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The work is devoted to the problem of searching for substances with superconductivity at room temperature and atmospheric
pressure. It develops ideas in the direction of studying the properties of multicomponent metal-oxide compounds. The main attention
is paid to studies devoted to explanation of the role of various mechanisms of the formation of paired electrons in these compounds.
Naturally, most of this kind of research is devoted to the study of the chemical structure and crystallographic structure of metal oxides,
since they determine the properties of the electronic subsystem of these substances, which cause their transition to the superconducting
state.

Analysis of the crystallographic structure of metal oxide YBa2CusO7-x leads to the conclusion that the main role in the formation
of its superconducting state is played by the presence of planes CuOz2, separated by solitary planes composed of chains CuO. The
presence of chemically different states of like-named pairs of ions, characterized by different types of bonds (ionic and covalent), as
well as the specific layered crystallographic structure of the metal-oxide give rise to the existence of clusters of negative U-centers
capable of generating paired electrons realizing the superconductivity of metal-oxide substances.

This paper discusses the possibility of intensifying the transition of metal-oxide compounds to the superconducting state under
conditions of irradiation with a photon flux. In this case, the formation of an energy spectrum that allows local pair transitions of
electrons can be activated (the effect of internal photoionization) and, thus, the transition of metal oxides to the superconducting state
can occur at higher temperatures than is observed under normal conditions.
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DOoTOIHAYKOBaHA «BUCOKOTEMIIEPATYPHA» HAAMPOBIAHICTD

MOJIIKOMIIOHEHTHUX METaI-OKCUIHUX 3'€ THAHb
10.1. Boiiko!, B.B. boraaunos?!, P.B. Bosk?!, 5.B. I'prnboB?

1 Xapxiscoxuii nayionanvnuii ynicepcumem imeni B.H. Kapasina, m. Céo600u 4, 61022, Xapxie, Y«paina
2 Incmumym cyunmunayiiinux mamepianie Hayionanvnoi axademii nayx Yxpainu, np-m Hayxi, 60, Xapxie 61072, Vrpaina

Po6ota npucBsueHa mpobieMi MOUIyKy pedoBHH, 1[0 MAlOTh HAAMPOBIAHICTH IPH KIMHATHIH Temmeparypi i aTMochepHOMY
TUCKY. Y Hiif pO3BHBAIOTHCS YSIBJICHHS B HANPSIMKY BUBYCHHS BIACTHBOCTEH MOJIIKOMIIOHEHTHHX METal-OKCHAHHUX crosyk. OCHOBHa
yBara MpUAUIIETHCS JOCTIIPKCHHSIM, NPUCBSIYCHUM 3'ICYBaHHIO POJIi PI3HMX MEXaHi3MiB YTBOPEHHs CIApEHUX EJIEKTPOHIB B LIHX
crioykax. IIpupo/iHO, 110 BEMKA YaCTHHA TAKOTO POy JOCII/UKeHb MPUCBsYCHA BUBUCHHIO XiIMiIYHOI OyI0BH 1 KpHCTaorpadiqHoi
CTPYKTYPH METaJI-OKCHIB, OCKIIBKHM CaMe BOHHM BH3HAYAIOTh BJIACTHBOCTI CNIEKTPOHHOI MiJICHCTEMHU LIUX PEYOBHH, IO 3YMOBIOIOTh
IXHIH mepexia 10 HaIPOBITHHOTO CTaHY.

