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The effect of a constant magnetic field to 12.7 kOe on the temperature dependences of
electric conductivity of aluminum-doped YBaCuO single crystals with a system of unidirec-
tional twinning boundaries has been investigated. It is determined that the twinning
boundaries are effective centers of scattering of fluctuation carriers. Directly near T, the
temperature dependences of the excess paraconductivity are satisfactorily described by the
Hikami-Larkin theoretical model of fluctuation conductivity for layered superconducting
systems. The reasons for the suppression of three-dimensional superconducting fluctua-
tions and the nonmonotonic dependence of £,(0,H) in weak magnetic fields with the
magnetic field vector oriented along ¢ axis were discussed. It was shown that the lack of
fan-shaped expansion of the resistive transitions in the magnetic field in these samples is
conditioned by the lack of the no pinning vortex liquid phase due to increased pinning of
the vortex lattice at the twin boundaries.

HccnemoBano BAMAHKME IIOCTOAHHOI'O MArHMTHOIO moasa g0 12,7 KO Ha TeMIiepaTypHBIE
3aBUCHMOCTH 3JIEKTPOIIPOBOLHOCTY B 0a30BOH ab-ILIOCKOCTU JIECMPOBAHHBIX AJIOMUHNEM MOHO-
KpuctaaaoB YBaCuO ¢ cucremoli ogHoHATIPABIEHHLIX ABONHUKOBLIX T'PAHUIL. ¥ CTAHOBJIEHO, UTO
MBOMHMWKOBLIE TPAHUIILI IBASIOTCA >PREeKTUBHBIMU IEHTPAMU PacCeTHNUA (PIYyKTYAIlMOHHLIX HO-
cureseir. HemocpencTeernno B6iausu T, TeMIepaTypHbIe 3aBHCUMOCTH U30BITOUHON MapanpoBOgu-
MOCTH YAOBJIETBOPUTEILHO OIMCBLIBAIOTCSA B PaMKaX TEOPeTHUECKOH Mogean (MIYKTYaIlMOHHON
MPOBOAUMOCTH XUKaMu-JIapKUHA [ CAOMCTEIX CBEPXIIPOBOAAIINX cucTeM. OOCYKIAIOTCA TIPH-
YNHBI TTOAABJIEHNA TPEXMEPHLIX CBEPXIIPOBOAAIINX (GAYKTyallnii 1 HEMOHOTOHHOMN 3aBUCHMOCTH
£0,H) B c1abBIX MATHUTHBIX HOJAX TPM OPHEHTAIME BEeKTOPA MATHUTHOTO IOJS BAOIL OCH C.
IToxkasaHo, UTO OTCYTCTBHE ' BeepoOOPA3HOIO" PACHIMPEHUA PE3UCTHBHBLIX IIEPEXOJ0B B MATHHUT-
HOM IIOJIe, XapaKTepHOTOo 1A GecnpuMecHBIX 06pasioe YBa,Cus0, 5, 06ycroBIeHO yrHeTeHMeM
$as30BOTO IEepexo[a B COCTOSHHE HE3ANIMHUHIOBAHHON BUXPEBOH KUIKOCTH BCJEACTBHE YCHJIE-
HUS IMHHUHTA BUXPEBOU PeIleTKM Ha JBOMHUKOBBIX I'DAHUIIAX.

1. Introduction perconductor (HTSC) of YBa,CuzO;_5 are
It is known that electro-transport proper- strongly dependent upon the type and con-
ties of the anisotropic high-temperature su- centration of defects and oxygen
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stoichiometry [1-3]. In YBCO, the small co-
herence length and the large penetration
depth leads to the effective pinning of
Abrikosov vortices, including the small-
scale point defects [4]. Alloying YBCO with
elements that are substitute the copper
atoms in CuO planes usually leads to a re-
duction of critical parameters and deteriora-
tion of electrical conductivity [1-3]. Alloy-
ing with aluminium leads to decrease of the
critical temperature (T,) and of the secon-
dary critical field (H_5) [1]. One of the char-
acteristics of aluminium doped single crys-
tals is the absence of the so-called "fan-
shaped” expansion of the resistive
transitions in magnetic field. Notably, this
feature is always observed in pure
YBay,CuzO;_5 samples [4-7]. As a result
there is a change of the fluctuation conduc-
tivity (FC), which is realized in these com-
pounds at temperatures near but higher to
the critical temperature (T > T,). It should
also be noted that an additional source of
anisotropy in YBa,CugzO;_g single crystals is
the existence of twinning boundaries (TB)
[8, 9], the influence of which on transport
properties in the normal state has not been
sufficiently studied, due to experimental
difficulties in determining the contribution
of these defects.

