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This study investigates how thermal and mass stratification influence unsteady magnetohydrodynamic fluid flow through a permeable
medium over an inclined parabolic plate when a slanted magnetic field is present. Laplace transform method is used to find closed-
form analytical benchmark solutions for flow governing equations. The study compares the results obtained from thermal and mass
stratification with scenarios where both forms of stratification are not present. Non-stratified cases demonstrate elevated velocities in
comparison. Also the presence of both stratifications increases skin friction by 33.42%, the heat transfer rate by 97.54%, and the mass
transfer rate by 36.91%. The biggest influence on fluid flow arises when the magnetic field is orthogonal to the flow direction. This

study’s conclusions are pertinent for optimising fluid dynamics in engineering and environmental applications.

Keywords: MHD; Porous medium; Parabolic inclined plate; Thermal Stratification;, Mass Stratification; Inclined magnetic field

PACS: 44.05.+e, 47.11.-}, 47.65.-d, 47.56.+r

™R

§ % AR

~

Ay oy

Q0

Uo
b

Nomenclature

Thermal diffusivity (m?/s)

Volumetric coefficient of thermal expansion (1/K)
Thermal stratification parameter
Dimensionless thermal stratification parameter
Inclination angle of the plate

Angle of inclination of magnetic field
Kinematic viscosity (m?/s)

Electrical conductivity. (1/ohm.m)
Non-dimensional skin friction

Mass stratification parameter
Dimensionless mass stratification parameter
Non-dimensional concentration

Species concentration in the fluid (mol/m?)
Concentration far from the plate (mol/m?)
Concentration at the plate (mol/m?)

Mass diffusion coefficient (m? /8)
Gravitational acceleration (m/s?)

Mass Grashof number

Expansion coefficient with concentration (m? /h)
Thermal Grashof number

Nusselt number

Prandtl number

Non-dimensional time

Temperature of the fluid (K)

Time (s)

Temperature far from the plate (K)
Temperature at the plate (K)
Non-dimensional temperature

Dimensional permeability

Permeability

Non-dimensional velocity

Velocity in x direction (m/s)

Reference velocity

Dimensional acceleration parameter
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b Accelerating parameter

y Non-dimensional coordinate normal to the plate
y Dimensional coordinate normal to the plate (m)
By Magnetic field strength

M Magnetic parameter

1. INTRODUCTION

MHD focusses on the interaction of magnetic fields with electrically conducting fluids in motion. MHD exhibits
application across a range of disciplines, encompassing plasma physics, astrophysics, and the design of MHD generators
and pumps. Beyond the areas already mentioned, it holds immense potential across a broad spectrum of disciplines,
including aeronautics, chemical engineering, electrical engineering, medicine, and the biological sciences. The field of
magnetohydrodynamics was pioneered by the prominent Swiss physicist Hannes Alfvén [1]. Significant contributions
from scholars such as [2], [3], [4], and [5] have shaped the current state of MHD. [6] investigated how MHDs are used
practically in biological systems. According to [7], one of the most vital uses of MHD is the pumping of materials that are
challenging to pump using ordinary pumps. [8] conducted a numerical investigation of the electroosmotic-driven transport
of MHD Casson fluid via an exponential stretching sheet. Recent academic investigations by scholars including [9], [10],
[11], [12], [13], [14], [15], [16], [17] and [18] have explored magnetohydrodynamic flows across a range of geometric
contexts.

A material characterised by voids or pore spaces, devoid of solid, contained inside a solid or semisolid matrix is
referred to as porous material. The permeability of porous materials is a defining characteristic, enabling the passage of
various fluids from one side to the other. As aresult, these materials are prevalent in both natural and technological contexts.
Numerous fields, including hydrology and petroleum engineering, rely extensively on porous media. Consequently, the
study of fluid dynamics within porous environments has garnered significant scholarly attention. A model addressing the
boundary conditions of a porous material in relation to viscous fluid flow around a porous solid has been examined by
[19] and [20]. [21] examined the heat generation and chemical reaction impact on MHD flow of Jeffrey nanofluid through
a porous medium. It was examined by [22] how thermal radiation and chemical reactions affected Williamson MHD
fluid flow embedded in porous environment. [23] conducted an analytical examination of the impacts of Soret effect and
thermal generation on the unsteady magnetohydrodynamic flow of radiating and electrically conducting nanofluid across
an oscillating vertical plate within a porous media. Furthermore, the subsequent researchers, [24], [25], [26], [27] and
[28] are extensively engaged in the investigation of porous medium transport phenomena.