Amani3 kpucranorpadiqHoi cTpykTypu Metan-okcuay YBa2CusOr7-x mpn3BoauTh 10 BUCHOBKY IIPO T€, II[0 OCHOBHY POJb B
nporeci (GopMyBaHHs HOTO HaJNpOBIIHOro craHy rpae HasBHicTh utomuH CuO2, pO3AiNEHUX BiIOKPEMIICHUMH IUIOIIMHAMH, IO
cknazarotees 3 naHoxkkiB CuO. HasBHICTh XIMIYHO Pi3HMX CTaHIB OJHOMMEHHUX Tap iOHIB, 10 XapaKTEPU3YIOThCS PI3HUM THIIOM
3B'13Ky (IOHHMM |1 KOBQJICHTHHUM), a TakoX cheuudiyHa mapysara kpucrajgorpadiyHa CTPYKTypa MeTal-OKCHAY OOYMOBIIOIOTh
iCHyBaHHs CKyM4YeHb HeraTWBHUX U-LIEHTPIB, 3[aTHUX T€HEPYBAaTH CIApeHi eNEKTPOHH, II0 Peayli3yloTh HAIIPOBIIHICTH MeTall-
OKCUJTHUX PEYOBHH.

VY naniit po60Ti 06TOBOPIOETHCS MOKIIUBICTD IHTEHCU(IKALIT TTepexoy METaI-OKCHUIHHUX CHOJIYK O HAaANPOBIJHOTO CTAHy B
YMOBaxX OINPOMIHIOBAaHHS iX MOTOKOM (oToHiB. B mpoMy Bumazaky mpomec (OpMyBaHHS €HEPTEeTUYHOTO CIEKTpa, IO JOITyCKae
JIOKaJIbHI MTapHi IIepeXoI¥ eJIeKTPOHIB, MOXKe OyTH aKTUBOBaHUH (€eKT BHYTPIiIIHBOi (poToioHizamii) i, TAKUM YHHOM, TIepeXiJ MeTal-
OKCH/IiB JI0 HAIPOBIJJHOTO CTaHy MOXeE 3iHCHIOBATHCS NpHU OUIBII BUCOKUX TEMIIEpATypax, HiX Lie CIOCTEePIiracThes 3a 3BUYaAHHUX
YMOB.

KurouoBi ciioBa: Metan-okcuaHi croinyku, GOHOHHA B3a€MOIsl, BACOKOTEMIIEpAaTypHa HaAIPOBIIHICTb.
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ITOJIMKOMIIOHCHTHBIX MCTAJIJI-OKCHUJIHBIX COG,Z[I/IHGHHI\/’I
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Xaporosckuti nayuonanvuoitl ynueepcumem um. Kapasuna, ni. C60600w1, 4, Xaporoe 61022, Vipauna
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Pabora mocesmena mpoGiieMe ITOHMCKa BEHIECTB, OOJAaJalOMNX CBEPXIPOBOANMOCTBIO IIPM KOMHATHOH TeMmIepaTrype u
aTMoc(epHOM JaBIeHUH. B Hell pa3BHBAIOTCS NpEICTaBICHUS B HAIPABICHUN H3YYCHUS! CBOMCTB IOJMKOMIOHEHTHBIX METaJlI—
OKCHJHBIX coeinHeHUH. OCHOBHOE BHUMAHHE YAENSETCS HCCIIEI0BAHUAM, TIOCBSIIEHHBIM BBISICHEHUIO POJIH PA3INUHBIX MEXaHU3MOB
00pa30BaHUs CIAPEHHBIX JIEKTPOHOB B 3TUX COeANHEHHAX. EcTecTBEHHO, YTO 0OJIbIIIAs YaCTh TAKOTO POJIA UCCIEIOBAHHMM MOCBSIIEHA
U3YYCHUIO XHUMUYECKOTO CTPOCHHUS M KPUCTAIOrpadu4ecKoi CTPYKTYphl METaLI-OKCHIOB, TIOCKOJIBKY MMEHHO OHH OINPEICISAIOT
CBOMCTBA AIEKTPOHHOH MOJCHUCTEMBI 3THX BEILECTB, 00YCIOBINBAIOIINE EPEXO HX B CBEPXIIPOBOJIAIIEE COCTOSHHE.

