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We study the deterministic dynamics of single-domain ferromagnetic nanoparticles in a viscous liquid 

induced by the joint action of the gradient and uniform magnetic fields. It is assumed that the gradient 

field depends on time harmonically and the uniform field has two components, perpendicular and parallel 

to the gradient one. We also assume that the anisotropy magnetic field is so strong that the nanoparticle 

magnetization lies along the anisotropy axis, i.e., the magnetization vector is ‘frozen’ into the particle body. 

With these assumptions and neglecting inertial effects we derive the torque and force balance equations 

that describe the rotational and translational motions of particles. We reduce these equations to a set of 

two coupled equations for the magnetization angle and particle coordinate, solve them numerically in a 

wide range of the system parameters and analyze the role of the parallel component of the uniform mag-

netic field. It is shown, in particular, that nanoparticles perform only periodic rotational and translational 

motions if the perpendicular component of the uniform magnetic field is absent. In contrast, the nanoparti-

cle dynamics in the presence of this component becomes non-periodic, resulting in the drift motion (di-

rected transport) of nanoparticles. By analyzing the short and long-time dependencies of the magnetization 

angle and particle coordinate we show that the increase in the parallel component of the uniform magnetic 

field decreases both the particle displacement for a fixed time and its average drift velocity on each period 

of the gradient magnetic field. 
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1. INTRODUCTION 
 

Ferromagnetic nanoparticles in viscous liquids have 

interesting physical properties and numerous potential 

and actual applications including magnetic cell separa-

tion [1, 2], magnetic hyperthermia [3, 4], and drug 

delivery [5, 6]. These and many other applications uti-

lize the rotational and translational properties of nano-

particles. Some of their rotational properties induced 

by linearly and circularly polarized uniform magnetic 

fields have already been studied for different models of 

nanoparticles. It has been done, e.g., in Refs. [7-10] and 

[11-13] for the model with infinitely large and finite 

field of magnetic anisotropy, respectively. 

One of the most common methods used to generate 

the translational motion of nanoparticles is the applica-

tion of a gradient magnetic field [14]. The joint action of 

the uniform and gradient magnetic fields induces both 

the rotational and translational motions. It has been 

shown [15] that nanoparticles subjected to time-

independent uniform and gradient magnetic fields can, 

depending on the initial particle positions, perform four 

regimes of their translational motion. But if nanoparti-

cles are under the action of the uniform and time-

dependent gradient magnetic fields, then their dynam-

ics becomes much more complex [16]. The most re-

markable feature that occurs in this case is the appear-

ance of the drift motion (directed transport) of nanopar-

ticles. It is realized in such a way that all nanoparticles 

with positive initial positions move to the right, and all 

nanoparticles with negative initial positions move to 

the left with different drift velocities. 

In this paper, we continue the numerical study of 

the drift phenomenon in the deterministic approach. 

Our main aim is to investigate the influence of the 

uniform magnetic field, whose components are directed 

parallel and perpendicular to the gradient magnetic 

field, on the characteristics of the drift motion. 

 

2. DETERMINISTIC EQUATIONS OF MOTION 
 

The set of deterministic equations describing the ro-

tational and translational motions of nanoparticles in 

the case of the uniform magnetic field that has only 

perpendicular component was recently derived in [16]. 

The generalization of these equations to the case when 

the uniform magnetic field has two components, parallel 

and perpendicular, is rather trivial. Therefore, here we 

only shortly describe the procedure of their derivation. 

We assume that suspended ferromagnetic nanopar-

ticles of radius 𝑎 are subjected to the harmonically 

oscillating gradient magnetic field 
 

𝐇𝑔 = 𝑔𝑥 sin(Ω𝑡 + 𝜙) 𝐞𝑥                           (1) 
 

and the uniform magnetic field 
 

𝐇 = 𝐻ǁ𝐞𝑥 + 𝐻⟂𝐞𝑦.                              (2) 
 

