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This study presents an in-depth analysis of the heat transfer mechanisms and fluid flow behavior associated with hybrid nanofluids in
the presence of an exponentially stretching surface. Hybrid nanofluids, formed by dispersing more than one type of nanoparticle within
a base fluid, exhibit superior thermophysical properties compared to conventional nanofluids. Their enhanced thermal conductivity,
modified density, and tailored specific heat capacity make them highly suitable for advanced applications in nanotechnology, renewable
energy systems, high-performance electronics cooling, and industrial-scale heat exchangers. The novelty of the present research lies in
its attempt to explore the combined impact of hybrid nanoparticles and exponential stretching on boundary layer dynamics, thereby
offering new insights into optimizing thermal systems. The core aim of this investigation is to maximize heat transfer efficiency under
varying physical and operational conditions. To achieve this, the governing partial differential equations describing the conservation
of mass, momentum, and energy are transformed into a set of nonlinear ordinary differential equations using similarity transformations
and appropriate dimensionless parameters. This mathematical reformulation simplifies the complexity of the problem while preserving
the essential physics of the flow. A computational framework is developed in MATLAB, where the coupled system of equations is
solved using the fourth-order Runge—Kutta method integrated with a shooting technique to ensure accuracy and stability. The analysis
highlights the roles of key parameters such as magnetic field intensity, Eckert number (viscous dissipation effects), Prandtl number
(thermal diffusivity effects), and thermal radiation on velocity profiles, temperature distributions, and porous medium behavior. The
results not only reveal the sensitivity of the flow and thermal fields to these controlling factors but also identify regimes where hybrid
nanofluids significantly outperform traditional working fluids.
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Nomenclature
Notation Definition Units Notation Definition Units
Uy, U, Velocity profiles along x, y directions - Ec Eckert number -
u,v Exponential rate and Velocity rate - Nu Nusselt number -
H Dynamic viscosity [ML'T!] Pr Prandtl number -
1% Fluid density [MIL3T°] K Porosity parameter -
n Dimensionless distance - B, Magnetic field strength [L'A]
M Magnetic parameter MT211] q, Radiative heat flux [W/m?]
] Heat source [/s] or [W] B Thermal expansion K1
Cp Specific heat [M°L2T2K1] v Kinematic viscosity [ML'TM]
o Thermal diffusivity [L*T ] / Length [m]
o Electrical conductivity [M'L3T3A?] [ Volume fraction -
T Temperature [K] pCp Heat Capacitance [ML2T2K ]
T, Wall stream temperature K] [N Positive constant -
T, Free stream temperature K] C, Skin friction -
k Thermal conductivity [MLT-K™"] Re Reynolds number -
R Radiation parameter - S Suction parameter -
INTRODUCTION

A fluid is a substance that encompasses both liquids and gases, characterized by its ability to deform and flow
continuously when subjected to external forces such as pressure or shear stress. Unlike solids, fluids cannot resist shear
stress and instead redistribute themselves until equilibrium is achieved. They exhibit key physical properties such as
density, viscosity, temperature, and pressure, which determine their behavior under different flow conditions. The
scientific study that deals with the motion and interaction of fluids is known as Fluid Dynamics, a core branch of Fluid
Mechanics, which plays a vital role in understanding and predicting phenomena like turbulence, drag, lift, and flow
stability. Such knowledge is crucial in applications ranging from aerodynamics and hydrodynamics to biomedical flows
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and industrial processes. Recent advancements in this field include the incorporation of nanoparticles into conventional
base fluids like water, ethylene glycol, or engine oil, creating nanofluids with enhanced thermal and flow characteristics.
Heat transfer, a fundamental aspect of fluid flow, involves the exchange of energy driven by temperature differences and
occurs mainly through conduction, convection, and radiation. In fluids, convection becomes particularly significant as
the bulk motion of fluid particles aids in transferring thermal energy efficiently, making fluid dynamics essential for
designing advanced cooling, heating, and energy conversion systems. Choi [1], one who initiated the concept of
nanoparticles, which can incorporate into the base fluids to generate a nanofluid. The size of a nanoparticle varies anyplace
between 1-100 nm. Nanofluids imparts better properties, primarily thermal conductivity, also gives the abundant impact
on velocity, temperature profiles. Nanofluids have a rich amount of research conducted within the last decades comprising
preparation, characterization, modelling, convective, boiled heat transfer, and their applications [2-4].

