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Studied has been the effect of oxygen deficiency as well as of a low (up to 5 %) Al and
Pr doping on conductivity in the basis plane of the ReBa,Cu;0,_s (Re=Y, Ho) HTSC single
crystals. The excess conductivity Ac(T) of the studied samples has been found to show an
exponential character in a wide temperature range T <T<T". The description of the excess
conductivity as AG"’(l T/T")exp(A’ ab/T) can be 1nterpreted within the frames of medium
field theory where T" is the mean field temperature of superconducting transition. The
temperature dependence of the pseudogap can be satisfactorily described in terms of the
BCS-BEC crossover theoretical model. The oxygen content reduction and a low Al doping
results in widening of the temperature interval where the PG mode is realized, thus
narrowing the area of linear p(T') dependence in the ab plane. A low Pr doping concentra-
tions (2~0.05) results in an unusual effect of a significant narrowing of temperature
interval where the PG is realised, thus extending the linear p(T) region.

WccnenoBano BiausHUE KuCIOPOZHOrO reduimra, a Takwke ciaaboro (o 5 %) moumposa-
HUSA aJIOMUHAEM U [IPaseogrMOM Ha HPOBOAMMOCTH B OasucHOU mimockoctu BTCII-moHOKpuC-
rannos ReBa,Cu;O,_s (Re=Y, Ho). Vcramosmeno, uro maGeiTounasa mposogumocTs Ac(T)
00pasIoB B IIMPOKOM MHTEPBAJE TeMIepaTyp Tf<T<T MOAYMNHSIETCHA 9KCIOHEeHI[NAJIbLHON
TeMIIepaTypPHOIl 3aBUCUMOCTH. Hpn 9TOM OnmcaHve M30LITOYHOM IIPOBOLUMOCTU IIOCPELCTBOM
coorHomreHus Ac~(1— T/T “Yexp(A® ap/T) MOXeT OBITb MHTEPIPETHPOBAHO B TEPMHHAX TEODPHH
cpefHero mojf, rae T TpeJCTaBIeHa KAK CpeLHeIoJieBas TeMIIepaTypa CBepXIIPOBOJAIIETO
nepexofia, a TeMIIepaTypHas 3aBHCUMOCTDL IICEBOIIEJNUN YAOBJETBOPUTEJLHO OINCHIBAETCA B
pamkax Teopuu KpoccoBepa BKIII-BOK. ITonm:keHme comep:kaHusa KUcCJopoja u cjaboe Jeru-
poBaHUE aJIOMUHUEM MPUBOIUT K 95(h(PeKTy pacuiupeHUs TEeMIIePATYPHOTO MHTepBaJia peaJu-
sanuu III]-pexuMa, TeM caMBIM cy:Kasd obOnacTb JuHeiiHoil saBucumoctu p(T) B ab-miaockoc-
tu. JJonupoBauue MoHokpucraaaoB YBaCuO mansimu gobaBrkamu mpaseoguma 2~0.05 mpuso-
ngur K HeoObruHOMYy o(@dEKTy CysKeHWs TeMIIepaTypPHOIO WHTEPBaJa pealusanuu
IIIII-pexuma, TeM CaMBIM yAJIUHAS JUHEHHBIH yuacTok saBucuMmocT: P,(T).

The investigation of the low temperature being observed in the normal state around
phase transitions to the fluctuation conductivity the critical temperature (T, and signifi-