An inclined magnetic field serves as an important factor, especially in industrial applications and biological stud-
ies.Between 0 and 90 degrees is the range of this magnetic field’s inclination angle. The impact of a tilted magnetic field
on hydromagnetic flow across an oblique oscillating plate and a linearly accelerating plate was examined by [29] and [30].
[31] examined the influence of an angled magnetic field on the time-dependent squeezing flow between parallel plates
with suction and injection. [32] investigated the flow and temperature distribution of MHD Casson fluid via a permeable
extended surface within laminar flow regime. The unsteady hydro magnetic couette flow in the presence of a variable
inclined magnetic field was analysed by [33]. The study of heat and mass transfer in unstable magnetohydrodynamic flow
in two non-conducting infinite vertical plates with an slanted magnetic field is studied by [34]. In a perforated medium
with a changing temperature, an angled magnetic field, and stable mass diffusion, [35] examined unsteady free-convection
MHD fluid flow in conjunction with an exponentially accelerating plate. [36] investigated time variation measurements
by the influence of Dufour, Hall, and ion-slip currents in unsteady magneto-hydrodynamic fluid flow across an inclined
plate with an inclined generated magnetic field.

Research on MHD flow problems related to the motion induced by the sudden initiation of endless vertical plates
exhibiting parabolic velocity has been extensively conducted, owing to their prospective uses in domains like astrophysics,
geophysics, and missile technology. [37], [38], [39], and [40] are among them. [41] started their research by examining
parabolic flow over an upright plate with uniform heat flux and variable mass diffusion, establishing a foundation for
comprehending such intricate fluid dynamics. [42] recently conducted a numerical study on the MHD fluid’s parabolic
flow via an upright plate in a porous medium. [43] has examined the issue of the effects of a angled magnetic field on
a transit radiative hydromagnetic flow across an oblique parabolic accelerating plate inside a porous medium, including
chemical reactions and heat-generating parameters. Further [44] extended this by considering thermal diffusion effect.
[45] examined how radiation and Hall current, in addition to a changing temperature, affected MHD flow over an inclined
parabolic accelerating plate through a porous media. When rotation and the first chemical substance reaction were present,
[46] examined parabolic flow via an isothermal perpendicular plate with heat and mass scattering.

None of the studies mentioned previously included thermal and mass stratification, which is crucial for weather and
climatic prediction, comprehension of natural systems, engineering applications, and environmental and safety aspects. In
the complex realm of fluid dynamics, thermal stratification and mass stratification are crucial factors. Thermal Stratification
arises from resistance to heat transport, resulting in discrete layers within a fluid, whereas Mass Stratification occurs owing
to density variations caused by differing solute concentrations. [47] and [48] developed analytical solutions for unsteady
flow across an endless upright plate under various surface conditions. [49] and [50] investigated the impacts of mass and
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thermal stratification on a upright wavy truncated cone and a wavy vertical surface within saturated porous media of a non-
Newtonian fluid. [51] established the analytical solution for the simultaneous influences of mass and thermal stratification
on unsteady flow via exponential mass diffusion and an accelerating plate inside a porous medium exhibiting variable
temperatures. [52] examined the unsteady parabolic flow in a porous media over an endless upright plate, characterized by
exponential temperature decay and variable mass diffusion, considering the effects of thermal and mass stratification. [53]
and [54] developed solutions addressing the impacts of mass and thermal stratification on unsteady magnetohydrodynamic
flow under various surface conditions.

