135
EAsT EUROPEAN JOURNAL OF PHYsICS. 1. 135-145 (2023)
DOI:10.26565/2312-4334-2023-1-17 ISSN 2312-4334

INSINUATION OF ARRHENIUS ENERGY AND SOLAR RADIATION ON ELECTRICAL
CONDUCTING WILLIAMSON NANO FLUIDS FLOW WITH SWIMMING
MICROORGANISM: COMPLETION OF BUONGIORNO'S MODEL'

Muhammad Jawad
Department of Mathematics, The University of Faisalabad, Faisalabad 38000, Pakistan
E-mail: muhammad.jawad@tuf.edu.pk
Received October 18, 2022; revised December 13, 2022; accepted December 23, 2022

The enriched thermal mechanisms and progressive of nanomaterial has enthused scientists to give devotion to this area in current days.
The versatile and synthesizing utilization of such particles embrace energy production, solar systems, heating and cooling monitoring
processes, renewable energy systems, cancer treatments, hybrid-powered motors and Nano electronics. Furthermore, in this era of
biotechnology and bioengineering, the bio convection of Nano fluids provides for some enthralling applications, such as enzymes,
biosensors and biofuels. With such magnetic applications and attentions. A mathematical model is presented for evaluating the
electrical conducting Williamson nano fluid with heat and mass transfer over a porous stretched sheet in the existence of bioconvection.
The bioconvection of swimming microorganisms, thermal radiation, thermal conductivity and Arrhenius energy are new facets of this
investigation. The higher order non-linear governing partial differential equations (PDEs) are solved by applying appropriate similarity
variables and resulting couple of ordinary differential equations (ODEs) is produced. The developing set of ODEs is solved numerically
by utilizing well known shooting technique with ND solve command in Wolfram MATHEMATICA and compare the result with pvb4c
code in MATLAB. The graphs for different physical quantities of interest together with non-dimension velocity, temperature,
concentration and density of micro-organisms profiles are discovered for involving parameters like magnetic parameter, Brownian
motion, Rayleigh number, Peclet number, Bioconvective Lewis number, parameter of thermophoresis and buoyancy ratio parameter.
The influence of numerous parameters on flow and heat transfer characteristics are debated.

Keywords: Activation energy; Williamson Nano fluids; Chemical reaction; Thermal Radiation; Shooting method, Extending sheet;
Thermal conductivity
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INTRODUCTION

Due to its enormous applications, the mass and heat transfer of boundary layer flow of non-Newtonian fluids through
permeable medium due to a extending plate is of significant interest to researchers, engineers and scientists. Some good
illustrations of its utilizations are the cooling of nuclear reactors, pipe industry, thinning of copper wire, annealing, solar
collection, extraction of metals and extrusion process. The quick and convoluted process in tiny devices and gigantic
machinery have generated a large problem of thermal discrepancy. Various additional approaches, like as fans and fins
are utilized, but their utility is limited due to the enormous size. Maripala and Kishan [1] considered the effect of chemical
diffusion and solar radiation on magneto un-steady flow and heat transport of nanofluid through a porous shrinking plate.
Their outcome shows that the energy distribution diminishes with boosted in the suction parameter while nano
concentration distribution rise. Over stretched surfaces, the effect of mixed convective mass and heat transport of MHD
nanoparticles inserted in permeable sheet. Thermal boundary layer and energy profile diminish when the Prandtl number
and dimensionless mass free convection parameter grow, according to their findings investigated by [2-8]. In 1995, Choi
[9] proposed that nano-sized particles dispersed in a base fluid, dubbed nanofluid, have a higher heat transfer capacity
than fluids lacking nano-sized particles. The present and prospective utilization of nano-sized particles in fluids is
discussed by [10]. A single model cannot account for non-Newtonian fluid features. Also, the fundamental Naiver-Stokes
equations cannot explain the rheological features of non-Newtonian fluids. A ample models have been established to
address this issue. The rheological models that were proposed like Carreau, Ellis, power law, Cross and Williamson fluid
model, etc. The Williamson fluid model is an example of a non-Newtonian fluid (liquid/gas) model with shear retreating
behaviour, and it was predicted by Williamson [11]. Investigations [12—16] might be mentioned as current inquiries into
the flow of magneto Williamson fluid.

