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ELECTRONIC STRUCTURE AND PROPERTIES
OF NOVEL LAYERED SUPERCONDUCTORS

The electronic energy structures and magnetic properties of layered superconductors RNiz B2 C,
RFesAls, and FeSe are systematically studied, by using the density functional theory (DFT).
The calculations allowed us to reveal a number of features of the electronic structure, which
can cause the manifestation of peculiar structural, magnetic and superconducting properties of
these systems. It is demonstrated that the Fermi energy Ev is located close to the pronounced
peaks of the electronic density of states (DOS). The main contribution to DOS at the Fermi
level arises from 3d-electrons. The calculations of the pressure-dependent electronic structure
and the magnetic susceptibility in the normal state indicate that the novel superconductors
are very close to a magnetic instability with dominating spin paramagnetism. It is shown that
experimental data on the pressure dependence of the superconducting transition temperature
in FeSe correlate qualitatively with the calculated behavior of DOS at Er as a function of the

pressure.
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1. Introduction

The discovery of the superconductivity in transi-
tion metal borocarbides with the general formula
RNiyB5;C (R =Y, Ho, Er, Tm or Lu) and its coexis-
tence with magnetism stimulated a considerable sci-
entific interest in these systems [1]. Later, the super-
conductivity was also found in magnetic compounds
YFey Alg, LuFesAlg, and ScFeyAlg at temperatures
lower than 6 K [2]. In 2008, the new class of iron-
based layered superconductors was discovered. One
of the representatives of this class is FeSe compound
distinguished by the simplest crystal structure among
iron-based superconductors and by the extremely
large effect of a pressure on the superconducting tran-
sition temperature [3-5].

The characteristic feature of these layered com-
pounds of 3d-metals is the well-established coexis-
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tence of magnetism and superconductivity. The rela-
tive structural simplicity of RNiyBoC, RFe Alg, and
FeSe is favourable for studying the effects of chem-
ical substitution, high pressure, and uniaxial defor-
mations on their physical properties. Such studies
can reveal a mechanism of superconductivity in these
systems, which contain magnetic 3d-metals.

The clarification of microscopic mechanisms, which
determine electric and magnetic properties of metallic
systems, assumes detailed experimental and theoreti-
cal studies of the electronic structure of a conduction
band. A number of electronic structure calculations
were carried out for nickel borocarbides [6, 7| and su-
perconducting FeSe [8, 9] in recent years. However,
the data on the electronic energy structure of these
systems are still incomplete and inconsistent.

In very recent studies of magnetic superconductors
with the angular resolved photoemission spectroscopy
method (ARPES) [10], the presence of Van Hove sin-
gularities was established in the electronic structures
in a small vicinity of the Fermi energy Er. Moreover,
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the technological progress in growing single-crystal
samples provided an opportunity to study the fine
structure of the electronic energy bands and the Fermi
surface of nickel borocarbides by means of the de
Haas—van Alphen effect [11,12] and ARPES [13] and
FeSe compound (ARPES, [14]). Thus, the detailed ab
initio calculations of the electronic structure are nec-
essary for the analysis of the spectral characteristics
of these systems.

Here, we have calculated the electronic band struc-
tures and a number of thermodynamic characteristics
of RNi;B>C, RFeyAlg, and FeSe compounds within
the density functional theory (DFT) methods. The
dependences of these characteristics on the volume
and structural parameters were addressed to shed
light on the corresponding high-pressure effects.

2. Details and Results
of Electronic Structure Calculations

The calculations of electronic structures were carried
out by using the modified relativistic LMTO method
with a full potential (FP-LMTO, RSPt implemen-
tation [15, 16]) and the linearized augmented plane
waves method with a full potential (FP-LAPW, Elk
implementation [17]). The exchange and correlation
potentials were treated within the local density ap-
proximation (LDA [18]) and the generalized gradient
approximation (GGA [19]) of DFT. For the employed
full potential FP-LMTO and FP-LAPW methods,
any restrictions were not imposed on the charge den-
sities or potentials of the studied systems, which is es-
pecially important for anisotropic layered structures
of the investigated magnetic superconductors.