(FC) and the pseudogap (PG) mode in HTSC, cantly higher temperatures is an important
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issue [1-38]. This phenomenon is considered
to be significant in understanding the HTSC
nature [2, 8]. This motivated a number of
experimental and theoretical studies of
HTSC (for example [1] and references
therein). Nevertheless, the nature of the PG
anomaly and its formation mechanism in
HTSC is still not completely understood.
There are two main explanations for the
origin of the PG anomaly in HTSC systems.
The first explanation relates the PG anom-
aly to short-range ordering fluctuations of a
"dielectric” type (e.g., anti-ferromagnetic
fluctuations, spin and charge density waves)
[1]. The second explanation assumes the for-
mation of Cooper pairs at temperatures ex-
ceeding T, significantly (i.e. T">>T,, where
T is the temperature that the PG com-
mences) while their phase coherence is real-
ized at T<T, [2, 3]. This is supported by the
crossover theory from the Bardeen-Cooper-
Schrieffer (BCS) mechanism to the Bose-
Einstein condensation (BEC) [3] where the
PG temperature dependences for weak and
strong coupling were obtained. For tempera-
tures lower than T*, the PG value can be
determined at a significant accuracy [2]
within a wide temperature interval proceed-
ing from the resistivity in the ab plane de-
pendence p, (7).

An appropriate system to investigate
these issues is YBa,CuzO;_5 and its rare-
earth analogues ReBa,Cu;0;_5. This is due
to the possibility to modify the conductivity
characteristics and the crucial parameters by
varying the oxygen content [4] or by substi-
tuting rare-earth elements for Y [6—7]. The
admixture kind and concentration are also
of importance here. Of particular interest in
this aspect is the partial substitution Pr for
Y, which, on the one hand, results in super-
conductivity suppression (unlike the case
when other rare-earth elements are substi-
tuted for Y), and, on the other hand, allows
the lattice parameters and oxygen index of
the compound to remain practically un-
changed [5, 6]. In particular, a study of Pr
impurities influence on the existence condi-
tions and modes of the pseudogap state re-
gion in such compounds [5] is of importance
not only in elucidating the nature of high-
temperature superconductivity (HTSC) but
also for determining empirical ways to en-
hance its critical parameters. It is worth
noting that until today, data regarding the
Pr dopant influence on the transport proper-
ties of YBCO compounds remains consider-
ably contradictory. This is because a large
amount of experimental work was carried
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out on ceramics, films and textured samples
[6, 7] of different technologic prehistories.
In those works where the measurements
that were carried out on single crystals (for
example, [5]), the samples with Pr concen-
tration exceeding 15 % were used.

Among other rare-earth elements, of a
particular interest is replacement of yt-
trium with holmium. When yttrium (Y) is
replaced with holmium (Ho), which has a
magnetic moment of more than 10 ug, the
resulting HoBa,Cu;0;_s compound is param-
agnetic in the normal state. Nevertheless,
the substitution paramagnetic Ho for Y does
not affect substantially the superconducting
properties [7]. This is because Ho is located
away from the superconducting planes,
which in turn interfere with the formation
of distant magnetic order.

Alloying YBaCuO compounds with alu-
minium results in the substitution of copper
atoms in the CuO planes [8, 9]. The impact
of such changes on the transport properties
(i.e. electro-conductivity) is still unclear.
For example, an insignificant increase of
the electro-resistance in the basic plane (p,;)
in YBa,Cuj ,Al,O;_s5 single crystals with
2<10 % was reported [8], while a two-fold
increase of p,, was observed in a similar
study at the same aluminium concentration
[9]. Perhaps such a disagreement was due to
inhomogeneous aluminium distribution in
the body of the crystal, because under the
crystal growth in alundum crucibles, an un-
controlled aluminium doping cccurs. In par-
ticular, the inhomogeneous distribution of
aluminium is evidenced by broad supercon-
ducting transitions AT .>2 K and their stepwise
shape [8, 9]. Moreover, there is a significant
scatter in the superconducting state parame-
ters. In addition, the YBCO single crystals con-
tain always twin boundaries (TB) [4]. The con-
tribution of these defects is difficult to deter-
mine in experiment.

The aim of this work was to study the
effect of low aluminium and praseodymium
doping (up to 5 %) and also influence of
oxygen non-stoichiometry at replacement of
yttrium with holmium on the PG mode in
the single crystals of 1-2-8 system with the
unidirectional TB system at different orien-
tations of transporting current vector, pro-
viding regulated intensity of the carrier
scattering processes.