A mixture of two nanoparticles into single base fluid is indicated as Hybrid nanofluids. Suresh [5] first proposed the
theory of hybrid nanofluids to rise the valuable factors of normal nanomaterials. On extending more than two
nanoparticles, consists the properties of thermophysical and chemical which lift the intensity in heat transfer [6]. Hybrid
nanofluids come out with a promising result to enhance the attainment of heat transfer compared to traditional fluids and
nanofluids with single nanoparticle [7]. There will be a high significant rate of thermal conductivity on applying two
different nanoparticles to the fluid facilitating heat transfer [8]. Implementing two nanoparticles in the base fluid leads in
prevention of particle sedimentation that ensures continuing stability of nanofluid and better their dispersion in the base
fluid which can improve the heat transfer [9]. When the magnetic field is assigned in the hybrid nanofluid, Lorentz force
acts on the particles that are charged inside the fluid heading to discrete effects and reactions. It exerts the substantial
reference in the performance of hybrid nanofluids [10]. To make the transformation of heat strengthen, the flow patterns
in the hybrid nanofluids are manipulated by managing the magnetic field [11]. Lorentz force helps in nanoparticle
dispersion to make thermal conductivity and heat transfer more efficient [12]. During the flow of fluid, the K.E converts
to thermal energy, this effects the friction behaviour of hybrid nanofluids and leads to viscous dissipation [13]. In
enhancing the heat transfer rates, an increase in the fluid temperature is due to dissipation criteria [ 14]. The heat created
from dissipation can alter the patterns of flow, changes in velocity profiles, and boundary layer thickness [15]. Thermal
radiation, a form of heat transfer that includes the emission of electromagnetic waves, impact the thermal behaviour of
fluid, mainly when combined with nanoparticles [16]. On adding excess heat source to the fluid, induces to a thicker
thermal boundary layer, that increases the heat transfer [17]. Lorentz force, Viscous dissipation, Thermal radiation effects
collectively considered to provide an absolute nanofluid behaviour [18]. The stretching surface along the flow is very
much important and utilizes in spin forming, rolling, wire gathering, cultivating crystal, and production of fibre glass,
plastic, rubber and more. Stretching sheet, a surface that moves continuously, immersed in a fluid, it produces a boundary
layer flow. Stretching rate, properties of fluid, nanoparticle concentration are the points in which the thickness of boundary
layer is depended [19]. The velocity gradients in the boundary layer are controlled by the stretching rate. The higher
stretching rate results in high velocity gradient around the surface [20]. Magyari and Keller [21] were the first to pose the
implementation of exponential stretching sheet to explore the circulation of wall temperature and heat transfer
characteristics. Detailed explanation in boundary layer flow of MHD over an exponential stretching sheet on regarding
thermal radiation was developed by Mabood [22]. The latest study on the influence of nanoparticles along the flow and
heat transference through exponential shrinking sheet, gave the enhanced thermal boundary layer thickness as volume
fraction of nanoparticle increased because of shrinking sheet [23].

Here, in this study the consideration of Lorentz force, thermal radiation, viscous dissipation are interacted to better
the nanofluid nature. This combination will impact heat variation and flow features mainly in the plot involving magnetic
fields and raised temperatures. Exploring all closely might provide a exact representation of nanofluid development [24].
Several outcomes are reported in the above literature, which are not reported to the whole. Accordingly, the main intention
is to enquire the heat transfer and behaviour of fluid flow of Hybrid nanofluids forward to exponential stretching sheet
with the Copper (Cu) and Titanium dioxide (TiO,) as nanoparticles merged in the Water (H>O) which is a base fluid. This
appeal brings a novel perspective on shaping various forces that acts along the fluid flow. The results are shown both in
tabulated and graphical form to the close extent compared to the previous works and conclusions are also clearly drafted.

