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and the magnetoresistance hysteresis of a granular HTSC
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The concept of an effective field in an intergranular medium is used to describe the hysteresis magnetoresistance
of granular HTSCs. This effective field is a superposition of the external magnetic field and the field induced
by the magnetic moments of the superconducting granules. The magnetic moment of the granules is contributed
by the shielding currents and the trapped magnetic flux. We studied and analyzed the effect of the trapped flux
on the magnetoresistance. It has been experimentally shown that the dependence of the residual resistance Rrem
(after applying of the external field) on the trapped flux clearly correlates with the behavior of the remanent
magnetization. In addition, special attention was paid to a detailed comparison of the magnetoresistance of
the granular YBa,Cu3;O7_s for two cases: (a) the magnetization of HTSC-granules is caused only by the trapped
magnetic flux (in a zero external field) and (b) HTSC-granules are in the Meissner state (the external field is smaller
than the first critical field of the granules). It has been found that Abrikosov vortices and intragranular Meissner
currents differently affect the effective field in the intergranular medium (for the same values (of magnetization for

cases (a) and (b)). A possible reason for this difference is discussed.
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1. Introduction

Studies of magnetotransport properties of the obtained
superconducting materials are an integral part of their char-
acterization [1-15]. This applies both to the already ,.clas-
sical“, granular high-temperature superconductors (HTS),
and new, ,hydride“ superconductors [13,14]. The short
coherence length inherent in superconductors with a high
critical temperature causes nontrivial effects associated with
the granularity of the material. If the coherence length is
comparable to the size of the area separating the granules,
in fact, with the length of the intergranular boundary, then
a connection is formed between the granules through the
Josephson effect. In this case, a granular superconductor
can be represented as a two-level superconducting sys-
tem [15], in which ,,is a strong superconductor — these
are HTS granules, and ,is a weak superconductor —
a subsystem of intergranular boundaries (in fact, weak
Josephson-type bonds).

For HTS classical compositions — yttrium, bismuth and
lanthanum, such a two-level superconducting properties
are known [15-21]. To date, a model has been pro-
posed that explains the totality of the magnetotransport
properties of [21-29], which at first glance are difficult
to explain. It is possible to note a series of recent
works in which features of the behavior of the electrical

1846

resistance of granular Y—Ba—Cu—O in external fields
were discovered, indicating the course of the Berezinsky—
Kosterlitz-Taules topological phase transition in the in-
tergranular medium [30-34]. For some low-temperature
superconductors, effects related to the Josephson coupling
between superconducting granules [35-37], or supercon-
ducting areas, are also observed [38], and, as a consequence,
with the implementation of a two-level superconducting
system. In the study [39], a purposeful search for hysteresis
effects in the behavior of magnetoresistance of ,hydride®
superconductors that can maintain superconductivity to
temperatures near room temperature under high pressures
was proposed [13,14].

The description of hysteresis effects in the magneto-
transport properties of granular superconductors is based
on the concept of an effective field in an intergranular
medium [21-29,40,41]. This effective field B is a super-
position of the external field H and the field B g induced
by magnetic moments of HTS granules [21-29]. Here we
can draw some analogy with the Weiss molecular field for
ferromagnets. And similarly to the Weiss molecular field,
the field Bi,q in an intergranular medium is also associated
with the magnetization of a superconductor M(H), which,
as a result, gives the following expression for the effective
field Begy [21-29]:

Bey(H) = H+ 47 - o - M(H). (1)
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The a parameter in the expression (1) includes both the
averaged demagnetizing factor of the granule shape and
the effect of compression of the magnetic flux in the
intergranular medium [23,25-29]. The compression of
the magnetic flux in an intergranular medium was first
mentioned in the work [42]. Later, in a number of
works, the degree of compression of the magnetic flux
was quantified (the value of the parameter was obtained «,
which numerically amounted to 12--25) [23,25-29], and it
is shown that it is taking into account the compression of
the flux that allows us to qualitatively and even, in some
cases, quantitatively describe the experimentally observed
dependences of magnetoresistance [43).

