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2016 marked 30 years since the discovery of the 
high-temperature superconductivity phenomenon (HTS). 
During this period there have been published thousands 
of articles and tens of reviews (see, for example, [2-4]). 
However, there is no unambiguous explanation of the HTS 
phenomenon for now. There also no explanations of the 
pseudogapped state phenomenon, Fermi surface structure, 
linear dependence phenomenon of electrical resistance et 
cetera [4]. The roles of spin fluctuations in Cooper pairing, 
electron-phonon coupling in the HTS emergence remain 
open problems [5-11]. The shortcomings of experimental 
research consist in uncertified test samples (high defect 
films or polyphase objects) [3-10]. The problems in the 
development of an appropriate theoretical model are 
connected with a proper account for the multiparticle 
interaction in systems with strong correlations. It was only 

made clear that the symmetry of d-type superconductivity, 
gap, is aeolotropic and it has zero values in nodal directions 
of Brillouin zone, and the superconductive gap is preceded 
by the pseudogap [2,3].  But its role in the superconductivity 
state formation has not  been clearly determined yet.

1.1 Crystal structure, defects and electronic  transport in 
1-2-3 HTS system on the basis of yttrium.

1.1.1. Crystal structure of YBa2Cu3O7-δ compound. 
The structure and properties of YBa2Cu3O7-d  are directly 
related to d index which characterizes the oxygen vacancy 
content. The compounds are superconductive and have 
orthorombic symmetry when d < 0.4 with YBa2Cu3O7  

interphase. For d > 0.4 they become semiconductors with 
YBa2Cu3O6 interphase. Their structure can be regarded 
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as the perovskite structure with the lack of oxygen [12]. 
]. In general case perovskite represents a pack of  BO6 

octahedrons where B - small metal cation (for example, 
copper) surrounded by 6 oxygen ions. Atom positions 
between 8 octahedrons centered in cube corners are 
occupied by large cations of A metal (yttrium). Removing 
oxygen atoms from the ideal lattice of perovskite we obtain 
the most oxygen-rich YBa2Cu3O7 compound (fig.1). 

Its unit cell can be presented in the form of layered 
sequence perpendicular to c axis: a) Cu – O in which 
there are two oxygen vacancies in comparison with the 
initial perovskite; copper ion Cu (1) situated in this layer 
has coordination number 4 and it is surrounded by four 
oxygen ions; b) Ва – О; c) Сu – O where copper ion Cu 
(2) situated in this layer has coordination number 5 and it is 
surrounded by five oxygen ions forming a polyhedron; d) 
yttrium layer in which there are four oxygen vacancies in 
comparison with the initial perovskite.  The cell extension 
is symmetrical relatively to this yttrium ion layer and the 
Ba-O and Cu-o layers described earlier are repeated again 
there.

However, copper ions are situated in atom positions of 
two types: Cu (1) in the plane of CuO4, and  Cu (2) - in the 
pyramid with the square base of CuO5. It is the polyhedron 
layers separated by yttrium ion layers that define the two-

dimensional nature of the structure.  The presence of cuprate 
planes, as well as two-dimensional structure and quasi-
two-dimensional structure is a common feature of all high 
temperature superconductive compounds. The bonding 
force between cuprate layers are usually quantatively 
expressed in terms of the anisotropy parameter Г:

Г=(ξab/ξc)
2=(λc/λab)

2, (1)
where ξab, ξc и λc, λab  - coherence length and penetration 
depth through the length and  breadth  of  layers, 
respectively. In this case the anisotropy value varies from   
Г > 29 for ytrrium HTS, to Г > 3.103 for bismuth and Г > 
105 for thallium compounds.

Neutron diffraction and electron microscopy methods 
[13] show with a high resolution that oxygen vacancies are 
situated in the plane of square CuO4 but not in the pyramids 
of CuO5. With increase of vacancy concentration the Cu - O 
chains along b axis  become  completed, and Cu atoms (1) 
change their coordination number from 4 to 2 for the most 
oxygen-deficient YBa2Cu3O6  compound.

While comparing cubic and rhombohedral structure 
of perovskite (LaCuO3) with the structures of YBa2Cu3O7 
and YBa2Cu3O6  compounds it turns out that the chains 
develop in three dimensional directions in perovskite, 
only in b direction in YBa2Cu3O7, and they do not exist in 
YBa2Cu3O6.

1.1.2. Structural defects in YBa2Cu3O7-δ compound. 
In YBa2Cu3O7-δ pure crystals depending on the oxygen 
deficit and synthesis technology we observe the 
following structural defects: point defects as oxygen 
vacancy defects which are formed in CuO planes, planar 
defects of (001) type, twin boundaries, dislocations and 
so called 2√2x2√2 structures [14] observed under oxygen 
deficit δ = 6.8 - 6.9.

.Planar defects are twin formation planes which 
are formed under “tetra-ortho” transition and minimize 
elastic crystal energy. The boundaries of twins represent 
planes with tetragonal structure as a result of presence 
of the layers containing oxygen vacancies situated along 
the twin boundary [14, 15]. ]. Electronic and microscopic 
researches showed [15] that in the initial stage of tetra-
ortho transition there emerge domain nuclei in which two 
families of coherent separation surfaces (110) and (110) 
are formed. This can cause formation of a structure such 
as “tweed” under overlapping of close micro twins. The 
period of such structure depends on the oxygen content 
and can be stimulated by doping with a three-valence 
metal and, specifically, with aluminium [15,16].  In the 
initial stage of microdomain formation the formation of 
separation interface takes place by means of diffusion of 
structural vacancies in CuO layers. The propagation of 
interface separation occurs by means of voltage controlled 
movement of twin dislocations.

Linear defects (dislocations) are rather characteristic 

Fig.1 Crystal lattice of  YBa2Cu3O7-δ  compound 
according to[12]. 
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for epitaxially grown films and texture samples. Defects 
of this type can be caused by imperfect dislocations 
produced by the support film interface in film samples, 
and imperfect dislocations produced at the interface of 
YBa2Cu3O7-δ and  YBa2Cu3O5  phases in textured melted 
samples. The dislocation density in films can reach about  
1.4 108 /cm2 [17].

High dislocation density in single crystals YBa2Cu3O7-δ   

can be obtained in a crystal growth during the peritectic 
reaction [18], which is probably due to   small inclusions 
of YBa2Cu3O5  phase. But the dislocation density equals 
to about 5 103/ cm2  [19]  in the crystals grown with the 
solution-melt method. It should be noted that the dislocation 
density can be increased under  the thermomechanical 
treatment of materials [20].  