This anisotropy manifests itself in the
form of a maximum critical current near
the orientation of H|TB [6, 7], the reason of
an appearance of which to date has not been
established. Explanation of the mechanism
of occurrence of this phenomenon is of in-
terest both from the scientific and techno-
logical perspective.

On this basis in the present study we in-
vestigate electrical resistivity properties
under constant magnetic fields up to
12.7 kOe with the orientation of the magnetic
field HLe and Hle, in the different conductiv-
ity types YBay,Cuz_,Al,O;_5 of single crystals
(z <0.5) with an unidirectional TB system and
when the transport current is the following:
I|TB, when the TB effect on the scattering
processes is minimized.

2. Experimental

The single crystals YBa,Cu;_,Al,O;_5 were
grown in a gold crucible by the solution-melt-
ing method, under small temperature gradi-
ent along the crucible [2, 3]. This method al-
lows us to select single crystals with dimen-
sions 5x5 mm? in ab-plane and the third
dimension between 0.02—-0.05 mm. To obtain
aluminium doped single crystals, we added
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Fig. 1. Photograph of the singly-oriented TB
areas of YBa,Cuy ,Al,O,_5 single crystal, in
polarized light (x440).

0.2 wt. % Al,O3. As source components we
used Y503, BaCOj, CuO, Al,O3 powder com-
pounds. To obtain oxygen saturating regime,
the crystals were annealed in oxygen flow at
the temperature of 430°C for three days. For
the resistivity measurements the single crys-
tals with unidirectional TBs with dimension
of 0.5x0.5 mm?2 were selected (Fig. 1). This
geometry was selected so that we could cut
out bridges with parallel TB with a width of
0.2 mm at distances between the pair of con-
tacts of 0.3 mm. The TBs within the bridges
were oriented at one direction. The experi-
mental geometry was selected so that the
transport current vector in ab-plane I,,, was
parallel to the twin boundaries (I,,|TB), as it
is schematically shown in the corresponding
insets of Fig. 2. Electric contacts were cre-
ated using the standard four-probe arrange-
ment by depositing silver paste onto the crys-
tal surface and affixing silver wires followed
by 3 h annealing at 200°C in oxygen atmos-
phere. The conductors for the current con-
tacts were made of foil with 0.1 mm thick-
ness and a width of 2 mm and for potential
contacts we used wire diameter of 0.05 mm.
Such production procedure allowed us to obtain
the contacts with small transfer resistance per-
mitting to measure the resistance at transport
currents up to 1 A without overheating the con-
tacts. Electrical resistivity and current-voltage
characteristics measurements were carried out at
constant current. The magnetic field of 12.7 kOe
was created by an electromagnet. The magnet
rotation allowed varying the orientation of the
field relative to the crystal. The accuracy of field
orientation relative to the sample was better
than 0.2°. Bridge was mounted in the measuring
cell in a position that the field vector H was
always perpendicular to the transport current
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Fig. 2. Temperature dependence of the resistivity p,,(T) of YBa,Cu; ,AlLLO,_s single crystal in the
orientation of the field vector Hle (1) and Hle (2) for H, kOe: 0, 1.9, 4.5, 7.3, 10, 12.7 — curves 1-6,

respectively. The dotted line shows extrapolation

of the linear area of the experimental curve. The

insert (a) shows a schematic representation of the geometry of the experiment. Insert (b) and (c) —

transitions into the superconducting state in the

coordinates p,, — T and dp,,/dT — T — T, respec-

tively. The numbering of the curves in the insets corresponds to the numbering in Fig.

vector. Temperature measurement accuracy
was 0.005 K. Temperature stability during
the measurements was better than 0.01 K.

