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This paper is concerned with the in�uence of rotation on the onset of ferromagnetic �uid convecti-
on in the presence of both modulated and unmodulated magnetic �elds. The e�ects of magnetic
�eld modulation and rotation on the onset of ferroconvection are of interest from both practical
and theoretical points of view. Modulation of an appropriate parameter may signi�cantly a�ect
the motion and improve the stability of various systems, including charges in an electrostatic �eld
and ferromagnetic resonance. Rotating ferro�uids have potential uses in a variety of �elds including
rotating turbomachines and chemical processing industry. The resulting eigenvalue problem is solved
using isothermal boundary conditions and the regular perturbation method under the assumption
of a small modulation amplitude. On the assumption that the principle of exchange of stabilities is
valid, the onset criteria are formulated. The magnetic parameter, the Taylor number, the Prandtl
number, and the magnetic �eld modulation frequency are all functions of the thermal Rayleigh
number shift. The in�uence of various physical factors is perceived to be signi�cant at moderate
values of the magnetic �eld modulation frequency. The study shows that, in the presence of both
magnetization and rotation, the magnetic �eld modulation has a destabilizing impact on the system
with convection occurring faster than in the unmodulated system.
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I. INTRODUCTION

Ferro�uids are a speci�c kind of colloidal suspensi-
on made up of numerous tiny particles of a solid
ferromagnetic substance (iron-Fe, cobalt-Co, nickel-
Ni etc.) in a liquid carrier (hydrocarbon, ester and
�uorocarbon). The ferromagnetic components must be
coated with a shell made of a suitable substance in order
to forbid swarming in the presence of a magnetic �eld
[1]. According to the coating, the ferro�uids are classi�ed
into two main groups: surfacted ferro�uids, if the coating
is a surfactant molecule, and ionic ferro�uids, if it is an
electric shell. A surfacted ferro�uid is used in this investi-
gation. The liquid's ability to react to a magnetic �eld
is one of its most signi�cant features. This characteri-
stic results from the magnetic body force occurring in
a magnetic �eld. Many researchers and technologists,
however, are fascinated by colloidal magnetite (Fe3O4),
the most thoroughly studied ferro�uid, due to its di-
verse applications in thermal engineering, bio-medical
domain, and aerospace [2�4]. The notion of ferroconvecti-
on to thermal expansion in a layer enclosing ferro�uid is
comparable to the conventional B�enard convection and
has sparked considerable interest due to its potential
value as a heat exchanger.

According to Finlayson's study on linear heat transfer
in a non-rotating thin layer of a magnetic �uid,

the convection of a magnetic �uid exhibiting vari-
able susceptibility to magnetic �elds gives rise to a
non-uniformity in magnetic body force, which causes
thermomagnetic heat transfer [5]. In addition to visuali-
zing the �ow pattern, Schwab and coworkers experi-
mentally acknowledged Finlayson's results [6]. But in
order to properly align the convection rolls, they had
to add an additional magnetic force to the system. In
the absence of this longitudinal �eld, they discovered an
erratic convection pattern. The work of Finlayson served
as a su�cient source of motivation for several researchers,
who explored the ferroconvective instability problem
under a range of practical constraints [7�12]. Recent
research using the higher order Galerkin method has
shown that the e�ect of magnetic force and second sound
boosts the starting point of Brinkman ferroconvecti-
on. The commencement of Brinkman ferroconvection is,
however, prevented by the porous parameter and MFD
viscosity [13].

The motion of a variety of domains, notably magnetic
�eld sensors, ions in an electrode material, modulators,
ferromagnetic resonant, and optical switches, may be si-
gni�cantly in�uenced by the modulation of a suitable
parameter, which can also increase the stability of the
system. The alteration in the magnetic �eld with respect
to time on the threshold of ferroconvection and the
con�ict between harmonic and sub-harmonic modes usi-
ng the Floquet theory, the Chebyshev pseudospectral
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procedure, and QZ method have been examined in some
detail [14�16]. Additionally, it is revealed in an experi-
mental study [17] how the features of the starting point
of thermo-magnetic advection of ferromagnetic smart li-
quid have a substantial impact on the stationary and
periodically modulated magnetic �elds. According to a
theoretical study [18] concerning the magnetic convecti-
on system in a nonuniformly rotating electroconductive
medium exposed to an external alternating magnetic �-
eld, the magnetic modulation e�ect is signi�cant. It may
be used to mitigate heat transfer. On the basics of the
Stokes micro-continuum theory, the combined e�ect of
couple stresses signifying non-Newtonian characteristi-
cs of the ferro�uid and magnetic �eld modulation was
reported in a theoretical work [19] and it was revealed
that the e�ect of the couple stress setbacks the starting
point of ferroconvection. In a theoretical paper published
recently [20] utilizing the regular perturbation approach,
the e�ect of a modulated magnetic �eld in a densely
packed anisotropic permeable magnetic �uid layer is di-
scussed.