Here, 𝑔(≥ 0), Ω and 𝜙 ∈ [0, 𝜋] are the gradient, frequen-

cy and initial phase of the gradient magnetic field (1), 

respectively, 𝐻ǁ and 𝐻⟂(≥ 0) are the parallel and per-

pendicular components of the uniform magnetic field 

(2), and 𝐞𝑥, 𝐞𝑦 , 𝐞𝑧 are the unit vectors along the corre-

sponding axes of the Cartesian coordinate system 𝑥𝑦𝑧. 
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The magnetization 𝐌 = 𝐌(𝑡) (|𝐌| = 𝑀 = const) of 

nanoparticles is assumed to be ‘frozen’ into their bodies 

(this approximation holds when the magnetic anisotro-

py field is rather large). If the initial magnetization 

𝐌0 = 𝐌(0) lies in the 𝑥𝑦 plane, then dynamics of 𝐌 will 

occur in the same plane for all times, i.e., 
 

𝐌 = 𝑀(cos 𝜑 𝐞𝑥 + sin 𝜑 𝐞𝑦),                          (3) 
 

where 𝜑 = 𝜑(𝑡) is the magnetization angle (angle be-

tween the 𝑥 axis and 𝐌). In the given approximation, 

the magnetization dynamics of each nanoparticle is 

described by the kinematic equation 
 

𝑑

𝑑𝑡
𝐌 = 𝝎 × 𝐌.                                       (4) 

 

Here, 𝝎 = 𝝎(𝑡) is the particle angular velocity and the 

sign × denotes the vector product. As it follows from (3) 

and (4), 𝝎 = 𝜔𝑧𝐞𝑧 (the nanoparticle rotates about the 𝑧 

axis) and 𝜔𝑧 = 𝑑𝜑 𝑑𝑡⁄ . 

Neglecting the inertial effects, the rotational and 

translational motions of nanoparticles are described by 

a set of torque 𝐭𝑑 + 𝐭𝑓 = 0 and force 𝐟𝑑 + 𝐟𝑓 = 0 balance 

equations, where indexes 𝑑 and 𝑓 correspond to driving 

and frictional values, respectively. In dilute suspen-

sions, when the interparticle interactions are small, for 

the driving torque and force in our case we have 𝐭𝑑 =
𝑉𝐌 × (𝐇𝑔+ 𝐇)|𝑥=𝑅𝑥

 and 𝐟𝑑 = 𝑉(𝑀𝑥 ∂/ ∂x)𝐇𝑔|𝑥=𝑅𝑥
. Here, 

𝑉 = (4/3)𝜋𝑎3 is the nanoparticle volume and 𝑅𝑥 = 𝑅𝑥(𝑡) 

denotes the 𝑥-coordinate of the particle center. Expres-

sions (1) and (2) show that the driving torque is given 

by 𝐭𝑑 = 𝑡𝑑𝐞𝑧 with 
 

𝑡𝑑 = 𝑀𝑉[𝐻⟂ cos 𝜑 − 𝐻ǁ sin 𝜑 − 𝑔𝑅𝑥 sin 𝜑 sin(Ω𝑡 + 𝜙)].  (5) 
 

Similarly, from (1) and 𝑀𝑥 = 𝑀 cos 𝜑 it follows that 𝐟𝑑 =
𝑓𝑑𝐞𝑥 with 
 

𝑓𝑑 = 𝑀𝑉𝑔 cos 𝜑 sin(Ω𝑡 + 𝜙).                     (6) 
 

If the Reynolds rotational and translational num-

bers are small, then the frictional torque and force are 

expressed as 𝐭𝑓 = −6𝜂𝑉𝝎 and 𝐟𝑓 = −6𝜂𝜋𝑎𝐕 [17]. Here, 𝜂 

designates the dynamic viscosity of the liquid and 𝐕 =
(𝑑𝑅𝑥/𝑑𝑡)𝐞𝑥 is the translational particle velocity. Using 

the above results and the relation 𝝎 = (𝑑𝜑/𝑑𝑡)𝐞𝑧, the 

torque balance equation 𝐭𝑑 + 𝐭𝑓 = 0 reduces to 
 

𝑑𝜑

𝑑𝑡
=

𝑀𝑉

6𝜂
[𝐻⟂ cos 𝜑 − 𝐻ǁ sin 𝜑 − 𝑔𝑅𝑥 sin 𝜑 sin(Ω𝑡 + 𝜙)]. (7) 

 

At the same time, the force balance equation 𝐟𝑑 + 𝐟𝑓 =

0  yields 
 

𝑑𝑅𝑥

𝑑𝑡
=

2𝑀𝑔𝑎2

9𝜂
cos 𝜑 sin(Ω𝑡 + 𝜙).             (8) 

 