The minimal quantity of strength required by chemical reactants to tolerate a significance chemical diffusion is
known as activation energy. Bestman [17] investigated the inspiration of heat transfer and energy activation on Natural
convection boundary layer through porous plate. Hamid et al. [18] explore the effect of chemical diffusion on time
depended flow of electrical conducting Williamson nanofluid in the occurrence of Arrhenius energy. Anuradha and
Sasikala [19] examined the effect of energy activation and binary chemical reaction on magneto flow of nanofluid through
porous shrinking plate with convective flow. Dhlamini et al. [20] established the mathematical model for mixed
convective nanofluid flow in the existence of chemical diffusion and energy with convective boundary conditions.
Awad et al. [21] scrutinized the insinuation of Arrhenius energy and binary chemical diffusion on rotating flow of time
in depended nanofluid in the occurrence of energy activation. Mustafa [22] and Huang [23] also looked into the effect of
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Arrhenius energy on electrical conducting flow of nanoparticle passing through a both permeable horizontal and vertical
cylinder. Many researchers like [24—27] describes additional research on the influence of energy activation on MHD flow
of non-Newtonian fluids under various geometries. Their figures show that the concentration of nanoparticles rises with
rise in activation energy as well.

The sensation of alive microorganisms deeper than water swimming upward in suspensions is known as
bioconvection. Bioconvection have significance utilization in biotechnology and biological systems such as enzyme
biosensors, purify cultures and living cells [28]. Through a horizontal tube, Raees et al. [29] investigated an time depended
flow of magnetized bioconvective nanofluid containing swimming gyrotactic microorganisms. The bioconvective flow
of MHD magnetized nano fluid with mass and heat transfer with swimming microorganisms across a rounded vertical
cone was quantitatively discovered by Siddiqa et al. [30]. Abbasi et al. [31] described in detail the bioconvection stream
of viscoelastic nanoparticles caused by motile microorganisms passing through a turning extending disc with convective
boundary condition and zero mass flux as well as prominent parameters' inspirations on Nusselt number, temperature,
local density, velocity and Sherwood number. Chu et al. [32] analyzed the impact of stream of bioconvection on electrical
conducted fluid over extending plate with chemical reaction, Brownian motion, thermophoresis diffusion, activation
energy and significance of motile microorganisms are taken into account. The consequences of a nonlinear thermal
radiation and magnetic field on bioconvective magnetized nanofluid flow via the upper surface of a paraboloid of
revolution were studied by Makinde et al. [33]. Henda et al. [34] looked considered the magnetic bioconvection flow of
time depended fluid past through nonlinear expanding cylinder with a heat source, nonlinear thermal radiation and
Arrhenius energy. This investigation illustrates the electrical conducting flow of Williamson nanofluid flow having the
insertion of swimming microorganisms through a stretchy sheet. The influence of energy activation, chemical reaction
parameter, Buoyant force, and thermal conduction is also a part of this study. The effect of gravitational body forces is
also taken under attention in this analysis. The shooting method has been applied to compute the numerical outcomes.
Furthermore, a graphical illustration of numerous prominent parameters are also presented in this research.

PROBLEM STATEMENT

Steady two-dimensional inviscid flow of magneto Williamson nanofluid with thermal radiation and Arrhenius
energy embedded in a permeable stretchable plate is considered in the occurrence of swimming microorganism and
thermal conductivity. The fluids flow owing to a extending sheet with non-zero mass flux. Because of the stretched sheet,
it is expected that the flow will behave linearly. Here u and v are the part of velocity along x and y directions. Our
mathematical problem characterizes the fundamental equations of mass conservation, equation of flow, temperature
equation, nanofluid concentration equation and motile density equation in Cartesian coordinates. The mathematical highly
nonlinear governing equations for the stated problems are given below [35-36]:

The equation of mass conservation
u +v, =0. (1)

The Equation of momentum
(1=C )T -T.) Bp, -

1 o, Blu vu
uu, +vu, =Vuyy+p— (pp—pf)(C—Cw)— A+Fu},uw—?- ()
’ ’
y(n=n.)(p,-p,)
Subjected to
v=0,u=ax, u—>U=ax
The Equation Temperature
uT 49T, = (1,)+ (p), &(TV ) +D,C T} - L g+ 2 (r1). 3)
(pc), (po), | I, 7 o(pe), T (po),
Subjected to
I'=T, as y >0,
T—T, as y >,
The Equation Concentration
D ' E
uC, +vC, =D,C +TT7;9, -K, (C—Cw)[lj exp(— k;] . ()

Subjected to
C=C, as y—>0.
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C—>C, as y—> .
The Equation of Density of microorganism

un, +vn, + CbWCC [ nwa} =D,n,,. &)

w 0
Subjected to
n=n, asy—>0,
n—n, as y — o.