3. Results and discussion

The comparative analysis of the resistive
characteristics of  YBa,CuzO;_5 and
YBa,Cus_,Al,O0;_s5 single crystals in zero
magnetic field has been performed in the
previous works [2, 3]. Temperature depend-
ences of the resistivity in ab-plane p,(T) in
magnetic fields up to 12.7 kOe for the ori-
entations of the field vector Hlle and Hle
are shown in Fig. 2 (1) and (2), respectively.
The resistive transitions to the supercon-
ducting state of the same samples in coordi-
nates lgp,, — T and dp,,/dT — T are shown
in the relevant insets.

The critical temperature of the crystal at
zero magnetic field, which is determined by
the maximum on dp,(T)/dT at a region of
resistive transition to the superconducting
state [2], was equal to 92.1 K with a transi-
tion width AT <0.5 K. The electrical resis-
tivity in ab-plane at room temperature was
about 420 pOhm-cm. According to the lit-
erature, the high values of the critical tem-
perature T, = 92 K correspond to the alumi-
num concentration in the crystal z <0.05
[10], and the oxygen content of 6< 0.1
[11]. At the same time, the narrow width of
the superconducting transition AT, < 0.5 K
indicates a uniform distribution of oxygen
and Al in the crystal.

As can be seen from Fig. 2, under the
temperature lowering from 300 K to 200 K
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the p,, decreases practically linearly that
indicates quasimetallic conductivity behav-
ior in this temperature range. The magnetic
field, in both orientations, has almost no
effect on the behavior of dependences p,;(T)
at T>1.1 T, that is consistent with the
published data for samples of YBaCuO, ob-
tained from magnetoresistance measure-
ments [12]. An influence of the magnetic
field reveals mainly by a shift down the
resistive transition temperature to the su-
perconducting state and a corresponding re-
duction of T, (insets (b) and (c)), as more
detail will be described below. At the same
time, at temperatures T, < T < 200 K a de-
viation of p,(T) from linearity indicates an
appearance of the excess conductivity, the
temperature dependence of which is usually
determined as follows from the experimen-
tal data, such as:

Ac =0 - 0, (1)
where oy = po’l = (A + BT)! is the conduc-
tivity, determined by extrapolating the lin-
ear segment backward to zero temperature
and 6 =p 1 is experimentally determined
value of conductivity in the normal state.

It is known from previous theoretical
work [13], that near T, the Ac is condi-
tioned by the processes of the carriers fluc-
tuation pairing and in general terms, de-
pending from the dimension of the system
is determined by the following equation:

AGD =AD8_OL, (2)

Functional materials, 20, 2, 2013
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Fig. 8. Resistive transitions into the superconducting state of an YBa,Cuy ,Al,O; 5 single crystal
for H, kOe: 0 (1),1.9 (2), 4.5 (3), 7.3 (4), 10 (5), 12.7 (6). Insert: low-temperature section of a
resistive transition, measured in field H = 7.8 kOe. The dashed lines in the figure and insert show
the extrapolation of the sections corresponding to different FC regimes.

where A, is a constant and e =(T - T,)/T,
is the reduced temperature. Herewith, the ex-
ponent o, is defined, according to [13-15], as
o=2-D/2, where D is a dimension of the
system. In particular, at T > T, for two-di-
mensional (2D) and three-dimensional (3D)
cases, the temperature dependence of Ac is

determined by power relations of the form
[13]:

Acyp = Agpe™l, 3)

where A, = €2/1671d and Agp, = €2/321E.(0);
. is the coherence length along the ¢ axis

for T — 0 and d is a characteristic size of
the two-dimensional layer.

Thus, once [-d(In(Ac)/dTT ™! = o }( - T,)
has been calculated from the experimental
data the method proposed in [14] and elabo-
rated in [15], can be used to determine a
dimensionality of the subsystem and a char-
acter of the fluctuation-carrier scattering
[13] in different temperature intervals from
the slope angle of the curves in the appro-
priate coordinates. Fig. 3 shows the resis-
tive transitions of YBa,Cuz0;_g single crys-
tal in the coordinates [-d(InAc)/dT] ! -T
obtained for different values of the mag-
netic field.

