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1. INTRODUCTION

Granular high�temperature superconductors
(HTSCs) in relation to the transport and magnetic
properties can be considered as a “two�phase” system.
Superconducting grains make a dominant contribu�
tion to the magnetic properties (magnetization hyster�
esis loop, levitating ability of the material) of these
objects in magnetic fields from a few oersteds and
higher. However, the transport properties are mainly
limited to that the superconducting current inevitably
flows through the second subsystem, i.e., grain bound�
aries. The smallness of the geometric length of grain
boundaries (on the order of nanometers) makes possi�
ble the existence of a weak Josephson coupling
between the HTSC grains. On the one hand, the exist�
ence of grain boundaries significantly decreases the
critical current density of bulk HTSC materials as
compared to single crystals, but, on the other hand, it
provides the possibility of investigating the processes
of superconducting current flow and dissipation in the
so�called Josephson medium [1] consisting of super�
conducting grains and grain boundaries. It should be
noted that the magnetic response of the Josephson
medium, i.e., the magnetization hysteresis that is
characteristic of type II superconductors, manifests
itself in magnetic fields of the order of several oersteds

at low temperatures (T/Tc ~ 0.05, where Tc is the crit�
ical temperature) and in magnetic fields of the order of
the Earth’s field and lower in the vicinity of Tc [2, 3]
(at T/Tc ~ 0.7–0.8, which corresponds to the range
near the boiling temperature of liquid nitrogen). 

The existence of the Josephson medium in a bulk
material has attracted the particular attention of
researchers after the discovery of high�temperature
superconductivity. The resistive transition in a granu�
lar HTSC reflects contributions from two subsystems:
(i) the contribution from HTSC grains, which corre�
sponds to a sharp decrease in the electrical resistance
and a very weak influence of external magnetic fields
up to ~103 Oe, and (ii) the contribution from grain
boundaries, which exhibit a high magnetoresistance in
weak magnetic fields [4–9]. Experimental investiga�
tions of magnetoresistive effects in these materials [5–
29] have made it possible to propose a number of
mechanisms of dissipation: creep and flux flow [30]
(here, the motion of Josephson vortices is considered
instead of classical Abrikosov vortices [1, 27]); ther�
mally activated phase slip of the superconducting
order parameter [31] (which is characteristic of
Josephson junctions); the model of the vortex glass
[32]; pinning at grain boundaries with fractal geometry
[33, 34]; etc. In most cases, the analysis of magnetore�
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sistive properties have been performed using a quanti�
tative characteristic of the pinning of vortices, namely,
the pinning potential Up, which can depend on the
temperature and magnetic field [35]. The dissipation
(voltage drop in the flow of transport current) can be
observed when thermal fluctuations become compara�
ble to the pinning potential. The functional depen�
dence of the pinning potential on the magnetic field
and temperature Up(H, T) is derived from experimen�
tal data on the current–voltage characteristics, tem�
perature dependences of electrical resistance R(T) in
external fields, and magnetoresistance isotherms
R(H), and, rather often, the form of the dependence
Up(H, T) gives grounds to judge the applicability of one
or other model. 

At the same time, it has long been known [36] that
magnetoresistance isotherms R(H) have a hysteresis
character. Clearly, this can lead to the influence of
thermal magnetic prehistory on current–voltage char�
acteristics [37–39] and dependences R(T) [19]. To
date, it has been established that the hysteresis of mag�
netoresistance R(H) of a granular HTSC is deter�
mined by the effect of magnetic moments of HTSC
grains on the intergranular medium [17, 18, 40–43].
Each point of the intergranular medium is subjected to
a local magnetic field, which is a superposition of the
external magnetic field and the field induced by mag�
netic moments of the neighboring HTSC grains (see
figures showing a schematic representation of the lines
of the magnetic induction in a grain boundary in [17,
42]). Simplifying such a complex distribution of the
lines of the magnetic induction in the intergranular
medium, we can introduce a magnetic field averaged
over all intergranular spaces, i.e., the “effective” mag�
netic field Beff. In the simplest case, this effective field
can be assumed to be proportional to the magnetic
moment M(H) of the entire sample. Then, we obtain 

Beff(H) = H + α × 4πM(H).