MATHEMATICAL MODEL

Let us consider a two-dimensional hybrid nanofluid flow that is independent of time, with Titanium dioxide (TiO,)
and Copper (Cu) as nanoparticles, and Water (H20) as the base fluid, to examine on an exponential stretching sheet. The
x-axis is parallel and the y-axis is perpendicular to the surface, respectively (Fig. 1). The sheet elongates along the x-

direction at an exponential rate of U = coe"/ "and the velocity profile as V = coex/ * (where [ is length and ¢, is the positive
stretching constant). The sheet is placed at an exponentially varying temperature 7, =7 + Toe’“/ " (where T,,T. are the
reference value and the ambient value, respectively.

The vector notations for the fluid flow are

V.u=0 )
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The above represents the vector form of equation of continuity that expresses the law of conservation of mass for
incompressible fluids.

2

O,
(u.VYu=vVu - fnf B; (x)u, i 1y
Py Py K

This equation is essentially the Navier-Stokes momentum equation for a hybrid nanofluid that flows through the
porous medium under a magnetic field. The vector form unifies the inertia, viscous, magnetic, and porous drag.
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Figure 1. Model of the problem
(1.9)T =01, VT =¥ O (r-1.)s L (3)
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The above is the energy equation along a porous path for hybrid nanofluids with heat source, viscous dissipation,
and radiative heat flux in vector form.

The governing equations that were modified from the vector form are [25,26].
Continuity equation:

This is the mathematical expression of conservation of mass in an incompressible fluid flow.

9,y

=0 4
ox dy @

Momentum equation:

Equation (4) undergoes the principle of Newton’s second law, where the change in momentum is directly
proportional to the net forces acting on it and represents the convection flow change on the left side and viscous effects,
magnetic forces, thermal conductivity respectively to the right of the equation.

2 o .
u1%+u2%= Fior |0 Lil —| 2 |B? (x)u, — Aoy |1 )
a‘x ay IO hnf ay IO hnf p hnf K
Energy equation:

The change in total energy is equal to the summation of the rate of work done by force applied and change in heat
quantity per unit time. The equation below describes the change of convection flow to the left and thermal diffusion,
radiative heat flux gradient, heat generation with temperature differences, and viscous dissipation to the right accordingly
in the equation.

2 2
WLl g 0T 1 %, Q@ g gy, Hw E%J 6)
i

:an,—— -
ox ay "yl (PCp),, W (PCP),, (PCp),,

Radiative heat flux gr is possible to write by taking advantage of Rosseland approximation as [25]

40" (oT*
__ 7
4 =3 [ P J (7

0" is the Stephen Boltzmann constant and k" is the absorption coefficient

T* =47°T 37" (8)
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Incorporating the value of 7* in the equation (7) we obtain

_ 160"} (3T
e 3k oy

©)
Equation (6) takes the form after including the Rosseland approximation g, of equation (8)
2 160°T} 9° : ’
ula_T_,.u B_T=almfa_f+Aa_§+L(T_Tw)+L % (10)
ax dy ' (pCp),, 3k ' (pCp),, (PCp),, \
Boundary conditions are
u=U, u,=V, T=T, at y—0 (1n
u —0, T—>T,,a5 y—>oe
Considered similarity transformations are [26,28]
c, = =, eV = ,
n=y|==e u =cel f1(n), u, ==\ |- [ £ (m)+n/(1)]-
2vi 21 (12)
T=T +T,e?8(n)
Using relations of equation (8), equation (4) is satisfied and equation (5) & (6) respectively converted to
f7=aaMf’=2a,a, [ —Kf'+aa, ff" =0 (13)
a, (as +§RJ 0" +a,a, Pr {0’ —a,a, Pr f'6+a, Pr fO+PrEcf” (14)