As once can be seen in Fig. 3, in both
orientations of the magnetic field, the ex-
perimental curves in the immediate proxim-
ity of T, are characterized by the presence
of two distinet sections with different slope
angles, which, apparently, correspond to the
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Fig. 4. Temperature dependences of the sec-
ond critical field for its parallel and perpen-
dicular orientation relative to the basal
plane. Solid lines — calculation for the same
geometry of the experiment, carried out ac-
cording to [16].

so-called beyond-3D and 3D regimes [15]
with o = 0.17 and 0.5, respectively. As tem-
perature increases away from T, the abso-
lute value of a increases, which could indi-
cate an occurrence of the 8D-2D crossover
transition in the system; more details about
this will be given below.

The second feature of the obtained de-
pendence is that we observe the equidistant
shift of the resistive transition to the su-
perconductive (SC) state downwards in tem-
perature with increasing of the applied
magnetic field. In this case, when the ex-
perimental geometry Hlc there was a slight
broadening of the experimental curves,
while in the case of Hlc expansion was not
observed at all.

As it was noted above, this effect is ob-
served only in the case of aluminium-doped
samples [1] in contrast to all other 1-2-3
compounds, for which, the clearly expressed
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"fan-shaped” expansion of the SC transition
in the magnetic field is a characteristic fea-
ture [4-7]. Fig. 4 shows the H-T, depend-
ence, obtained for our experimental curves
and determined by the maximum of deriva-
tive dp/dT(T) in the area of the SC transi-
tion [2]. T, monotonically decreases with an
increase of the magnetic field. The strongly
nonlinear current voltage characteristics up
to a certain line of T,,(H), is the charac-
teristic feature of the 1-2-8 compounds and
corresponds to the transition from the no
pinning vortex liquid state (experiencing
viscous flow under the action of Lorentz
force) to the state pinning vortex glass state
[16]. According to [16] the line of this transi-
tion in magnetic field Hllc and Hle in the
case of untwinned samples is determined by
the expressions HMH(T) = 103(1—T/Tc)1~41
and  HpHT) = 842(1-T/T )37, respec-
tively. As can be seen from Fig. 4 in our
case, these lines (solid line) are located par-
tially (H|e) or full (HLlec) above, our experi-
mental curves, which may indicate the ab-
sence of the non pinning vortex liquid phase
in the samples. This, in its turn, may cause
the lack of a corresponding expansion of the
resistive transitions in the magnetic field.
The existence of a developed TB system in
our samples can be important as they are
very strong pinning centres. The latter sup-
position is supported by the third important
feature of the experimental curves: the
presence of a small additional peak in the
curves [~d(lndAa/dT]1-T for Hlle, which is
absent in zero magnetic field and manifests
most strongly in strong magnetic fields. An
enlarged section of the curve with such a
maximum, obtained in magnetic field
12 kOe, is shown in the inset in Fig. 3. It
is evident that at temperatures below the
peak our dependence is characterized by the
slope angles a — 1.27 and 2.2. According to
theory [17] the latter value corresponds to a
paracoherent transition at the intergrain
and interdomain boundaries, which is often
observed in different classes of supercon-
ducting compounds [15, 17]. In our case
TBs can play the role of such boundaries.
Therefore, impurities can play a critical
role. As we know from the literature [18,
19] the trivalent impurities are defect cen-
ters and for the increased concentration of
defects the period of the domain twin struc-
ture decreases. As a result, a close overlap
of micro-twins and the formation of tweed
structure is taking place [18, 19]. As shown
by metallographic investigations [19], in the
crystals YBa,CuzO;_g the "tweed” structure
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is not observed, which is probably due to
the low concentration of Al. Meanwhile the
inter-boundary distance was two or three
times smaller than in pure crystals. Obvi-
ously, in our case, the cause of reducing the
period of the domain structure could be the
influence of impurity atoms of aluminum,
having a much smaller ionic radius comparing
with copper. Besides this, aluminum atomic
position (000) may form a characteristic octa-
hedral environment for oxygen atoms.