Engineering applications as well as theoretical consi-
derations drive the study of convection in rotating �uid
layers. Food and chemical processing, metal solidi�cati-
on and centrifugal casting, rotating equipment, and bio-
mechanics are a few of the key application �elds in engi-
neering. The analysis of ferro�uids with rotation is a
noteworthy subject in itself, thus the e�ects of rotati-
on on the heat transfer rate are important from a sci-
enti�c and technological standpoint. In order to examine
the thermal convective instability in a rotating ferro�uid
layer, Das Gupta & Gupta [21] employed the linear stabi-
lity theory, proving that overstability is impossible if
Pr > 1. In a theoretical paper [22], the issue of weakly
nonlinear two and three-dimensional oscillatory convecti-
on in the form of standing waves for a horizontal �uid
layer heated from below and revolving along a vertical
axis is covered. The Coriolis e�ect on centrifugally dri-
ven convection in a rotating porous layer using the li-
near stability theory is reported in a theoretical work
[23]. In annother article [24], it is examined how the
magnetic �eld a�ects the starting point of rotational
convection in a ferromagnetic-�uid-�lled di�erentially
heated permeable layer positioned in zero gravity and
revealed that the magnetic �eld has a destabilizing e�ect.
The combined e�ects of gravity modulation and rotation
on the commencement of thermal convection in a hori-
zontal �uid layer and a �uid-saturated porous layer have
been well explained [25]. Rotation is discovered to have
twofold e�ects, increasing or decreasing the modulati-
ng e�ect in the case of viscous �uid layers and Bri-
nkman porous layers while increasing the destabilizing
e�ect in the case of Darcy porous layers. In a theoretical
paper [26], the regular perturbation approach is used to
explore the combined impact of centrifugal acceleration
and time-varying boundary temperatures on the onset of
convective instability in a rotating magnetic �uid layer.
It is delineated that, for bottom wall modulation, rotati-
on tends to stabilize the system at low frequencies and
the opposite is true for moderate and large frequencies.

In a recent theoretical paper, the bio-thermal convecti-
on in a rotating layer of a porous media saturated
with a Newtonian �uid containing gyrotactic mi-
croorganisms was explored [27]. The �ndings reveal that
while increasing the rotation parameter might postpone
the commencement of the bioconvection, an increase in
the cell strangeness can stimulate the commencement of
the bioconvection.
The literature study mentioned above indicates that

no research has been done on the e�ect of rotation (Cori-
olis force) on the starting point of ferroconvection in the
presence of a time-varying magnetic �eld. The purpose
of this work is to use the regular perturbation approach
to analyze the topic at hand. The study in this article is
based on the assumption that the convective currents are
minimal and the magnetic �eld modulation dimension is
extremely small, preventing nonlinear e�ects. As a result,
the onset of ferroconvection in a rotating �uid layer can
potentially be sped up or slowed down depending on the
frequency of magnetic �eld modulation. This research
might be helpful for magnetic �uid technologies, includi-
ng magnetic �eld sensors, modulators, ferromagnetic
resonators, and optical switches.

II. FORMULATION OF THE PROBLEM

The system is comprised of a horizontal in�nite layer
of a ferro�uid separated by the two planes z = 0 and
z = d. The system is working under the e�ect of the
Coriolis force due to rotation, acceleration due to gravi-

ty g = −gk̂ and a time-varying magnetic �eld Hext
0 (t) =

Hext
0 (t) = H0 (1 + ε cosωt) k̂ due to the magnetic �eld

modulation as shown in Fig. 1. The origin of the Cartesi-
an coordinate system (x, y, z) is at the bottom of the
�uid layer, and the z-axis is directed vertically upward.
The upper and lower surfaces retained at di�erent uni-
form temperatures with a gradient ∆T .

