phenomenon. Prokaryotic bacteria move in a variety of ways, including swimming, crawling, gliding,
and skimming across solid surfaces and fluid media. Without flagella, rod-shaped bacteria have adapted gliding as a mode
of locomotion. Relevant instances include the BH3 stain from Flexibacter, as well as cytophaga, oscillatoria, and
vitreoscilla. Bioconvection, or the diffusion of lower denseness microorganisms near surface liquid, results in the
emergence of stable, chaotic patterns. Algae and other freely moving microorganisms have a tendency to cluster together
in the fluid's top layer, where they might contribute to the stratification density and harden the surface. When compared
to microbes, nanomaterials move in a way that is distinct. It is essential for microfluidics that bioconvection and water
nanofluids interact. There is a significant challenge in developing microfluidic devices due to the mobility of microbes.
Maintaining the bacterium's shape, molecular sieving, and enhancing the bacteria's ability to associate with macrophages
[1]. Bacterial motility is greatly aided by the S-layer. An important part of a cell's ability to propel itself forward is its
form and the stiffness of its wall and surface layers, both of which are maintained in part by the S-layer. The cell is
shielded by the S-layer from harmful ions, acids, osmotic stress, enzymes, viruses, and other bacteria. Their cells may
adhere to those of other types or to surfaces. Protection from phagocytosis is something they can provide harmful bacteria.
Soil, silt, and rotting wood are just a few examples of watery environments that bacteria may adapt to grow in through
tiny channels that allow them to glide [2]. Gliding motility, namely its mechanism, is still a matter of some controversy.
Circulating discs on the surface of the cells, electro-kinesis, the release of slime, the application of osmotic pressures, the
generation of peristaltic waves on the surface, and contractile components are all mentioned in the literature as
contributing to bacterial motility [3, 4]. To explain the vitreoscilla's glide-like movement, Costerton et al. [5] proposed
this theory. In their paper, Halfen and Castenholz [6] hypothesised that the wavy regime, that is virtually in touch with
solid barrier and allows green-blue algae’s to glide with such ease. That flexibacter may move by sending off waves from
its own surface was substantiated by research published by Humphrey et al. [7]. As one of two mechanisms used by
cyanobacteria for locomotion, Hoiczyk [8] described the formation of tiny surface waves that flow along the surface of
the filament. Because of these observations, Venkatadri et al. [9] presents a novel investigation of thermomagnetic
bioconvection flow involving oxytactic microorganisms within a semi-trapezoidal porous enclosure, particularly targeting
magnetic biofuel cell applications. The coupling of magnetic fields, bioconvection, porous media effects, and nanofluid
transport offers a strong precedent for studies focusing on multiphysics transport phenomena in non-standard enclosures,
especially in contexts involving thermal energy harvesting or biological systems. O'Brien [10] decided to create a
mathematical model to investigate bacterial glide behaviour. Using lubrication theory, he determined the flexibacter's
maximum speed and the rate at which power was dissipated. They used those findings to suggest a model for
Flavobacterium gliding, and the math behind it seems sound. Islam and Mignot [11] analyse in depth the role of focal
adhesions in the pathogenesis of Myxococcus xanthus. An outstanding review study on the gliding processes described
in flavobacteria, myxobacteria, mycoplasmas literature was published by Nan and Zusman [12]. An effects of heat and
mass transmission, as well as the mobility of microorganisms, on the motion of a nanofluid were examined by Shafiq et
al.[13]. When it comes to the boundary layer flow containing gyrotactic nano liquid microorganisms, Elbashbeshy et
al.[14] used computational methods to examine the impact of heat production across an incline stretched cylinder. Using
computational methods, we examine the bioconvection of a nanofluid via a stretched surface in a porous media containing
gyrotactic microorganisms subject to Newtonian heating reported by Pourrajab and Noghrehabadi [15]. In this paper, we
investigate the effect of thermosolutal Marangoni on bioconvection in a solution of gyrotactic microorganisms over an
inclined stretched sheet explored by Kairi et al. [16]. Compliant thermoelectric coils for use in flexible and biointegrated
devices are analysed for thermal and mechanical properties explored by Chen et al. [17]. Over a vertical cone, a numerical
solution is found for bioconvection in convectional nanofluid flow including gyrotactic microorganisms explored by Rao
et al. [18].