The ReBa,Cu;0;_s (Re=Y, Ho) single
crystals were grown using the technique de-
scribed in [4]. As the initial components,
Y505, BaCO5, CuO powders were used (all of

259



R.V.Vouk et al. / Evolution of the pseudogap state ...

Table. Sample data and experimental parameters

Sample 7-9 Ta’ K Tc’ K pab(300)7 T > K A‘-’faba meV
nQ-cm
6.92 670 91.74 155 143 89.05
K1 (o pp = 45°) 6.87 720 90.85 186 171 70
YBa,Cu;0,_;
6.83 760 88.71 192 192 51.64
6.81 790 87.89 216 215 40.43
6.77 810 78.52 243 232 25
K2 (I/|TB) 6.9 710 91.3 120 188 68.02
HoBa,Cu;07_; 6.7 855 69.51 673 270 17.93
K3 0 gy — 45°) 6.9 710 91.33 125 185 69.91
HoBa,Cuz0;_5 6.7 855 72.18 695 256 19.22
K4 (I||TB) 6.9 710 91.8 150 143 88.4
YBa,Cu;0-_4
K5 (I||TB) 6.9 710 92.05 421 199 58.1
YBa,Cuz_ Al O;_5
K6 (I||TB) 6.9 710 85.8 255 110 98.1
Y,_,Pr,Ba,Cuz0,_
p, Q.cm
p, Q.cm . a4
a 5 70x107f b
r
4
2,010 L3 60x10
: , 5,0x10
4,0x10"
1ox10%F 3,0x10*
- 2,010°F -
1,010 |57
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Fig. 1. Temperature dependences of the resistivity in the ab-plane, p,(T) (a): K1 single crystal,
YBa,Cu;0,_5 (the curves 1-5 measured after annealing at 670; 720; 760; 790 and 810 K, respec-
tively) and single crystals K2, HoBa,Cu;O;_s (hollow symbols) and K8, HoBa,Cu;0,_5 (dark sym-
bols) measured before (curves 1, 2) and after (curves 3, 4) decreasing the oxygen content. The
dashed lines show the extrapolation of the experimental curves linear sections to zero temperature.

special purity grade). To obtain aluminium
doped single crystals, 0.2 wt.% AlLOs was added.
To obtain Y,_Pr,Ba,CusO;_5 single crystals,
PrsO¢¢ was added at atomic ratio Y:Pr=20:1. The
growth and oxygen saturating regimes of
Y832CU3_yAIyO7_6 and Y1_ZPrZBach|3O7_8 Crys-
tals were identical to those described for
undoped single crystals [4]. To reduce the oxy-
gen concentration, the crystals were annealed
in air for one day at temperatures indicated in
Table. The oxygen concentration & was deter-
mined from the annealing duration and tem-
perature in oxygen flow using the tables from
[10] at an accuracy of 0.03.
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For the resistivity measurements, the
single crystals selected containing unidirec-
tional TB of 0.5x0.5 mm? size. Thus we
could cut out bridges with 0.2 mm wide
unidirectional TB at distance between the
potential contacts of 0.8 mm (see inset in
Fig. 2). The electric resistance in the ab
plane was measured using the standard
four-contact method in a de current up to
10 mA. The temperature was measured by a
platinum thermoresistor.

Fig. 1 presents the temperature depend-
ences of electric resistance p(T) for
Y832CU3O7_8 (a) and H0832CU3O7_8 (b) sin-
gle crystals in the ab plane prior to and

Functional materials, 16, 3, 2009
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Fig. 2. Temperature dependences of resis-
tance p,(T) of K4, YBa,CuzO;_5 (curve 1),
K5, YBazCu3_yA|yO7_8 (curve 2) and K6,
Y,_,Pr,Ba,Cus0;_5 (curve 3) single crystals.
Dashed lines show the extrapolation of linear
sections to zero temperature. Arrows show
transition temperatures T* into the pseudo-
gap mode. Inset shows schematically the ex-
periment geometry.