The magnetization (magnetization curve) of a supercon-
ductor is determined by two contributions — Abrikosov
vortices (trapped flux) and Meissner currents (diamagnetic
signal). The amount of trapped flux is determined by the
value of the maximum applied external field Hp,x and
the thermomagnetic background. After the input/output
of the external field (at H =0), the magnetization of
the superconductor is determined only by the trapped
flux, and the superconductor has a residual magnetization
of Mgpem. At the same time, a fully diamagnetic state
(without magnetic flux capture) is realized in a range of
relatively small external fields. In order to further develop a
model explaining hysteresis effects in the magnetotransport
properties of granular superconductors, the correlation
between the values of the residual resistance Rgem (at
H =0 after input/output of the external field) and the
residual magnetization Mg is investigated in this paper.
Also, we propose a method for experimentally determining
the relationship between the parameters a for Meissner
currents and for Abrikosov vortices. To achieve this goal,
this work analyzes and compares the magnitudes of the
magnetoresistance of a granular HTS YBayCuzO7_s5 (a)
in a state of residual magnetization, with a variable the
amount of trapped flux and (b) in the fully Meissner state
of superconducting granules.

2. Experiment

The studied HTS sample YBa;Cu3O;_s5 was prepared
by solid-phase synthesis from the corresponding oxides
with three intermediate grinds. The diffractogram of
the obtained sample showed only reflexes corresponding
to the structure 1-2—3. According to the results of
scanning electron microscopy (the data were obtained using
a Hitachi-TM 4000 electron microscope), the average size
of the granules was 5um [44].

Electrical resistance R was measured by the four-probe
method; the sample dimensions were 0.8x0.8x6mm?.
When measuring R(H), the sample was in a liquid nitrogen
medium, which provided effective removal of the released
heat and allowed us to obtain R(H) dependences in the
transport current of 300mA without the influence of the
Joule heating effect. The external field perpendicular
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to the direction of the transport current was set by an
electromagnet. Part of the measurements of temperature
dependences R(T) were carried out using the PPMS-9T
setup (under cooling conditions in a zero external field).
We need to distinguish two types of dependencies R(H):
(1) after cooling in a zero external field, when the field
increases, the initial magnetoresistance curve R(Hiy) is
measured, (2) after cooling without a field, the external
field increases to a certain maximum value H,.x, and then
cycles within +Hy,y; then |Hp,y| increases by some amount
and the field cycles again within £H ., and so on. For the
case (2) a family of hysteresis loops R(H) was obtained at
various values |Hpmax|. The rate of change of the external
field was constant and was 1 Oe/s.

Magnetic properties of (dependences of M(H) and
M(T)) were measured on a LakeShore VSM 8604 vibration
magnetometer on the same HTS sample on which R(H)
measurements were carried out. The temperature (77.4K),
the scanning speed of the external magnetic field, the
measurement modes and the mutual configuration of the
geometric dimensions of the sample and the external field
were identical to the magnetoresistance measurements.

3. Results and discussion

3.1. lllustration of the implementation
of a two-level superconducting system
of the investigated granular HTS based
on its magnetotransport properties

According to magnetic measurements, the temperature of
the transition to the superconducting state of the studied
sample was 928K, and at the same temperature, the
beginning of the resistive transition is observed (Fig. 1,a).
The value of the critical current density at T = 77.4K in
the zero external field was ~ 80 A/cm?. These results are
typical for granular HTS with the structure 1-2—-3.