Fig. 1. Schematic Diagram

The mathematical governing equations of the present
study under the Boussinesq approximation are [14, 21]

∇ · q = 0, (1)
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ρ0

[
∂q

∂t
+ (q · ∇)q− 2q×Ω

]
(2)

= −∇p+ ρg + µ∇2q+∇ · (HB) ,

C1

[
∂T

∂t
+ (q · ∇)T

]
+ µ0 T

(
∂M

∂T

)
V, H

(3)

×
[
∂H

∂t
+ (q · ∇)H

]
= K1∇2T,

ρ = ρ0 [1− α (T − TR)] , (4)

M =
H

H
M (H, T ) , (5)

M = M0 + χm (H −H0)−Km (T − TR) . (6)

The relevant Maxwell equations are

∇ · B = 0, ∇×H = 0, B = µ0 (H+M) , (7)

where q is the velocity of the �uid, ρ the density, ρ0
the reference density, µ the dynamic viscosity, µ0 the
magnetic permeability, T the temperature, g is the
acceleration due to gravity, Ω angular velocity, H0

is the uniform magnetic �eld, ε is the small ampli-
tude, ω is the frequency, t is the time, H the total
magnetic �eld, M the magnetization, B the magnetic
induction, K1 the thermal conductivity, α the coe�cient
of thermal expansion, TR the reference temperature,
C1 = ρ0CV,H − µ0H ·

(
∂M
∂T

)
V,H

, ρ0CV,H the speci�c

heat at a constant volume and magnetic �eld, χm is
the di�erential magnetic susceptibility and Km is the
pyromagnetic coe�cient. In Eq. (2), the pressure term,
p = pf − ρ0

2 ∇|Ω × r|2, accommodates the centrifugal
acceleration with pf representing the �uid pressure
and the term 2ρ0(q × Ω) represents the Coriolis force.
The lower and upper surface temperatures respectively
are T = TR+

1
2 ∆T at z = 0 and T = TR− 1

2 ∆T at z = d.

III. LINEAR STABILITY THEORY

On applying the method of small perturbation and
introducing the magnetic potential ϕ, we obtain the
following stability equations [20, 21, 26](

1

Pr

∂

∂t
−∇2

)
∇2W +

√
Ta

∂ζ

∂z

=
[
R+RM1(1 + ε cosωt)

2
]
∇2

1T

−RM1(1 + ε cosωt)
2 ∂

∂z

(
∇2

1ϕ
)
,

(8)

(
∂T

∂t
−W

)
= ∇2T, (9)

(
1

Pr

∂

∂t
−∇2

)
∇2ζ =

√
Ta

∂W

∂z
, (10)

∇2ϕ =
∂T

∂z
, (11)

where, ∇2
1 = ∂2

∂x2 + ∂2

∂y2 and ∇2 = ∇2
1 + ∂2

∂z2 . The

dimensionless parameters are Pr the Prandtl number, R
the Rayleigh number, M1 the buoyancy-magnetization
parameter and Ta the Taylor number.

We now con�ne ourselves to the case when the
boundary conditions on velocity are appropriate to a
free surface which is constrained to be �at. While this
case is somewhat unrealistic, it is mathematically signi-
�cant because we can come up with an analytical soluti-
on whose characteristics would indicate the qualitative
aspects of convective instability. Moreover, the existing
results in the viscous case indicate that within the li-
mits of a large Taylor number, the Rayleigh number is
independent of the surfaces bounding the �uid [21, 28].
Equations (8)�(11) are to be solved using suitable
boundary conditions [26]

W =
∂2W

∂z2
= T =

∂ϕ

∂z
=

∂ζ

∂z
= 0 at z = 0 , 1. (12)

The magnetic boundary conditions are due to the
continuity of the normal component of the magnetic
induction and the tangential component of the magnetic
�eld across the boundary. It is suitable to state the whole
problem in terms of the vertical component of the W
velocity. Upon combining Eqs. (8)�(11), we obtain the
following equation

(
1

Pr

∂

∂t
−∇2

)2 (
∂

∂t
−∇2

)
∇4W +Ta

(
∂

∂t
∇2 −∇4

)
∂2W

∂z2

= R∇2

(
1

Pr

∂

∂t
−∇2

)
∇2

1W +RM1

(
1

Pr

∂

∂t
−∇2

)
(1 + εf)

2∇4
1W,

(13)

where f = Re
{
e−iωt

}
= cosωt.
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The boundary conditions in Eq. (12) can also be
expressed in terms of W in the form [26]

W =
∂2W

∂z2
=

∂4W

∂z4
=

∂6W

∂z6
=

∂8W

∂z8
= 0 (14)

at z = 0, 1.