after the samples were annealed in oxygen
flow at different temperatures. The resis-
tance parameters of the samples are pre-
sented in Table. Fig. 1(a) shows that the
conductivity nature in the ab-plane of
YBa,Cuz0;_5 is quasi-metallic in all cases.
This is reflected in the presence of an ex-
tended linear section in the p,,(T) depend-
ence and will be discussed below. At in-
creasing the annealing temperature and de-
creasing the oxygen concentration, the
resistance absolute value increases and the
critical temperature (T,) drops. The small
superconducting transition width of the in-
itial sample (AT.~0.8 K) rises significantly
with the increasing annealing temperature,
which is in agreement with previous experi-
mental studies [4]. A qualitatively similar
behavior show p,,(T) dependences measured
for HoBa,Cu;0O;_5; samples prior to and
after annealing, Fig. 1(b).

The temperature dependences of the elec-
tric resistivity in the ab-plane, p,(T), for the
analyzed crystals YBCO (K1), YBayCuz Al O;_5
(K2) and Y,_,Pr,Ba,CusO;_5 (K3) are shown
in Fig. 2. The dependences are metallic in
all cases, but the p,,(800 K)/p,,(0 K) ratio
varies and its value is 40, 12 and 22 for
K1, K2 and K38 crystals, respectively. The
pap(0 K) value was determined by extrapo-
lating the linear p,;(T) conductivity section
to zero temperature, as shown in Fig. 2.
The resistivity value in ab-plane for the K1,
K2 and K3 crystals, in room temperature, is
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155, 421 and 255 uQem and their critical
temperatures are 91.7, 92.1, and 85.8 K,
respectively. The main data obtained for the
samples is given in Table. Using literature
data on the dependence of T, on aluminium
[8, 9] and praseodymium [5, 6] concentra-
tions, we can conclude that Al and Pr con-
centrations in the K5 and K6 crystals are
lower than 5 %, while the oxygen concen-
tration is 6<0.1 [4]. The superconducting
transition is less than 0.5 K wide for the
K4 and K5 crystals and for the crystal K6,
it is about 2.5 K. The narrow supercon-
ducting transition width of the pure as well
as for the aluminium doped single crystals
shows a high quality of the sample (homoge-
neity), while a rather significant supercon-
ducting transition width of the crystal with
Pr dopant evidences an inhomogeneous Pr
distribution over the crystal volume.

As the transport current vector, I, was
parallel to the TB for all three samples, the
increase of electric resistivity in the Al
doped crystal, having the smaller intertwin
distance cannot be explained by the in-
creased TB density. Thus, the observed two-
fold increase of p,;, value could be probably
due either to the current carrier density
reduction or to the appearance of efficient
carrier scattering centers. Taking into con-
sideration the increased Hall signal at com-
parable Al concentrations [8], we can conclude
that the observed p,, increase is defined
mainly by the increased number of scattering
centers. The change in p, (300 K)/p, (0 K)
ratio confirms also that conclusion. The role
of such centers can be played by the three-
valence Al dopant [9], as well as the increas-
ing number of vacancies. The last preposi-
tion is supported by the increase of twin
density in the crystal with Al impurity,
which, in turn, could be due to the in-
creased non-stoichiometry degree resulting
from the increased vacancy concentration.

It is seen in Figs. 1 and 2 that when the
temperature is dropped under a charac-
teristic value T*, a deviation of Pap(T) from
the linear dependence occurs, which indicates
the existence of excess conductivity that is
due to the transition to a pseudo-gap mode
[1-8]. As is seen in Table 1 and Fig. 2, alu-
minium and the praseodymium doping re-
sults in qualitatively different changes of
the p,;(T) dependence character. As to the
aluminium doped crystal, the linear section
of the pg(T) dependence is significantly
narrower as compared with the undoped
crystal, and the temperature T is shifted
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Fig. 8. Temperature dependences of the excess conductivity in the ab-plane for K1-YBa,Cus;0,_; (a)
and K2-HoBa,Cu;0,_; (b) single crystals, in InAc—1/T coordinates. The numbering of the curves is
consistent to the Fig. 1. Dashed lines show the approximation of experimental curves by equation (2).