Boundary conditions are transferred to,

£(0)=1, £(0)=5,6(0)=1, at n=0 .
f(0) =0, 8(c0) >0, as 17— oo (15)

The dimensionless parameters are

20,B% (G 2
M=""11 ,Pr='u‘/( ?); , Ec= o ,
(Cp), k, (Cp), (T,-T.)
40T 2lv

R= * 7K: ! 5ﬂ: 21Q0 7S:_Co 2
k'k, K, ¢ (pCp), V¢,

where M is the magnetic parameter, R is the radiation parameter, Pr is the Prandtl number, Ec is the Eckert number, 5
represents the thermal expansion, s is the suction parameter and K is the porosity parameter.

Quantities of engineering: Physical quantities known as skin friction and Nusselt number are mentioned as follows

C_#_[a_j ~0
p Uy ),

21 T
Nu, +———| —k, | —| +(q,)_ |=0
kf (T;«V_Tw)[ hf{ay ]y-() ( )} OJ

The dimensionless forms of Skin friction and Nusselt number

Cf. Re! = (f:z(]O)] , Nu,Re! =—(a,+44 R)¢(0)
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Table 1. Thermophysical models for Hybrid nanofluids [26]

Properties Hybrid nanofluid
Hiws : :
Viscosity a :A:(l—@)”(l—%)“
Hy
Density a =2 (1-g,) 1-g+g| 2| |40 2
Py Pr Py
o, +¢,0
3(¢1 1 ¢2 2_(¢1_¢2)]
. .. _ Oy _ o
Electrical conductivity a, = p =1+ p p p p
! 0, + $,0, 10, + 9,0,
2+ - —(+0
[0/-(¢1 +¢2)] [ oy (@ 2)]
(PCp),, (PCp) (PCp)
Specific heat a,=——="=(1-9,)|1-4 +4 Sl+e 2
b b (pCp), ST e, )| T L(eCp),
k k,+2k, —-2¢,(k, —k k +2k, —2¢(k,
Thermal conductivity as = 2 ! ¢2( ! 2) atk,, ¢l( r ]) Xk

ke 42k, +20,(k, k)" k+2k”/+2¢g(n/—l) /

Table 2. Thermal properties of Water, nanoparticles [26]

Property Cu TiO2 H20
Density ‘p’ (kg/m?) 8933 4250 997.1
Specific heat ‘Cp’ (J/kg-K) 385 686.2 4179
Thermal conductivity ‘k’ (W/m-K) 400 8.9538 0.613
Electrical conductivity ‘c’ (S/m) 5.96 x 107 2.38 x 10° 5x 1072
Methodology

This flowchart outlines the computational procedure for solving a boundary value problem (BVP) using MATLAB’s
bvp4c solver. It begins with variable declaration and initialization, followed by domain quantization to discretize the
problem space. The core process starts by calling bvp4c, which requires defining a system of first-order ordinary
differential equations (ODEs) and appropriate boundary conditions. Boundary conditions are either exactly known for the
first solution or initially guessed for subsequent solutions. The process iteratively adjusts these guesses to match desired
solutions, such as the second, third, or fourth, refining them to improve accuracy. Once the boundary conditions are
properly set and the function is evaluated, the solver computes the numerical results, yielding the final solution of the
BVP.

[ Variable Declaration J

1

( Initialization )

[ Domain Quantization ]

Call BVP4C

Boundary [Guess for the boundary]

System of Flrst order
conditions conditions

against first solution against the 3rd and 4th solutions

[ Exact boundary conditions I l Guess boundary conditions ]

L 2

Guess boundary conditions
against 2nd solution

!