Electronic structure calculations for compounds
were carried out for the sets of crystal lattice pa-
rameters close to experimental ones. Variations of
the parameters of crystal lattices allow one to imi-
tate the influence of an external pressure. In such a
way, the volume dependence of the total energy of the
electronic subsystem, E(V), was calculated for the
studied compounds. The theoretical values of equilib-
rium lattice parameters and bulk moduli B were de-
termined from the calculated E(V) dependences, by
using the known Birch—Murnaghan equation of state
(see Refs. [15,16]).

To evaluate the paramagnetic susceptibility of com-
pounds, the FP-LMTO calculations of field-induced
spin and orbital (Van Vleck) magnetic moments were
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Fig. 1. Density of electronic states N(E) of YNiz2B2C,

LaNigBsC, and LuNizBoC compounds. The Fermi level (E =
= 0) is marked by the vertical line

carried out with the approach described in Ref. [15]
within the local spin density approximation (LSDA)
of DFT. The relativistic effects, including spin-orbit
coupling, were incorporated, and the effect of an ex-
ternal magnetic field B was taken into account self-
consistently by means of the Zeeman term,

Mz = ppB(28 +1). (1)

Here, up is the Bohr magneton, and § and 1 are the
spin and orbital angular momentum operators, re-
spectively. The field-induced spin and orbital mag-
netic moments provide the related contributions to
the magnetic susceptibility, Xspin and Xorb-

2.1. RNi; B, C

The crystal structure of mnickel borocarbides (like
YNiyB,C, space group I4/mmm) is a body-centered
tetragonal structure with alternating triple layers of
B-Ni-B and Y-C planes. In this work, we carried
out the DFT calculations of the band structures,
densities of electronic states (DOS), and some ther-
modynamic characteristics of YNiyBoC, LaNisBoC,
and LuNiy;BsC compounds. These compounds con-
tain non-magnetic trivalent transition metals Y, La,
and Lu, whose external electronic shells are similar to
those of rare-earth elements R. For each compound,
the calculations of the electronic structure were car-
ried out for a number of lattice parameters, close to
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Fig. 2. Band structure of YNipBoC along high symmetry lines
of the Brillouin zone. The Fermi level (E = 0) is marked by
the horizontal line

experimental ones (listed in Refs. [1,20]). At the
same time, the ¢/a ratio was fixed and corresponded
to the experimental value for each RNi;BsC com-
pound.

The calculated densities of electronic states N(E)
of these nickel borocarbides are similar, but differ
in details and the positions of Fermi levels Er (see
Fig. 1). In Fig. 1, one can see the sharp peaks in
N(E) of YNisB;C and LuNipBoC superconductors
in a close proximity of the Fermi level, whereas the
related peak in the non-superconducting LaNisBoC
compound is situated much deeper below Ef.

The calculated band structure of YNisBoC com-
pound is presented in Fig. 2, where one can see the
presence of quasi-degenerate states near the Fermi
level in a vicinity of the symmetry point I and at PZ
line and the almost dispersion-free branch of E(k) in
the direction I'X. The position of this branch corre-
sponds to the sharp peak of DOS in a vicinity of Ep
(Van Hove singularity in Fig. 1). The main contri-
bution to N(Er) comes from the d-states of nickel
layers.

The reliability of the present calculations of the
electronic structure of nickel borocarbides is con-
firmed by a good description of the low-temperature
quantum oscillation of magnetization — the de Haas—
van Alphen effect (DHVA) — for YNi;BoC and
LuNiyB2C compounds [11, 12]. In particular, by
comparison with the DHVA experimental data for
YNiy;BoC and LuNiyBoC, it is established that the
low-frequency branches of DHVA oscillations found
in [11,12], F, ~ 500 T, correspond to the Fermi sur-
face sections in a vicinity of the symmetry point I’
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(see E(k) dependences in Fig. 2). It should be noted
that, for a small shift of the Fermi level (less than
0.1 V), which corresponds to the accuracy of the ab
initio calculations of the Fermi energy position, the
calculated sections of YNisB>C and LuNisBoC Fermi
surfaces appeared to be in agreement with F, data
from Refs. [11,12] within the experimental error. The
ratio of experimental cyclotron masses to correspond-
ing calculated ones, mg, /M., = (1 + A), for the
Fermi surface section F, of YNi;BoC is within the
limits of 1.5 + 1.7 for various directions of the mag-
netic field. This provides the reasonable value of the
corresponding constant of many-body mass enhance-
ment, A\, ~ 0.6.