Point defects (oxygen vacancies) are present at all 
YBa2Cu3O7-δ  samples, which is due to the nonstoichiometric 
oxygen content. Besides, the filling factor is close to one for 
all oxygen positions, except CuO (1). Depending on oxygen 
content the superstructure formation is possible under the 
periodic distribution of oxygen vacancies. The density of 
oxygen vacancies is relatively large and at  δ = 0.03 it equals 
to about  1026 /m3.

In the literature there is also some evidence about  
copper deficit in CuO planes that can reach the value of 
0.09 in compounds [21]. Point defects can also be obtained 
under doping. As a rule, doping elements (except rare-earth 
elements and Sr) embed in Cu positions (1) [6]. But the ions 
of rare-earth metals and K replace ytrrium atoms, and Sr 
embed in the positions of Ba atoms. 

Additional defects can be created under bombardment 
[22,23]. Depending on the type of particles and their energy 
there can be obtained both point and linear defects (tracks of 
high energy heavy particles) [24].

1.1.3. Influence of defects on transport properties 
of YBa2Cu3O7-δ superconductor in the normal state.  

Transport properties of HTS materials depend very 
heavily on the structure imperfection and, specifically, 
on the oxygen content [25] and impurities [26, 27]. The 
specific electrical resistivity at room temperature of 
YBa2Cu3O7-δ single crystals with the oxygen content close to 
stoichiometric equals to  ρab = 200 mΩ cm in ab – plane, 
and  ρc = 10 mΩ cm along с axis [2]. In perfect single 
crystals the electrical conduction is quasi-metal in 
all crystallographic directions [1-3, 28]. However, 
even a small stoichiometric deviation  δ ≤ 0.1 leads to 
quasi-semiconductor dependence  ρc(Т) under preservation 
of the quasi-metal type of the dependence ρab (Т). Further 
reduction of the oxygen content leads to the density reduction 
of current, heat and conductivity carriers of YBa2Cu3O7-δ  

superconductor, and under oxygen deficiency δ ≥ 0.6  the 
metal-insulator transition is observed [28]. Doping of 
YBa2Cu3O7-δ with metal elements, with the exception of 

cases described above, leads to the replacement of copper 
atoms in CuO planes. In this case the data regarding the 
level of influence of such replacement are substantially 
contradictory. For example, in the work [29] it is reported 
that according to the data from different authors the growth 
of ρab value in YBa2Cu3.zAlzO7 crystals at  z = 0.1 can be 
less than 10%, or it will increase twofold at the same Al 
concentration. The reason for such divergence is likely to be 
the inhomogeneous Al distribution throughout the volume 
of crystals because under single-crystal growth in corundum 
crucibles the Al implantation occurs in an uncontrolled way. 

In particular, wide transitions in superconductive state Тс ≈ 
2 К are representative of   inhomogeneous Al distribution. 
There is also a significant spread in superconductive state 
parameters. Doping of YBa2Cu3O7-δ under replacement of 
yttrium by rare-earth metal ions practically does not change 
transport characteristics of the normal and superconductive 
state [3, 24].  The replacement of yttrium atoms by 
praseodymium atoms is an exception. In the area of y ≤ 
0.05 concentrations the current carrier concentration and ρab 
in Y1-yPryBa2Cu3O7-δ   superconductor weakly depend on Pr 
concentration [30]. At у ≈ 0.5 we observe a sharp fall of 
the current carrier concentration and at у > 0.5 we observe 
ρ(Т) dependence typical for superconductors [30,31].

As mentioned above, there are flat defects, twin 
boundaries,  in YBa2Cu3O7-δ  single crystals. The work 
[32] deals with the influence of these defects on transport 
properties in the normal state. It shows that the twins are 
effective scattering centres of current carriers. According to 
[32] the free path of electrons in single crystals is measured 
equal to 0.1 μm, which is one order less than the intertwine 
distance. Therefore, the maximum increase of electrical 
resistance due to scattering can make up 10%. It was 
observed approximately the same resistance increase under 
current flow across twins in comparison with the resistance 
under current flow along twins [33].

1.1.4. Fluctuation conductivity and 2D-3D 
crossover in HTS. As it is generally known, small 
coherence length value and quasi-laminated  structure 
of HTS leads to emergence of a wide fluctuation area 
on temperature dependences of conductivity near the 
superconducting transition temperature [3, 8, 9, 33, 34, 36-
39]. Besides, the change of oxygen content and impurities 
has a significant impact on the formation processes 
of fluctuation Cooper pairs and, respectively, on the 
realization of different modes for existence of fluctuation 
conductivity (FC) at temperatures higher than the critical 
temperature (Тс) [3,5,8,9,33,34]. It is widely agreed now 
that the FC existence domain can be conditionally divided 
into three characteristic temperature intervals defined by the 
correlation between the coherence length perpendicularly 
to ab-plane xc(T) and  the interlayer distance d:

1)  xc(T) << d – 2D-area (the most distant from Tс);
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2)  xc(T)  d – 3D-area (the closest to Tс);
3)   narrow section in the immediate vicinity to Tс – so 

called «beyond - 3D» mode [5,34].
The last mode mechanism emergence is still not 

clear enough. It is assumed that the mode fits so called 
“first level pairing” [5, 34]. The 3D-area fits the mode 
where Josephson interaction between pairs is realized 
throughout the body of superconductor. It is thought that 
in this area the capital contribution to FC is due to Cooper 
pairs emerging spontaneously at T > Tc as a result of the 
classical mechanism that was first described in the well-
known paper of Aslamazov-Larkin [35]. According to [35] 
this contribution to HTS can be written as:

2 1/2( ) [ / 32 (0)]AL cT eσ x ε∆ = 

 ,     (2)

where ε = (T–Tc)/Tc – reduced temperature (Tc – critical 
temperature in mean field approximation). Here ΔσAL 

practically does not depend on the sample structure 
imperfection.  