[ Solution evaluation from the J

function

1

Numerical Results ]

Figure 2. Flowchart of numerical solution

The system of Ordinary differential equations derived from equations (13) & (14), along with their respective
boundary conditions given in equation (15), is solved numerically using the shooting method. To convert those equations
into a first-order ODE, we initiate the variables as
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[=r). " =1(2).1"=1(3).0=1(4).0"=1(5)
1" =aaMf (2)+2aa,(f(2)')+Kf (2)-aaf(3)
0=1(5)
L @a,Prf(2)f(4)-aPrBf(4)=PrEc(f(2))-aa,Prf(1)/(5)
a, [as +4Rj
3
The corresponding dimensionless boundary conditions are

F()=S, £(2)=1, f(4)=1 at 70
f(2)—>0, f(4) >0 at 7o

RESULTS AND DISCUSSION

The non-linear differential equations are solved using Runge-Kutta method under boundary conditions lead to
numerous changes in the velocity, temperature profiles and in the effects of skin friction and Nusselt number are
represented in graphical and tabular forms.

Table 3. Comparison of - §(0) with dissimilar values of R, M, Pr

R M Pr Ishak et al. [27] Goud et al. [28] Present work
0 0 1.0 0.9548 0.9547 0.9540
0 0 2.0 14715 1.4714 1.4573
0 0 3.0 1.8691 1.8690 1.7893
0 0 5.0 2.5001 2.5001 2.3195
0 0 10.0 3.6603 3.6603 3.2694

Table 4. Mutations of Cf, Re;% by Pr=6.2; R=1.0; Ec=0.3;4=0.1

M K s ) ?, Zahid et al. [25] Present work
0.5 1.0 0.1 0.1 0.1 -3.2211 -2.8553
1.0 1.0 0.1 0.1 0.1 -3.3551 -3.1546
1.5 1.0 0.1 0.1 0.1 -3.4836 -3.4277
2.0 1.0 0.1 0.1 0.1 -3.6073 -3.6805

-1
Table 5. Changes of Nu_Re? by Pr=6.2; K=1.0;s=0.1

M Ec R B é, 4, Zahid et al. [25] Present work
0.5 0.3 1.0 0.1 0.1 0.1 1.3487 1.3480
1.0 0.3 1.0 0.1 0.1 0.1 1.1466 1.1465
1.5 0.3 1.0 0.1 0.1 0.1 0.9518 0.9510
2.0 0.3 1.0 0.1 0.1 0.1 0.7570 0.7572

As the magnetic parameter increases, the Lorentz force intensifies, leading to a reduction in the fluid's drift velocity.
When a magnetic field is applied to a fluid, it induces a resistive force known as the Lorentz force, which acts against the
fluid's motion. Thus, the velocity is decreased in Figure 3.

From Figure 4 the temperature is raised on increasing the magnetic parameter due to the interaction between
electrically conducting fluid and the magnetic field, called Lorentz force, generates the friction within the fluid converting
the kinetic energy to thermal energy causes the temperature increment.

Figure (5), represents the increment in the porosity parameter leads to increase in the velocity, because a higher porosity
means there are more interconnected void spaces allowing the fluid to flow easily with less resistance.

In Figure 6 it is observed that temperature is increased on increase in the porosity parameter, this is noticed mainly
in the context of porous medium because higher porosity allows for greater penetration and an increased surface area for
heat transport.

Figure 7 shows the impact of the velocity profile on increasing the suction parameter, particularly at the boundary
layer. This is because suction effectively removes fluid from the boundary layer, reducing the momentum of the flow and
repeatedly slowing it down.

Figure 8 elaborates the decrease in temperature with an increase in the suction parameter, due to a better cooling
effect from the increased fluid being drawn into the boundary layer. This effect helps in removing the heat effectively,
resulting in the temperature reduction.
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Figure 9 depicts the variations in the temperature by increasing the radiation parameter, this is because the fluid is
absorbing its own thermal radiation and increase heat transfer from heat surfaces. This showed the increase in the
temperature on increasing in the radiation parameter.