The calculated values of DOS at the Fermi level
N(Er) for the nickel borocarbides are presented in
Table 1 and can be compared with the available ex-
perimental data on the electronic specific heat co-
efficients 7exp [21]. The differences between ~iheor
and Yexp are usually attributed to the renormalization
of one-electron effective masses due to the electron-
phonon interaction,

Yexp = (1 + A)’Y‘cheor, (2)

which gives a possibility to determine the correspond-
ing renormalization parameter A (see Table 1).

By using the theoretical and experimental data
from Table 1, one can estimate the superconduct-
ing transition temperatures of the investigated nickel
borocarbides with the use of the Macmillan formula
[23]:

5 _ Op 1.04(1 + \)
c= 7 ,=-6Xp|— s
1.45 P T N (1 + 0.62))

3)

where ©p — Debye’s temperature, A\ — electron-
phonon interaction constant, and p* — Morel-
Anderson’s Coulomb pseudopotential. The value of
w* is taken to be 0.13, as accepted for transitional
metals [23]. Thus, using the experimental values of
Debye temperatures ©p and estimated A, we obtained
T, values, which are in a good agreement with exper-
imental data for YNi;B5C and LuNiyBoC (see Ta-
ble 1). The difference of the estimated T, with the
experimental value for LaNisBoC can be caused ei-
ther by errors in the evaluations of Yeyxp and N(Er)
or due to a large spin-fluctuation contribution A¢ to
the renormalization parameter A in (2):

A= )\elfph + )\sfu (4)
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Table 1. Thermodynamic properties of RNizB2C borocarbides (R=Y, La, Lu).
V — unit cell volume, N(Er) — DOS at the Fermi level, v — electronic specific heat (Ref. [21]),
©p — Debye temperature (Ref. [21]), A — electron-phonon mass enhancement,

T. — superconducting transition temperature (from [21, 22])

Combination Vv, A3 staiZéiF{/?-;ell m}/(:fl)iiz Op, K A Te(exp), K | Te(theor), K
YNiyBsC 65.9 4.30 18.2 490 0.8 15.6 15.3
LaNigBoC 70.7 2.24 8.4 495 0.6 — 6.5
LuNizB2C 63.8 4.07 19.5 360 1.0 16.6 17.8
which can explain a smaller contribution of Aej_pn.  Table 2. Magnetic susceptibility
Nevertheless, the results in Table 1 clearly testify —of RNi2B2C (R =Y, La, Lu)
in favor of the BCS-like electron-phonon mecha-
nism of superconductivity in the nickel borocarbides, Compound Xspin Xorb Xtheor Xexp
having A\ =~ 1. 10~% emu/mol
The FP-LMTO calculations of the field-induced
spin and orbital (Van Vleck) magnetic moments were YNigBsC 1.35 0.87 2.92 2.0 [24]
carried out for YNiyBoC, LaNiyBoC, and LuNisB,C LaNisB2C 0.96 0.72 1.68 1.0 [24]
compounds with inclusion of the Zeeman operator LuNizB2C 1.29 0.73 2.02 1.9 [25]

(1) in the external magnetic field B =10 T. For the
tetragonal crystal structure, the corresponding con-
tributions to the magnetic susceptibility, Xspin and
Xorb, Were calculated for the external field directed
along the ¢ axis. The values of magnetic susceptibil-
ity (Xtheor = Xspin + Xorb) calculated for YNisBoC,
LaNi;BoC, and LuNisB,C are listed in Table 2 in
comparison with the available experimental data.

In the general form, the total magnetic suscepti-

bility can be decomposed in the following terms (see
Ref. [15]):

Xtot = Xspin + Xorb + Xdia + XL, (5)

which present, respectively, Pauli’s spin susceptibil-
ity (xspin), Van Vleck orbital paramagnetism (Xorb),
Langevin diamagnetism of closed ion shells (xdia),
and the orbital diamagnetism of conduction electrons
(xL)- It can be seen in Table 2 that the spin and
orbital Van Vleck susceptibilities are the principal
terms in Eq. (5). It is important that X, gives a sub-
stantial contribution to the full paramagnetic suscep-
tibility of borocarbides. The theoretical calculation
of the Landau diamagnetism yp, for the multiband
dispersion law E(k) represents a very difficult task
[15]. However, a good fit of the experimental suscep-
tibilities of YNisBoC and LuNiyB>C with the calcu-
lated paramagnetic contributions to x (see Table 2)
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indicates that, in these superconducting systems, the
diamagnetic contributions in (5) are insignificant.