Some fluids, due to the micromotions of their constituent parts, display microscopic phenomena that are the focus
of the idea of micropolar fluid. A diluted suspension of stiff macromolecules, each with its own movements supporting
stress and body moments and governed by spin inertia, may be found in these fluids. Some fluids, known as micropolar
fluids, have notably non-Newtonian hydrodynamics due to the existence of micro-constituents that are capable of rotation.
Micropolar fluid, one of numerous types of non-Newtonian fluids, is best suited to characterising both the microstructure-
determined local characteristics and the intrinsic particles liquid movement. As a result of these features, micropolar fluid
modeling problems widely utilised to mimic complicated processes in a wide variety of liquids, such as polymer, plastic
planes, ferrofluid, crystals, biology, etc. Thermo-micropolar fluids theory was developed by Eringen [19], who also
created the theory of micropolar fluids and obtained its constitutive equations. In essence, Eringen is responsible for
developing the idea of micropolar fluids. Many different kinds of fluids, from suspension solutions to blood rheology and
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colloidal fluids, may be studied mathematically with the help of this model. Polymer fluids, liquid suspension, blood,
crystals, dusty cloud, etc. includes micropolar liquids (Ahmadi [20]; Hayat et al. [21]). Researchers' curiosity with it has
been piqued by the wide variety of industrial processes in which it is used, including polymer extrusion, lubricants, water
baths are used to cool metallic plates (Rahman [22]). Lukaszewicz [23] explained a comprehensive theory, micropolar
liquids applications.

Phenomenon of melting heat transfer is fundamentally important in many technological and industrial endeavors,
such as understanding permafrost melting, magma-solidifications, metal-purifications, etc. Epstein and choi et al. [24]
found that melting affects heat transmission process. In a micropolar fluid, Yacob et al. [25] studied heat melting transfer
at the stagnation point of the boundary layer as it moved towards a stretching/shrinking sheet. Powell-Eyring flow with
linear surface and heat melting transfer was investigated by Hayat et al. [26]. Khan et al. [27] studied an impact of non-
Newtonian flow over a stretched surface on melting heat and mass transfer with non-linear radiation and a magnetic
regime. Gireesha et al. [28] proposed MHD flow Casson liquid across a stretched plane at melting heat transfer.

Based on the research that has been done so far, melting stretching sheets have a small number of investigations of
MHD Micro-Polar fluid. Revisions to micropolar fluids with gyrotactic microorganisms have received very little
attention, as shown by the literature review and by the necessary engineering and industrial applications. An objective of
this manuscript is to explore an impact of Lorentz force, Arrhenius activation energy, and Conduction of Melting Heat on
the micropolar fluid behavior of steady radiative bio-convective micropolar nanofluid flow towards a stretchable surface.
The results of changing any of the controlling variables may be seen in graphical form. Further research in the fields of
fuel production, crushed water flow issues, and polymer sheet extrusion may all benefit from the analyses provided in the
cited study. Engineering designs, metallurgy industries, and the effectiveness of systems for the flow of thermos fluids all
benefit from the findings of this research. Biomedical, industrial, pharmaceutical, and thermal/thermal processes may all
benefit greatly from this design.

2. MATHEMATICAL CONCEPTUALIZATION
This integrated study constitutes self-motivated bio-convective microorganisms, numerous slips, non-linear
radiative micropolar nano fluids. Flow of a fluid, often considered to be laminar, two-dimensional, and incompressible.
Figure 1. depicts flow model of the problem. In order to properly evaluate an induced magnetic influence, a high magnetic
Reynolds number is required.

Slit =
'[" Lmpermeable Streiching Sheet
Thermal Boundary Layer mmm=  Motile Microorganisms Boundary Layer
Momentum Boundary Layer wsssss Concentration Boundary Layer

Figure 1. Flow Model

Additionally, the flow is assumed to be a steady-state flow during the development of the model. Velocity of surface
material is U, = ax, a is positive. All these factors taken into account, the governed boundary equations are as follows:
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3. NUMERICAL METHOD
Analytical solutions to the modeled equations for a two-point boundary-value problem is impossible because of their
extremely nonlinear nature. Computational software MATLAB was used to obtain a numerical solution to this boundary
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value problem. In MATLAB, the well-known bvp4c is used to regulate the flow with non-standard parameters. With the
help of the MATLAB bvp4c method, numerical results for the dimensionless nonlinearly correlated ODEs, Eqs. (13)-(17)
with boundary constraints (18) and (19) are obtained. To solve first-order ODEs, the bvp4c method is used. In this
method, the modeled PDEs are transformed into first-order ODEs by taking into account what is appropriate along with
boundary conditions, and are then numerically solved using the bvp4c package in MATLAB. The largest allowable
residual error and step size are 10° & 7__ =18 . The approach of the current numerical technique is broken down into its

max

individual components and illustrated in chart form. The flow chart is depicted in Figure 2.
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Discretization of
Daomain