In these governing equations the component of velocity u and v are assumed in x and y direction respectively, O,
is the density of base fluid, v is the viscosity, o is the electrical intensity, k" is the absorption constant, g the volume
expansion coefficient, g is gravity, O, density of microorganisms particles, y represents the volume of the
microorganism, 7 is the concentration of the microorganism in the fluid 7' is temperature of nanofluid, ¢ is thermal

diffusivity, (pc) , heat capacity of liquid, ( pc)p effective heat capacity of nanoparticles, ¢, is radiative heat flux, W, is

the maximum cell swimming speed, D, for Brownian diffusivity, D, for thermophoretic diffusion coefficient, kc

chemical reaction parameter and D, is the diffusivity of microorganisms.

7| E : :
where kC(C _C”)[F] exp(—k;J represents the Arrhenius expression. The temperature dependent thermal

©

conductivity is expressed as

T-T
k=k |1+¢ =, (6)
T, T,
According to radiative heat flux theory
_ 4o oT! o
" ey

where k" stands for absorption coefficient and ¢ denotes Stefan Boltzman Constant. Using expansion of Talyer’s
series about 7, we get

T*=4T’T-3T". ®)

The utilization of Egs. (11-12) in (4), we have

ul, +vT, = k (T )+ﬂ{&<]~ )2+D 166’ 0°T Q, ©)

, | CTt+—20te 07 7).
(pc), 77 (pe), | TN g ’} 3k" (pc), oy’ (pc)f.( )

Let us implement the following similarity approaches, to transform partial differential equations (PDEs) to Ordinary
differential equations (ODEs) [30-31]:

1

V/=(aV)2xf(n),f7=(%J2y, and C=C,+(C,-C,)¢(m), T=T,+(T,~T,)0(n), n=n,+(n,—n,)x(),

where y/(x,y) is the stream line function defined as # =y, and v =—y , which tropically fulfills the equation of mass

conservation and 7 is the similarity variable. Equations (02) — (05) reduce to

rrr

£ = W I - (M + K ) f + A(0-N,g—N.z) =0, (10)
4Rd rr ’ ' ) ’ '
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r ’ !

7 1-Pxné n-Pog n+Py g n+S.fInly [n1=0 (13)

Boundary condition becomes:

S@)=S.f" (1) =470 =1.6(m) = 1.$(m) =1 as 7 0 (14

f' (m=1,007)=0,4(n7)=0, y(7)=0 as n > (15)

w

K, . . . v . . .
where y =20 is chemical reaction parameter, Le=—— Lewis number, o= is temperature difference,

a B 0
"(1-C )T, -T)x’ E, 4o *T?
i':ﬂ it W)((J » = T)¥ mixed convection parameter, E:kT is activation energy, Rd= Z;k ~ is thermal
a w 0 o0

(p,—p)C,-C)
pp,A-C)T.B

_7 (P, —p,)n, —n,) Rayleigh number, 0= =
Bp,(1-C)T, N = A

_ D.o(T, -T,
_Dyr(C, -C) is Brownian motion, A= o is heat generation/absorption coefficients, Nt = M is
v a(pe) f Ty

Radiation, Nr =

V.

. . . . o

is buoyancy ratio parameter, K, = Y is porosity parameter, £, =—— is Prandtl
akK a

number, Nc is microorganism concentration difference,

Nb

bW, v
thermophoresis parameters, Pe=——=is Peclet number and Sc =— is Schmidt number.

m n

The physical quantities of interest are defined as

z- xqw xqm quI

C, =22 Nu, = ,Sh, = N, =—dn (16)
) pUW k(Tw _Toc) DB(CW _Coo) Dn (Nw _Noc)
C,Re/> =—f"" (0),Nu, Re)> =—6 (0),5h, Re)> =—¢' (0),Nn,Re)> =—4 (0), 17)

where Rex% =U, % is the local Reynolds number.

NUMERICAL TECHNIQUE
In a daily life many mathematical models of equations are highly nonlinear differential equation. We knew that exact
solution of extremely nonlinear differential equations is not usually possible. In case of boundary value problem, the
shooting method is one of best and well know scheme among all other methods. Another characteristic of current method
is to find boundary conditions by utilizing initial approximations. This procedure is straightforward sensitive and free
from error or complexity.