towards higher temperatures by more than
55 K, thus evidencing the corresponding ex-
tension of the excess conductivity tempera-
ture range. On the other hand, in the pra-
seodymium doped sample, the linear section
of the p,(T) dependence is significant
wider as compared to the undoped crystal,
and the temperature T* is shifted towards
lower temperatures by about 30 K. This, in
turn, indicates the corresponding narrowing
of the excess conductivity temperature
range. It should be noted that such behavior
of the p,(T) curves is rather unusual, since
up till now the opposite effect has been ob-
served when doping of Y-Ba—Cu-O com-
pounds with praseodymium at concentra-
tions 2>0.2: a shift of T" to higher tempera-
tures [5]. Lowering of oxygen content in
the case of Y832CU307_8 and H0582CU3O7_8
single crystals, as well as in the case of
aluminium doping, results in displacement
upwards of temperature point correspond-
ing to pseudogap opening in the case of
both types of compounds, that it will be
discussed below in more detail.

The temperature dependence of the ex-
cess conductivity is defined by equation:

Ac =0 - o, (1)

where o = po’l = (A + BT)! is the conduc-
tivity obtained by extrapolating the linear sec-
tions of the curves in Fig. 1 to zero tempera-
ture, and ¢ = p ! is the experimental value of
the conductivity in the normal state.

The experimental dependences Ac(T) ob-
tained for bridges K1 and K2, K3 are
shown in InAc vs. 1/T coordinates in Fig. 3
(a) and (b), respectively, and those for K4—
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Fig. 4. Temperature dependences of the ex-
cess conductivity for K4, YBa,Cus;O0;_5, K5,
YBa,Cuz_ Al O;_; and K6, Y, PrBa,Cu;O;_5
in In(Ac) vs. 1/T coordinates. The curves are
numbered as in Fig. 2. Dashed lines show the
approximation of experimental curves by Eq.(2).

K6, in Fig. 4. As is seen, these dependences
are linear in a wide temperature range. It is
possible to describe these features as

Ac ~ex A;:b @
1Y T )
where A}, is a quantity that defines thermal
activated process through the energy gap —
"pseudogap”. Values of A%, calculated from
Eq.(2) for samples K1-K6 are presented in
Table. It is seen that aluminium doping and
oxygen decreasing in ReBa,Cu;0;_5 (Re=Y,
Ho) and YBa,Cujz /Al O;_s5 samples result in
a significant decrease of the absolute PG
value. The praseodymium doping causes the
inverse effect of the absolute PG value in-

crease: AJ\K4/AJ\K6%0 9.
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Fig. 5. Temperature dependence of the pseudogap for K1, YBa,Cu;O;_; (a) and K2, K3 —

HoBa,Cuz0;_; (b) single crystals in A*(T)/A"

vs T/T* coordinates (A”
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plateau, far from T7). The curves are numbered as in Fig. 1. The dashed lines show the A*(T)/A(0)
vs T/T" dependence calculated according to [3], for the crossover parameter p/A(0) = 10 (BCS limit) and

n/A0) =

The exponential dependence of Ac(T) was
observed before in YBaCuO film samples [2]
where it was shown that the experimental data
approximation can be improved by adding fac-
tor (1-T/T™). In this case, the excess conduc-
tivity becomes proportional to the supercon-
ducting carrier density n, -~ (1-T/T*) and in-
versely proportional to the number of pairs
~exp(—A*/ET) that are destroyed by thermal

motion:
[y _1 A* 3)
Ac (1 *jexp{ T J,

where T™ is considered as the mean field tem-
perature of the superconducting transition.
The temperature range TC<T<T"" where PG ex-
ists is defined by the phase of the order pa-
rameter that depends on either oxygen defi-
ciency or doping element concentration. The
approximation of the Ac(T) dependence by
equation (2) is presented in Figs. 3 and 4 by
dashed lines. Thus, using the method proposed
in [2], one can obtain temperature dependence
A™(T) up to T* can be obtained from the experi-
mental curve InAc.