¥

e
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Evalnam solution using
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Figure 2. Flow chart of the method of the problem

4. RESULTS AND DISCUSSION:

We have addressed the flow of a viscous, incompressible, micropolar fluid in two-dimensional mixed convective
boundary layer through a permeable stretching sheet that is contained in bio-convection, activation energy and melting
heat transfer. Assigning numerical values to distinct parameters obtained in the mathematical formulation and displaying
the numerical results graphically allows, to gain a physical understanding of the problem by discussing the distributions
of velocity f7(17), angular velocity g(77) (microrotation), temperature &(77), concentration ¢(77) and motile organism
x(17). We have included figures related to local skin friction coefficient 7, couple stress coefficient 4’(0), Nusselt
number —6’(0) , Sherwood number —¢’(0) and micro-organism —%'(0) .

Figures 3 and 12 shows material parameter K influence in the profiles of f' () and g (7). The microrotation profile
exhibits the opposite behaviour, whereas the velocity profile improves as a function of the material parameter. Physically
speaking, As the value of the material parameter is raised, the fluid's micro concentration rises, causing a change in the
flow, and therefore, the boundary layer thickens. Figures 4 and 13 show how the porosity parameter K affects both the
velocity and the angular velocity. Saturated porous medium is the primary focus of this investigation. It is common
practice to employ porous medium as insulation for a hot object. Figure 4 shows that when the porosity parameter
increases, the velocity decreases. The angular velocity, on the other hand, improves when the porosity parameter rises.
This slowing down is explained by the concept of mass conservation and is seen wherever there is an increase in porosity.
Figures 5 and 14 show how the velocity and angular velocity change as mixed convection parameter, respectively. Raising
mixed convection parameter's value slows air flow. When buoyancy influence on free convection became noticeable, a
transition to mixed convection occurs. The buoyancy improves with a raise on mixed convection value. However, when
the mixed convection parameter raises, the angular velocity rises along with it. Figures 6 and 15 show the impact of the
magnetic field parameter on f' (1) and g (n). Figure 6 shows that the existence of a magnetic field results in a force called
Lorentz, which acts against the flow of the fluid. Figure 15 shows that when the magnetic field strength rises, so does the
angular velocity. The Lorentz force, created by the presence of a magnetic field, acts counter to the momentum field in
most cases. Increasing the magnetic field has the opposite impact on angular velocity distributions. This is because the
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micropolar fluid has elasticity. The results of changing m are shown in Figure 7 for the velocity part. Figure 7 shows that
when m rises, both velocity and thickness of the boundary layer reduces. Fig’s 8 and 16 depicts Bioconvection Rayleigh
number impact on velocity and angular velocity profiles. However, the parameter has inverse behaviours on the
microrotation function and the velocity function due to the bioconvection Rayleigh number. The microrotation and fluid
flow patterns for different Buoyancy levels are shown in Figures 9 and 17, respectively. It has been shown that increasing
the values of buoyancy parameters leads to decreasing the velocity profile and increasing the micro-rotation. The fluid
flow and microrotation patterns for distinct values of melting parameter are presented as fig’s 10 and 18. When the melting
parameter is increased, the fluid flow profile and the microrotation profile are both seen to decrease. Excited by the
increased temperature, the fluid's molecules begin to move (as the intermolecular forces that normally keep them together
diminish). As the Melting parameter is increased, the micropolar fluid is able to overcome the forces holding its molecules
together, allowing it to move faster and decreasing its viscosity gradually as it moves away from the wall. The influence
of Prandtl number on the velocity and microrotation fields is seen in Figures 11 and 19. Prandtl number parameter is
raised, then fluid's velocity raises and the microrotation profiles near the surface diminish while those distant from the
surface improve. Fig. 22 illustrates Prandtl number influence on temperature distribution. Physically, smaller Prandtl
number results in a thinner thermal boundary layer and a more uniform temperature distribution. Fig. 20 shows how the
temperature ratio parameter affects the temperature distributions seen there. Increasing 6w increases both the temperature
and related thermal boundary layer thickness. The reason for this is because when w is increased, the fluid temperature
becomes much greater than the surrounding ambient temperature. The temperature field for distinct radiation parameter
values are shown in Fig. 21. Temperature rises with increasing Rd and the corresponding boundary layer thickness, as
seen in the figure. Reason being, a thicker thermal boundary layer and higher temperatures result from an increase in the
radiation parameter, which supplies more heat to the fluid. Figure 23 demonstrates that when the Eckert number grows,
the sheet temperature rises because of the thermal effect's resistance. Since the Eckert number represents a correlation
between kinetic energy and heat enthalpy differences. Therefore, when the Eckert number grows, kinetic energy is