2.2. RFe Alg

Compounds RFeyAlg possess the body-centered tet-
ragonal crystal structure of the ThMnio-type, which
belongs to the I4/mmm space symmetry group [26].
In case of non-magnetic trivalent transition metals
(R = Sc, Y, Lu), the AFM ordering of iron mo-
ments was established in RFeyAlg at low tempera-
tures, though there are very inconsistent experimen-
tal data in the literature about a character of AFM
ordering, ordering temperatures, and magnetic mo-
ments (see [2,26-28] and references therein).

Virtually, no band structure calculations have
been carried out to date for RFesAls. In work [27],
the main attention was paid to calculations of the
iron magnetic moments in the magnetically ordered
phases of YFeyAlg. In the present work, the DFT
electronic calculations are carried out for YFesAlg,
ScFesAlg, and LuFesAlg compounds in the param-
agnetic, ferromagnetic (FM), and antiferromagnetic
(AFM) phases.

The calculated DOS of the paramagnetic phase
of LuFe Alg is presented in Fig. 3. The densities
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Fig. 3. Density of electronic states N(E) of LuFesAlg in the
paramagnetic phase. The Fermi level (E = 0) is marked by
the vertical line

of states N(E) for the isoelectronic ScFesAlg and
YFe,Alg compounds are very similar, and they dif-
fer in small details only. The calculated densities of
states at the Fermi level are listed in Table 3, and the
dominating contributions to N(Eg) come from the d-
states of iron. As is seen from Fig. 3, the Fermi level
for the PM phase of LuFe4Alg is located at the steep
slope of the density of states, where N(E) quickly
grows with the energy in the immediate proximity
(~0.01 eV) to the sharp peak of DOS.

The peak of N(F) in Fig. 3 is split at the AFM or-
dering for spin-up and spin-down states, and this pro-
vides the formation of the magnetic moments on the
iron atom. As is seen from Table 3, it is accompanied
by a noticeable decrease in N(Ey) for the ferromag-
netic and antiferromagnetic phases of RFeyAlg. The

Table 3. Densities of electronic states

at the Fermi level and the magnetic moments of iron
atoms for RFesAlg compounds (R = Sc, Y, Lu)

in the paramagnetic (PM), ferromagnetic (FM)

and antiferromagnetic (AFM) phases

N(EF) M
Combination states/(eV-cell) UB
PM FM AFM FM AFM
ScFeqAlg 25.2 10.5 14.5 1.20 1.17
YFesAlg 26.5 8.4 14.7 1.27 1.25
LuFe4Alg 27.0 11.5 14.3 1.24 1.22
288

distinction between the magnetic moments on a Fe
atom for the FM and AFM phases appeared insignif-
icant in the case of LuFesAlg and more noticeable in
ScFeyAlg. For all three investigated RFesAlg com-
pounds, the minimum of the total energy is found for
the AFM ordering of the Fe moments in the basal
plane along the [100] type directions. The calculated
values of magnetic moments from Table 3 are qualita-
tively consistent with the experiments of Ref. [28] for
LuFe4Alg (~ 1.3up) and the results of calculations in
[27] for YFe4A18 (2’ 1.25/1]3).

The calculated value of DOS at the Fermi level
for the AFM phase of LuFeyAlg, N(Fp)=14.3
states/(eV- cell), can be compared with experimen-
tal data on the electronic specific heat coefficient in
this compound, Yex, = 70 mJ/mol - K? [2]. According
to (2), the corresponding renormalization parameter
for effective masses is about A ~ 1, which is quali-
tatively consistent with the observation of supercon-
ductivity in LuFe Alg [2]. It is necessary to consider,
however, a contribution of the spin-fluctuation term
in (4), which can be rather large for systems with high
values of N(EFf), to A [15]. Therefore, the question
remains open: Can spin-fluctuations affect supercon-
ductivity in RFeyAlg compounds and, if so, how?

2.3. FeSe

The calculations of the electronic structure of FeSe
were performed for the tetragonal P4/nmm struc-
ture and for the orthorhombic Cmma structure,
which correspond to the non-magnetic superconduct-
ing phase. The crystal lattice parameters of FeSe were
taken according to data of Refs. [3,4,29,30]. The cal-
culated density of electronic states of the tetragonal
FeSe is presented in Fig. 4, where the dominating con-
tribution to N(Er) comes from the 3d-states of iron.