Figure 10 shows the increase in the temperature while the values of Eckert number are increased. As Eckert number
increases, the viscous dissipation in the fluid becomes more significant, which converts the kinetic energy to thermal
energy, that results in the temperature increment.

Figures (11) & (12), separately shows the representation of variations in temperature profile on increasing the
volume fractions of Copper and Titanium dioxide nanoparticles respectively. This result in the increase of temperature
because increase in the particles can increase the surface areas for heat exchanging also can absorb excess heat leading to
the high temperatures.
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Figure 7. Difference in velocity profile for distinct values of s

Figure 8. Variations in temperature profile for different values of s
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CONCLUSIONS
The outcomes of this research establish that the synergistic effect of hybrid nanoparticles and exponential surface

stretching significantly advances heat transfer performance while offering deeper insights into boundary layer control. By
integrating magnetohydrodynamic influences, viscous dissipation, and radiative effects, the study not only enhances the
predictive accuracy of nanofluid-based thermal models but also identifies optimal operating conditions for engineering
applications. These findings contribute novel perspectives toward the design of next-generation thermal management
systems, particularly in energy, electronics, and advanced manufacturing sectors, where precise regulation of heat transfer
is essential. A broad range of investigation is done on the Hybrid nanofluid flow and heat transfer which included two
nanoparticles namely Titanium dioxide (TiO;) and Copper (Cu) and the base fluid used is Water (H,O) on exponential
stretching sheet. To validate, the present results are compared with the previously published articles, achieved good
outcomes. On inclusion of the different parameters on the fluid velocity and temperature profiles were solved by attaining
Runge-Kutta method of Shooting technique. The important disclosures are generalised here:

The velocity component is decreased slightly on productivity of Magnetic parameter, Porosity parameter, Suction
parameter.

On increasing the Magnetic parameter, Porosity parameter there is an increase in the temperature profile in the both
mentioned parameters.

The values of temperature profiles and volume fractions are seen in proportional on increasing in the volume
fractions.

The magnetic parameter, suction parameter, porosity parameter are conversely related to the drag co-efficient of the
volume fractions.

By improving the suction parameter values there is an adequate downfall of velocity profile and temperature profile.
The Radiation parameter consumes a productive association with rate of heat transfer whereas the magnetic
parameter, viscous dissipation parameter, volume fractions of the nanoparticles all possess negative correlation.
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In the coming research, the above work could be extended by engaging novel fluids and appropriate effects like
space dependent heat sources.
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EHEPTETUYHHI TPAHCIIOPT Y MOTOL(I MII-TTBPUIHOI HAHOPIIUHHA HA L IOPUCTUM JIUCTOM 3
EKCIIOHEHUIAJIBHUM PO3TSITHEHHSAM
Maxem Ixxomi, I'. Benkara Pamana Penai
Kadgheopa mamemamuru, Ocsimuiii pono Kownepy Jlaxwimai, 3eneni nons, Baooecsapam, [yumyp-522302, Anoxpa-Ilpadews, Inois