CODE OF VALIDATION
Table 1 provides a critical study of the current findings of —6'(0) and —¢’ (0 for the different value of Nb (Brownian
motion parameter) utilizing the bvp4c package in MATLAB. The critical study of these numerical findings in Table 1
reveals that the scheme is valid, M=0.5,1=0.1,y=0, Nc =0 =0.3, Sc =Pe =Le =0.2 and Pr="7. The assessment of
outcomes in Table 1 shows the astonishingly considerable compositions of the current inquiry with the bvp4c (MATLAB)
results, which motivates the investigator to tackle this problem with changes of nonlinear thermal radiation and chemical
diffusion effects using a well-known shooting approach.

Table. 1. Comparison of —6'(0) and —¢'(0) with different value of Nb.

Parameter bvpdc Present [ND solve] bvp4c Present [ND solve]
Nb —6'(0) —¢'(0)
0.1 1.15531 1.15531 0.71015 0.71015
0.2 0.82268 0.82268 0.42569 0.42569
0.3 0.56502 0.56502 0.22570 0.22570
0.4 0.37419 0.37419 0.09421 0.09421

0.5 0.23917 0.23917 0.01730 0.01730
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RESULTS AND DISCUSSIONS

Where this section is equipped to explore the act of non-dimensional velocity profile f ’(77) , energy profile 8(n),
nanofluid concentration profile ¢p(n) and density y(n) under the influence of several prominent parameters like chemical
diffusion parameter ¥ , temperature difference o , mixed convection parameter A', energy activation E, thermal
Radiation Rd , buoyancy ratio parameter Nr , porosity parameter K,, Prandtl number P, Nc Rayleigh number,

microorganism concentration difference o, Brownian motion Nb, heat generation/absorption coefficients A,
thermophoresis parameters Nt , bioconvection Lewis number Le, Harman number M and Peclet number Pe . Fig. 1 is
demonstrated to assess the influence of Hartman number M on the velocity function f '(77) . Figure 1 depicts that the

supplementing values of M causes retardation in the velocity profile Lorentz forces that are resistive forces are included
in Hartman number. As M boost up, the Lorentz force enhanced causing in resistance of the flow of liquid as a result of
velocities decline. The effect of Williamson parameter We against velocity distribution is plotted in Fig. 2 the increment

in We decreases the fluid speed f '(77) , it is due to occurrence of buoyancy forces. An inverse relation between stretching

A and velocity field f '(77) is obtained by Fig. 3, an increment in values of A decreases the curve of f ’(77) . Inspiration
of Mixed convection Parameter on velocity distribution is plotted in Figure (4). It shows that increase the value of Mixed
convection parameter decease velocity curve; it is expected to existence of buoyancy forces. A reverse relation between
Nrand f '(77) is obtained by Fig. (5), an increment in values of Nr as a result decreases the curve of velocity component

f '(77) same impact shows for Nc and porosity K are delegated in figures (6-7). Fig. 8 illustrates the change of
thermophoresis parameter N¢ on temperature distribution. The figure depicts that 9(77) is the increasing functions of

thermophoresis parameter for some growing values of N¢. The increasing value of Nt results to raises the thermal
conductivity of liquid. The heavy-duty thermal conductivity liquid comprises advanced temperature field 49(77). In
thermophoresis, tiny particles of fluid are dragged from hot surface to cold. Thus, caused by departure of many tiny
particles from hot surface temperature rises. Fig. 9 indicates the conduct of temperature profile with respect to parametric
values of diffusivity ratio Nb. When a gradual increment is done in the morals of diffusivity ratio Nb, deceleration is
obtained in the temperature function. Fig. 9 shows the consequence of shrinking parameter A on temperature profile. The
decrease in the principles of A in the stretching case resulted in reducing the temperature contour 8(n). Figure (10-11)

describes the prominence of porosity parameter K and heat generation/absorption parameter on temperature field 9(77) .

The enhancement in K and A results in much convective heat transfer and concentration rate. Henceforth rise in the
distribution for temperature of fluid. Temperature distribution of nanoparticles is enhanced because of the high temperature.
The influence of Prandtl number on temperature field 0(77) illustrated in figure (12). Temperature of nanoparticles drop

because of enhancement in Pr . Prandtl number is termed as ratio among thermal conductivity of fluid and thermal diffusivity
of a fluid. In consequence, minimum value of Prandtl number consequences in the maximum thermal diffusivity while this
causes lesser boundary layer thickness and temperature. Figure (13) demonstrates the impact of thermal radiation Rd on

temperature field. These figures depict that 9( 77) is the increasing functions of radiation parameter for some growing values
of Rd. Fig. 14 displays the effect of stretching or shrinking sheet parameter on concentration profile. On increasing values
of 1, a decreasing behavior of concentration is obtained. The Impact of chemical diffusion on concentration profile is shown
on Figures (15). The curve of concentration distribution is increased as value of y increased.