As is seen in Fig. 4, the Fermi level is located in
a close proximity (~0.1 eV) to the sharp peak of the
density of electronic states. A similar feature of N (E)
near Ep appears also in the orthorhombic phase of
FeSe. It should be noted that fine details of the elec-
tronic spectrum, in particular, positions of the critical
points of E(k) relatively to Er, can be reliably deter-
mined by the ab initio calculations within DFT with
an accuracy no more than 0.1 eV.

According to the results of calculations of the elec-
tronic structure and the magnetic susceptibility in the
normal state in an external magnetic field, FeSe com-
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pound is very close to a magnetic instability with
the dominating exchange-enhanced spin paramag-
netism Xspin. Within the Stoner model, the exchange-
enhanced Pauli spin contribution to the magnetic sus-
ceptibility can be presented as Xston = SuiN(Er),
where S — the Stoner factor, N(Er) — the density
of states at the Fermi level, ug — the Bohr magne-
ton. The calculated value of DOS at the Fermi level
for FeSe amounts to N(Ep) =~ 1 states/(eV-cell),
allowing a small uncertainty in the determination
of lattice parameters. Using the experimental value
of susceptibility of FeSe at low temperatures, xy ~
1.6 x 104 emu/mol [31], we obtained the Stoner fac-
tor S ~ 5.

The calculated N(Er) can be compared with ex-
perimental data on the electronic specific heat coeffi-
cient in FeSe, Yexp = 5.73 mJ/mol-K? [32]. Accord-
ing to (2), the corresponding parameter of renormal-
ization of the effective masses amounts to A ~ 1.4.
Assuming the validity of formalism (3) for the super-
conducting transition in FeSe at 8 K and using the
experimental value Op = 210 K from [32], it is pos-
sible to estimate the corresponding electron-phonon
interaction parameter, Aei—pn =~ 0.9. However, it is
necessary to consider also the spin-fluctuation term,
according to (4), which gives Ag¢ >~ 0.5.

The experimentally observed large effects of a pres-
sure on the superconducting transition temperature
[3,4] and on the magnetic susceptibility [31] gave ev-
idence of substantial changes in the electronic struc-
ture of FeSe under pressure. In order to clarify a
nature of these changes, the geometry optimization
was performed for the tetragonal P4/nmm structure
of FeSe within the GGA approach [19] and Elk pro-
gram [17]. In a such way, the pressure dependences
of the crystal lattice parameters were calculated. In
particular, a growth of the relative height Z of se-
lenium atoms over the iron atoms plane under ap-
plied pressure was established. These results are in
a qualitative agreement with experimental data of
Refs. [29,30].

With the use of the established dependences of
lattice parameters of FeSe under pressure, we have
calculated the corresponding behavior of DOS at the
Fermi level, N(Eg, P), which is presented in Fig. 5.
It should be noted that the value of N(Egr, P = 0)
calculated within the GGA approach is by ~1.5 times
larger than the corresponding value in Fig. 4, which
was calculated in the LDA approach [18]. For the
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Fig. 4. Density of electronic states N(E) of FeSe. The Fermi
level (E = 0) is marked by the vertical line
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Fig. 5. Pressure dependence of the density of electronic states
of FeSe at the Fermi level, N(Eg). The inset shows the pressure
dependence of the superconducting transition temperature for
FeSe taken from Ref. [5]

small pressures (0 + 0.3 GPa, see Fig. 5), the calcu-
lated derivative dln N(Er)/dP ~ 2.7 x 1072 GPa™!
is in a qualitative agreement with the experimental
value of the derivative of the magnetic susceptibility
with respect to the pressure at low temperatures,
dlnx/dP ~ 10 x 1072GPa~! (0 < p < 0.2 GPa, [31]),
with regard for the Stoner factor of exchange en-
hancement (S ~ 5). Basically, the experimentally
observed large positive pressure effect on x in FeSe
at low temperatures [31] is caused by an increase of
the internal structural parameter Z under pressure.
It should be noted that the calculated dependence
of N(Er, P) in Fig. 5 correlates with the specific non-
monotonic behavior of the superconducting transition
temperature in the FeSe compound in a wide range
of pressures [5] (see inset in Fig. 5). Such compliance
can testify either in favor of the BCS mechanism of su-
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perconductivity, or an alternative mechanism, which
could involve, in a similar fashion, the density of elec-
tronic states at the Fermi level.