IV. METHOD OF SOLUTION

The eigenfunctions W and the eigenvalues R are
associated with the above eigenvalue problem for a
modulated magnetic �eld that is di�erent from the

constant magnetic �eld by a small quantity of order ε.
We therefore assume the solution of Eq. (12) in the form
[25](

W
R

)
=

(
W0

R0

)
+ ε

(
W1

R1

)
+ ε2

(
W2

R2

)
+ . . . . (15)

Substituting (15) into (13) and equating the correspondi-
ng terms upto O(ε2), we obtain the following system of
equations:

LW0 = 0, (16)

LW1 = R1∇2L1∇2
1W0 +R1M1L1∇4

1W0 + 2fR0M1L1∇4
1W0, (17)

LW2 = R1∇2L1∇2
1W1 +R2∇2L1∇2

1W0 +R1M1L1∇4
1W1

+ R2M1L1∇4
1W0 + 2fR0M1L1∇4

1W1 + 2fR1M1L1∇4
1W0, (18)

where L = L2
1L2∇4 −R0∇2L1∇1

2 −R0M1L1∇1
4 + L2∇2TaD2, L1 = 1

Pr
∂
∂t −∇2, L2 = ∂

∂t −∇2, D = ∂
∂z .

Equation (16) which is obtained at O(ε0) is the one used
in the study of ferroconvection in a rotating �uid layer
in the absence of magnetic �eld modulation. The margi-
nally stable solution for the problem is

W0 = sin(πz). (19)

Substituting (19) into Eq. (16), we obtain the expressi-
on for the Rayleigh number R0 for the rotating
ferromagnetic �uid layer in the absence of magnetic �eld
modulation

R0 =

[(
π2 + α2

)4
+

(
π2 Ta

(
π2 + α2

))
α2 [π2 + (1 +M1)α2]

]
(20)

with α2 = α2
x+α2

y being overall horizontal wavenumber,
αx and αy being wavenumbers in x and y directi-
ons, respectively. Equation (20) is the expression for
the thermal Rayleigh number as a function of the
wavenumber, the buoyancy-magnetization parameter
and the Taylor number for the unmodulated B�enard�
Taylor ferroconvection problem. In the absence of
magnetic force (i.e., when M1 = 0), the expression for
R0 reduces to that of Chandrasekhar [28]. The plot of

R0 versus wave number α is delineated in the results
and discussion (Section V).
Since changing the sign of ε amounts to a shift in the

time origin by half a period and such a shift does not
a�ect the stability of the problem, it follows that all the
odd coe�cients R1, R3, R5 . . . in Eq. (15) must vanish
[25, 29]. Following the analysis of Malashetty and Swamy
[25], one obtains the following expression for R2 (the �rst
non-zero correction to R0)

R2 =
R2

0M
2
1α

6

(π2 + α2) [π2 + (1 +M1)α2]

∞∑
n=1

An Cn

Dn
, (21)

where

An =
( ω

Pr

)2

+
(
n2π2 + α2

) (
π2 + α2

)
,

Cn = 2B1,

Dn = B2
1 +B2

2

with

B1 =

−
( ω

Pr

)2

(1 + 2Pr)
(
n2π2 + α2

)3
+

(
n2π2 + α2

)5
+ n2π2 Ta

(
n2π2 + α2

)2
−R0α

2
(
n2π27 + α2

) [
n2π2 + (1 +M1)α

2
]
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and

B2 =

ω
( ω

Pr

)2(
n2π2 + α2

)2 − ω

(
1 +

2

Pr

)(
n2π2 + α2

)4 − ω n2π2 Ta
(
n2π2 + α2

)
+

1

Pr
R0α

2ω
[
n2π2 + (1 +M1)α

2
]

 .

The Rayleigh number R at its critical value is
calculated up to O

(
ε2
)
by computing R0 and R2 at

α0 = αc, where αc is the value at which R0 is minimum.
Supercritical instability occurs provided R2c is positive.
On the other hand, subcritical instability is said to occur
when R2c turns out to be negative.

V. RESULTS AND DISCUSSION

The impact of magnetic �eld on the B�enard�Taylor
ferroconvective instability is carried out in detail for the
following two cases:

(a) unmodulated magnetic �eld;

(b) modulated magnetic �eld.

The above-mentioned cases are discussed and analyzed
with the help of appropriate graphs (refer to Figs. 2
through 6).