Figure (16) illustrates the influence of thermophoresis parameter Nt on concentration field. These figures depict that
¢(77) is the increasing functions of thermophoresis parameter for some growing values of N¢. The increasing value of Nt
results to raises the thermal conductivity of liquid. The heavy-duty thermal conductivity liquid comprises advanced
concentration profile ¢(77) . In thermophoresis, tiny particles of fluid are dragged from hot surface to cold. Thus, caused by
departure of many tiny particles from hot surface temperature rises and this high temperature points to an increment in the
concentration. The concentration profile grows faster and once a minor change, it falloffs. The description for significance
of Brownian motion parameter Nb on temperature field of nanoparticles is explored in Figure (17). In Fig. (18), diffusivity
ratio parameter Nb is depicted to show its behavior on concentration profile. A significant downfall in the curve of

concentration profile is obtained when gradual increase is done in diffusivity ratio parameter Nb. The Impact of Le on
concentration profile is shown on figures (19). The curve of concentration distribution is increased as value of Le increased.

Fig (20) denotes the consequences of parameter E called energy activation parameter on concentration profile ¢(77) . By

enhancing the values of E concentration profile boosted up. Fig (21) represents the effects of parameter o called
microorganism concentration difference on density profile ;((77) . By enhancing the values of o density profile retarded.

From Figure (22), it is demonstrated that within the increment in bio-convection Peclet number Pe, the density ;((77) is
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retarded. Here the extreme rapidity of cell-swimming is enriched by raise the value of Pe . This advanced rapidity of cell-
swimming is accountable in the lesser performance of ;((77) . The graph of Schmidt number Sc on motile density field is

displayed in Fig. 23. Density function of motile microorganisms is decreased for gradual increase in Schmidt number.
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Table 2. Nusselt number, local Sherwood number and density number at the stretching walls using ND solve command in Mathematica.

-1 -1 -1
M A o Pe S Pr Nb | Nc Y Le Sc NyRe? SxRe? NnyRe ?
x x x
0.3 0.2 2.0 1 1.0 0.3 0.3 0.1 0.4 0.4 1.16659 0.56552 4.32923
1.0

2.0 1.15123 0.40950 3.21537
3.0 1.07338 0.16075 1.04172
0.2 0.17512 0.45780 2.94381
0.6 0.17228 0.44645 2.85185
0.8 0.16902 0.41387 2.74916
0.5 1.13333 0.40568 1.36869
0.9 1.13333 0.40570 1.41039
1.3 1.13333 0.40570 1.45210
1.0 1.13733 0.22030 0.43075
1.5 1.13733 0.22030 0.47950
2.0 1.13733 0.22030 0.52876
1 2.16131 1.43887 4.26398
2 2.16042 1.43678 4.24719
3 2.15951 1.43469 4.22999
1.0 0.45077 0.00966 -0.74797
2.0 0.68383 -0.08266 -1.23763
3.0 0.84725 -0.07903 -1.04744
1 1.15746 0.43021 3.19426
2 0.82402 0.90844 7.04756
3 0.56577 1.04348 8.14001
0.5 1.15742 0.43021 3.19438
1 0.95049 0.10051 0.67048
1.5 0.86338 0.02481 0.16697
0.1 1.15752 0.43031 3.19430
0.5 1.05198 0.48546 3.63174
1.0 0.99724 0.51466 3.86424
0.5 1.08467 0.35129 2.43540
1.0 0.93459 0.66762 5.01487
1.5 0.83409 0.97854 7.05759
1 0.82405 0.90852 7.04755
2 0.89141 0.75773 5.85983
3 0.92656 0.68164 5.26339

CONCLUSION

The major findings are given below:
e The flow speed distribution improves with mixed convection parameter A’. and diminishes with Harman number M .
e  Energy distribution increased for thermophoresis Nt, Brownian motion parameters Nb and radiation parameter Rd.
e  Concentration enhanced with activation energy E, thermal radiation Rd and buoyancy ratio number Nr.

e  The motile microorganism distribution and recced with Picklet number Pe, bio convection Lewis number Le and