It should be noted that at Hle geometry
of the experiment the similar charac-
teristics in the form of additional peak, al-
most did not reveal in the weak magnetic
fields, and were much less expressed in the
region of maximum magnetic field (Fig. 3).
Such differences, apparently, can be the re-
sult of a specific mechanism for the pinning
of superconducting fluctuations. Thus, in
the case of Hle¢ the Lorentz force acting on
the fluctuating carriers F;~[jxH] is directed
along the twin boundaries (F||TB), and in
the case of Hle, respectively, across
(F;LTB), which in turn causes several times
more enhanced pinning force of supercon-
ducting fluctuations in the second case com-
pared to the first. The last assumption is
confirmed by non-monotonic behavior of the
field dependence &.(H) observed in the case
of Hje.

As shown in [20], the fluctuation conduc-
tivity Ao(T,H) of layered superconductors
in a magnetic field can be written in the
general form:

Ao(T,H) = Ao, (T,H) + Aoy (T ,H), (5)
where

Aoy (T,H) = (6)
_ (2 + 40+ 302) b2 }

e2 1
= n 5 g .
167de| (1 + 200 /2 4(1 + 20072 ¢

is Aslamazov-Larkin fluctuation conductiv-
ity [13];
Aoy p(T,H) = (7
_ 2 1+ o+ V1420
"~ 8hd(1 - a/a)s{ '{(x 1+8+V1+25
_{82 1+  1l+a FJF }
a1 +20% 1+20% |6

is Maki-Thompson fluctuation conductivity,
which is due to interaction of the unpaired
carriers with the fluctuation Cooper pairs

[21]; o= 28.%0)/d%; b= (2e£,;,%(0)/F H;
§ = (16/m(E,2(0)/d2) (kTt,/fih); £,,(0) is the

Functional materials, 20, 2, 2013
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coherence length in the basal plane, and Tp
is the characteristic order-parameter inter-
ference time. Other designations are the
same as in (3) and (4).

Setting £.0) = 2.5 A, d=~11.7 A [22],

T(pzh/2kBTc, the evolution of the relative
contribution of each component in (5)
AG,1/ACyr as the temperature increases
away from the superconducting transition
point in zero magnetic field can be evalu-
ated as proposed in [28]. Analysis of expres-
sions (6) and (7) shows that although in the
temperature interval T, <T < 1.25T, the
component Acyp(T,H = 0) shows a much
weaker temperature dependence than
AGAL(T’ H = 0), the ratios AGAL/AGMT de-
crease by more than a factor of two (about
4 to 1.7) as temperature increases from
1.005T, and 1.25T.. In turn, this could at-
test to a substantial growth of the intensity
of fluctuation pair scattering.

It should be also noted that, according to
the analysis, all the dependencies of
Ao(T,H) in the range of 1.1 — 1.15T, satis-
factorily approximated by the dependence of
the form (3) corresponding to the two-di-
mensional case (see the inset in Fig. 5),
while for T <1.05 T, the behavior of
Ao(T,H) (inset in Fig. 5) corresponds well to
the dependence (4) for the three-dimen-
sional case. In this case, having determined
€ at the point 2D—38D crossover at intersec-
tion of two straight lines corresponding to
the exponents —0.5 and —1 in the depend-
ences InAc — lng, and using the published
data on the dependence of the interplanar
distance from 9§ [22] (d = 11.7 A), the value

of £.(0) can be determined.