The parameter α in the expression appears due to the
influence of demagnetizing factors of the grains. As
applied to the processes of dissipation in the intergran�
ular medium (where the sign of the effective field does
not matter), we obtain the following expression: 

(1)

which takes into account that, at H > 0 and dH/dt > 0,
the magnetic moment of HTSC grains is negative
(M < 0). And since the magnetoresistance is a function
of the effective field, i.e., R = f(Beff), and the depen�
dence M(H) has a hysteresis, the dependence R(H)
also exhibits a hysteresis. 

However, a quite unexpected fact is that the match�
ing of the parameters of the hysteretic dependence
Beff(H) with the parameters of the hysteresis R(H)
requires that the value of the parameter α should be
significantly larger than unity [41, 42]. For example, it
was shown that, for YBa2Cu3O7, α ≈ 12 [42]. This can

Beff H( ) H α 4πM H( )×– ,=

be considered a manifestation of the compression of
the magnetic flux in the intergranular medium. As a
consequence, the effective magnetic field can be an
order of magnitude higher than the value of H in the
range of weak fields. This inference can lead to a seri�
ous correction to the form of the field and temperature
dependences of the pinning potential Up(H, T), which
are obtained from the magnetoresistive data. Indeed,
since α � 1, the second term of expression (1) in the
low�field region is dominant, and the effective field in
the intergranular medium significantly exceeds the
external field [41, 42]. 

In our previous study [19], we showed and
explained qualitatively the difference in the depen�
dences R(T) measured during cooling in a magnetic
field (field cooling (FC) mode) and during cooling
without a field (zero field cooling (ZFC) mode). It
turned out that, for yttrium HTSC in external mag�
netic fields higher than ~ 5 kOe, there is no difference
between the results of measurements in these modes;
i.e., the second term of expression (1) does not make a
significant contribution to the effective field in the
intergranular medium. In the present work, at a spe�
cific temperature (T = 77.4 K), the magnetic prehis�
tory of the sample was purposefully predetermined so
that, at different values of the external magnetic field,
the effective field in the intergranular medium would
be identical. Then, in addition to measurements of the
dependences R(T) at a prescribed magnetic prehistory,
we investigated the dependences M(T), which allowed
us to analyze the temperature evolution of the effective
field in the intergranular medium to the critical tem�
perature. 

2. SAMPLE PREPARATION 
AND EXPERIMENTAL TECHNIQUE 

The YBa2Cu3O7 sample was prepared according to
the standard solid�phase synthesis technology. The
X�ray diffraction analysis revealed the presence of
reflections only from the 1–2–3 structure. The sample
had typical (for polycrystalline yttrium HTSC) values
of the electrical resistance (~1 mΩ cm at 100 K,
~1.8 mΩ cm at 300 K) and critical current density
(~50 A/cm2 at 77.4 K). The density of the sample was
~85% of the theoretical value. 

The magnetic and transport measurements were
performed on the same sample ~1 × 1 × 8 mm in size.
The dependences of the magnetoresistance R(H) =
U(H)/I (where U is the voltage drop and I is the trans�
port current), temperature dependences of the electri�
cal resistance R(T), and current–voltage characteris�
tics were measured by the standard four�point probe
method. During measurements of the dependences
R(H) at a current I = 150 mA and the current–voltage
characteristics up to the values of 350 mA, the sample
was placed in a liquid�nitrogen medium, which made
it possible to avoid self�heating effects (this was indi�
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cated by the coincidence of the forward and reverse
current–voltage characteristics). The magnetic mea�
surements were carried out on a sample�vibrating
magnetometer [44]. The magnetic data are given in
gauss, obtained taking into account the weight and
density of the sample. 

The current–voltage characteristics and tempera�
ture dependences R(T) and M(T) were measured for a
prescribed magnetic prehistory. For this purpose, the
sample was cooled in a zero external magnetic field to
the liquid�nitrogen temperature. Then, the external
magnetic field was generated by a copper coil solenoid
at a rate of ~2 Oe/s in such a way as to achieve partic�
ular values, which were chosen both in the increasing
magnetic field (Hinc at dH/dt > 0) and after the appli�
cation of the field Hmax = 500 Oe in the decreasing
field (Hdec at dH/dt < 0). 