Inspired by the aforementioned literary works, we endeavoured to conduct a precise examination of the matter
concerning the effects of a slanted magnetic field, as well as thermal and mass stratification, on a transit hydromagnetic
flow over a tilted parabolic accelerated plate within a porous medium. Based on the authors’ knowledge, no studies have
been conducted on the impact of inclined magnetic field, thermal and mass stratification on hydromagnetic flow past a
parabolic accelerating inclined plate through a porous media. So, the novelty of concepts and physical facts presented
in this study is anticipated to significantly influence and facilitate interactions across many domains. This problem is
resolved in a closed form with a potent method, namely the Laplace transform approach. Subsequently, the results for
the fluid with two stratifications are contrasted with those for the specific scenario devoid of stratification. The effects
of various physical entities on the non-dimensional velocity of fluid, temperature distribution, fluid concentration, shear
stress, and rates of heat and mass transfer are illustrated graphically and through tabulated data. The practical relevance
of this study’s conclusions pertains to the optimization of fluid dynamics in engineering and environmental applications.
Both stratification’s effects on magnetohydrodynamic flow in porous media may increase the effectiveness of mass transfer
and heat transfer systems, which can be used in energy system design, industrial cooling, and pollution control.

2. MATHEMATICAL FORMULATION

Consider the unsteady MHD flow of a viscous, incompressible, stratified fluid past an inclined parabolic accelerated
plate within the porous medium. We employ a rectangular Cartesian coordinate system in which the y -axis is orthogonal
to the plate and the x -axis extends uprightly along the plate. The magnetic field vector affecting the flow is given by B =
(Bo cos ¢, Bo sin ¢, 0 when a constant magnetic field By is applied at an arbitrary angle ¢ with the axis x. Furthermore,
the plate is intended to be inclined at an arbitrary angle 1. Both inclinations are expected to be oriented vertically. At the
initial time (#’ = 0), the plate is stationary. However, the plate begins to move parabolically with velocity u’ = u(b’t'?)
in its own plane at #' > 0. Due to the infinite length of the plate, all flow variables are independent of x and depend solely
ony and ¢ . The induced magnetic field is to be disregarded due to the consideration of a very small magnetic Reynolds
number. Furthermore, it is considered that the viscous dissipation of energy is negligible. Figure 1 clearly illustrates the
geometry of the problem.

X -axis
A Inclined plate

-
/
/
/

Boundary Layers

P y-axis

Figure 1. Flow geometry .

Consequently, according to Boussinesq’s approximation, the equations delineated in refs [43], [44] and [52] are
employed to characterise the unsteady flow.
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and the dimensionless initial and boundary constraints are:
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3. METHOD OF SOLUTION
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The use of the Laplace transform method yields an equation of non-tractable form for any given Prandtl or Schmidt
number. The non-dimensional governing equations from (6) to (8) , along with the boundary conditions (9), are solvable

when the conditions are reduced to Pr = 1, Sc = 1. Consequently, we get
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This set of ordinary differential equations is solved alongside the initial boundary conditions, employing the inverse
Laplace transform technique as facilitated by [56] and [57] . Consequently, we derive the subsequent profiles of velocity,
temperature, and concentration:

=32 e Lath) = s Lot + 2 L1009) - L1 ) (13)
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L’s indicate inverse Laplace’s transforms as stated below
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4. CLASSICAL CASE (y = 0, £ = 0)

Solutions have been derived for the unique scenario in which stratification is absent. We aim to compare the outcomes
of the fluid exhibiting thermal and mass stratification with the scenario devoid of stratification. Therefore, the solutions
for the classical scenario with boundary conditions (9) via the Laplace transformation are as follows:

0, = erfc(zy—\/;) (16)
C.= erfc(y—) (17)
2t
_ _ e he ol 2
uec =2bLy(hy) hlL](hl)+h1 erfC(Z\/;) (18)

Skin Friction

We obtained the non-dimensional skin-friction from the velocity field, which represents the shear stress at the surface,
as follows:

_Bu
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Nussely Number

We obtained the non-dimensional Nusselt number from the temperature field, which represents the rate of heat
transfer, as follows:

Nu = _0_9/
ay y'=0
(§-y)Gecosp( 1 2yb Y he (g1(hs)  gi(ha)
= h - h — - 21
hsha N T 82(ha) — g2(hs) | + e 2D
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Nu, = _(9;0?
9y |y =0
1
= (22)
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Sherwood Number

We obtained the non-dimensional Sherwood number from the concentration field, which represents the rate of mass
transfer, as follows:
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g2(x) =

5. RESULTS AND DISCUSSION

Utilising the solutions established in earlier sections, we computed numerical values for a range of physical parameters,
including concentration, skin friction, velocity, temperature, and Nusselt and Sherwood number. This study enabled us
to explore the physical dimensions of the problem more thoroughly. Additionally, we used MATHEMATICA to generate
plots shown in Figures 2-26. This research considers the following parameters: M =1, k, = 0.5, Gr =5, Gc =5, t =
2,b=0.2, y/ =15,y=05£=03,¢=%,0=7%. Parametersrangesare: 0 <y <1,0<¢<1,2<Gr<10,2<
Gc<10,05<k, <23,05<M<5,§<¢<7,5<4<7%,01<b<0.4. To validate the accuracy of the the
approach, the temperature profile produced by [55] is juxtaposed with the temperature profile derived from the scenario
of no thermal stratification, as seen in Figure 2. The findings are in strong agreement.

Graphs showing the impacts of y and & on the velocity, temperature, and concentration profile are shown in Figures
3, 10, and 17. Thermal and mass stratification lowers the flow velocity, as seen in Figure 3. As the stratification
parameters (y, &, &) rise, the convective interaction between the ambient fluid and the hot plate falls. Because of this
reduction in buoyancy force, the flow velocity therefore decreases. Figure 10 illustrates that the classical scenario has a
greater temperature compared to the nonclassical circumstance. It illustrates that temperature increases owing to mass
stratification, but decreases due to thermal stratification. The temperature difference between the vertical plate and the
surrounding fluid diminishes in the presence of thermal stratification. This results in an increase in the thickness of the
heat boundary layer, hence reducing the temperature. Figure 17 demonstrates that fluid concentration increases with a
higher thermal stratification parameter, while it decreases with an increasing mass stratification parameter.

Graphs showing the influences of Gr and G¢ on the velocity, temperature, and concentration profile are shown in
Figures 4, 11, and 18. Figure 4 shows that when both Grashof numbers increase, the velocity profiles also increase,
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which is because the buoyancy force is directly proportional to the Grashof numbers. Figure 11 shows that temperature
decreases as Gr and Gc increase, suggesting that heat dissipation away from the heated surface is increased by improved
buoyancy-driven fluid flow. The impacts of Gr and G¢ on concentration have been shown to be identical to those seen for
Figure 18’s temperature profiles.

Graphs showing the effect of &k, on the velocity, temperature, and concentration profile are shown in Figures 5, 12,
and 19. Permeability, determined by the geometry of the medium rather than the characteristics of the fluid. It quantifies
formation’s ability to transmit fluids, directly relating to the interconnectedness of pores, which influences fluid movement
within the medium. The larger the interconnectedness of void spaces, the more easily fluid can traverse the medium.
Hence, the increase in medium permeability results in enhanced fluid flow. Consequently, the velocity field increases with
larger pore sizes in the medium, as illustrated in the provided Figure 5. Figures 12 and 19 indicate that temperature and
concentration diminish as the permeability parameter elevates. This occurs as the pore sizes in the medium increases,
allowing for greater mobility of the fluid’s particles.

Graphs showing the influence of M on the velocity, temperature, and concentration profile are shown in Figures 6,
13, 20. In the study of magnetohydrodynamic (MHD) flow, the Lorentz force has a prominent influence on the motion
of particles of an electrically conducting fluid, naturally tending to diminish fluid velocity. The Lorentz force is exactly
proportional to the magnetic field. Consequently, when the magnetic field intensifies, the resistance to fluid motion inside
the flow domain escalates. Hence, velocity profiles decrease as M increases, as seen in Figure 6. Furthermore, as M is
increased, the temperature rises as shown in Figure 13. Because of improved confinement, resistive heating, suppression
of cooling systems, and higher energy absorption from the field, an increase in M usually causes a rise in temperature.
Figure 20 illustrates how M affects the concentration profile. The figure shows that the concentration of shear layers is
improved by elevating M. This is caused by the Lorentz force, which opposes the direction of flow as the intensity of the
magnetic field rises.