Amnanmu3 kpuctauorpadudeckol cTpykTypbl Metayui—okenaa Y Ba2CuzOr7-x MpUBOAXT K BBIBOLY O TOM, YTO OCHOBHYIO POJIb B
nponecce (GOpPMHPOBAHHS €ro CBEPXIPOJIIETO COCTOSHHS WrpaeT Hammuue Iiockocted CuQO2, pa3zeleHHBIX yeIWHEHHBIMHU
IUTOCKOCTAMH, cocTosimumu u3  nermodek CuO. Hanwume XUMHYECKM pa3iIMYHBIX COCTOSHHIT OJHOMMEHHBIX Map HOHOB,
XapaKTePHU3YIONIUXCSl Pa3HBIM THUIIOM CBSI3H (MOHHBIM M KOBAJICHTHBIM), a TaKKe ClieNU(HUIecKas CIOMCTasi KpUCTaIuIorpaguiecKas
CTPYKTYpa METAI-OKCHIa OOYCIIOBIMBAIOT CYIIECTBOBAaHHME CKOIUIGHHH OTpHUATENbHBIX U-IIEHTPOB, CIIOCOOHBIX I'€HEPHPOBATH
CIapeHHBIE HNEKTPOHBI, PEATH3YIOINE CBEPXIPOBOUMOCTS METAI—OKCH/IHBIX BEIIECTB.

B namHOll pabore o6cyxmaeTcs BO3MOXKHOCTh HHTCHCH(HKAIMM MEpPEXOAa METAUI-OKCHIHBIX COCJHHEHUH B
CBEPXIPOBOJSIIEE COCTOSHHE B YCIOBHSX OOIMydeHHS HX TOTOKOM (oToHOB. B 3TOoM ciyuae mporecc ¢opmupoBaHus
9HEPreTHYECKOTO CIHEKTpa, MOMYCKAIONMIEro JIOKAJbHBIE IMapHbIE IEPEeXOIbl NIEKTPOHOB, MOXKET OBITh akTUBHpOBaH (3ddext
BHYTpeHHeH (hOTOMOHM3AIMN) H, TAKUM 00pa30oM, Iepex o/ METAJUI-OKCHIOB B CBEPXIIPOBOISAIIEE COCTOSTHHE MOKET OCYIIECTBIISITHCS

npu 00J1e€ BHICOKHUX TEMIIEpaTypax, 4€M 3TO Ha6J’[IO,Z[a€TC$I B OOBIYHBIX YCJI0BHUAX.

KaoueBrle ciioBa:
CBEPXITPOBOJAUMOCTb.

MCTaJIJI-OKCUAHBIC COCIWHCHU,

1. Introduction

The discovery in 1986-1987 of "high-temperature”
superconductivity  (zero  electrical  resistance) of
multicomponent metal-oxide compounds, aroused great
interest in the study of the properties of this class of
substances [1, 2]. These include a humber of compounds
described by the general chemical formula RBa,CuzO7 _,
where R =Y, Nd, Sm, Eu, Ho, La, Pa and etc. Of the
indicated series of metal oxides, the compound
YBa,CusO7_x is most deeply and comprehensively studied.
It is characterized by the transition temperature to the
superconducting state T~90K, which is an order of
magnitude higher than the average transition temperature
observed in the classical metal superconductors. It is this
circumstance that was the reason that this group of
substances was called "high-temperature" superconductors
(HTSC). In addition to the above compounds, metal-oxide
superconductors also include more complex compounds
BizSI’zC&zCU30lo,x, T|2B&2C&2CU301(H( and
Hg.Ba,Ca,CusO10x, Which have the highest transition
temperature values among this class of substances:
T.=110,125 and 164K respectively. In further research,
undertaken after the discovery of "high-temperature"
superconductivity, the main efforts were directed to the
discovery of new superconducting substances. At the same
time, the strategic goal of all research was the discovery of
substances with superconductivity at room temperature
(=300K) and atmospheric pressure. The requirement that
this condition be satisfied is extremely important for the
implementation of a wide and, most importantly,