From Fig. 5, which shows the field de-
pendences £.(0,H) for two orientations of
the magnetic field, it is clear that the orien-
tation of Hle a curve £.(0,H) is charac-
terized by a distinet peak near magnetic
fields H = 2 kOe. At the same time, at ori-
entation H1ly the curve gradually decreases
with increasing the magnetic field. It
should be noted that this feature which
manifested in the form of a non-monotonic
dependence of the critical current j, from
the magnetic field (peak effect), is often
observed in HTSC — systems with parallel
orientation of the magnetic field as a conse-
quence of the specific mechanism of vortex
pinning matter [24, 25]. The curve with cir-
cles in Fig. 5 shows the field dependence of
j(H) with the magnetic field H|lc which we
obtained by determining the critical current
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Fig. 5. Field dependences p.(0,H) in the ori-
entation of the field vector H|e and Hle
(squares and triangles, respectively) and the
critical current for the magnetic field orien-
tation Hlle (circles). Insert shows the tempera-
ture dependences of the excess conductivity
in ab-plane coordinates InAc—lne for different
values of the magnetic field for orientation
Hllc. Designation of the curves in the insert
corresponds to the notation in Fig. 2. The
dotted lines in the insert shows the approxi-
mation of the experimental curves with a
straight angle tgo, = —0.5 (3D — regime) and
tga,; = -1.0 (2D — regime). The arrows indi-
cate the point of 2D—3D crossover.

in terms of voltage drop on the current-
voltage characteristics of the technique [6,
7]. In this case, it is clear that the position
of the characteristic maximum in the de-
pendences j.(H) correlates well with the
case with £.(0,H). According to [25], one of
the possible reasons for the appearance of
the peak effect may be the presence in the
sample is deficient in oxygen or another
phase, turning into a normal state with in-
creasing the magnetic field. In this case,
the role of this phase can play TB, which
(as defects higher dimension) can be effec-
tive centers for vacancy sink [9, 26, 27],
and, accordingly, have lower (compared to
the rest of the sample) oxygen content. The
assumption of the presence of a phase with
lower T,., confirmed the presence of step-
wise resistive transitions and a small addi-
tional maximum on dp,(T)/dT (inset (b)
and (c) to Fig. 2) observed in the orientation
of Hllc that becomes most expessed at the
maximum values of the magnetic field.
Thus experiments of decorating the vortex
structure [27] really show that the density
of vortices on TB increased compared to
their density in the bulk superconductor,
indicating about suppression of order pa-
rameter on TB. In our case this feature is
probably due to some suppression of the ex-
cess fluctuation conductivity with increas-
ing dissipation, because of the displacement
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Fig. 6. Temperature dependences of the excess conductivity for the magnetic field orientation Hlc and

Hlc in the coordinate’s InAc — T. The numbering of the curves corresponds to the numbering in Fig. 2.

of the superconducting fluctuations in the
sample by Lorentz force. In turn, a decrease
of Ao, according to (4), should result in an
increase of £.(0,H), that is in fact observed
in our case. At the following field increas-
ing, its effect will be expressed by decrease
of the fluctuations correlation function,
which should be expressed in a decrease of
the pinning force of the fluctuations [25]
and in an increase of the gradient of the
characteristic volume density of the fluc-
tuation energy. Certain role it can play in
the effort to strengthen of the some specific
mechanisms of the quasi-particle interaction
[28, 29]. In this case {.(0,H) will decrease
instead of increase.

It should also be noted that if the FC
transition temperature, T, is determined
according to the point where InAc shifts
upwards from the linear dependence 1nAc(T)
[3] (see Fig. 6), then the relative width of
the region of existence of the FC regime can
be estimated as ¢ =(T/~T.)/T,. The compu-
tational results show that a magnetic field
causes a general relative narrowing of the
temperature interval of an occurrence of
fluctuation paraconductivity. It should be
noted that the orientation of the magnetic
field Hfe a relatively small constriction
(from ¢;=0.1594 in zero magnetic field to
tp=0.1473 at H = 12.7 kOe), whereas when
the magnetic field Hle narrowing occurs
almost twice (from t; = 0.0214 in zero mag-
netic field to tp=0.0417 at H =12.7 kOe).
This is probably due to the suppression of
long-wavelength fluctuations with increas-
ing the magnetic field, which make the
largest contribution to the paraconductivity
near T.. At the same time, as shown in [2],
underestimation of the contribution of the
short-wavelength fluctuations of the order
parameter results in a more rapid than
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theoretically predicted decrease of Ac at
temperatures sufficiently above T,.. Micro-
scopic calculation of the fluctuation correc-
tion of the conductivity with taking account
of all components of the order parameter
has been performed in [30]. Comparison of
our data with their theory [30] showed that
Ac (in our experimental error) can be de-
scribed on the basis of the FC theory at tem-
peratures close to 1.25T,.. This is probably
the temperature range where transition to the
pseudogap regime occurs; we have analyzed
this transition in detail in [2, 3, 31-35].