In 2D-area the two-particle tunneling between layers 
is ruled out. As a result superconductive and normal carriers 
are situated directly in the planes of conductive layers. In 
this case taking into account the irregularity level of the 
sample structure is of prime importance. The influence of 
the structure imperfection on FC mode in film samples of 
YВа2Сu3О7-δ compound was researched in the works [8, 9]. 
Here it was shown that for pure samples the dominating 
contribution in FC in 2D-area is due to the additional 
contribution substantiated by Maki-Thompson [36] and 
defined as a result of interaction for fluctuation pairs with 
normal charge carriers. Such contribution depends on the 
lifetime of fluctuation pairs and it is defined by unpairing 
processes in a specific sample. According to [36]: 
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

 (3)
If there are structural irregularities in the sample, 

Δσ(T) dependence is defined with Lawrence-Doniah [37]: 
2 1/2 1[ / (16 )](1 2 )LD e dσ α ε -∆ = +

     (4)

Here α=2ξ2
c(T)/d2=2[ξc(0)/d]2ε-1 – coupling parameter, 

and δ=1.203(1/ξab(0))(16/πħ)[ ξc(0)/d2]kBTτφ - unpairing 
parameter. Here l – free path length, ξab – coherence length 
in ab-plane and τφ - lifetime of  fluctuation pairs.	 I t 
should be noted that we have a crucial issue regarding 
the temperature range where the Δσ(T) dependence can be 
described within the fluctuation theory because, according 
to current concepts, the excess conductivity at temperatures 
rather distant from the critical T >> Tc  is an effect of the 

so-called “pseudogap anomaly”. It was experimentally 
discovered earlier [3] that at a rather large temperature 
increase above Тс  the fluctuation conductivity decreases 
more quickly than the theory predicts. It was supposed that 
the reason for this process is in underestimation of short-
wave order-parameter fluctuations while it increases with 
the temperature growth. In the works of Varlamov with co-
authors [38, 39 ] the microscopic estimation of Δσ(Т) was 
made taking into account all order parameter components. 
The comparison of experimental data with the theory [38, 
39] was made, in particular, in [40]. In this case there was an 
agreement with the theory for the temperatures up to near 
Т ≈ 1.35 Тс. Under further temperature increase the Δσ(Т) 
decreases more quickly than the theory predicts [38, 39]. 
Apparently, it is this temperature area where the transition 
to the pseudogap mode occurs [40]. The pseudogap mode 
will be considered more thoroughly in the next chapter.

1.2. Pseudogap state in HTS- compounds

In high-temperature superconductors, as it follows 
from the phase diagram (see fig. 2.2), under change of the 
oxygen index the dielectric antiferromagnetic phase will be 
replaced by metal one and then by superconducting phase 
which does not have an ordered magnetic structure [41]. 
]. There was discovered the emergence of the pseudogap 
phase (considerable density decrease of electronic states) 
above the superconducting transition point under the 
oxygen content less than optimal. The pseudogap phase 
is observed in numerous magnetic [42, 43], neutron 
diffraction [44], optical [45,46] and nuclear magnetic 
resonance researches [47], and in experiments of the 
angle-resolved photoelectron spectroscopy (ARPES) as 
well. In resistive measurements the pseudogap anomaly 
is displayed in the departure ξab(Т)  from linearity under 
the temperature decrease below some representative value 
Т* [2,8,9,40,50], which is an evidence of the emergence 
of some excess conductivity. There are two dividing lines: 
“upper” pseudogap (there begin resistance deviations from 
the linear law) and “lower” pseudogap (pseudogap proper) 
in many phase diagrams.

At present the literature intensively discusses two 
main scenarios of the pseudogap anomaly emergence in 
HTS-systems. According to the first one the pseudogap 
emergence is linked to “dielectric” short-range order 
fluctuations, for example antiferromagnetic fluctuations, 
spin and charge density waves et cetera (see, for example, 
review [41]). The second scenario supposes the formation 
of Cooper pairs even at temperatures considerably higher 
than the critical  Т* >> Тс  with the subsequent establishment 
of their phase coherence at Т < Tc [40,51].

In recent years the model of fluctuating 
antiferromagnetic clusters has been intensively researched 
in theoretical works of Sadovsky with co-authors [41, 
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52]. Thus, for example, in [52] the authors generalized 
dynamic medium field theory by including the terms that 
depend on the correlation length of pseudogap fluctuations 
in the corresponding equations. These summands are 
expressed by means of some additional self-energy which 
in its turn depends on the impulse and describes nonlocal 
dynamic correlations induced by short-range collective 
fluctuations such as antiferromagnetic spin-density or 
antiferromagnetic charge-density waves. It should be 
noted that the conclusions of the above-mentioned paper 
are based on the results of ARPES researches which are 
often used for explanation of other different pseudogap 
models as well. [48, 49].

There was applied an approach based on the 
approximation within the framework of the effective field 
theory in the recent large theoretical paper [53]. It should be 
noted that the phase diagram substantiated in the paper [53] 
does not have a transition curve into the “weak” pseudogap  
phase. Besides, it is assumed that the spin-spin fluctuations 
leading to pseudogap effects are formed not in localized 
moments but in the conduction band.

As mentioned previously, the concept of uncorrelated 
electron pairs or so called paired clusters [54] in the 
explanation of the pseudogap anomaly in HTS is also a 
subject of a rather wide discussion in scientific works. 
Among the works upholding this point of view the crossover 
theory from Bardeen–Cooper–Schrieffer mechanism to the 
mechanism of Bose-Einstein condensation should be noted. 
Within this crossover theory there were obtained pseudogap 
temperature dependences for weak and strong pairing cases 
[55, 56]:

2 2

2 2

(0)( ) (0)
2

(0)
exp

(0)

T

T
T

µ

µ

∆
∆ = ∆ - ×

 + ∆
 × -
 + ∆            

(5)

where Δ – pseudogap value, and μ – chemical potential. 
The authors of this work specify their point of view 

on the nature of the cuprate pseudogap based on the 
concept of uncorrelated pairs. However, in the article they 
write that their research does not include the influence of 
antiferromagnetic spin fluctuations.

The attempt to unite concepts was made in the work 
[57]. It is the upper border of “weak” pseudogap that 
was given special attention in this work. The analytical 
treatment made in [57] is based on the concept of the 
resonant valence band which was first proposed in the 
well-known Anderson RVB model [58, 59]. Here, 
however, the authors suppose that there are areas of both 
Bose (b-RVB) and Fermi (f-RVB) types. Whereas Bose 
area is responsible for the “strong” pseudogap,  Fermi 
area - for the “weak” area respectively. According to these 

views in the area of the “strong” pseudogap, which is 
situated just behind the superconducting transition curve, 
the reduced density of states is caused by the existence of 
uncorrelated Cooper pairs. But in the “weak” pseudogap 
area situated above in the phase diagram (fig. 2 (b)), there 
is an orbital magnetic-ordered state which is destroyed at 
higher temperatures. However, as it was shown in the 
works of Boyarsky (see [60] and references to it), the 
whole set of considerations and facts contains multiple 
internal contradictions. Besides, up to now there are no 
substantial experimental proofs of its validity.