Figs. 5 and 6 show the temperature depend-
ences of PG in A*(T)/Amax vs T/T" coordi-
nates, where A, .. is the A" value in the pla-
teau, far from T". In [3], the temperature PG
dependences were obtained in the context of
the BCS-BEC crossover theory using the ex-
pression

A(T) = A(0) — A(OWr /2 NT/A0) x

|- _— 1/2 1@
exp(— %} I_l +erf (—O—xT;LAl(O; lj J ,
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-2, =5, —10 (BEC limit) and are shown in (a) (b) as curves (6—9) and (5—8) respectively.

where xg = n/A(0), u is the chemical poten-
tial of the carrier system and A(0) is the
energy gap value at zero temperature. In
the limiting case xg—o (weak coupling),
Eqg.(4) takes the form

well known in the BCS theory. For the
strong interaction limit in the three-dimen-
sional case (xy<-1), Eq.(4) takes the form:

A(T) = (6)

/o
_A(O)—\/S—\/— (A(O)J exp { 2 +A2_(0)j

The A*(T)/A0) vs T/T* dependences cal-
culated according to Egs.(5) and (6) in the
mean field approximation within the frame
of the BCS-BEK crossover theory [3], for
the value of crossover parameter p/A(0) =
10 (BCS limit) and u/A(0) = -2, -5, —-10
(BEC limit) are shown in Figs. 5 and 6 by
dotted lines. It is seen that for
ReBa,Cuz07_; (Re=Y, Ho)  samples
stoichiometric in oxygen and low-doped
with praseodymium, the temperature de-
pendence of the pseudogap shows a signifi-
cant disagreement with the theory [3]. The
same  behavior was determined for
YBa,Cusz0,_5 film samples [2]. In contrast,
for the samples non-stoichiometric in oxy-
gen and doped with aluminium, the agree-
ment with the theory is quite satisfactory.

As is seen from Figs. 3 and 4, Ac in-
creases sharply near T,.. It is known from
the theory [11] that, in the vicinity of T,

T
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Fig. 6. Temperature dependences of the

pseudogap for K4, YBa,Cu0;,;, Kb5,
YBa,Cuz_ Al O;_; and K6, Y, PrBa,Cu;0;
single crystals in A*(T)/A*max vs T/T" coordi-
nates (A*max is the A* value on plateau far
from T. The curves are numbered as in Fig.
2. Dashed lines (curves 4 and 5) show the
dependence A*(T)/A(0) vs. T/T" calculated ac-
cording to [3], for the crossover parameter
1/A0) = 10 and -10.

an excess conductivity is caused by the flue-
tuation carrier coupling (FC) processes. If
the transition temperature from PG to FC
mode, Ty, is determined as the point where
InAc vs. 1/T curve deviates from linear de-
pendence [2], the relative range of PG exist-
ence can be estimated as t""=(T*—Tf)/Tf.
The calculation results show that, at in-
creasing the oxygen non-stoichiometry in
ReBa,Cu30;_5 (Re=Y, Ho) single crystals
and low Al-doping, the pseudogap tempera-
ture range increases by more than three
times, from ¢* = 0.459 (for YBa,Cu;0,_s sam-
ple) to t*=1.877 with a simultaneous rela-
tive narrowing of the FC region. On the other
hand, the Pr doping at the same concentra-
tion results in an inverse effect, i.e. narrow-
ing of the pseudogap temperature range to
0.210.