4. Conclusions

In summary, it can be concluded from
the mentioned above that twinning bounda-
ries in Y832CU3_2A|207_5 (230.5) Single
crystals are effective fluctuation-carrier
scattering centers. The deviation from
linearity of the temperature dependences
Pap(T) for T, <T <|1.35Tc can be satisfacto-
rily explained on the basis of the theory of
fluctuation superconductivity. The three-di-
mensional Aslamazov-Larkin model de-
scribes well FC close to T,.. Application of a
magnetic field causes strong narrowing of
the temperature interval of the existence of
three-dimensional fluctuations. The non-
monotonic dependence of &.(0) on the mag-
netic field is probably due to the suppres-
sion of the excess fluctuation conductivity
in the weak magnetic fields. The lack of
fan-shaped expansion of the resistive transi-
tions in the magnetic field (characteristic
for the undoped samples Y,Ba,Cuz0;_5) in
these samples may be due to the lack of the
no pinning vortex liquid phase due to in-
creased pinning of the vortex lattice at the
twin boundaries.

Functional materials, 20, 2, 2013
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Bniiue momepeyHOro Ta MO3A0BKHBOTO0 MATHITHOTO IOJIA
Ha HANJIHUIIKOBY NMPOBiTHIiCTh MOHOKPHCTAJIB
YBa,Cuj ,Al,O;_5 3 3amaHoI0 TOIOJIOTi€I0
ILJIOCKUX ae(deKTiB

P.B.Boéx, 3.9.Ha3upog, I'' . Xadxai,
V.M.Pinto Simoes, V.V.Kruglyak

HocaimeHno BIAMB IocTifiHOTO MarmitHOro mosas mgo 12,7 xE ma TemmeparypHi 3ameix-
HOCTi eneKTponposimHocTi y 6asosiii ab-mioiiuHi JeroBaHuxX AaJiOMiHieEM MOHOKpPHCTAJIB
YBaCuO 3 cucTeMo0 OZHOCIPAMOBAHUX ABIMHMKOBUX MexK. BcTaHOBJIEHO, IO ABIAHUKOBI
MeKl € eeKTUBHUMU IeHTpPaMu poscioBanHsa GayrTyanifinux mociiB. Besnmocepeanbo mo-
6smusy T, TeMIepaTypHi 3aJeKHOCTI HAAJUIIKOBOI MapalpoBifHOCTI 38 0BiTbHO ONUCYIOTHCA
y paMKax TeopeTnuHol Monesi dayrryanifinoi nposigmocti Xikawmi-Jlapkina ana mapysaTtux
HaxmpoBigHNX cucteM. OOTOBOPIOIOTHLCA MPUYNHY TPUTHIUYEHHA TPUBUMIPHUX HAATPOBITHUX
Gayxryanifi Ta mHemoHoToHHOI samemmuocti £ (0,H) y caabKuX MaTHITHHX TOJAX IpU
opierTanii BeKTOpa MarsiTHOrO moias B3ZOB: oci ¢. Iloxkasano, mo BigcyrHicTs " Bismomnonis-
HOTO" POSIINPEHUA PE3NCTHUBHUX IIEPEXOLiB y MATHITHOMY MOJi, XapakTepHOro AJsS 0es3mo-
MiIlTKOBUX B.pé.isKiB YB.:’¢12Cu3_ZAIZQ7_.5, 06yMOB.TIe‘HO HpI/II‘Hi‘«IEHHﬂM. (pz?soBoro nepexony o
CTaHy He3aliHiHroBaHOl BUXOPOBOI piAWHM BHACIITOK IOCHJIeHHS IiHHIHTY BUXPOBOI pemrir-
KU HA ABiIHUKOBUX MeXax.
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