3. RESULTS AND DISCUSSION 

3.1. Magnetoresistance and Magnetization Hystereses 
and Evaluation of the Degree of Compression

of a Magnetic Flux in the Intergranular Medium 

The hysteretic dependence of the magnetoresis�
tance R(H) of the studied sample is shown in Fig. 1.
The inset to Fig. 1 shows in more detail this depen�
dence in the range of weak magnetic fields. In these
measurements, the external magnetic field was
increased to the value Hmax = 500 Oe, then was
decreased to zero, and then was increased again to the
value Hmax (denoted in this case as H = Hinc2). Under
the above conditions, the dependence R(H) corre�
sponds to the sequence Hinc = 0 (here, R = 0) 
C1  B1  A1  Hmax = 500 Oe  A2 
B2  C2  C3 (here, Hdec = 0)  C4  B3 
A3  Hmax = 500 Oe. It should be noted that, for
Hinc2 ≈ 300 Oe, the dependence R(Hinc2) coincides
with the initial course of magnetoresistance, i.e., with
the dependence R(Hinc). Further, during the cycling of
the external magnetic field up to Hmax = 500 Oe and to
Hdec = 0, the dependence R(H) corresponds to the
sequence A2  B2  C2  C3  C4 
B3  A3  A2. 

The group of points (A1–A3, B1–B3, C1–C4) indi�
cated in Fig. 1 are “sections” of the dependence R(H)
under the condition R = const. The values of the exter�
nal magnetic field and magnetic prehistories for these
selected points are presented in the table. The equality
of the resistances for points of one group (A1–A3),
(B1–B3), and (C1–C4) is confirmed by measurements
of the current–voltage characteristics over a wide
range of variation in the transport current (Fig. 2). It
can be concluded that, within the limits of experimen�
tal error, the current–voltage characteristics are iden�
tical for the chosen measurement conditions corre�
sponding to groups of points (A1–A3), (B1–B3), and
(C1–C4). 
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Fig. 1. Hysteretic dependence of the magnetoresistance
R(H) of the studied granular HTSC YBa2Cu3O7 at T =
77.4 K. Arrows indicate the direction of variation in the
external magnetic field H. A group of points (A1–A3, B1–
B3, C1–C4) at R = const (horizontal lines) correspond to
the magnetic prehistory for experimental data on the cur�
rent–voltage characteristics and dependences M(T) and
R(T). The external magnetic fields for the points A1–A3,
B1–B3, and C1–C4 are presented in the table. The inset
shows in more detail the dependence R(H) in the magnetic
field range up to 80 Oe. 
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The equality of the resistances of the sample for dif�
ferent magnetic prehistories (for example, for the
branches Hinc, Hdec, and Hinc2 of the hysteretic depen�
dence R(H)) can be considered as the equality of the
effective fields in the intergranular medium in differ�
ent magnetic states. Let us estimate the value of α from
expression (1) for our sample. For this purpose, it is
expedient to consider not the parameter ΔR =
R(Hinc) – R(Hdec) (the “height” of the hysteretic
dependence R(H)), because it depends on the trans�
port current I, but the current�independent parame�
ter, i.e., the width of the hysteresis ΔH = Hdec – Hinc

[17, 18]. This parameter is determined under the con�
dition R = const. For the magnetic field hysteresis
width ΔH, from formula (1), we obtain the following
expression [17, 18]: 

(2)

In this expression, to a first approximation, the
parameter α is assumed to be independent of the
external field. The hysteretic dependence of the mag�
netic moment M(H) measured under conditions simi�
lar to those used for the dependence R(H) (Fig. 1) is
shown in Fig. 3. In this dependence, we also specified
a group of points A1–A3, B1–B3, and C1–C4, which
correspond to the condition R = const for the depen�
dence R(H). By comparing data on the magnetic field
hysteresis width ΔH, which were obtained from the
experimental dependence R(H) and from the depen�
dence Beff(H) (found according to expression (1) using
data on the dependence M(H) in Fig. 3), we estab�
lished that, over a wide range of variation in the
external magnetic field, these data are in good agree�
ment for the parameter α ~ 11.8. Such a mapping
procedure was described in detail in [42] by using the
example of high�density YBa2Cu3O7 (95% of the the�
oretical density). 