9NEKTPOH-(DOHOHHOE B3aWMOJICHCTBHE,
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economically profitable use of superconductors in practice.
However, to date, the specified strategic goal of numerous
studies on superconductivity remains unattained. One of
the main reasons for this is the lack of clarity and
unambiguity in understanding the microscopic mechanism
of superconductivity of metal-oxide compounds. An
attempt to explain the superconductivity of these
substances using the BCS theory [3] (phonon pairing of
electrons), which describes the "low-temperature"
superconductivity of metals and metal alloys, turned out to
be unacceptable [4]. In this case, however, a detailed study
of the nature of elementary charge carriers in metal oxides
showed that the electrical conductivity in them at
temperatures T < T.is realized due to the transport of paired
electrons (bosons), as in the case of "low-temperature"
metal superconductors.

Currently, studies of the effect of superconductivity are
carried out in two main directions. The first of them is the
study of superconductivity of metal compounds with
hydrogen (hydrides). These compounds, due to the low
mass of hydrogen atoms, have an increased fraction of
high-frequency phonons (optical mode). In accordance
with the BCS theory, it is precisely this kind of compounds
that should have the maximum electron - phonon
interaction and, accordingly, be characterized by high
temperatures T, [5-7]. For example, it was found that the
compound LaHjo turns into a superconductor at a
temperature =~250K, which is very close to the desired
temperature ~300K. However, this result did not fully
solve the main problem formulated above, since
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superconductivity in hydrides and their stable phase state
are observed only under very high pressure =~ (150 +~ 200
GPa). The creation of such a pressure level is a laborious
and economically expensive technological task, which
makes it practically impossible to use superconducting
hydrides in practice.

Another modern direction of research on
superconductivity is the continuation of study of the of
multicomponent metal-oxide compounds properties. First
of all, these are studies devoted to ascertainment the role of
various mechanisms of the paired electrons formation in
these compounds. Naturally, most of this kind of research
is devoted to the chemical and crystallographic structure
study of metal oxides, since they determine the properties
of the electronic subsystem of these substances.

This paper discusses the possibility of intensifying the
transition of metal-oxide compounds to the
superconducting state under conditions of irradiation with
a photon flux. In this case, the formation of an energy
spectrum that allows local pair transitions of electrons can
be activated (the effect of internal photoionization) and,
thus, the transition of metal oxides to the superconducting
state can occur at higher temperatures than is observed
under normal conditions.

2. Typical general properties of metal oxides and
specific features of the electronic and phonon
spectrum in this class of substances

1) First of all, it should be noted that all of the above-
listed superconducting metal-oxide compounds contain a
copper ion, as well as ions of some other metals, which
have the ability to change their valence: (Cu'*, Cu?*, Cu®),
(Bi®*, Bi®*). Accordingly, the presence of these ions makes
it easy to change the oxidation state of this kind of oxides
[8]. At the same time, there is a clear correlation between
the value of the critical temperature T, of these substances
transition to the superconducting state and the
concentration of oxygen ions [9 — 11].

2) The transition to the superconducting state of metal-
oxide compounds occurs at relatively low values of the
energy states of electrons density at the Fermi level: N(Ef)
=~ (10%° = 10%") 1/m3. At the same time, the conduction
bands of these substances are quite wide and are
characterized by an interval of values = (3 + 10)eV.

3) All metal oxides have a specific phonon spectrum,
characterized by the presence of a certain fraction of high-
frequency phonons (optical mode) [12, 13].

4) All superconducting metal-oxide compounds are
characterized by a temperature T* > T., upon reaching
which a deviation from the "normal” conductivity begins
(the opening temperature of the so-called "pseudo-gap" in
the energy spectrum of electrons) [14, 15]. In this case, the
value of the temperature T* depends on the value of the

parameter X (stoichiometry parameter). So, for example, in
the connection YBa;CuzO7 at a value of x~0.4, the
temperature T* reaches the value ~ 450 K, then, with
decreasing X, it gradually decreases and at x=0 coincides
with the critical temperature T*~ T, ~90 K [15].