3. Conclusions

The calculations of the densities of electronic states
of RNisB>C, RFeyAlg, and FeSe compounds indicate
that the Fermi energy in these systems is located in a
vicinity of the pronounced peaks in N(E). This con-
firms the recent ARPES observations that the prox-
imity of Van Hove spectral features to the Fermi level
can be considered as a key component for a realiza-
tion of the superconductivity in transition metal com-
pounds [10]. Though the main contribution to DOS
for all three systems in a vicinity of Fr comes from
the quasi-two-dimensional layers of 3d-metal atoms,
nickel and iron, the N(F) dependences appear to be
notably different. The Fermi level in RFesAlg is lo-
cated just at the peak of N(FE) and in the area of high
values of DOS. As for RNiyBsC and FeSe compounds,
the Fermi level is actually in the “pseudo-gap” area of
electronic spectra with rather low values of N(EF).

The results of calculations of the electronic struc-
ture allow us to analyze the experimental data on
the electronic specific heat coefficient (in RNigBsC,
LuFe4Alg, FeSe) and the cyclotron masses (DHVA
effect in YNigBoC and LuNigBsC). The estimated
renormalization parameters of the effective mass of
conduction electrons indicate a possibility to realize
the electron-phonon mechanism of superconductivity
in these systems with Ae—pn ~ 1. Along with this,
the estimates indicate a noticeable contribution of the
electron-paramagnon (spin-fluctuation) interactions
to A, which complies with a proximity of RNisB5C,
RFeyAlg and FeSe to the magnetic ordering.

It is shown that the available experimental data on
the strong pressure dependence of the magnetic sus-
ceptibility and the superconducting transition tem-
perature in FeSe are caused by an increase in the
density of electronic states at the Fermi level under
pressure. The experimentally established nonmono-
tonic dependence of the superconducting transition
temperature on the pressure in FeSe qualitatively cor-
relates with the calculated behavior of DOS at the
Fermi level in a wide range of pressures (Fig. 5).

This work was supported by the Russian-Ukrainian
RFBR-NASU project 01-02-12.
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EJJEKTPOHHA CTPYKTVYPA I BJIACTUBOCTI
HOBITHIX HIAPYBATUX HAAIIPOBIJIHNKIB

Pezmowme

Ha ocnosi teopil dyuknionana rycruau (DFT) nposeaeno
CHCTEeMaTUYHE BHUBYEHHS €JIEKTPOHHO! €HEPreTUIHOI CTPYKTY-
pu 1 MarHiTHEHX BJIACTUBOCTEl HIApyBaTUX HAJIPOBITHUKIB
RNi2B2C, RFeqAlg i FeSe. O6uncientsi JO3BOJUIN BUABUTH
psazn crerudiTHIX 0COOIMBOCTEH €JIEKTPOHHOI CTPYKTYPH, IO
MOXKYTb BiJIIOBilaTH 3a HE3BUYAIHI CTPYKTYpPHI, MarHiTHi Ta
HaAIpOBiHi BIacTuBocTi mux cucrem. [IpogemoncrpoBano, 1o
eneprisg @epmi po3raioBaHa B OKOJII IIKiB I'YCTHHU €JI€KTPOH-
nux crauis (DOS). Tonosuwuii Buecok B DOS na piBai Pepmi ga-
10T 3d-esexrponn. O6uucnenns edeKTiB TUCKY Ha €IEKTPOH-
HY CTPYKTYpPy i MarfiTHy CHpPUUHSITIMBICTH Yy HOPMAJIBHOMY
cTaHi BKa3yIOTb, II[0 B IIUX HOBITHIX HaAIPOBiAHHKAX JOMIHY€E
CIIIHOBUI ITapaMarHeTu3M, i BOHU 6JIM3bKi 10 MarHiTHOI HecTa-
6isbHOCTI. [TokazaHo, 110 eKClIepuMeHTAaJIbHI JIaHi 110 3aJI€3KHO-
cTi Temmeparypu HaamposinHoro nepexoxy B FeSe Bin Tucky
SAKICHO KOPEJIIOITh 3 po3paxoBaHoIo nmoseainkoo DOS Ha pis-
ui Pepmi mig THCKOM.
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