converted into internal energy through work against the viscous fluid stresses. Fig. 24 depicts the influence of Brownian
motion on temperature distributions. The relationship between temperature and the Brownian parameter is well
established. Figure 25 depicts the temperature's response to changing the Thermophoresis parameter. It is clear from these
graphs that as Nt grows, so do the temperature profiles. According to the findings, when the Brownian motion parameter
is increased, the energy distribution expands, and when the Thermophoresis parameter is increased, the temperature
expands. For distinct Thermal Biot number values, the dimensionless temperature profiles are shown in Fig. 26. The fluid
temperature rises as the Thermal Biot number (y;) increases. Biot number refers ratio of heat conduction resistance within
a body to thermal convection resistance on its surface. When a body is heated or cooled over time by a heat flux at the
surface, this ratio reveals whether or not the internal temperature fluctuates considerably in space. Concentration fields at
various Lewis numbers are seen in Fig. 27. When compared to thermal boundary layer thickness, the concentration
boundary layer thins as Le rises. To counteract the lower concentration on boundary layer, a resultant species-induced
force diminishes with increasing Le. Figures 28 and 29 show the impact of the controlling factors Nb and Nt on the
concentration profile. Brownian motion's effects on the boundary layer concentration of nanoparticles are discussed in
Fig. 28. Brownian motion decreases the concentration (variations are minimal for higher values of parameter) and solutal
boundary layer thickness, as seen in picture. The concentration of nanoparticles diminishes because an increase in
Brownian motion speeds up the random motion that disperses them. Fig. 29 depicts the effects of thermophoresis on the
concentration profile. For higher levels of the thermophoresis parameter, this figure shows that the concentration profile
declines quickly over the whole flow domain. Given that the random mobility of nanoparticles in liquids is analogous to
Brownian motion. As a result of the nanoparticles' erratic motion, the rate at which they collide with molecules in the
fluid increases, raising the temperature. Figure 30 demonstrates that the concentration dropped under the effect of the
reaction rate parameter. Chemical reactions occur at a rate proportional to the concentration of the reactants, according to
the law of mass action. According to this, faster chemical reactions occur when there are higher concentrations of
reactants, while slower reactions occur when there are lower concentrations of reactants. Since, parameter o as it relates
to concentration profiles is shown in Figure 31. With an increase in J, the concentration field weakens. The influence of
the activation energy parameter (E) on concentration profile was seen in Fig. 32. The study's authors found that a raise in
the ‘E’ resulted in a corresponding increase on concentration. To initiate a chemical reaction, a quantity of energy called
the activation energy presents for chemical system including potentials reactant. In order to determine activation energy,
one must first apply Arrhenius equation, that explains a change on rate constants w.r.to temperature. A chemical reaction
including a mass transfer phenomenon is used in many fields, including geothermal, chemical, chemistry, emulsions, and
deterioration of materials. The connection between chemical processes and the movement of mass is intricate. Both flow
fluid and mass transferred studied in relation to one another by manufacturing and digesting species reactant at distinct
rates, therefore examining the relationship between the two processes. Concentration profiles are improved by the mass
Biot number, as shown in Figure 33. These figures show that when the mass Biot number grows, boundary layer thickness
at the solutal concentration also increases. Bioconvection parameter influence is deploy in Figure 34. In order to optimise
the bioconvection parameter, the density of gyrotactic, motile microorganisms was decreased. The effect of the Peclet
number Pe is seen in Figure 35. The boundary layer thickness of the movable microorganisms has been shown to decrease.
The microbes' diffusivity decreases as Pe increases to its maximum value.
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Figure 17. Implementation of Nr for angular velocity g(77)
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Figure 41. Implementation of Ec for Nux against M Figure 42. Implementation of Me for Shx against M
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Figure 47. Implementation of Nr for Nnx against M

5. FINAL REMARKS
We have addressed the flow of a viscous, incompressible, micropolar fluid in two-dimensional mixed convective
boundary layer through a permeable stretching sheet that is contained in bio-convection, activation energy and melting
heat transfer. Assigning numerical values to distinct parameters obtained in the mathematical formulation and displaying
the numerical results graphically allows, to gain a physical understanding of the problem by discussing the distributions
of velocity f7(17), angular velocity g(77) (microrotation), temperature 6(77), concentration ¢(17) and motile organism

x(1). We have included figures related to local skin friction coefficient 7, couple stress coefficient 4’(0), Nusselt
number —6’(0) , Sherwood number —¢’(0) and micro-organism —y'(0) . The parameters for bioconvection and the Peclet