5) In the transition to the superconducting state at T<T,
all metal oxides are characterized by the appearance in the
energy spectrum of the electronic subsystem of a relatively
narrow (=5-10~% +10-2eV) energy gap near the Fermi level.

6) From the chemistry point of view, metal oxides are
complex isodesmic substances with an ionic-covalent type
of bond [16]. Specifically, in these compounds, the oxygen
ion O (anion) forms chemical bonds with several different
metal ions (cations). In this case, for the formation of a
stable (thermodynamically equilibrium) structure of these
compounds, it is necessary to fulfill the condition of
electrical neutrality of the unit crystal cell. That is why
some of the ions change their valence, and some ions may
even be partially absent (for example, oxygen), violating
the stoichiometry of the substance, while maintaining,
however, the electroneutrality of the substance as a whole.

7) The features of the chemical composition of metal-
oxide compounds indicated in items 1 and 6 lead to the fact
that at the value of the parameter x~0 in these substances a
specific crystallographic structure of atoms is formed,
described by an orthorhombic unit cell. A distinctive
feature of this structure is that it is layered and contains two
configurations of the oxygen environment of copper ions:
a tetrahedral pyramid in the CuO. planes and a rhombus
consisting of CuO chains in the basal plane (ab). Thus, a
structure is formed, which consists of so-called "perovxito-
like" blocks containing CuO- planes separated by solitary
planes from CuO chains. It is this structure that is
characteristic of superconducting metal oxides. With a
large deficit of oxygen ions (x>0,5), a different (tetragonal)
crystal structure is realized, and superconductivity in this
case disappears [17].

Thus, based on the above information on the general
characteristic properties of metal-oxide superconducting
compounds, we can draw the following conclusion. The
main factors determining the formation of specific phonon
and electronic spectra of metal-oxide compounds and,
accordingly, causing their transition to the superconducting
state, are the stoichiometric composition, as well as the
crystallographic structure of these substances.

3. Possible mechanisms for the formation of localized
electron pairs, the movement of which realizes the
superconductivity of metal-oxide compounds

As mentioned above, in metal oxides, in addition to the
electron - phonon mechanism of superconductivity,
associated with the mutual attraction of electrons due to the
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exchange of phonons, other mechanisms of the formation
of electron pairs can also be realized. First of all, these can
be mechanisms associated with the so-called exchange-
correlation interaction of electrons. In this regard, many
models have been discussed in attempts to explain the
possible participation of various electronic excitations in
the formation of paired charge carriers in HTSC: plasmons,
excitons, spin fluctuations, etc [18, 19]. With all this, the
contribution of the electron - phonon interaction during the
formation of a superconducting state in these compounds
is also not denied by anyone. In this regard, it is of interest
to estimate the electron-phonon pairing constant A, which
appears in the standard formula of the BCS theory for T.

e 0exp [~ (1) / A —p) ]. (1

Here 0 is the Debye temperature, | is the Coulomb pseudo-
potential characterizing the repulsion of electrons (usually
nu=0,1+0,15). According to calculations performed in [20],
in the phonon spectrum of metal oxides, there is a high-
frequency mode associated with the possibility of
displacement of oxygen ions located in the planes formed
by CuO molecules. In this case, two oxygen ions located
on opposite sides of the copper ion can move upward from
the plane, and the other two can move downward.
Calculation of the pairing constant value taking into
account the role of the oxygen ions displacements, as well
as the characteristic value 8=300K, showed that A=0,2. In
accordance with relation (1), such a value of the pairing
constant should determine the value T.~10K. This estimate
indicates that the electron - phonon mechanism of electron
pairing makes an appreciable, but not determinant
contribution to the formation of the superconducting state
in metal oxides. In this regard, the following conclusion
can be drawn: until now, researchers have succeeded in
quite deep progress in studying the properties of metal-
oxide HTSCs. However, there are still many questions
related to the explanation of their behavior, both in the
"normal" and in the superconducting state. Until now,
there is no unambiguous understanding of the nature and
role of another, different from the -electron-phonon,
mechanism causing the appearance of electron pairs.
Among the unresolved issues, it is also necessary to note
the lack of understanding of the reasons leading to the
appearance of a "pseudo-gap" in metal-oxide
superconductors at a temperature T* significantly
exceeding the temperature of the superconducting
transition Tc.. The dependence of the T* value on the
doping degree of metal oxides with oxygen ions remains
unexplained. The most acceptable is the physical concept,
which explains almost all the features of the properties of
metal-oxide HTSC compounds, proposed in the works [14,
21]. Tt is based on the idea of the existence in metal oxides