Graphs showing the effect of ¢ on the velocity, temperature, and concentration profile are shown in Figures 7, 14,
and 21. Figure 7 illustrates the impact of an arbitrary magnetic field inclination angle on nondimensional velocity. It is
evident that a rise in the tilt of the magnetic field results in a drop in fluid velocity. This occurs because the resistive force,
known as the Lorentz force, intensifies with an elevated in the inclination angle. When the direction of the magnetic field
is orthogonal to the flow of the fluid, it has the greatest impact on the flow. However, increase in ¢ escalates temperature
and concentration profile of the fluid as seen in Figures 14, and 21.

Graphs showing the impact of A on the velocity, temperature, and concentration profile are shown in Figures 8,
15, and 22. As the plate’s inclination angle rises, we can see that the fluid flow decreases. It is well known that the
frictional force acting on the fluid dramatically rises across the flow domain when the plate is angled with respect to the
flow direction. The provided Figure 8 illustrates how this physical fact results in a drop in fluid velocity. However, rise in
A escalates temperature and concentration profile of the fluid as seen in Figures 15, and 22.

Graphs showing the effect of b on the velocity, temperature, and concentration profile are shown in Figures 9, 16, and
23. Figure 9 shows that velocity increases as b increases. This is due to the fact that a stronger propulsive force applied
on the fluid is implied by an increase in acceleration. Figure 16 illustrates how temperature drops as b increases. The way
that acceleration affects the fluid’s energy distribution helps to understand this tendency. Increased acceleration imparts
additional kinetic energy to the fluid, especially in the vicinity of the surface, which is converted to thermal energy via fluid
friction and viscous dissipation. By increasing the base temperature throughout the fluid, this improved energy conversion
raises the system’s minimum temperature. Also concentration profile decreases as rise in b as seen in Figure 23.

Graphs showing the effect of y and & on the Skin Friction, Nusselt Number and Sherwood Number are shown in
Figures 24, 25, and 26. In Figure 24, the skin friction curve shows a noticeable increase over time, especially in cases
where both thermal (y) and mass (&) stratification are present. In contrast to the scenario devoid of stratification, the
upward trend signifies that the combined effect of temperature and mass stratification amplifies the fluid’s resistance over
the surface, resulting in elevated skin friction. Figures 25 and 26 illustrate an upward trend in the Nusselt and Sherwood
values over time, suggesting enhanced mass and heat transmission. The increase is more significant with higher values of
thermal stratification () and mass stratification (£), as seen by the steeper curves. This behaviour indicates that enhanced
stratification significantly improves the efficiency of heat and mass transfer in the fluid.

Table 1 shows how different parameters affect Skin friction (7), Nusselt number (Nu), and Sherwood number (S4).
When the magnetic parameter (M) increases, the skin friction also increases because the magnetic force resists the fluid
flow by inducing the Lorentz force, this also reduces heat and mass transfer, lowering Nu and Sh. On the other hand,
increasing the permeability of the medium (k) allows the fluid to pass through more easily, which reduces skin friction
but improves heat and mass transfer. Higher values of the thermal and mass Grashof numbers (Gr and Gc) increase
Nu and Sh, showing stronger buoyancy-driven flow. But very high values can cause flow reversal near the plate, which
lowers skin friction. Changing the angles of the magnetic field (¢) and the plate (1) slightly reduces skin friction while
helping heat and mass transfer. Finally, increasing the acceleration parameter (b) increases all three values, showing that
unsteady motion boosts shear stress and improves both heat and mass transfer. Table 2 indicates that the presence of both
stratifications increases skin friction by 33.42%, the heat transfer rate by 97.54%, and the mass transfer rate by 36.91%.