number both resulted in a decrease in the density of motile gyrotactic microorganisms. The activation energy parameter
and the mass biot number both enhance while the Brownian motion parameter and the Lewis number both decrease the
concentration profile. Parameters for Brownian motion and thermophoresis, radiation, and the thermal biot number all
contribute to a steeper temperature profile.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author upon reasonable request.
Conlflict of Interest: Authors have no conflict of Interest at this stage.
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BILIMB CUJIA JIOPEHIISI TA EHEPTTI AKTUBALIT APPEHIYCA HA PAIIALIITHUI BIOKOHBEKTUBHUI
IJIMH MIKPOIIOJIAPHOI HAHOPIJVHH 3 IUVIABJIEHHSIM HAJI IOBEPXHEIO, IO PO3TAI'YETHCS
Caiien ®@asypyaain®, Cpinisacyny Apireaa®, A. Illooxa®, B. Pamka Pamkecsapid, K. Benkaraapi®
“@akynomem mexHonoeiunoi wikonu mamemamuxu, Kamnyc micma snanv Anonno Caxema, Mypykambammy, Yuisepcumem Anonno
Yimmop, Anoxpa-Ilpadew-517127, Inois
b®aryremem mamemamuxu, Ilxona einbhux mucmeyms i nayx, Yuieepcumem Moxana Baby (Konuwmiii inowcenepruii konedac Llpi
Biovsnikeman), Cpi Cavinam Hazap, Tipynami, A.IL, 517102, Inois.

“Kagheopa npuxnaonoi mamemamuxu, Ilpi [Taomasami Maxina Biwea Biovsinam, Tipynami 517502, AP, Inois
dKagedpa enexkmponixu ma xomyuixayitinoi mexuixu, ILIkona inoicenepii ma mexnonozit,

Lpi ITaomaseami Maxina Biwea Biovsanam, Tipynami 517502, A.P, Inoia
HoBusHa 1poro mocimikeHHs Tojsirae y BUBYCHHI BIuMBy cuiu JlopeHua, eHeprii aktuBamii AppeHiyca Ta TEIIONpPOBITHOCTI
IUTaBICHHS Ha MOBEHIHKY MIKpPOMOISAPHOI PIAMHU CTal[iOHAPHOTO padiallifHOTO Oi0KOHBEKTHBHOTO IIOTOKY MiKpPOIOJSPHOI
HAHOPIZMHU 0 PO3THKHOI MOBEpXHi. BUKOPHCTOBYIOUM CTaHAAPTHUH METON MOAIOHOCTI, MH BHBEIH PIBHSAHHS MOMIOHOCTI Ui
BIJITOBIZTHUX BEJIMYHH IMITYJIBCY, KyTOBOTO MOMEHTY, TeMIleparypu Ta koHneHrpaii. [ncrpyment MATLAB 'bvp4c' BukopucToByeThCs
JUISL BU3HAUCHHS PO3B'sI3aHb IEPETBOPEHNX KePIBHHUX PiBHAHB. PIBHAHHS MOAiOHOCTI y YOTHPHOX BUMipax (IMITyJIbc, KyTOBHI MOMEHT,
TeMIleparypa Ta KOHI[EHTpallis) po3B'si3aHi YMceNbHO. MU JOCIIAMIN NOBEIIHKY IT0JIiB MiKpOOOEpTaHHsI, IBHUIKOCTI, KOHIICHTpaNii Ta
TeMIeparypu Ui PI3HUX MHapaMmeTpiB. Pe3ynbrard MOKa3yloTh, IO NIUIBHICTH PYXOMOCTI MiKpOOPraHi3MiB 3MEHINYEThCS 3i
30inpiieHHsIM umcna [lexne Ta mapaMerpa pi3HHII KOHLEHTpawii MmikpoopranizmiB. Il{inbHicTh pyxoMmocTi 30iibLIyeTHCS 31
36inpieHHsM yncna [lekae B MiKpoOHHX KOHIeHTpauisx. ToMy HaHOPIAMHM € MPUIATHUMH SIK PIAMHM [UIS TeIUIONepeaadi 3aBasku
IXHBOMY €(EeKTy OXOJIOJPKCHHS TOBEPXHi. 3aCTOCOBaHA YMCIIOBA CXeMa IiATBEPIKEHA IIUIIXOM MOPIBHAHHS 3 MONIEPEIHIMH YHCIOBUMH

3HaYCHHSAM.
KonrouoBi cioBa: menionepedaua nnagnenns; Mikpononspna Hamopiouna; O0IOKoHEeKyis; padiayiiinuti menioguii nOmix, enepais
axmusayii