Fig. 1 shows the dependences of resistance on tempera-
ture R(T) in various external fields (¢) and magnetoresis-
tance R(H) (b). A sharp jump in resistance corresponds
to a superconducting transition in HTS granules, and the
tightened part of the resistive transition, manifested even in
sufficiently weak external fields, corresponds to a transition
in the intergranular boundaries (Fig. 1,a). A similar
Hwo-stage® dissipation modes is also manifested in the
dependencies R(H), see Fig. 1,b. With an increase in the
field, the resistance first increases quite sharply, and then, it
goes to the ,intermediate plateau”. With a further increase
in the external field, the resistance begins to increase again.
Based on this, we can talk about two modes of dissipation.
In the first mode, dissipation occurs only in the intergranular
boundaries (the area of relatively low fields), in the second
mode (the area of large fields), dissipation occurs already
in granules, and the intergranular boundaries are completely
in a resistive state. Experimental data in Fig. 1 allow us
to determine the interface between the specified dissipation
modes. These boundaries are designated as horizontal point



1848

D.A. Balaev, S.V. Semenov, D.M. Gokhfeld

T T T T T T
—— H=0,/=10mA a
5F——H=100e,/=10mA .
H=5000e,/=10mA |
4L > H=10kOe, /=10 mA ]
G Dissipation ,I
5 3r within grains™\, / § |
2 B 0000000000000000000000000000000 (LY 4 CCC:
Dissipation
1 |- within grain
boundaries
0 1 . 1
60 70 80 90
7,K

T T T
b
5+ J
4L Dissipation |
Onset of  Within grains
% 3L dissipation T'=85K |
od within grains I=10 mA
2 0000000000000000000022 2
1 Dissipation T=774K i
T=77.4K within grain /=10 mA
0 /=300 mA boundaries .
0 20 40 60
H, kOe

Figure 1. Magnetotransport properties (dependencies R(T) — (@) and R(H) —(b)) of the studied sample of granular YBa;Cu3O7_s.

The experimental conditions (external field H and transport current I,

temperature values T) are indicated in the field of the figure. Dotted

horizontal lines on (a) and () delimit the areas where dissipation occurs only in the intergranular space (from below) and in granules

and intergranular space (from above).
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Figure 2. Typical magnetic hysteresis loops M(H) for the studied sample YBa,Cu3O7_5 at T = 77.4K, obtained up to various values of
the maximum applied fields Hmax. (¢) — zoomed in the neighborhood of H = 0 (the values of Hpax are specified in the legend), (b) —
full scale. The arrows on (a) show the direction of change of the external field, and also denotes the increasing Hine (Hini — for the initial
magnetization curve), decreasing Hge. fields and residual magnetization Mgem; also points M(Hjj;) are specified for comparison with the

dependence R(Hini), see the text.

lines (the scales along the resistance axis are the same in
Fig. 1,a and 1,5b), which illustrates the implementation of
a two-level superconducting system in a granular HTS. The
analysis of the hysteresis dependences of R(H) carried out
below corresponds to a mode in which dissipation occurs
only in the intergranular boundaries.

3.2. Magnetic hysteresis loops: a manifestation
of a two-level superconducting system
and a condition for the realization

of the Meissner state of HTS granules

Fig. 2, a shows the parts of the dependencies M (H) of the
studied sample obtained up to different values |Hp,yx|. For

data at |Hpax| = 30 Oe, hysteresis is visible in the field area
up to about £8Oe, and in the range of fields larger than
this value, the dependence of M(H) becomes an invertible
function linearly dependent on the external field. Hysteresis
in the area of small fields is obviously caused by a response
from the subsystem of intergranular boundaries, and in the
specified range +8 Oe, a complete shielding of the external
field occurs throughout the sample. We note that the
described ,,small“ hysteresis was observed on granular HTS
carlier [45-47).

With an increase in the external field, the magnetic flux
begins to penetrate into the HTS-granules. The magnetic
flux trapping in the granules leads to the appearance
of a pronounced hysteresis of the dependencies M(H),
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Figure 3. Dependence of the residual magnetization Mgem on
the maximum applied field Hmax. In the insert: the behavior of
MRrem(Hmax) in absolute units of magnetization (emu) with an
indication of an instrumental error; the field H¢g is specified,
see the text.

see Fig. 2,b. At the same time, the ,small“ hysteresis
becomes almost indistinguishable (Fig. 2, ). This behavior
of magnetization (two different hysteresis values M(H)) is
a manifestation of a two-level superconducting system in
granular HTS. We also note that the M(H) dependences
shown in Fig. 2,b are typical for granular HTS in the
area of sufficiently high temperatures [48-50], and the
asymmetry of the magnetization hysteresis loops relative
to the abscissa axis is explained by the weakening of the
pinning of Abrikosov vortices in the near-surface the layer
of granules [48-50].