Introducing the dimensionless time 𝜏 = Ω𝑡, particle 

coordinate 𝑟𝑥 = 𝑟𝑥(𝜏) = 𝑅𝑥/𝑎 and frequencies 
 

𝜈𝑔 =
𝑀𝑔𝑎

6𝜂Ω
,      ν⟂ =

𝑀𝐻⟂

6𝜂Ω
,     𝜈ǁ =

𝑀𝐻ǁ

6𝜂Ω
,            (9) 

 

Eqs. (7) and (8) are reduced to a set of dimensionless 

equations with respect to 𝜑 and 𝑟𝑥 
 

�̇� = ν⟂ cos 𝜑 − 𝜈ǁ sin 𝜑 − 𝜈𝑔𝑟𝑥 sin 𝜑 sin(𝜏 + 𝜙),       (10) 

�̇�𝑥 = (4/3)𝜈𝑔 cos 𝜑 sin(𝜏 + 𝜙),                       (11) 
 

These equations describe the coupled rotational and 

translational motions of particles with the initial condi-

tions 𝜑0 = 𝜑(0) ∈ [0, 𝜋] and 𝑟𝑥0 = 𝑟𝑥(0) ∈ (−∞, ∞). It 

should be noted that, according to Eqs. (10) and (11), 

the gradient magnetic field 𝐇𝑔 influences the transla-

tional motion of nanoparticles directly, while the uni-

form magnetic field 𝐇 influences indirectly. 

Equations (10) and (11) allow us to find the connec-

tion between their solution {𝜑, 𝑟𝑥}𝜈ǁ
 for a fixed 𝜈ǁ and 

their solution {�̃�, �̃�𝑥}�̃�ǁ
 for a fixed 𝜈ǁ = −𝜈ǁ. We assume 

that these solutions satisfy the initial conditions 

{𝜑0, 𝑟𝑥0}𝜈ǁ
 and {�̃�0, �̃�𝑥0}�̃�ǁ

, respectively. Then, choosing 

�̃� = 𝜋 − 𝜑 with �̃�0 = 𝜋 − 𝜑0 and �̃�𝑥 = −𝑟𝑥 with �̃�𝑥0 =
−𝑟𝑥0, it is not difficult to verify that {�̃�0, �̃�𝑥0}�̃�ǁ=−𝜈ǁ

 is 

indeed the solution of Eqs. (10) and (11). Therefore, 

without loss of generality, we may restrict our further 

analysis to 𝜈ǁ ≥ 0. 

 

3. NUMERICAL RESULTS 
 

Taking into account the parameters of ferromagnet-

ic materials [18] and possible parameters of the applied 

magnetic fields, we numerically solved Eqs. (10) and 

(11) for a wide range of the model parameters: 𝜈𝑔 ≲ 1, 

ν⟂ ∈ (0,102), 𝜈ǁ ∈ (0,102) and 𝜏 ∈ (0,106). 

 

3.1 The Case with 𝛎⟂ = 𝟎 and 𝝂ǁ = 𝟎 
 

According to [19], there is no drift motion of nano-

particles at ν⟂ = 0 and 𝜈ǁ = 0. In this case, both the 

particle coordinate 𝑟𝑥 and the magnetization angle 𝜑 

are periodic functions of time 𝜏. For illustration, in 

Fig. 1 we show these functions for a given set of the 

model parameters. 
 

 
 

Fig. 1 – The time dependencies of the particle coordinate 𝑟𝑥 (a) 

and the magnetization angle 𝜑 (b) for 𝜈𝑔 = 0.2, ν⟂ = 0, 𝜈ǁ = 0, 

𝑟𝑥0 = 2 × 102, 𝜑0 = 𝜋/4 and 𝜙 = 𝜋/5 

 

3.2 The Case with 𝛎⟂ = 𝟎 and 𝝂ǁ > 𝟎 
 

Our numerical analysis shows that in this case the 

drift motion of nanoparticles is also absent. However, 

the parallel component of the uniform magnetic field 

changes qualitatively the nanoparticle dynamics. The 

most significant change occurring at 𝜈ǁ ≠ 0 is that the 
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solution of Eqs. (10) and (11) tends with time to the 

steady state one {𝜑st, 𝑟𝑥st}, where depending on the 

model parameters the functions 𝜑st and 𝑟𝑥st are given by 
 

𝜑st = 0,    𝑟𝑥st = (4/3)𝜈𝑔[cos 𝜙 − cos(𝜏 + 𝜙)]        (12) 
 

or 
 

𝜑st = 𝜋,    𝑟𝑥st = −(4/3)𝜈𝑔[cos 𝜙 − cos(𝜏 + 𝜙)].    (13) 
 