In recent years one of dominating concepts for 
pseudogap anomaly emergence in HTC has been so 
called cluster model [61-63]. Thus, for example, in 
the recent theoretical work [61] it was found that the 
critical temperature Тс and the temperature of pseudogap 
opening Т* in the compound Y1Ba2Cu3O7-δ are uniquely 
related to the dimensions of superconducting clusters. 
The superconducting clusters are generated by oxygen 
ions forming the negative U centres (NUC) responsible 
for the carrier generation in the compound. Besides, 
it is affirmed that the pseudogap observed in different 
experiments is nothing less than the same superconductive 
gap but emerging at Т>Тс as a result of large fluctuations 
of the particle number between the NUC pair level and the 
oxygen area [61]. Here it is  supposed that under reduction 
of the doping level by oxygen the average dimension of 
clusters decreases, and the relative fluctuations of NUC 
occupation density increase, which, in its turn, must create 
rise of T* and drop of Тс [61]. In the work [62] within 
the framework of the impurity mechanism for the high-
temperature superconductivity, on the hypothesis that finite 
superconducting clusters exist in the area adjoining to the 
superconductive phase from the doping less than optimal 
(pseudogap area) and the boundary of the superconductive 

Fig. 2 Phase diagram variants for HTS-cuprates 
according to [41].
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phase corresponds to the threshold of existence for an 
infinite superconductive cluster, there was obtained an 
upper boundary of the pseudogap state. There was made 
an attempt to explain the pseudogap state on the basis of 
the percolation theory on the hypothesis that the coherence 
length is proportional to Т* — Т in the work of Abrikosov 
[63]. Among experimental works dealing with this matter 
one should note the experiments where the clusters in 
HTS were observed by means of the scanning tunnelling 
spectroscopy [64, 65] and the works [66-69] dealing with 
the optical studies of oxygen ordering processes as well. 
However, despite the considerable stored scientific material 
it is not completely clear both the nature of structural cluster 
anomalies and the mechanisms of their formation in HTS.

1.3. Redistribution of labile oxygen and evolution 
of resistive characteristics of 

YBa2Cu3O7-δ single crystals under heat treatment 
at low temperatures.

The researches of superconductive [25,61-67] 
and optical [68, 69] properties of  the single crystals 
YBa2Cu3O7-δ hardened from high temperatures with the 
oxygen deficiency δ ≈ 0.5-0.6 showed that these properties 
depend not only on the oxygen index value but also on the 
anneal time at room temperature. Thus, for example, the 
anneal at room temperature leads to increase of the critical 
temperature Тc, which can reach ΔТc≈15 K depending on 
the oxygen index value [25, 66, 67]. The optical researches 
show [68, 69] that under anneal at room temperature one 
can observe the increase of the single crystal reflectivity 
which is explained by the authors as a result of an increase 
of the current carrier concentration.

Neutron diffraction researches [13] of YBa2Cu3O7-δ 
ceramic samples hardened from 500°С temperature are 
evidence of the lattice parameter change under anneal of 
sample at room temperature: all lattice parameters decrease 
(Fig. 3), and the degree (a-b) increases (Fig. 4). However, 
we do not observe a considerable change in the filling factor 
of oxygen positions in Cu-O plane along a and b axes. 
The main changes of the critical temperature, (Fig. 4), the 
lattice parameters (Fig. 3) and the reflectivity under anneal 
are observed in the early stage of anneal: approximately 
85% of general variation value of these characteristics is 
realized during the first 24 hours.

The influence of anneal at room temperatures on the 
critical temperature, current carrier concentration and on  
the lattice parameters change of YBa2Cu3O7-δ oxygen-
deficit samples is explained as a result of oxygen atoms 
ordering in Cu-O plane without change of the oxygen 
content in the sample. The three issues that arise then are: 
(1) what is the cause of the critical temperature increase 
(oxygen ordering or lattice parameters change)?, (2) what 
range of δ values  does the ordering occur in? and (3) What 

nature and typical scale does this ordering have?
It is known that it is anomalously large increase of 

the critical temperature of LaBaCuO superconductor under 
the hydrostatic pressure Р, dTс/dP=0.64 K/kbar [70] that 
stimulated search of new superconductors which have 
Cu-O layers drawn together due to “internal pressure” 
caused by the small ionic radius separating these layers. But 
in YBa2Cu3O7-δ superconductor the baric derivative of the 
critical temperature is not constant and depends on δ index. 

Fig. 3. Dependence of volume and unit cell parameters 
on anneal time at room temperature for hardened sample 
YBa2Cu3O6.41 [13].

K.A. Kotvytska, S.R. Vovk, I. M. Chursina, R.V. Vovk



12 Вісник  ХНУ, серія «Фізика»,  вип. 24, 2016

Besides, the derivative value has its maximum at δ ≈ 0.4-
0.5 and equals to  (0.1÷1) К/kbar [71-74].  Therefore, the 
slight decrease of lattice parameters under low-temperature 
anneal can lead to the considerable critical temperature 
increase. On the other hand, the authors of the work [66] 
believe that the Тc increase is due primarily to the change of 
the local environment of copper atoms in Cu-O planes that 
leads to the charge distribution in these planes. 

The research of oxygen index influence on the critical 
temperature increase under low-temperature anneal [67] 
showed that ΔТc  value decreases at δ reduction, an  at δ ≈ 
0.2  there were not observed any changes of Тc value under 
anneal. However, it should be noted that Тc value is not 
sensitive to the oxygen index change at δ ≤ 0.2 [66], and, 
therefore, the issue regarding possibilities of the oxygen 
redistribution in the specified range of δ variation should 
be investigated further.