It is to note also that all the charac-
teristic shape changes of the PG tempera-
ture dependences and absolute values of the
resistivity parameters observed in the
course of the sample annealing at room tem-
peratures, were more pronounced for
H0832CU3O7_8 as compared to Y832CU3O7_6.
In the case of the HoBa,Cuz05_5, the substi-
tution of Y with Ho having larger ionic ra-
dius seems to play a part in the structural
range in the system, which, in its turn, results
in change of the oxygen ions interactions
in the Cu-O planes. In fact, the substitu-
tion of Y with other Re elements with
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larger ionic radius results in significant
changes in the T.(5) dependence [12]. It is
observed that the characteristic T.(5) de-
pendency for the YBa,Cu;0;_5 with the two
plateaus at 60 K and 90 K is degenerated
to a much more sharp monotonous depend-
ence and the ortho-II structure is not real-
ized at all [12]. Thus, the non-stoichiomet-
ric HoBa,Cu3O;_5 is characterized by a
more disordered superstructure as com-
pared to Y832CU3O7_6.

In conclusion, Al and Pr dopants are both
effective scattering centers for current car-
riers. The homogeneous dopant distribution
in the sample bulk as well as the character
of the initial components substitution in the
compound is of significant importance. The
excess conductivity Ac(T) for single crystals
of all the compounds shows exponential de-
pendence in a wide temperature range
Tf<T<T"". The temperature dependence of
the pseudo-gap can be described satisfacto-
rily in terms of the BCS-BEC crossover the-
ory. The lowering oxygen doping in
ReBa,Cu30,_5 (Re=Y, Ho) crystals and low
Al doping of YBaCuO single crystals result
in a considerable narrowing of the linear
section in p,,(T) dependence and an exten-
sion of the PG mode region. In Pr-doped
crystal (220.05), an unusual decreasing of
the pseudogap temperature range and
thereby linear section extension in the
pap(T) dependence is observed.
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EBouaronia nmceBIONMiJIMHHOTO CTAaHY
y BTHII-monokpucranax ReBa,Cu;0,_5 (Re=Y, Ho),
monosanux Al ta Pr

P.B.Bosx, A.A.3a620podniii, M.A.Obonencoruii,
A.B.Camoiinos, E.V .Biletskiy, V.M.Pinto Simoes

HocaigkeHo BILIWB KuCHeBoro medimury, a Takox ciaabkoro (mo 5 %) pomyBauHs
amioMimiem i mpaseogmMoM Ha OpoBixHicTs y OasucHiit maomuui BTHII-MoHOKpHCTANiB
ReBa,Cu;0,_5 (Re=Y, Ho). Bcranosieno, mo HaanumkoBa mposinmicTs Ac(T) spaskis y
HINPOKOMY iHTepBaJi TeMIlepaTyp Tf<T<T"" OiATOPALKOBYEThCA eKCIIOHeHI[ialbHil TeMIlepa-
TypHill 3asekHocTi. IIpn npoMy omuc HaLJIUNIIKOBOI IIPOBiTHOCTI 3a JOIOMOIOI0 CIiBBifHO-
mIeHHa AG ~ (1'—T/T"":) exp(A""'ab/T) MoKe OyTH iHTepmpeToBaHU y TepMiHax Teopii ceperHBbO-
ro mons, ne T  mpejacTaBieHa, SK CEePeIHLOIOJLOBA TeMIEPAaTypPa HAAIPOBIIHOrO IIE€PeXomy,
a TeMIeparypHa 3a/IeKHICTh IICeBAOIIINHNA 3a40BlIBHO ONMCYETHCA ¥ paMKax Teopili Kpoco-
Bepa BKIII-BEK. 3uu:kenusa BMicTy KHCHIO i ciaa0Ke JieryBaHHS aJIOMiHieM OPUBOAUTH IO
epeKTy POBLMIMPEHHS TeMmIleparypHoro intepany peadsisaniil IIIII-pexxumy, TuM camMuMm B3BY-
JKytoun ob6sacTh Jimiiimoi samemxuocti p(T) B ab-mmomuui. JomyBaHHS MOHOKPHCTAJIB
YBaCuO manmmm gomimkamm npaseozumy 2<0.05 npuBoguTh 10 HE3BUUAMHOrO eQeKTy
3BYJKEHHS TeMIepaTypHoro inTepBany peanisanii IIII-pexumy, DOmZOBKYyHOUM JiHiAHY
minauky samexsHocTi p,(T).
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