As seen, in this state all particles perform the same 

harmonic oscillations (they do not depend on 𝑟𝑥0). The 

steady state solutions (12) and (13) are established 

during some transition time 𝜏tr that strongly depends 

on 𝜈ǁ. In particular, if the value of 𝜈ǁ is very small, then 

the steady state solution is established during many 

periods of the gradient magnetic field. In contrast, 𝜏tr ≪
1 if 𝜈ǁ is rather large. To illustrate this fact, in Fig. 2a 

we show the time dependence of the particle coordinate 

𝑟𝑥 obtained numerically (solid line) and the theoretical 

result for 𝑟𝑥st from (12) (dotted line). Here, 𝜈ǁ = 0.6 and 

the other parameters are chosen to be the same as in 

Fig. 1. The time dependence of the magnetization angle 

𝜑 is shown in Fig. 2b for 𝜈ǁ = 0.6 and 𝜈ǁ = 3. From the 

results presented in Fig. 2 it follows that 𝜏tr~6𝜋 for 𝜈ǁ =
0.6 and 𝜏tr ≪ 1 for 𝜈ǁ = 3. 

 

 
 

Fig. 2 – The time dependencies of the particle coordinate 𝑟𝑥 (a) 

and the magnetization angle 𝜑 (b) for 𝜈ǁ = 0.6. The other pa-

rameters are the same as in Fig. 1. The dotted line corre-

sponds to the theoretical result (12) for 𝑟𝑥st. The inset in 

Fig. 2b: the dependence of 𝜑 on time 𝜏 at 𝜈ǁ = 3 

 

3.3 The Case with 𝛎⟂ > 𝟎 and 𝝂ǁ ≥ 𝟎 
 

It is known [16] that at 𝜈⟂ > 0 and 𝜈ǁ = 0 the drift 

motion of nanoparticles appears. This phenomenon 

occurs due to the coupling between their rotational and 

translational motions. Since as mentioned above the 

parallel component of the uniform magnetic field 

strongly influences the rotational properties of nano-

particles (if they are not too far from the origin), one 

may expect that it affects the drift motion as well. 

We start our analysis with studying the dependence 

of the nanoparticle displacement 𝑟𝑥 − 𝑟𝑥0 on 𝜈⟂ during a 

short time 𝜏 = 2𝜋𝑁 (𝑁 is a small natural number) at 

𝜈ǁ = 0. In Fig. 3, this dependence is shown for 𝑁 = 8, 

the other parameters are given in the figure caption. 

The most striking feature of this dependence is that it 

has the maximum value max [𝑟𝑥(2𝜋𝑁) − 𝑟𝑥0] at 𝜈⟂ =
𝜈⟂max (in the considered case max[𝑟𝑥(16𝜋) − 𝑟𝑥0] = 3.4 

and 𝜈⟂max = 1.4). Note also that with increasing 𝜈⟂ the 

displacement 𝑟𝑥(16𝜋) − 𝑟𝑥0 initially sharply increases 

and then, after reaching the peak value, slowly de-

creases (e.g., 𝑟𝑥(16𝜋) − 𝑟𝑥0 = 3.4 × 10−1 at 𝜈⟂ = 50). 

Next, we studied the dependencies of the particle 

coordinate 𝑟𝑥 and the magnetization angle 𝜑 on time 𝜏 

(at short time intervals) for nanoparticles near the 

origin. To illustrate the obtained results, in Fig. 4 we 

show these dependencies for 𝜈⟂ = 10 and different val-

ues of the parameter 𝜈ǁ. These results demonstrate a 

common tendency: an increase in the parallel compo-

nent of the uniform magnetic field (i.e., the increase of 

𝜈ǁ) decreases the growth of 𝑟𝑥. To characterize this de-

crease quantitatively, we introduce the dimensionless 

average drift velocity of nanoparticles �̅�𝑛 = [𝑟𝑥(2𝜋𝑛) −
𝑟𝑥(2𝜋𝑛 − 2𝜋)]/2𝜋 (𝑛 = 1,2, … , 𝑁) on the 𝑛-th period of the 

gradient magnetic field. Since the condition �̅�𝑛 = const 
holds if 𝑁 is rather small (see also below), we can char-

acterize the average drift velocity on the time interval 
(0, 2𝜋𝑁) by the formula �̅� = [𝑟𝑥(2𝜋𝑁) − 𝑟𝑥0]/2𝜋𝑁. Thus, 

an increase in the parameter νǁ decreases the drift 

velocity of nanoparticles. For data from Fig. 4 we have 

�̅� = 3.1 × 10−2 for 𝜈ǁ = 0, �̅� = 2.4 × 10−2 for 𝜈ǁ = 5 and 

�̅� = 1.3 × 10−2 for 𝜈ǁ = 10. 
 