For granular (or polycrystalline) HTS, instead of the first
critical field H¢y, it is more appropriate to use the term
wthe first field of penetration® H¢,q into granules [51,52].
To determine this field, it is advisable to consider the
behavior of the residual magnetization Mge, (an example
of determining Mgem is shown in Fig. 2,a), as a function
of the maximum applied field Hy,x, see fig. 3. From this
figure it can be seen that the dependence Mgem(Hmax) has a
characteristic S-shaped appearance; the output to the plateau
at values of H,,x, about 300—400 Oe, is due to the fact that
at these values Hp,y, the position of the dependence M (H)
in the vicinity of the origin becomes close for the limit
hysteresis loop. A nonzero value of Mgy, With small values
of Hpax 1S a manifestation of ,,of small hysteresis from
the subsystem of intergranular boundaries (see Fig. 2,a).
The insert of Fig. 3 illustrates the behavior of Mrem (Hmax)
in the area of small fields; here the data is given in units
of emu. Horizontal dashed lines show the instrumental error
(£2- 1073 emu). From the insert of Fig. 3, it can be seen
that the dependence of Mpem(Hmax) on a constant value
occurs in the neighborhood of Hp.x = 350e. Logically,
this value of the external field can be considered the field of
the first penetration of H¢, into the granules of the HTS. In
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the field range, at least up to 35 Oe, only the Meissner state
is realized in the HTS granules, and there is no flax trapping.

3.3. Hysteresis R(H) and effect of the
magnitude H nax on residual resistance Rgem

Fig. 4,a shows both the initial magnetoresistance curve
R(Hini) and the dependence R(H) obtained by cycling the
external field to the value Hy,x = £3100e. This figure
shows the relative position of R(Hi,) and branches of the
descending R(Hge.) and increasing R(Hinc) fields. The
dependence of R(H) when cycling the field is symmetric
with respect to the ordinate axis. The intersection point
of R(H4) and R(Hi) is at H =0, and this is — the
residual resistance of Rgen after the input/output of the field.
Fig. 4, b shows a family of dependencies R(H) obtained by
cycling the external field to various values Hp,y (this figure
shows mainly the positive area of the external field). It
can be seen that with an increase in H,,.y, the value of the
residual resistance of Rgen increases. In our experiment,
magnetoresistance loops were measured for various values
of Hpax, and the dependence of Rrem on Hp,x obtained
from the experimental data set is shown in Fig. 5, a.

Dependencies Rrem(Hmax) in Fig. 5,a, as well as depen-
dencies R(H) in Fig. 4 correspond to the mode in which
dissipation occurs only in an intergranular environment.
This can be seen from the comparison of the data in
Fig. 4 and Fig. 1,b: a multiple increase in current (from
10 to 300 mA) does not lead to dissipation in granules and
the dependence R(H) is inside the area corresponding to
dissipation only in the intergranular boundaries.

3.4. The concept of an effective field in
the intergranular medium of a granular HTS

According to the concept of the effective field in the
intergranular medium of granular HTS, the observed mag-
netoresistance is determined by the value of the effective
field B (see Introduction). Based on the results obtained
above, let us consider the case when all dissipation (non-
zero resistance) occurs only in an intergranular medium,
and the state with ,,zero® resistance is preserved in the
granules. Expression (1) is written in vector form, and
in order to move to the value of B.g, it is necessary to
consider the relative position of the magnetic induction
lines from the magnetic moments of the HTS granules
and the direction of the external field, see Fig. 6. In this
schematic representation, the magnetic moments of the
HTS granules are considered Mg (Mg = My, projection
M, on the axis Z — this is the magnetic moment
of the entire sample). When the outer field increases
(H = Hine, H=Hz), Mg are directed against the outer
field (Mgz = |Mg|), and this situation corresponds to the
negative values of magnetization in Fig. 2. In this case,
the magnetic induction lines from Mg in the area of
the boundary between the granules are co-directed to the
external field, see Fig. 6 (dashed lines). If at H = Hge. the
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Hmax = £3100e. The arrows show the direction of the field change, the symbols of the increasing Hi,. and decreasing Hge. fields are
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Figure 5. Residual resistance Rrem depending on the external
field (a) and the residual magnetization (b).