A. Onset of ferroconvection (unmodulated case)

This section analyzes the e�ects of the buoyancy-
magnetization parameter M1 and the Taylor number
Ta on the unmodulated B�enard�Taylor ferroconvection
problem [21]. In Fig. 2, the e�ect of M1 (the ratio of
magnetic force to gravitational force) is depicted and the
graph is plotted between the stationary thermal Rayleigh
number denoted by R0 and the wave number denoted by
α. The parameterM1 bears the values asM1 = 5, 25, 50,
and the other parameter is supposed to be constant as
Ta = 500. It can be seen that as M1 increases, R0,
decreases and from the de�nition of M1 it follows that
an increase in the magnetic force has a destabilizing
in�uence on the �ow. Further, the critical wave number
α, corresponding to R0, decreases with an increase in
M1.
Fig. 3 illustrates the values of R0 with respect to α

for di�erent values of the Taylor number Ta, �xing the
other parameter as M1 = 25. It can be observed that the
values of R0 increase with an increase in Ta, indicating
that the e�ect of rotation is to stabilize the �ow in the
absence of magnetic �eld modulation.

B. Onset of ferroconvection (modulated case)

The problem at hand is determining the criteria for
the commencement of ferroconvection in a horizontal
magnetic smart �uid layer with the Coriolis force and
a time-varying magnetic �eld. The principle behind the
stability analysis is based on the condition of the mini-
mal amplitude of magnetic �eld modulation. The regular

perturbation approach is implemented in order to achi-
eve the critical Rayleigh number and wavenumber. The
expression for the correction Rayleigh number R2 is
found to be proportional to the modulation frequency ω,
the buoyancy-magnetization parameter M1, the Prandtl
number Pr and the Taylor number Ta. The in�uence
of these parameters on the stability of the system is
illustrated with the help of �gures 4 through 6. The si-
gn of the critical correction thermal Rayleigh number
R2c is accountable for the stabilizing or destabilizing
impact of the magnetic �eld �uctuation on the stability
of the system. A positive R2c means that the magnetic
�eld modulation e�ect is stabilizing, whereas a negative
R2c indicates that the magnetic �eld modulation e�ect
is destabilizing.

Fig. 2. E�ect of buoyancy-magnetization parameter M1 on
R0 with respect to α.

Fig. 3. E�ect of Taylor number Ta on R0 with respect to α.

Figure 4 shows the impact of the buoyancy magneti-
zation parameter M1 over the critical correction thermal
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Rayleigh number R2c and for �xed values of Pr = 10 and
Ta = 500. Parameter M1 is the ratio of magnetic force to
gravitational force. The general e�ect of M1 is to make
the system unstable. It is seen that R2c increases with an
increase in the parameter M1, indicating that magnetic
mechanism has a stabilizing e�ect on the system. This is
due to the fact that when M1 increases, the magnetic
force diminishes because of the Centrifugal force and
makes the system stable. It is also clear from Fig. 4 that
R2c decreases with on increase in ω, then reaches the
peak negative value at ω = 150 and increases further
increase in ω. This means that the system is stabili-
zed for small, moderate and large values of ω. When ω
is su�ciently large, the e�ect of modulation disappears
altogether.

Fig. 4. Variation of R2c with respect to ω and M1.

Fig. 5. Variation of R2c with respect to ω and Pr.

The variation of R2c with ω for di�erent values of the
Prandtl number Pr and for �xed values of M1 = 25 and
Ta = 500 is displayed in Fig. 5. Parameter Pr is the ratio
of the speed of momentum propagation to that of heat
transport. It should be remarked that the expression for
R0 does not involve the Prandtl number Pr, and the
Prandtl number Pr a�ects only R2c. We observe from
Fig. 5 that the value of R2c grows with incrementing the
value of Pr, provided ω is small and the trend reverses
for moderate and large values of ω. It is also observed
that the subcritical instability occurs when increasing

the value of Pr, provided ω is small, and the supercritical
motion can be seen for moderate and large values of ω.

Fig. 6. Variation of R2c with respect to ω and Ta.

Figure 6 shows the deviance of R2c with ω for di�erent
values of the Taylor number Ta and for �xed values of
M1 = 25 and Pr = 10. The Taylor number characteri-
zes the importance of centrifugal forces due to rotati-
on of a �uid around a vertical axis relative to viscous
forces. The stabilizing e�ect of rotation is obvious from
Fig. 3 (unmodulated case). We further note that the
value of R2c grows with incrementing the value of Ta,
provided ω is very small, and the trend reverses for a
moderate and large values of ω. We detect from Fig 6
that the e�ect of increasing Ta is to reduce the stabilizi-
ng e�ect of modulation on the system for moderate and
very large values of ω. This is due to the fact that when
Ta increases, either the centrifugal force increases or the
viscous force decreases, which shows that increasing Ta
decreases the viscous force and makes the system more
unstable. Further, the destabilizing e�ect of modulated
magnetic �eld on the system can be seen for a very small
value of ω.