The Nusselt number (Nu) represents the ratio of convective to conductive heat transfer across a fluid boundary and is
a fundamental parameter in the analysis of thermal transport phenomena. Similarly, the Sherwood number (S%) quantifies
the ratio of convective to diffusive mass transfer, serving as its mass transfer analogue. These dimensionless numbers
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are critical in characterizing transport processes and evaluating the influence of various physical effects, such as thermal
and solutal stratification or magnetohydrodynamic (MHD) forces. A detailed analysis of Nu and Sh provides insights into
the enhancement or suppression of energy and mass transport under complex flow conditions. In practical systems, such
understanding supports the optimization of engineering applications including heat exchangers, chemical processing units,
and environmental control systems. Therefore, exploring the interplay between convective transport mechanisms and
external effects is essential for the development of more efficient and purpose-specific thermal and mass transfer systems.
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Table 1. The impact of different parameter on Skin Friction, Nusselt Number and Sherwood Number with r = 2,y = 0.5
and £ =0.3

M| k, | Gr | Gc| ¢ | 4 b T Nu Sh

1 {05] 2 2 | 515102 0692507 | 0.641668 | 0.544578
3105 2 2 | 515102 1.08778 | 0.604961 | 0.522554
5105] 2 2 13135102 1.40899 | 0.580339 | 0.50778
1 |11 ] 2 2 | 3| %102 0323167 | 0.682832 | 0.569276
1 |17] 2 2 | 515102 0193087 | 0.698862 | 0.578894
1 105| 5 2 | 3| F]0.2] 0.0994802 | 0.715856 | 0.58909
110510 2 | % | % |02]-0.810403 | 0.821675 | 0.652582
1 {05] 2 5 | 515102 0073624 | 0.720836 | 0.592079
110502 |10 |5 |5 |02]|-0904434 | 0.840987 | 0.664169
1 105] 2 2 | 215102 0615765 | 0.649673 | 0.549381
1 {05] 2 2 | 51 %5102 0534835 | 0.658429 | 0.554635
1105 2 2 | 51 %102 0353811 | 0.684906 | 0.57052
1 105] 2 2 | 315102 0.1008 0.716574 | 0.589521
1 {05] 2 2 1515103 1.47854 0.70505 | 0.582607
1 {05] 2 2 | 515104 226457 | 0.768432 | 0.620636

Table 2. The influence of v and £ on 7, Nu and Sh

y=0,6=0 1] y=0.5¢=0.3 | Change in Percentage

T —0.733082 —-0.488104 33.42% 7
Nu 0.398942 0.788073 97.54% T
Sh 0.398942 0.632421 36.91% T

6. CONCLUSION

This article presents an exact analysis of fluid flow across an inclined parabolic plate inside a permeable medium,
considering the influence of an inclined magnetic field, as well as heat and mass stratification. Ultimately, the following
conclusions are derived.

* Velocity is diminished as a result of diminished buoyancy forces as thermal (y) and mass (£) stratification increases.
Temperature is reduced by thermal stratification, while it is elevated by mass stratification. The concentration of



142
EEJP. 3 (2025) Mukul Medhi, et al.

fluid increases as vy increases, while it decreases as & decreases. Nusselt number (Nu), Sherwood number (Sh), and
Skin Friction are all enhanced by both y and &, which also improves heat and mass transfer.

The velocity is increased by the stronger buoyancy forces that result from higher Gr and G¢ values. Temperature
and concentration decrease with increasing Gr and Gc, indicating enhanced convective cooling. Moderate values
improve Nu and Sh; very high values may lead to flow reversal near the plate, lowering skin friction.

Velocity increases with k, due to improved fluid mobility. Temperature and concentration decrease as permeability
increases. Skin friction decreases, while Nu and S improve with higher k.

Velocity decreases as M increase due to the resistive Lorentz force. Temperature and concentration increase because
of resistive heating and flow confinement. Skin friction increases, while Nu and Sh decrease with increasing M.