magnetization values take positive values (the first quadrant
of Fig. 2), then Mgz = |Mg| and Mgz || H. In this case, the
directions of the vectors Mg and the magnetic induction
lines shown in Fig. 6 will change to the opposite (they
will be directed against the external field). The above
allows you to rewrite the expression (1) in scalar form, as
Be(H) = H — 4o - aM(H). Since the magnetoresistance of
a superconductor is — an even function of the magnetic
field, it is necessary to take the effective field modulus,
which leads to the following expression

Ber(H) = |H — 47 - a - M(H)|. (2)
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We note that the density of the magnetic induction lines
in the space between the granules visible in Fig. 6 reflects
the effect of compression of the flux in the intergranular
medium of granular HTS, which manifests itself in large
values of the parameter a required to describe the experi-
mental hysteresis of magnetoresistance [23,25-29,43,44]. As
for the transition from the effective field to the electrical
resistance, R is a function of B.g, which is a function of
the field: R= f (Ber(H)). The function f — is usually
an Arrhenius-type expression operating with the ratio of
pinning energy (or Josephson coupling energy) and thermal
energy [53,54].

wu ] TTTTTTT

Figure 6. Schematic representation of the mutual direction
relative to the axis Z, along which an increasing external field
Hinc is applied, of the magnetic moments Mg of two adjacent
HTS-granules, as well as magnetic induction lines (dashed lines)
from Mg. Granules are shown as ovals, the space between them
is — the intergranular boundary (in real granular HTS-granules
have micron sizes, and the thickness of the intergranular bound-
aries is on the order of nanometers).
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3.5. Relationship of residual resistance Rgem
and residual magnetization Mpgen

Let us return to the consideration of the residual resis-
tance Rgem (Fig. 4, 5, ). With some degree of conditionality,
the dependence Rrem(Hmax), shown in Fig. 5, a, is similar to
the dependence Mrem(Hmax) in Fig. 4. Comparing the data
of Fig. 4 and Fig. 5,a, it can be noted that both dependen-
cies are Mgem(Hmax) and Rgrem(Hmax) show a tendency to
saturation. For the conditions of residual magnetization and
(or) residual resistance, the expression (2) will be rewritten
in the following form

BeﬁRem =4n-«a- MRem- (3)

This expression explains the same tendency to saturation
of the dependencies Rrem(Hmax) and Mgem(Hmax), given
that the resistance — is a function of the effective fields
R~ f(Ber). Fig. 5,b shows the dependence of Rgrem
on Mgen obtained with the same values of Hp.. Zero
resistance values up to the value of 47 - MRey = 8 Gs are
determined by the fact that the transport current in this
case is less than the value of the intergranular critical
current. With a further increase in the value of the
trapped flux, the effective field in the intergranular medium
(Befrrem — expression (3)) is growing, and this leads
to a monotonous growth of Rpey in accordance with the
consideration of [53] dissipation processes. Thus, the data
in Fig. 5,b, in fact, represent the initial dependence of the
resistance of the intergranular medium on the magnitude
of the magnetization of the granules, and the latter is
determined only by the flux trapped inside the granules
(Abrikosov vortices).