The structure of YBa2Cu3O7-δ at δ ≈ 0 is defined by 
Cu-O chains presence, that is, the oxygen positions of O(1)  
are fully occupied and the positions of O(5) are vacant. 
Under oxygen deficit δ ≈ 0.5 the structure is defined by 
interchange of chains where the oxygen positions of O(1) 
are fully occupied, and of chains where the positions of 

O(1) are vacant. The realization of such ordered structures 
is possible at a stoichiometric ratio between the oxygen 
concentration and the vacancies, which is equal to 1:0 и 1:1 
in these examples. The experimental research of different 
physical properties of YBa2Cu3O7-δ sample with the oxygen 
deficit δ ≈ 0.4 made it possible for the authors of the work [77] 
to substantiate the concept of superconductive cluster with 
the structure close to ordered one under the concentration 
ratio between oxygen concentrations and vacancies equal 
to 5:1, 4:1, 3:1 и 2:1.  For instance, it is thought that under 
5:1 ratio in every sixth chain the oxygen positions of O(1) 
are vacant and in other chains they are occupied. Under 
stoichiometric ratio between oxygen concentrations and 
vacancies it is possible either disordering in the oxygen-
vacancies system or the formation of ordered phase-clusters 
mixture. The issue remains open. The results of the works 
[13, 68] point to the existence of the ordered state at room 
temperature.  However, the ordering scale obtained from 
the neutron diffraction [13] researches (≈ 30 Å) is less by an 
order of magnitude than the value 300 Å obtained from the 
optical [69] researches (see fig. 5). It should also be noted a 
possibility of  change for the oxygen subsystem state under 
low-temperature hardening starting from the temperatures 
Та = 100÷300 К. The research of hardening influence on 
the electrical resistance and the critical temperature of the 
sample from с Тс ≈ 91 К [78] show that there is increase of 
Тс and decrease of the specific electrical resistance ρ in the 
plane (а,b). The variation value of Тс and ρ depended both 
on the value Тa and on the holding time at Тa. The authors 
interpreted the obtained results by means of microdiffusion 
mechanism for the formation of the lattice state with the 
increased value of Тс. The behaviour of  ρ depending on 
value Ta showed that there was disordering of the initial 

Fig. 4. Dependence of  (b-a) difference and critical 
temperature Тс  on anneal time at room temperature for 
hardened sample YBa2Cu3O6.41 [13]. Critical temperature 
was defined from the beginning of diamagnetic response 
appearance.

Fig. 5. The average length of chains in  YBa2Cu3O6.5 

(shaded circles) and YBa2Cu3O6.6 (hollow circles) as 
reciprocal temperature function [69].
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In particular, the examples may include the anomalously 
wide temperature area of fluctuation paraconductivity 
phenomenon, so called “pseudogap anomaly”, incoherent 
electron transport, metal - insulator transitions and a 
number of other issues.

From this perspective it is very important today 
to conduct researches concerning determination of the 
influence level of different morphology defects on single 
crystal samples with a given defect structure topology. 
It should also be noted that despite the absence of 
the microscopic theory there is a special demand for 
experimental procedures using the extreme exposure of 
different types (low temperatures, high magnetic fields and 
high pressures). These procedures makes it possible not 
only to test the validity of multiple theoretical models but 
also outline the empiricism for critical parameters increase 
of HTS compounds.

Consequently, the above-mentioned issues are the base 
for the solution of the problem involving determination 
of the influence physics of point and flat defects on 
magnetoresistive properties of ReBa2Cu3O7-δ compounds 
(Re = Y and other rare-earth elements), and establishment 
of laws concerning the conduction state formation 
such as insulator-metal transition, superconductor - 
Fermi - liquid metal - nonsuperconductor under carrier 
concentration variation, under change of the labile 
component concentration in a wide range and replacement 
of constituent elements of these compounds as well.
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been fully-investigated up to now. Despite a considerable 
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K.A. Kotvytska, S.R. Vovk, I. M. Chursina, R.V. Vovk



14 Вісник  ХНУ, серія «Фізика»,  вип. 24, 2016

etching [Text] / V.V. Kvardakov, V. A. Somenkov, S. Sh. 
Shilstein // SFHT.-1992. - V.5, № 4. - P. 624-630.

20.	 Selvamanickam V. Flux pinning by dislocation in deformed 
melt-textured YBa2Cu3Ox superconductors [Text] / V. 
Selvamanickam, M. Mironova, S. Son, K.Salama // Physica 
C: Superconductivity and its applications. -1993. -V.208, 
№3, - Р.238-244.

21.	 Roth G. Copper deficiency in Y1Ba2Cu3O7-x [Text] / G. Roth, 
G. Heger, P. Schweiss et al. // Physica C. - 1988. - V.152, 
№4. - Р.329-334.

22.	 Bondarenko A.V. Effect of electron irradiation on anisotropy 
of vortex creep in YBCO single crystal [Text] / A.V. 
Bondarenko, A.A. Prodan, Yu.T. Petrusenko, V.N. Borisenko, 
F. Dworschak, U. Dedek // Magnetic and superconducting 
materials.-1999. - P.499-506.

23.	 Bondarenko A.V. Effect of electron irradiation on vortex 
dynamics in YBa2Cu3O7-d single crystals [Text] / A.V. 
Bondarenko, A.A. Prodan, Yu.T. Petrusenko, V.N. Borisenko, 
F. Dworschak, U. Dedek // Phys. Rev. B.-2001. - V.64, №9. 
- P.2513(4).

24.	 Ginzberg D. M. Physical properties of high-temperature 
superconductors. [Text]  / D. M. Ginzberg. // M.: World. - 
1991. - P.543.

25.	 Obolensky M. A. Processes of a relaxation of resistance 
in the kisloroddefitsitnykh monocrystals of Y1Ba2Cu3O7-δ 
[Text] / M. A. Obolensky, A. V. Bondarenko, R. V. Vovk, A. 
A. Prodan // FNT. - 1997. - V.23, №11. - P.1178-1183.

26.	 Obolensky M. A. Magnetic measurements of critical 
current and potential of a pinning in monocrystals 
of Y1-xPrxBa2Cu3O7 [Text] / M. A. Obolensky,  
A. V. Bondarenko, V. I. Beletsky, A. V. Samoylov, D. 
Niarkhos, M. Pissas, G. Kallias, A. G. Sivakov // Functional 
Materials. - 1995. - V.2, №4. - P. 409-414.

27.	 Vovk R.V. Excess conductivity and pseudo-gap state in 
YBCO single crystals slightly doped with Al and Pr [Text] 
/ R.V. Vovk, M.A. Obolenskii, A.A. Zavgorodniy, A.V. 
Bondarenko, I.L. Goulatis, A.I. Chroneos // J Mater Sci: 
Mater Electron.-2007. - V.18. - P.811-815.