Schmidt number Sc and increased with bioconvection Rayleigh number.
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BILJIMB EHEPTTI APPEHIYCA TA COHAYHOI'O BUITPOMIHIOBAHHA HA EJEKTPOITPOBITHICTH
HAHOPIJJUHU BLIJIBAAMCOHA 3 IINTABAIOYUM MIKPOOPI'AHI3MOM:
3ABEPIHIEHHSA MOJEJII BYOHI)KOPHO
Myxamman J:xaBajn
Jlenapmamenm mamemamuxu, Qeticarabadcokuil ynigepcumem, Paticanabao 38000, Iaxucman

36arayeHi TepMiduHi MEXaHI3MU Ta MPOTPECUBHICTH HAHOMATEPiaJliB CIIOHYKaIN BUYEHHX MPUCBATHTH cede Wil raxys3i B Haii JHI.
VHiBepcajbHe Ta CHHTE3yI0OY€ BUKOPHCTAHHS TAKHUX YACTHMHOK OXOIUIIOE BHPOOHMITBO €HEprii, COHAYHI CHCTEMH, IPOLECH
MOHITOPHHTY OTaJICHHS Ta OXOJIOJPKEHHSI, CHCTEMH BiJTHOBIIIOBAHOI €HEPTii, JIIKyBaHHS paKy, FiOpHIHI ABUTYHH Ta HAHOCIEKTPOHIKY.
Kpim toro, B 110 epy 6ioTexHouorii Ta 0ioiHKeHepii 010KOHBEKIIiS HAHOPIAHH 3a0e3reuye NesKi 3aXO0IUTIO0Yl 3aCTOCYBaHHS, TaKi K
(depmentn, Oiocencopum Ta OlomanmBo. IlpencraBieHO MaTeMaTHYHy MOJENbL JJISL OIHKM EJIEKTPOINPOBITHOCTI HAHOPIIWHH
BinpsiMcoHa 3 Temo- Ta MacOOOMIHOM Yepe3 MOPHCTHI PO3TATHYTHII JIMCT 3a HAassBHOCTI OiOKOHBEKIi. BiOKOHBEKIis ITaBaloumx
MIKpOOpraHi3MiB, TEIJIOBE BHIIPOMIHIOBAHHS, TEIUIONPOBIAHICTE i eHeprist AppeHiyca € HOBUMH acCIEKTaMH IbOTO JOCIIJDKEHHSI.
Heniniiini kepyroui nudepeHmianbHi piBHAHHA 3 YacTUHHMMH noxigHumu (PDE) Buimoro mopsiaky po3B’s3ylOThCS LUISIXOM
3aCTOCYBaHHs BiAIOBITHUX 3MIHHHX MOAIOHOCTI, i B pe3yJbTaTi CTBOPIOEThCS Mapa 3BHYalHUX AudepeHuiansHux piBHsHb (ODE).
Po3pobrennii Habip ODE po3B’si3y€ThCs YHCENBHO 3a JOIIOMOTOI0 JOOpEe BiIOMOT TEXHIKM 3HOMKH 3a Joromororo komauau ND solve
y Wolfram MATHEMATICA Ta nopiBHIOETECS 3 pe3yabpTaTtoM Koxy pvbdc y MATLAB. Otpumani rpadiku 1 pisHAX (Bi3HIHIX
BEJIMYHH, 110 MPEACTABIIAIOTH iHTEPEC, pa3oM i3 0e3po3MipHUMH PO IIsIMA MIBUIKOCTI, TEMIICPATYPH, KOHLIECHTPALil Ta MIITBHOCTI
MIKPOOPraHi3MiB JUIsl BKJIIOUCHHS TaKMX HapaMeTpiB, SK MarHITHUH IapameTrp, OpOyHIBCBHKHiII pyx, umcio Pexes, uncno Ilekie,
GioxoHBekTHBHE umcio JIploica, mapamerp TepModope3y i mapamerpa koedinieHTa miaBydocTi. OGTOBOPIOETHCS BIUIUB YHCICHHHX
rapaMeTpiB Ha XapaKTEPUCTUKH IIOTOKY Ta TEIUIOOOMIHY.

KurouoBi cioBa: enepeis akmusayii; nanopiounu Binesimcona; Ximiuna peaxyis, menioee unpoMiHIOBAHHsL, Memoo Cmpiibou, aucm,
WO POUUPIOEMbCS, MENTONPOBIOHICTIb