3.6. Justification of the method for determining
the parameter a for Meissner currents
and Abrikosov vortices

If in Section 3.5 the state in which the magnetization
of granules is determined only by the trapped flux was
considered, then in external fields up to the value of
Hég (R 350e for T =77.4K, see clause 3.2 and Fig. 2)
only the Meissner state is realized in the granules (when
cooled in a zero external field). This case corresponds to
the initial magnetization curve M(Hiy), or, in the case of
magnetoresistance — dependence R(Hip;).

In expressions (1) and (2), the parameter « is, in fact,
the coefficient of proportionality between the magnetization
of granules (in the corresponding system of units) and the
field induced into the intergranular medium. Our idea is
to compare the effective fields for two different states in
the HTS granules: the Meissner state (while there are no
Abrikosov vortices in the granules) and for the trapped flux
state (while there are no Meissner currents in the granules).
Comparison of effective fields for the specified states will be
valid for the same resistance value R = const in them, since
this condition is equivalent to the condition B.g = const.
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Figure 7. A plot of hysteresis dependencies R(H) near H = 0 at
various specified values of the maximum applied field Hmax. Hor-
izontal dashed lines correspond to the condition Rrem = R(Hiy;).
The definition of the values of Hj;; is also shown.

Fig. 7, on an enlarged scale in a range of small
external fields, shows both the dependency R(Hiy) and the
dependency sections R(Hinc), R(Hdec) with sample values
of Hmax (shown in the figure). The horizontal segments in
Fig. 7 are drawn from the values of Rgepy, to their intersection
with the dependency R(Hjy) to illustrate the condition
Rrem = Rini and explanations of finding the values of H;,
in which Rgem = R(H};). The condition Rrem = Rini(H;;)
is equivalent to the condition of equality of effective fields

BeffRem = Beﬁ(Hiii)- (4)

Befrrem 1S determined only by the value of the residual mag-
netization (expression (3)). The effective field Beg(H;;) for
the initial dependence of the magnetoresistance, according

to the expression (2), will be defined as

Ber(Hi) = [ — 47 - ML)l (5)
The values of M(H};) are contained in the magnetization
data in Fig. 2,a, and the same figure shows the points of
dependence of M(H;:,) with values of H;:; corresponding to
Fig. 7. We note that all the obtained values of Hj; lie in the
range 9 <+ 20 Oe, which corresponds to the Meissner state
of the HTS granules.

Now, instead of one common parameter «, we introduce
the parameters aa and ay, characterizing the condensation
of magnetic induction lines only from Abrikosov vortices
and only from Meissner currents, respectively. As a result,
based on (3) and (5), the condition of equality of effective
fields (4) can be written as

4 - ap - Mpem = Hipy — 4o - am - M(HG). (6)

In our experiment, magnetoresistance loops were mea-
sured for 15-th different values of Hyax, at which analysis
can be carried out within the expression (6) (it is necessary
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(Hini — 4 - M(Hj,), defined by the condition Rrem = R(Hjy;), see
Fig. 8.

that in the state after the input/output of the field, the
sample demonstrates a non-zero value Rgem). Experimental
values of 4o - Mgem and (H; — 4w - M(H};)) are shown
in Fig. 8, from which it can be seen that they obey a
linear dependence. The data analysis of Fig. 8 allows us
to determine the relationship between an and ay with
high accuracy. For the data of Fig. 8 equality (6) (and,
also the condition Rrem = R(H;;)) is executed with the
following ratio: an = 1.52ap — 1.66. It is unambiguous
that ap # @a and if we consider that the parameter « itself
can reach values of the order of 12—25 [23,25-29,43,44],
then

ap > QA. (7)

The magnetization of a superconductor is due to two
contributions opposite in sign: Meissner currents and
Abrikosov vortices. Their contribution to the field in the
intergranular medium is also different in sign, which can
be seen, for example, from the representation of Fig. 6,
if Mg is alternately replaced by the magnetic moment
from the Meissner current Mm, or from the Abrikosov
vortices Mu. If the outer field increases and H || Z, then
My is antiparallel , and My || Z. Then the lines of magnetic
induction from vortices in the intergranular spaces have the
opposite direction, and from Meissner currents — parallel to
the external field direction [55]. The resulting inequality (7)
implies a different effect of the trapped flux and Meissner
currents on the effective field in the intergranular medium.
In other words, ,,one gauss“ from Meissner currents leads
to greater resistance in an intergranular medium than ,,one
Gauss”“ from Abrikosov vortices.