of special structural clusters of atoms, consisting of the so-
called negative U-centers. In accordance with the chemical
composition and crystallographic structure of metal oxides,
the authors of the above works drew attention to the fact of
the formation in these compounds of a special group of
ions, consisting of two positive copper ions (cations)
embedded in the CuO2 plane and the surrounding negative
oxygen ions ( anions) (see Fig. 1).

Fig. 1. Fragment of YBa2CusO7-x crystal structure containing
a Cuz2R20n cluster, where Cu ions are "embedded" into the
CuO:z plane, and the R = Cu ions in the CuOs chains.

Such a structural element acquired the name "negative
U-center", and its presence in metal-oxide compounds was
confirmed experimentally. A detailed analysis of the
forming energy spectrum of the electronic subsystem
showed that the combination of a certain number of U
centers (cluster formation) causes the appearance in the
energy spectrum of levels that allow a local pair transition
of electrons from an oxygen ion to two neighboring copper
ions (Fig. 2).

|
ol

f :l ,‘ .‘|

Fig. 2. Diagram of the band structure of the electronic energy
spectrum: a) ordinary metal; b) metal-oxide compound [15].
Holes appear in the filled zone due to the transition of electron
pairs to a pair level, the width of which T~T.

Wherein at the initial stage of the energy spectrum
formation, the appearance of a small number of U-centers
causes a slight "excess" electrical conductivity at the
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temperature T* (the opening temperature of the so-called
pseudo-gap). The minimum cluster size, which makes the
pair transition of electrons possible, is determined by the
coherence length in the CuO» plane and is =10~ m. As the
concentration of oxygen ions in the metal oxide increases,
ie, at x—0, the total length of the clusters containing U-
centers increases, and the temperature T* gradually
decreases, approaching the temperature T.. Thus, the
critical temperature of the transition to the superconducting
state is reached when the anionic sublattice of the metal—
oxide compound is completely filled with oxygen ions and,
accordingly, when the maximum concentration of negative
U-centers is reached. It is important to pay attention to the
following fact. As already mentioned, the compounds
BixSr2Ca;CusO1o-x, T1,Ba;CaCuszOiox and
HgoBa,CayCu3Oi90x also belong to metal oxide
superconductors. Moreover, they have the highest values
of the critical temperature T.. Following the above outlined
logic, this can be explained by the fact that the structure of
these compounds contains an additional number of CuO,
planes, the presence of which leads to the formation of an
increased number of U-centers in comparison with other
Accordingly, these compounds are
characterized by higher values T.. An interesting fact that
evidence of reality of the above scheme is the result of the
work [22], in which the process of increasing the total
length of clusters from U-centers and, accordingly, the
transition of the metal oxide to the superconducting state,

metal-oxides.

was significantly activated by the action of external
pressure.

Thus, we can conclude that the main role in the
formation of the superconducting state in metal-oxide
compounds is played by the presence of CuO, planes
separated by solitary planes consisting of CuO chains. The
presence of chemically different states of like-named pairs
of ions, characterized by different types of bonds (ionic and
covalent), as well as the specific layered crystallographic
structure of metal-oxides determine the existence of
negative U-centers clusters, capable of generating paired
electrons, realizing the superconductivity of metal-oxide
substances.