Ile mocmipkeHHS MpeACTaBNIsse TMONIHONCHUI aHali3 MEXaHi3MiB TeIulomnepeavyi Ta IMOBEIIHKUA IOTOKY PIiJMHH, TOB'SI3aHUX 3
riOpuIHUME HAHOPIIMHAMH 32 HAsIBHOCTI MOBEPXHi, 10 €KCIIOHEHIIabHO PO3TATYEThCs. [10pUIHI HAHOPIAWHK, YTBOPEHI HIIIXOM
IICTICPTYBaHHS KUTBKOX THITIB HAHOYACTHHOK B 0a30Bill pifWHI, NEMOHCTPYIOTH Kpamli TEIIOo(i3W4HI BIACTUBOCTI MOPIBHSHO 3i
3BUYANHUMY HAHOPIIMHAMM. IXHS MiIBUIIEHA TEMIONPOBIAHICTh, MOAM(IKOBAHA IITBHICTH Ta CIENiali30BaHa TMTOMA TETIOEMHICTh
poOusATh iX Jy)Ke NpUAATHAUMU A8 IePEeOBUX 3aCTOCYBaHb y HAHOTEXHOJIOTiAX, CHCTEMax BiJHOBJIIOBAHOI eHepril,
BHCOKOIIPOAYKTUBHOMY OXOJIOMXKCHHI €JIEKTPOHIKH Ta TEINIOOOMIHHHKAX MPOMHCIOBOro Macmrady. HoBH3HA LBOTO JOCHIIKEHHS
ToJsTae B Horo crpobi TOCIiguTH KoMOIHOBaHMH BIUTMB T1OPHIHNX HAHOYACTHHOK Ta €KCIIOHEHIIAIFHOTO PO3TATYBAaHHS Ha TUHAMIKY
MOrPaHMYHOTO HIAPy, THM CAMHUM IPOIOHYIOYH HOBI i€l moo ontuMizauii TemioBux cucteM. OCHOBHOIO METOFO IIHOTO JTOCIIJPKCHHS
€ MaKkcuMi3aisi e(eKTHBHOCTI Teruionepenadi 3a pisHuxX (i3HYHMUX Ta eKCIUTyaTaliiHUX yMOB. JIJisi JOCSITHEHHS 1€l METH KepiBHi
mudepeHianpHi piBHAHHS 3 YaCTHHHUMHE TIOX1THAMH, IO OMICYIOTh 3aKOH 30epekeHHS MaCH, IMITYJIbCY Ta €HEpril, HepeTBOPIOIOTHCS
Ha Ha0ip HeNMiHIHHNX 3BUYaiHUX JudepeHniaIbHIX PIBHSIHB 32 JOMOMOTOIO IIePEeTBOPEHB MOAIOHOCTI Ta BiITOBITHUX 0€3p03MipHIX
napameTpiB. Take MaTemMaTHuHe nepeopMyITIOBaHHS CIIPOLIYE CKIAIHICTD 3a1ayi, 30epirarouu IpHu HbOMY OCHOBHY (i3HKY ITOTOKY.
YV MATLAB po3pob6iero obuuciioBaibHy 6asy, A€ 3B'si3aHa CHCTeMa PiBHSIHB PO3B'S3YETHCS 3a JOMOMOrow Meroay Pynre-Kyrru
YEeTBEPTOTO MOPSIKY, IHTEIPOBAHOTO 3 METOAOM CTPIIbOM IS 3a0e3NedeHHs] TOYHOCTI Ta CTaOUIBHOCTI. AHaNI3 MiIKPECIIOE Polb
KJIIOUOBUX ITapaMeTpiB, TaKMX SIK HAIpPYXKEHICTh Mar’itHoro mos, gucio Exepra (edexrn B's3koi nucumarii), uncno IIpanntis
(edbexTn TemIepaTypoOIPOBIHOCTI) Ta TEIUIOBE BUIPOMIHIOBAaHHS, Ha MPO(iNi MIBHIKOCTI, PO3MOALT TEMIEpaTypH Ta MOBEIIHKY
MTOPHCTOTO cepeoBHUINA. Pe3ynbraT He TiIbKH MOKa3yIOTh Yy TIIMBICTh MOTOKY Ta TEIUIOBHX IOJIIB 10 UX KOHTPOMIOIOYNX (DAKTOPiB,
asie ¥ BU3HAYAIOTh PEXKUMHU, B IKUX TiOpPHIHI HAHOPIIMHY 3HAYHO NEePEeBEPIITyIOTh TPaHIliiHI poOoUi pigHHH.

Karwuogi cioBa: cuna Jlopenya, oucunayis,; macnimoeiopoounamixa (MI]]); 2iopuoni HaHOpiOuHU, eKCnOHEeHYIATbHE PO3MA2YEAHHS
aucma