3.2. Temperature Evolution of the Magnetic Moment 
M(T) and Effective Magnetic Field Beff(T)

in the Intergranular Medium

The measurements of the temperature depen�
dences of the magnetic moment M(T) were performed
for a predetermined magnetic prehistory. This prehis�
tory was specified at T = 77.4 K and corresponded to
the points A1–A3, B1–B3, and C1–C4 in Figs. 1 and 3
(see also table). In what follows, the dependences
M(T) (and also the dependences Beff(T) and R(T)) will
be designated as corresponding to a particular mag�
netic prehistory (for example, A1). 

The dependences M(T) are shown in Fig. 4. Let us
make a few comments regarding the form of the
dependences M(T). According to the generally
accepted ideas (the Bean model or its modifications),
the magnetic moment of the sample is formed by dif�
ferent contributions, for example, the contribution

ΔH Hdec Hinc– α 4π M Hinc( ) M Hdec( )–( )× .= =

from Meissner currents (diamagnetism) and the con�
tribution from the trapped magnetic flux (Abrikosov
vortices giving a magnetic moment M > 0 for H > 0).
The distribution of the trapped magnetic flux varies
depending on the conditions. For example, at H =

Designations of the characteristic points A1–A3, B1–B3,
and C1–C4 in the dependences R(H) and M(H) (Figs. 1, 3)
and the external magnetic fields H corresponding to these
points

Point Field

C1 Hinc = 20 Oe

C2 Hdec = 49 Oe*

C3 Hdec = 0 Oe*

C4 Hinc2 = 39 Oe**

B1 Hinc = 30 Oe

B2 Hdec = 123 Oe*

B3 Hinc2 = 58 Oe**

A1 Hinc = 58 Oe

A2 Hdec = 335 Oe*

A3 Hinc2 = 98 Oe**

Note: Hinc and Hdec are the increasing and decreasing external
magnetic fields. The asterisks correspond to different mag�
netic prehistories at T = 77.4 K: * after the application of
the maximum magnetic field of 500 Oe; ** after the increase
in the magnetic field to 500 Oe and further decrease to
zero. For the given magnetic history, the dependences
obtained are as follows: M(T) (Fig. 4), Beff(T) (Fig. 5) and
R(T) (Figs. 6–9).
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Fig. 3. Hysteretic dependence of the magnetic moment
M(H) of granular YBa2Cu3O7 at T = 77.4 K. Arrows indi�
cate the direction of variation in the external magnetic
field H. Points A1–A3, B1–B3, and C1–C4 in the depen�
dence M(H) correspond to the analogous points in Fig. 1.
The inset shows in more detail the dependence M(H) in
the magnetic field range up to 80 Oe. 
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Hdec, the magnetic flux is redistributed toward the
center of the superconductor. In the case of a granu�
lar HTSC, these processes occur in the HTSC grains
and the response from the intergranular medium in
the used temperature range and in magnetic fields
exceeding the Earth’s field is negligibly small. There�
fore, positive values of the magnetization in Fig. 4
correspond to the influence of the trapped magnetic
flux inside the HTSC grains. The contributions from
the Meissner currents and from the trapped magnetic
flux differently depend on the temperature. This cir�
cumstance can lead to a nonmonotonic dependence
M(T), which is seen in the example of the depen�
dence M(T) for prehistory C2 (Fig. 4). For this
dependence, the total magnetic moment at T = 77.4 K
is close to zero, which means an approximate equal�
ity of the contributions corresponding to the Meiss�
ner currents and the trapped magnetic flux. However,
at higher temperatures, the contribution from the
trapped magnetic flux decreases more rapidly (it can
be compared with the dependence M(T) for prehis�
tory C3, where the external field is zero), which leads
to the appearance of a minimum in the dependence
M(T). 

Using the dependences M(T) (Fig. 4) and expres�
sion (1), we constructed the temperature dependences
of the effective field in the intergranular medium
Beff(T), which are shown in Fig. 5. In the construction
of these dependences, the value of Beff at a temperature

T = 77.4 K was assumed to be identical for types of
prehistories in which R = const (Figs. 1, 2). For exam�
ple, the values of Beff (77.4 K) are identical for prehis�
tories A1–A3, etc. However, it was also assumed that
the value of α in expression (1) cannot be significantly
different from the value α = 11.8 obtained above (see
Subsection 3.1) when comparing the values of ΔH. It
turned out that the spread in values of the parameter α
for different magnetic prehistories was approximately
10% relative to α = 11.8 (for example, α = 11.8 for B1,

α = 9.3 for B2, and α = 10.1 for B3).1 As can be seen
from Fig. 5, the magnetic fields Beff(T) corresponding
to the “sections” of the dependences R(H) in Fig. 1
have identical values at T = 77.4 K and exceed several
times the external field generated by the solenoid. An
increase in the temperature leads to a noticeable
decrease in the effective field in the intergranular
medium to the corresponding value of the external
field at T = Tc ≈ 91.5 K. 