28.	 Alexandrov I. V. New data on dependence of critical 
temperature on the content of oxygen in the superconducting 
YBa2Cu3Oх [Text] / I.V connection. Alexandrov, etc. (12 
coauthors) // Letters in JETP.-1988. - V.48, №8. - P.449-452.

29.	 Van Dover R.B. Extraordinary effect of aluminum 
substitution on the upper critical field of YBa2Cu3O7 [Text] 
/ R.B. Van Dover, L.F. Schneemeyer, J.V. Waszczak et al. // 
Phys. Rev. В. - 1989. - V.39, №4.-Р.2932-2935.

30.	 Kebede A. Magnetic ordering and superconductivity in  
Y1-yPryBa2Cu3O7 [Text] / A. Kebede // Phys. Rev. B. - 1989. 
- V.40, №7. - Р. 4453-4462.

31.	 Radousky H.B. A review of the superconducting and normal 
state properties of Y1-xPrxBa2Cu3O7-δ [Text] / H.B. Radousky 
// J.Mater. Res. -1992. -V.7, №7. - P.1917-1955.

32.	 Moshchalkov V. V. Superconductivity and localization in 
the YBa2Cu3O7-δ system [Text] / V. V. Moshchalkov, etc. (6 

J.A. Kapoutsis, A.P. Patsis, V. Psycharis, A. Kafoudakis, C. 
Mitros, G. Kallias, E. Gamari-Seale, D. Niarchos // Physica 
C. - 1995. - V.254 (1-2). - P.44-62.

7.	 Borges H.A. Pressure study of the paraconductivity of high 
Tc superconductors system [Text] / H.A. Borges, M.A. 
Continentino // Solid State Commun. - 1991. - V.80. - P.197-
199.

8.	 Solovyov A. L. Fluctuation conductivity in YBa2Cu3O7-δ films 
with various content of oxygen. II. Optimum dopirovanny 
and slabodopirovanny films of YBCO / A.L. Solovyov, H. 
- U. Habermeier, T. Haage // FNT. - 2002. -V.28, №1. - P.24-
35.

9.	 Solovyov A. L. Fluctuation conductivity in YBa2Cu3O7-δ 
films with various content of oxygen. II. Optimum 
dopirovanny and slabodopirovanny films of YBCO [Text] / 
A.L. Solovyov, H. - U. Habermeier, T. Haage // FNT. - 2002. 
- V.28, №2. - P.144-156.

10.	 Kanoda K. Dimensionality and Superconductivity 
in Y1Ba2Cu3O7-δ / K.  Кanoda, T. Kawagoe, 
M. Hasumi, T. Takahashi, S. Kagoshima,  
T. Mizoguchi system [Text] // Journal of the Physical Society 
of Japan. - 1988. -V.57, №5. - Р.1554-1557.

11.	 Belyaeva A.I. Twin boundaries role in superconducting 
properties formation of single crystals Y1Ba2Cu3O7-δ  system 
[Text] / A.I. Belyaeva, S.V. Vojtsenya, V.P. Yuriyev, M.A. 
Obolenskii, A.V. Bondarenko // Solid State Commun. - 
1993. - V.85, № 5. - P.427-430.

12.	 Eturno Zh. Structure of high-temperature superconducting 
oxides [Text] / Zh. Eturno // Moscow “World”: Physics 
abroad. - 1989. - P.25-27.

13.	 Giapintzakis	 J. Han A method for obtaining single domain 
superconducting YBa2Cu3O7-x single crystals [Text] / J 
Giapintzakis, D.M. Ginzberg, P.D // J. Low Temp. Phys. 
-1989. - V.77, №1/2. - P.155-161.

14.	 Kemin T. A superstructure in single crystals Y1Ba2Cu3O7-х 
[Text] / T. Kemin, H. Meisheng, W. Yening // J. Phys. 
Condens. Matter. -1989. -V.1, №6. - Р.1049-1054.

15.	 Lacayc G. Twin to tweed transition in YBaCuO by 
substitution of Cu  [Text] / G. Lacayc, R. Hermann, G. 
Kaestener // Physica C. - 1992. - V.192. - Р.207-214.

16.	 Pan V.M. YBaCuO single crystals microstructure related to 
critical current density [Text] / V.M. Pan, V.L. Svechnikov, 
V.F. Solovjov, V.F. Taborov, H.W. Zandbergen // Supercond. 
Sci. Technol. - 1992. - V.5, № 12. - P.707-711.

17.	 Kes P.H. Vortex pinning and creep experiments [Text] / 
P.H. Kes // Proceedings of the Los Alamos Symposium 
“Phenomenology and Application of HTSC”. - Los Alamos, 
NM. - 1991. - P.390-434.

18.	 Gawalek W. High critical currents in peritectically grown 
YBa2Cu3O7-d single crystals [Text] / W. Gawalek, W. 
Schueppel, R. Hergt // Supercond. Sci. Technol. -1992. -V.5. 
- Р.407-410.

19.	 Kvardakov V. V. Research of defects of monocrystals of 
kuprat by methods of neutron topography and selective 

Normal and longitudinal electronic transport of HTS compounds ReBa2Cu3O7-δ (Re = Y or lanthanides) 
under extreme exposure



15Вісник  ХНУ,  серія «Фізика»,  вип. 24, 2016

coauthors) // FNT. - 1988. - V.14, №9. - P.988-992.
33.	 Obolenskii M.A. Effect of twin boundaries on scattering 

processes of normal and fluctuating carriers in Y1Ba2Cu3O7-δ 
single crystals [Text] / M.A. Obolenskii, R.V. Vovk, A.V. 
Bondarenko // Functional Materials.-2006. - V.13, №1. - 
Р.35-38.

34.	 Mendonca Ferreira L. Pressure effect of pressure on the 
fluctuation conductivity of YBa2Cu3O7 [Text] / L. Mendonca 
Ferreira, P. Pureur, H.A. Borges, P. Lejay // Physica B. - 
2004. - V.69. - P.212505.

35.	 Aslamazov L. G. Influence of fluctuations on properties of 
superconductors at temperatures is higher than critical [Text] 
/ L.G. Aslamazov, A. I. Larkin // FNT. - 1968. - V.10, №4. - 
P.1104-1111.

36.	 Bieri J.B. Nonlocal effect in magnetoconductivity of high-Tc 
superconductors [Text] / J.B. Bieri, K. Maki, R.S. Thompson 
// Phys. Rev. B. - 1991. - V.44, №9. - Р.4709-4711.