Higher ¢ values decrease velocity by enhancing the Lorentz force. Temperature and concentration rise with
increasing ¢. Also, Heat and mass transfer improve; skin friction decreases slightly.

Increasing A reduces velocity due to increased frictional resistance. Temperature and concentration profiles rise
with larger plate angles. Also Heat and mass transfer are enhanced; skin friction experiences a minor reduction.

Velocity increases with b due to stronger propulsive forces. Temperature and concentration decrease due to
redistribution of thermal energy. All three quantities—skin friction, Nu, and Sh—increase with b.

Presence of both stratification leads to:

— 33.42% increase in skin friction,
— 97.54% increase in heat transfer rate (Nu),

— 36.91% increase in mass transfer rate (Sh).

In our study, the values for Pr and Sc must be taken into consideration as unity in order to have a thorough analysis

and make the equations tractable, that is, to discover accurate solutions in closed form. To get a thorough grasp of the
model, it is advised that future studies use numerical techniques to find solutions for the coupled equations with different
values of Pr and Sc. The findings of this study have practical applications in optimizing industrial cooling systems,
enhancing heat exchanger efficiency, and improving pollution control strategies. These insights are particularly valuable
for engineering and energy systems where precise control of heat and mass transfer is critical.
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TEIJIO- TA MACOOBMIH Y CTPATU®IKOBAHIN MFI[-TE‘IIi 11 AI€10
IIOXMNJIOI'O MATHITHOI'O ITOJIA
Myxkya Menxi, Pynpa Kanra /Ileka
4 Mamemamuunuii pakynomem, Ynieepcumem Iayxami, I'yeaxami-781014, Accam, Inois

VY wiit po6OTi AOCTIIKYEThCA, SIK TEIUIOBA Ta MacoBa cTpaTH(ikalis BIUIMBAIOTh HA HECTALIOHAPHUI MarHiTOTiApOAMHAMIYHHI HOTIK
piIvHM Yepe3 NPOHKMKHE CepeOBUIle Hajl MOXMIOK NapaboiivHO IIACTHHOIO 32 HASBHOCTI MOXMJIOTO MarHiTHOro mnojs. Merop me-
peTBopeHHs Jlarulaca BUKOPUCTOBYETHCS 1)1l 3HAXOKEHHS aHAJITUYHUX KOHTPOJIbHUX PillleHb y 3aMKHYTi# (popMi il piBHSHB, 110
OIUCYIOTh MOTIK. Y JOCJiJKEHH] IOPIBHIOIOTLCSA Pe3y/bTaTH, OTPUMaHI 3a JOIMOMOIOI TEIUIOBOI Ta MacoBoOi cTpaTudikalii, 3i cleHa-
pismu, ne o6unei opmu crparudikarii BigcyTHi. HectparugikoBaHi BUMAJKKA JeMOHCTPYIOTh IiJBHIIEHI MIBUAKOCTI Y MOPiBHSHHI.
Takox HasBHICTH 000X crpatuikauiil 36iblrye TepTs noBepxHi Ha 33,42%, mBuakicts Teronepenayi Ha 97, 54% Ta mBUAKICTH
Macorepenadi Ha 36, 91%. Hait6inpiunii BIUIMB Ha MOTIK PiAMHU BUHHUKAE, KOJIM MArHiTHE M0JIe OPTOTOHANBHE JI0 HAMPSIMKY ITOTOKY.
BUCHOBKY LIBOTO JOCTI)KEHHS € aKTyaJIbHUMU [J1s1 ONTUMIi3allii I1IpoJHAMIKM B iH)KEHEPHHUX Ta €KOJIOTIYHUX 3aCTOCYBAHHSIX.
Kumouosi ciioBa: MT/]; nopucme cepedosuuie; napadoriuna noxura nAACmuta, mepmiuHa cmpamugikauist; Macoéa cmpamugikauis,;
noxune mMazmimme none


https://doi.org/10.1007/BF01591514

	Introduction
	Mathematical Formulation
	Method of solution
	Classical Case (=0,=0)
	RESULTS AND DISCUSSION
	Conclusion