The analysis presented is based on the assumption
that the amplitude of the modulating magnetic �eld is
minimal and the convective currents are weak, allowi-
ng nonlinear e�ects to be ignored. Thus, the validity
of the results obtained here depends on the value of
the modulating frequency of the magnetic �eld. Hence,
the onset of ferroconvection can be advanced or delayed
in the presence of a rotating �uid layer. Magnetic �-
eld modulation could thus be used to control convective
instability in a rotating ferromagnetic �uid layer.

VI. CONCLUSIONS

The e�ect of rotation on the onset of ferroconvecti-
on is carried out for the following cases: unmodulated
and modulated magnetic �elds. A linear stability analysis
and the regular perturbation approach are used to solve
the problem. The investigation has led to the following
conclusions:
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1. Magnetic mechanisms tend to stabilize the system
in the presence of magnetic �eld modulation and
destabilize the system in the absence of magnetic
�eld modulation.

2. The e�ect of Pr is to stabilize the system when the
frequency of modulation is small and to destabilize
the system with moderate and large values of ω.

3. Rotation tends to destabilize the system with
moderate and large values of frequency ω when
the magnetic �eld modulation is present. However,
for a very small value of frequency ω, the e�ect
of rotation is to stabilize the system. Further, the
e�ect of rotation is to stabilize the �ow in the
absence of magnetic �eld modulation.
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ñèñòåì, âêëþ÷íî ç çàðÿäàìè â åëåêòðîñòàòè÷íîìó ïîëi é ôåðîìàãíiòíèì ðåçîíàíñîì. Îáåðòîâi ôåð-
ðîôëþ¨äè ìàþòü ïîòåíöiéíå çàñòîñóâàííÿ â ðiçíèõ ãàëóçÿõ, çîêðåìà â îáåðòîâèõ òóðáîìàøèíàõ òà
õiìi÷íié ïðîìèñëîâîñòi. Îòðèìàíó ïðîáëåìó âëàñíèõ çíà÷åíü ðîçâ'ÿçóþòü ç âèêîðèñòàííÿì içîòåð-
ìi÷íèõ ãðàíè÷íèõ óìîâ i ìåòîäó ðå óëÿðíèõ çáóðåíü çà ïðèïóùåííÿ ìàëî¨ àìïëiòóäè ìîäóëÿöi¨. Ó
ïðèïóùåííi ñïðàâåäëèâîñòi ïðèíöèïó îáìiíó ñòiéêîñòÿìè ñôîðìóëüîâàíî êðèòåði¨ íàñòàííÿ êîíâå-
êöi¨. Ìàãíiòíèé ïàðàìåòð, ÷èñëî Òåéëîðà, ÷èñëî Ïðàíäòëÿ òà ÷àñòîòà ìîäóëÿöi¨ ìàãíiòíîãî ïîëÿ ¹
ôóíêöiÿìè òåïëîâîãî çñóâó ÷èñëà Ðåëåÿ. Çà ïîìiðíèõ çíà÷åíü ÷àñòîòè ìîäóëÿöi¨ ìàãíiòíîãî ïîëÿ
âïëèâ ðiçíîìàíiòíèõ ôiçè÷íèõ ÷èííèêiâ ñóòò¹âèé. Äîñëiäæåííÿ ïîêàçó¹, ùî çà íàÿâíîñòi ÿê íàìà-
ãíi÷åíîñòi, òàê i îáåðòàííÿ ìîäóëÿöiÿ ìàãíiòíîãî ïîëÿ ìà¹ äåñòàáiëiçóâàëüíèé âïëèâ íà ñèñòåìó,
âîäíî÷àñ êîíâåêöiÿ âiäáóâà¹òüñÿ øâèäøå, íiæ ó íåìîäóëüîâàíié ñèñòåìi.

Êëþ÷îâi ñëîâà: ìàãíiòíà ðiäèíà, ìîäóëÿöiÿ ìàãíiòíîãî ïîëÿ, ìåòîä çáóðåíü, ñòiéêiñòü, îáåðòà-
ííÿ.
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