37.	 Lawrence W.E. Theory of layer structure superconductors 
[Text] / W.E. Lawrence, S. Doniach // Proc. 12th Inter. Conf. 
on Low Temperature Physics, Akademic Press of Japan, 
Kyoto. -1971. - Р.361-362.

38.	 Varlamov A. A. To a question of influence of superconducting 
fluctuations on thermo - the EMF and heat conductivity of a 
superconductor near the critical temperature of [Text] / A.A. 
Varlamov, D. V. Livanov // JETP.-1990. - V.98, №2 (8). - 
P.584-592.

39.	 Reggani L. Fluctuation conductivity of layered high-Tc 
superconductors: A theoretical analysis of recent experiments 
[Text] / L. Reggani, R. Vaglio, A.A. Varlamov // Phys. Rev. 
B. -1991. - V.44. - Р.9541-9546.

40.	 Prokofiev D. D. The size and temperature dependence 
of a pseudo-crack in YBaCuO received from resistive 
measurements [Text] / D. D. Prokofiev, M. P. Volkov, Yu. A. 
Boykov // FNT.-2003. - V.45, №7. - P.1168-1176.

41.	 Sadovsky M. V. Psevdoshchel in high-temperature 
superconductors [Text] / M. V. Sadovsky // UFN. - 2001. - 
V.171, №5. - P.539-564.

42.	 Krasnov V.M. Evidence for Coexistence of the 
Superconducting Gap and the Pseudogap in Bi-2212 from 
Intrinsic Tunneling Spectroscopy [Text] / V.M. Krasnov, A. 
Yurgens, D. Winkler, P. Delsing, T. Claeson // Phys. Rev. 
Lett. - 2000. - V.84, №25. - Р.5860-5863.

43.	 Krasnov V.M. Magnetic Field Dependence of the 
Superconducting Gap and the Pseudogap in Bi2212 and 
HgBr2-Bi2212, Studied by Intrinsic Tunneling Spectroscopy 
[Text] / V.M. Krasnov, A.E. Kovalev, A. Yurgens, D. Winkler 
// Phys. Rev. Lett. -2001. -V.86, №12. - Р.2657-2660.

44.	 Fauqué B. Magnetic order in the pseudogap phase of high - 
Tc superconductors [Text] / B. Fauqué, Y. Sidis, V. Hinkov, 
S. Pailhès, C.T. Lin, X. Chaud, P. Bourges // Phys. Rev. Lett. 
-2006. - V.96, №19. -Р.197001.

45.	 Puchkov A.V. Evolution of the Pseudogap State of High - 
Tc Superconductors with Doping [Text] / A.V. Puchkov, 
P.Fournier, D.N.Basov, T.Timusk, A.Kapitulnik, N.N. 

Kolesnikov // Phys. Rev. Lett. -1996. - V.77, №15. - Р.3212-
3215.

46.	 Startseva T. Temperature evolution of the pseudogap state 
in the infrared response of underdoped La2-xSrxCuO4 [Text] 
/ T. Startseva , T.Timusk, A.V. Puchkov, D.N. Basov, H.A. 
Mook, M. Okuya, T. Kimura, K. Kishio // Phys. Rev. B. - 
1999. - V.59, №10. - P.7184-7190.

47.	 Gorny K. Magnetic Field Independence of the Spin Gap in 
YBa2Cu3O7-δ / K. Gorny, O.M. Vyaselev, J.A. Martindale et 
al. (11 auth.) [Text] // Phys. Rev. Lett. -1999. - V.82, №1, - 
Р.177-180.

48.	 Tohyama T. Role of next-nearest-neighbor hopping 
in the t-t’-J model / T. Tohyama, S. Maekawa 
[Text] // Phys. Rev. B. - 1994. - V.49, №5.  
- Р.3596-3599.

49.	 Dessau D.S. Key features in the measured band structure of  
Bi2Sr2CaCu2O8+δ: Flat bands at EF and Fermi surface nesting 
[Text] / D.S. Dessau, Z.-X. Shen, D.M. King et al. (11 auth.) 
// Phys. Rev. -1993. - V.71, №17. - Р.2781-2784.

50.	 Vovk R. V. Influence of redistribution of labile oxygen on a 
pseudo-slot-hole state in the bezdvoynikovykh monocrystals 
of the YВа2СuзО7-х [Text] / R. V. Vovk, M. A. Obolensky, 
A. A. Zavgorodny, A. V. Bondarenko, I. L. Gulatis, N. N. 
Chebotayev // FNT. - 2007. - V.33, №8. - P.931-934.

51.	 Pieri P. Magnetic Field Effect on the Pseudogap Temperature 
within Precursor Superconductivity [Text] / P. Pieri, G.C. 
Strinati, D. Moroni // Phys. Rev. Lett. -2002. - V.89, №12. 
- Р.127003(1-4).

52.	 Kuchinskii E.Z. Destruction of the Fermi surface due to 
pseudogap fluctuation in strongly correlated systems [Text] 
/ E.Z. Kuchinskii, I.A. Nekrasov, M.V. Sadovskii // ZhETF 
Letters. - 2005. - V.82, №4. - P.198-203.

53.	 Varma C.M.  A theory of the pseudogap state of the cuprates 
[Text] / C.M. Varma // Cond. mat. - 2005. - Р.0507214.

54.	 Srivastava J.K. Paired Cluster Model of High-Tc 
Superconductivity: Explanation for Pseudogap Critical 
Concentration, Vortex Core Pseudogap and Possible Stripe 
Phase in High-Tc Superconductors [Text] / J.K. Srivastava // 
Cond. mat. - 2005. - Р.0504245.

55.	 Babaev E.  Crossover from Weak- to Strong-Coupling 
Superconductivity and to Normal State with Pseudogap 
[Text] / E. Babaev, H. Kleinert // Cond. mat. - 1998. - 
Р.9804206.

56.	 Babaev E. Nonperturbative XY-model approach to strong 
coupling superconductivity in two and three dimensions 
[Text] / E. Babaev, H. Kleinert // Phys. Rev. B. -1999. - V.59, 
№18. - Р.12083-12089.

57.	 Zheng-Cheng Gu. Magnetic characterization of the upper 
pseudogap phase in cuprates [Text] / Cheng Gu Zheng, Yu 
Weng Zheng // Phys. Rev. B.-2005. - V.72. - Р.104520 (10 
pages).

58.	 Anderson P.W. The Theory of Superconductivity in the High 
Cuprates [Text] / P.W. Anderson // Princeton Univ. Press, 
Princeton NJ. -1997.