 
 

Fig. 3 – The dependence of the nanoparticle displacement 𝑟𝑥 −
𝑟𝑥0 during time 𝜏 = 2𝜋𝑁 on 𝜈⟂. The model parameters are 

chosen as follows: 𝑁 = 8, 𝜈𝑔 = 0.1, 𝜈ǁ = 0, 𝑟𝑥0 = 50, 𝜑0 = 𝜋/4 

and 𝜙 = 𝜋/5 
 

 
 

Fig. 4 – The time dependencies of the particle coordinate 𝑟𝑥 (a) 

and the magnetization angle 𝜑 (b) for the following model 

parameters: 𝑁 = 5, 𝜈𝑔 = 0.1, 𝜈⟂ = 10, 𝑟𝑥0 = 50, 𝜑0 = 𝜋/4, 𝜙 =

𝜋/5 and 𝜈ǁ = 0 (blue line), 𝜈ǁ = 5 (red line), 𝜈ǁ = 10 (green line) 
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Fig. 5 – The particle coordinate 𝑟𝑥(2𝜋𝑁) after 𝑁 periods of the 

gradient magnetic field (a), the maximal 𝜑𝑁max (curves 1) and 

minimal 𝜑𝑁min (curves 2) values of the magnetization angle on 

the 𝑁-th period (b) and the average drift velocity �̅�𝑁 of the 

particle on the 𝑁-th period (c). These numerical results are 

obtained for 𝜈𝑔 = 0.1, 𝜈⟂ = 10, 𝑟𝑥0 = 50, 𝜑0 = 𝜋/4, 𝜙 = 𝜋/5 and 

𝜈ǁ = 0 (blue lines), 𝜈ǁ = 25 (red lines) 
 

In general, for a given particle its drift velocity de-

pends not only on the model parameters, but also on 

time during which the particle moves. This occurs be-

cause the particle shifts to the right or left (the direction 

depends on the sign of 𝑟𝑥0) during each period of the 

gradient magnetic field. As a consequence, the gradient 

field acting on the particle increases and the rotational 

and translational properties of this particle, including 

its drift velocity, change with time. However, if 𝑟𝑥0 or 

𝑟𝑥(2𝜋𝑁) (the number of periods 𝑁 can be very large if 

the initial particle position is not too far from the origin) 

are so large that the gradient magnetic field essentially 

exceeds the uniform one, then all such particles move 

with the same time independent drift velocity [16] 
 

�̅�∞ = sgn(𝑟𝑥0)
8𝜈𝑔

3𝜋
                          (14) 

 

(sgn denotes the sign of 𝑟𝑥0), which does not depend on 

the uniform magnetic field. In contrast, according to 

the above results, this field, including its parallel com-

ponent, strongly affects the particle coordinate 𝑟𝑥(2𝜋𝑁). 

This preliminary analysis is confirmed by the nu-

merical results presented in Fig. 5. The fact that the 

parameter 𝜈ǁ decreases the coordinate 𝑟𝑥(2𝜋𝑁) of a 

given particle is illustrated in Fig. 5a, where the de-

pendencies of 𝑟𝑥(2𝜋𝑁) on 𝑁 are shown for 𝜈ǁ = 0 (blue 

line) and 𝜈ǁ = 25 (red line). The plots of the maximal 

and minimal values of the magnetization angle on the 

𝑁-th period of the gradient magnetic field, 𝜑𝑁max and 

𝜑𝑁min, are depicted in Fig. 5b. Here, 𝜑1max = 2.0, 

𝜑1min = 1.1 for 𝜈ǁ = 0, and 𝜑1max = 4.6 × 10−1, 𝜑1min =
3.2 × 10−1 for 𝜈ǁ = 25. In the long-time limit (when 𝑁 →
∞), 𝜑𝑁max → 𝜋 and 𝜑𝑁min → 0 for any fixed uniform 

magnetic field. Finally, in Fig. 5c we show the average 

drift velocity �̅�𝑁 of a given particle on the 𝑁-th period of 

the gradient magnetic field. For the used parameters 

we have �̅�1 = 3.1 × 10−2 at 𝜈ǁ = 0 and �̅�1 = 1.7 × 10−3 at 

𝜈ǁ = 25. As seen, if 𝑁 is not too large, then 𝜈ǁ strongly 

decreases the drift velocity, but in the long-time limit 

the drift velocity does not depend on 𝜈ǁ and approaches 

�̅�∞ = 8.5 × 10−2. We note, however, that the more 𝜈ǁ is, 

the slower �̅�𝑁 grows with increasing 𝑁. 