4. Possible increase in the transition temperature of
metal oxides from the "'normal** to the
superconducting state under conditions of irradiation
with photons

In accordance with the conclusion made in the previous
paragraph concerning the nature of the mechanism of
metal-oxide compounds transition to the superconducting
state, it can be assumed that this transformation can occur
at higher temperatures if these substances are irradiated
with a flux of photons. Indeed, formation of the energy
spectrum of negative U-centers clusters is associated with

the formation of ionic-covalent bonds between planes
consisting of CuO, molecules and planes formed from CuO
chains. This process can be intensified without disturbing
the crystallographic structure of the compound under
conditions of irradiation of metal oxides with a photon flux
[23]. As already indicated, under normal conditions
(without irradiation), the first signs of U-centers formation
appear at the temperature T*, which significantly exceeds
the critical temperature Te. In this regard, it is natural to
assume that under conditions of photon irradiation, the
formation of the maximum possible number of U-centers
can be significantly accelerated. In this case, the thermal
destruction of electron pairs will be compensated by the
process of the creation of new pairs. Accordingly, the
temperature T. should approach the temperature T". Let us
make quantitative estimates of some parameters of the
photon flux, under the influence of which the described
effect can be realized. First of all, it is obvious that the
photon energy must satisfy the relation:

h-va=W. )

Here h is Planck's constant, W is the energy of the
photoinduced chemical reaction causing the formation of a
negative U-center, v is the frequency ( v = ¢/L, where ¢ —
the light speed, L — radiation wavelength). In the particular
case under consideration, W is the energy required for the
transfer of electrons from copper ions to oxygen ions.
Obviously, quantitatively, the minimum value of W is
equal to the thermal energy sufficient for the destruction of
electron pairs in the discussed compounds: W = kT, (k —
Boltzmann constant). Since for metal oxides T, = (10 +
100)K, then W = (102 + 1072)eV. Thus, it follows from
relation (2) that L ~ (10°+10%m. Such a wavelength
interval corresponds to infrared light radiation, sufficiently
powerful fluxes of which can be easily achieved using laser
technology [24]. To implement the described effect, the
required photon flux density should approximately
correspond to the atomic density of the irradiated
substance: Nphot=na=10?1/m>. Such a photon flux density
can be achieved using a laser with a power ~10'"W/m? and
pulse duration ~107%s [24]. It is important to take into
account that infrared radiation penetrates into the volume
of metal-oxide compounds to a depth =~10°m [25].
Consequently, the described effect can be realized either in
the near-surface layer of the irradiated sample, or in the
volume of a film of the specified thickness. In addition, it
is obvious that the described effect should show itself in
full when using single-crystal samples, since grain
boundaries in polycrystals, usually characterized by the
size ~(107°+10%m, are effective infrared scattering
centers.
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5. Conclusions

1) Under conditions of laser irradiation with a
wavelength L < 10~*m and pulse duration = 1078s when the
power density is reached =10""W/m? In the energy
spectrum of the electronic subsystem of metal-oxide HTSC
compounds, a photoinduced chemical reaction can occur,
accompanied by the transfer of electrons from copper
atoms Cu to oxygen atoms O.

2) As a result of a photoinduced chemical reaction in
metal oxides, special structural elements are formed —
negative U-centers, the clusters of which are characterized
by a specific energy spectrum that allows local pair
transitions of electrons.

3) The appearance of pairs of electrons (bosons) in the
discussed metal-oxide compounds their
electrical superconductivity. In this case, the critical
temperature of these compounds transition to the
superconducting state T. under irradiation with a photons
flux can increase and reach the value of the "pseudo-gap"
opening temperature T* (Fig. 3).

can causc

T*

nr T. = 10K

T — 7, — 400K

500 - N\e, e T, — 800K

400

300 =

200 -

100
() 1 1 | 1
0.2 0.4 0.6 0.8 0 x
Fig. 3. Dependence of the "pseudo-gap" opening

temperature T * in the compound YBa2CusO7 x on parameter
X [15].

4) The described effect can be realized in near-surface
layers with a thickness ~10°m in bulk single-crystal
samples or in thin films of the same thickness.
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