1 For prehistory C2, the value of M(T = 77.4 K) is close to zero,
and the relationship between M and Beff is more complex than
expression (1).
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3.3. Temperature Dependences R(T) in an External 
Magnetic Field and Correlation with the Behavior 

of Beff(T)

Now, we turn to the discussion of the influence of
the temperature dependence of the effective magnetic
field in the intergranular medium on the resistive
phase transition in a granular HTSC. Under the con�
ditions identical to those used to measure the depen�
dences M(T) (and to those used to construct the
dependences Beff(T) in Fig. 5), we measured the

dependences R(T). As was noted in the Introduction,
the resistive transition of a granular HTSC in an exter�
nal magnetic field reflects the contributions from
grains and grain boundaries. The subsystem of HTSC
grains is characterized by a sharp drop in the resistance
and a very weak influence of external magnetic fields
up to ~103 Oe, while for grain boundaries, there is a
broadening of the transition (the smooth part of the
dependence R(T)) in weak magnetic fields. The above
behavior is clearly seen from the experimental data
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presented in Figs. 6–9 (transport current I = 2 mA for
all data). The observed abrupt change in the electrical
resistance at T ≈ 91.5 K corresponds to the beginning
of the resistive transition in the grains and coincides
with the appearance of a diamagnetic signal in the
dependences M(T) in the zero field cooling mode
(Fig. 4). 

The inset to Fig. 6 shows the resistive transition of
the studied sample at different external magnetic fields
(including also H = 0) in the zero field cooling mode
with the further application of a magnetic field H. It is
in this way that the vast majority of measurements have
been carried out for HTSC samples. The data pre�
sented in the inset to Fig. 6 demonstrate the well�
known picture: a weak external magnetic field sub�
stantially decreases the temperature of the transition
to a “zero resistance state” (~10–5 Ω in our case). For
example, the value of this characteristic temperature
(R ≈ 0) varies from ~86 K at H = 0 to ~81 K at H =
20 Oe.2 However, Fig. 6 shows the dependences mea�
sured in the same external field of 58 Oe (A1 and B3)
but with different magnetic prehistories (see table),
which clearly demonstrate that the dissipation in the
case of A1 begins to occur at a considerably lower tem�
perature. This behavior can be explained by compar�
ing the dependences Beff(T) for prehistories A1 and B3
(Fig. 5). For example, at T = 80 K, the value Beff for
prehistory A1 is almost two times larger than that for
prehistory B3, and the resistance for prehistory B3 at
T = 80 K only begins to increase from a “zero” value. 

Figures 7–9 show the dependences R(T) grouped
for the magnetic prehistories in which R = const at
T = 77.4 K, i.e., for the conditions A1–A3 (Fig. 7),
B1–B3 (Fig. 8), and C1–C4 (Fig. 9). Let us consider
these data in more detail. 

The dependences R(T) for prehistories A1 and A3
(Fig. 7), within the limits of experimental error, coin�
cide with each other despite the difference in the
external magnetic fields (58 and 98 Oe, respectively).
This can be easily explained by considering the tem�
perature evolution of the effective field Beff (Fig. 5) for
these prehistories. Indeed, the functions Beff(T) for
prehistories A1 and A3 differ by no more than 10%,
which does not radically affect the dissipation pro�
cesses. The dependence Beff(T) for prehistory A2
decreases more weakly than the aforementioned
dependences Beff(T) for prehistories A1 and A3. This
leads to the higher resistance observed in Fig. 7 in the
corresponding dependence R(T) for prehistory A2
(which is illustrated in the inset to Fig. 7). 

A similar pattern is observed for the prehistory cor�
responding to the group of points B1, B2, and B3
(Fig. 8). The dependences R(T) for prehistories B1
and B3 are almost identical, as well as the dependences

2 The temperature at which 〈〈R = 0〉〉 also depends on the trans�
port current: this temperature decreases with an increase in the
current.