K.A. Kotvytska, S.R. Vovk, I. M. Chursina, R.V. Vovk



16 Вісник  ХНУ, серія «Фізика»,  вип. 24, 2016

oxygen ordering [Text] / J. Metzler, Т. Weber, W.H. Fietz et 
al. (7 auth.) // Physica С. - 1993. - V.214, №3-4. - Р.371-376.

73.	 Fietz W.H. Oxygen ordering effect and the superconducting 
transition temperature Tc of Y1Ba2Cu3Ox under pressure 
[Text] / W.H. Fietz, R. Quenzel, K. Grube et al. (6 auth.) // 
Physica С. - 1994. - V.235-240. -Р.1785-1786.

74.	 Sadewasser S. Pressure dependence of Tc to 17 GPa with and 
without relaxation effects in superconducting Y1Ba2Cu3Ox 
[Text] / S. Sadewasser, J.S. Schilling, A.P. Paulicas, B.M. 
Veal // Phys. Rev. B. - 2000. - V.61, №1. - Р.741-749.

75.	 Molchanov V. M. An atomic structure of monocrystals of 
Y1Ba2Cu3Ox with the intermediate content of oxygen 
[Text] / V. M. Molchanov, L. A. Muradyan, V. I. Simonov // 
Letters in JETP. - 1989. - V.49. - Р.222-226.

76.	 Beyers R. Oxygen ordering, phase separation and the 60 K 
and 90 K plateaus in Y1Ba2Cu3Ox [Text] / R. Beyers, B.T. 
Ahn, G. Gorman, et al. (10 auth.) // Nature Publishing Group. 
-1989. - V.340. - P.619-621.

77.	 Sukharevsky V. Ya. Manifestation of atomic streamlining 
in characteristics of a normal and superconducting state 
of VTSP-oxides Y1Ba2Cu3Ox [Text] / Sukharevsky V. Ya., 
Zhikharev I. V., Khokhlova S. I., etc. // FNT. - 1990. - V.7, 
№8. - P.971-986.

78.	 Mamalui A. A. Low-temperature training of 
monocrystals of Y1Ba2Cu3O7-δ [Text] / A.A. Mamalui, 
L. S. Palatnik, K. V. Bednov, M. A. Obolensky,  
A. V. Bondarenko // FNT. - 1993. - V.19, №11. - P.1180-
1186.

59.	 Anderson P.W. “Normal” Tunneling and “Normal” Transport: 
Diagnostics for the Resonating-Valence-Bond State [Text] / 
P.W. Anderson, Z. Zou // Phys. Rev. Lett. -1988. -V.60, №2. 
- Р.132-135.

60.	 Boyarsky L. A. Fluctuation and heterogeneity in strongly 
correlated electronic systems [Text] / L.A. Boyarsky, S. P. 
Gabuda, S. G. Kozlova // FNT. - 2005. - V.31, №3-4. - P.405-
411.

61.	 Stojkovic B.P. Theory of the longitudinal and Hall 
conductivities of the cuprate superconductors [Text] / B.P. 
Stojkovic, D. Pines // Phys. Rev. B. - 1997. - V.55, №13. - 
Р.8567-8595.

62.	 Zverev V. N. Anisotropy of normal resistance of monocrystals 
of the YBa2Cu3O7-х with deficiency of oxygen [Text] / V. N. 
Zverev, D. V. Shovkun // Letters in JETP. - 2000. - V.72, 
№2. - P.103-108.

63.	 Zverev V.N. Pseudogap behavior of the normal state out-of-
plane resistance in underdoped single crystals [Text] / V.N. 
Zverev, D.V. Shovkun // Physica C: Superconductivity and 
its applications.-2003. -V.391, №4. - P.315-318.

64.	 Alexandrov A.S. Coherent ab and c Transport Theory of 
High-Tc Cuprates [Text] / A.S. Alexandrov, V.V. Kabanov, 
N.F. Mott // Phys. Rev. Lett. -1996. - V.77, №23. - Р.4796-
4799.

65.	 Abrikosov A.A. Resonant tunneling in high-temperature 
superconductors of  [Text] / A.A. Abrikosov // UFN. - 1998. 
- V.168, №6. - P.683-695.

66.	 Claus H. Atomic short-range order in oxygen-deficient 
YBa2Cu3O7-δ [Text] / H. Claus, S. Yang, A.P. Paulicas et al. 
(5 auth.) // Physica C. - 1990. -V.171, №3,4. - P.205-210.

67.	 Veal B.W. Time-dependent superconducting behavior of 
oxygen-deficient YBa2Cu3Ox: Possible annealing of oxygen 
vacancies at 300 K [Text] / B.W. Veal, H. You, A.P. Paulicas 
et al. (6 auth.) // Phys. Rev. B. - 1990. -V.42, №7. - P.4770-
4773.

68.	 Jorgencen D., Shiyou P., Lightfoot P., Shi H., Paulikas A.P., 
Veal B.M.W. Time-dependent structural phenomena at room 
temperature in quenched YBa2Cu3O6.41 [Text] / D. Jorgencen, 
P. Shiyou, P. Lightfoot, H. Shi, A.P. Paulikas, B.M. Veal. // 
Physica C. -1990. - V.167, №3. - P.571-578.

69.	 Kircher J. Optical investigations of room-temperature chain 
ordering in YBa2Cu3O7-δ [Text] / J. Kircher, M. Cardona, A. 
Zibold et al. (5 auth.) // Phys. Rev. B. - 1993. -V.48, №13. - 
P.9684-9688.

70.	 Chu C.W. Evidence for Superconductivity above 40 K in the 
La-Ba-Cu-O Compound [Text] / C.W. Chu, P.H. Hor, R.L. 
Meng, et al. (6 auth.) // Phys. Rev. Lett. - 1987. - V.58, №4. 
- Р.405-407.

71.	 Svistunov V. M. Influence of pressure upon fluctuation effects 
in ceramic-metal superconductors [Text] / V. M. Svistunov, 
V. Yu. Tarenkov, A. I. Dyachenko, etc. (6 coauthors) // FNT. 
- 1988. - V.30, №11. - P.3498-3501.

72.	 Metzler J. Separation of the intrinsic pressure effect on Tc of  
Y1Ba2Cu3O6.7 from a Tc enhancement by pressure-induced 

Normal and longitudinal electronic transport of HTS compounds ReBa2Cu3O7-δ (Re = Y or lanthanides) 
under extreme exposure