 

4. CONCLUSIONS 
 

We have numerically investigated the dynamics of 

single-domain ferromagnetic nanoparticles induced by 

the harmonically oscillating gradient magnetic field 

and uniform magnetic field with two components, per-

pendicular and parallel to the gradient one. The set of 

the coupled first-order differential equations, describ-

ing the rotational and translational motions of such 

particles, has been generalized to the case, when the 

parallel component of the uniform magnetic field is 

nonzero. Solving this set of equations numerically, we 

have shown that, in contrast to the joint action of the 

perpendicular and gradient fields, the joint action of 

the parallel and gradient fields does not induce the 

drift motion of particles. In the last case, the particle 

coordinate and the magnetization angle tend with time 

to the steady state ones. We have established that the 

transition time, which is necessary to reach these 

states, strongly decreases with increasing the parallel 

field value. In the long-time limit, all particles perform 

the same harmonic oscillations. 

If the perpendicular component of the uniform 

magnetic field is nonzero, then the drift and periodic 

motions of nanoparticles exist simultaneously. In con-

trast to the previous case, the intervals of the particle 

oscillations are not localized near their initial positions, 

vice versa they are displaced to the right or left of the 

origin. This means that even if the initial particle posi-

tions are not too far from the origin, the role of the 

gradient magnetic field grows with time (due to the 

drift phenomenon) and becomes dominant at long 

times. However, the uniform magnetic field, including 

its parallel component, strongly influences the time 

dependence of the average particle coordinate. In con-

trast, the average drift velocity of a given particle 

greatly decreases with increasing the value of the par-

allel component only if the drift time is not too large. In 

the long-time limit, when the role of the uniform mag-

netic field is negligible, the drift velocity approaches 

the limiting one. 
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Чисельний аналіз динаміки наночастинок у в'язкій рідині: 

Детерміністичний підхід 
 

С.І. Денисов, М.М. Москаленко, Т.В. Лютий, М.Ю. Бариба 
 

Сумський державний університет, вул. Римського-Корсакова, 2, 40007 Суми, Україна 
 

Чисельно вивчається механічна динаміка однодоменних феромагнітних наночастинок у в'язкій 

рідині, яка індукується сумісною дією градієнтного магнітного поля, що змінюється у часі за гармоні-

чним законом, та однорідного магнітного поля, що має перпендикулярну та паралельну до напрямку 

градієнтного поля компоненти. Використовуючи наближення невзаємодіючих жорстких диполів, у 

відповідності з яким вектор намагніченості частинки вважається ‘вмороженим’ в її тіло, та нехтуючи 

інерційними ефектами, узагальнено систему двох диференційних рівнянь для кута намагніченості та 

координати наночастинки, що описують її обертальний та трансляційний рухи у цьому випадку. 

Отриману систему рівнянь розв'язано чисельно для широкого кола параметрів задачі та проведено 

порівняльний аналіз динаміки наночастинок в залежності від величини паралельної компоненти од-

норідного магнітного поля. Встановлено, зокрема, що обертальний та трансляційний рухи наночасти-

нок є суто періодичними, якщо перпендикулярна компонента однорідного магнітного поля відсутня. 

Якщо ж ця компонента присутня, тоді динаміка наночастинок стає неперіодичною і з'являється їх 

дрейфовий рух (спрямований транспорт). Шляхом аналізу часових залежностей кута намагніченості 

та координати наночастинок на коротко та довгострокових часових інтервалах встановлено, що зрос-

тання величини паралельної компоненти суттєво зменшує як переміщення частинок за фіксований 

час, так і їх середню швидкість на кожному періоді градієнтного магнітного поля. 
 

Ключові слова: Однодоменні наночастинки, В’язка рідина, Однорідне та градієнтне магнітні поля, 

Трансляційне та обертальне рівняння руху, Дрейф наночастинок. 
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