Beff(T) for prehistories B1 and B3 (Fig. 5). However,
the dependence R(T) for prehistory B2 in the temper�
ature range of 82–88 K differs significantly from the
dependence R(T) for prehistories B1 and B3 (inset to
Fig. 8). This is associated with the fact that the effec�
tive magnetic field for prehistory B2 is approximately
40–60 G higher (relative to the value of ~200 G) than
the effective field Beff for prehistories B1 and B3 in this
temperature range. It is also seen from Figs. 7 and 8
that, at T = 78 K, the resistances for the corresponding
dependences (A1–A3 and B1–B3) coincide with each
other, which agrees with the data on the current–volt�
age characteristics for these prehistories (Fig. 2). 

The dependences R(T) for prehistories C1, C2, and
C4 (Fig. 9), within the limits of experimental error,
coincide with each other, which again is confirmed by
the similarity of the dependences Beff(T) for these con�
ditions (see Beff(T) in Fig. 5 for prehistories C1 and
C4). However, the dissipation for prehistory C3 (zero
external field after the application of the field Hmax =
500 Oe) begins at a substantially higher temperature,
which is illustrated in the inset to Fig. 9 (logarithmic
scale for R). At the same time, at T = 77.4 K, the resis�
tance at a high transport current for prehistories C1,
C2, C3, and C4 has the same values (Figs. 1, 3). This is
not surprising in view of the significantly lower effec�
tive field in the intergranular medium for prehistory C3
beginning from the temperature of approximately
80 K. 

Based on the above consideration, it can be con�
cluded that, in measurements of the temperature
dependences of the electrical resistance R(T) in exter�
nal magnetic fields, the temperature evolution of the
effective magnetic field in the intergranular medium
has a significant influence on the shape of the depen�
dence R(T). Thus, the obtained data have confirmed
that, in a specified external magnetic field, grain
boundaries are in an effective magnetic field which
depends on the magnetic moment of the sample, and
this effective magnetic field exerts a dominant influ�
ence on the processes of dissipation in the intergranu�
lar medium. 

4. CONCLUSIONS 

Summarizing the results obtained in the course of
the performed investigations, we can conclude that the
magnetic state of HTSC grains exerts a dominant
influence on the processes of dissipation in the inter�
granular medium of granular HTSCs. The magnetic
moments of the grains induce a magnetic field in the
intergranular medium, which for weak external mag�
netic fields (up to ~102 Oe) can be an order of magni�
tude superior to the external magnetic field. This effect
occurs as a result of compression of the magnetic flux
in the intergranular medium [42]. Consequently, the
temperature evolution of the magnetization of HTSCs
in a constant external magnetic field leads to a strong
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dependence of the effective magnetic field in the inter�
granular medium on the temperature. It is this depen�
dence that can be a dominant factor determining the
shape of the experimentally observed dependences
R(T). In other words, in the measurements of granular
HTSCs in an external magnetic field, the actual value
of the field (magnetic induction) in the intergranular
medium is not constant with variations in the temper�
ature. This fact casts doubt on numerous interpreta�
tions of the behavior of the dependences R(T) and cur�
rent–voltage characteristics of granular HTSCs in
external magnetic fields up to ~102–103 Oe, i.e., in the
range of fields where the influence of magnetic
moments of HTSC grains on the field in the intergran�
ular medium is significant. For example, the depen�
dence R(T) can follow any of the models of dissipation
(listed in the Introduction) for a specific temperature
dependence of the pinning potential; however, in this
case, the magnetic field is assumed to be constant,
which is not the case. This is also true for scaling of the
current–voltage characteristics at different tempera�
tures [20–23], following from the model of the vortex
glass [32], for which the effective magnetic field in the
intergranular medium also varies at different tempera�
tures. 

Therefore, the understanding of mechanisms actu�
ally reflecting the real picture of dissipation in the
Josephson medium of a granular HTSC in an external
magnetic field (despite numerous publications since
the discovery of high�temperature superconductivity)
has remained an important problem which can be
solved by considering the full picture of phenomena
(including magnetic fields in the intergranular
medium) induced by magnetic moments of HTSC
grains. It should also be noted that the influence of
magnetic moments of HTSC grains and the compres�
sion of a magnetic flux in the intergranular medium
are apparently dominant factors that determine a sig�
nificant magnetoresistive effect observed in granular
HTSCs. 
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