You can specify one of the possible reasons leading to
the inequality (7). Although the investigated HTS of the
yttrium system has significantly less anisotropy of the critical
current (and, accordingly, the diamagnetic signal) than the
HTS of the bismuth system, the ratio of critical currents
along the c-axis Jc. and in the a—b plane Jc,—p for yttrium

HTS is not small: Jca—p/Jce ~ 4—8 [52,56,57). In this
case, the Meissner currents Jyv,—p flowing in a—b planes
significantly exceed the Meissner currents Jy flowing in
planes parallel to the axis ¢ [58]. The magnetization
recorded in magnetic measurements (this is the projection
of magnetization on the axis Z, see Fig. 6) of a granular HTS
sample shows a certain averaged over all magnetic moments
from the currents Jy,—p and Jye value (with taking into
account that the crystalographic axes ¢ of the granules are
located chaotically). However, locally magnetic moments
(especially for currents Jy,—p) may have a stronger effect
on intergranular intervals than is expected for the average
value of magnetization.

Abrikosov vortices in granular HTS permeate many
granules, and the vortices demonstrate complex dynamics
depending on the magnitude of the field and tempera-
ture [59-61]. Inside anisotropic granules, vortices also tend
to be located along the c-axis [53,57], that is, deviate from
the direction of the external field. However, the plasticity of
the vortex lattice can reduce this deviation. In our opinion,
the effect of granule anisotropy on the value of Mgem
is insignificant. The different effect of the anisotropy of
granules on Meissner currents and trapped vortices explains
the inequality (7).

4. Conclusion

The hysteresis behavior of the magnetoresistance of gran-
ular HTS is accompanied by many interesting features, one
of which is the presence of residual resistance Rgenm after
exposure to an external magnetic field. The main attention
in this work was paid to the influence of the external
maximum applied field Hy,y, o1, equivalently, the influence
of the trapped flux on Rrem. As a result of the analysis
of the data obtained on the HTS sample YBa,Cu3;07_j,
we obtained the following results. It is shown that
Rrem clearly correlates with the magnitude of the residual
magnetization of Mgem. In this case, Mgem is determined
only by the magnetic flux trapped in the granules, and the
corresponding dissipation, which determines the value of
Rrem, occurs only in the intergranular boundaries. The
magnetoresistance of the HTS YBa,Cu3;O;_s was also
compared for two cases in which either only the Meissner
state (diamagnetism) is realized in granules, or there is
only a flux trapped in granules (in zero external field).
This, taking into account the magnetization data, allowed us
to determine the relationship between the parameters (am
and @) characterizing the degree of condensation of the
magnetic flux in the intergranular medium. In the effective
field concept (expression (2)) it is the flux compression
in the intergranular medium that determines most of the
features of the behavior of the magnetoresistance of granular
HTS. It turned out that the parameter « is different for
Meissner currents and for the trapped flux (Abrikosov
vortices), moreover, the inequality aym > aa holds. In
other words, a change in magnetization by ,,one gauss“
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from Meissner currents makes a greater contribution to the
effective field in an intergranular medium than a change
in magnetization by ,,one Gauss from Abrikosov vortices.
One of the reasons for the discovered fact may be the
anisotropy of the superconducting properties of the HTS
within a single granule, although, in general, the directions
of the crystallographic axes of the granules (crystallites) in
the granular HTS are distributed randomly. As a result,
when describing the hysteresis of the magnetoresistance of
a granular HTS, for an effective field in an intergranular
medium, it must be taken into account that ay > aa. The
obtained conclusion can be useful not only for explaining
magnetotransport properties, but also important for ana-
lyzing the magnetic properties of granular superconductors
with anisotropy.
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