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Investigation of the thermophysical characteristics of materials at low temperatures (T <®, @ is the Debye
temperature) makes it possible to obtain information on the interaction of quasiparticles and is in demand in the
applied plan. For the indicated temperatures, a method of express registration (ER) of anomalies in the thermal
conductivity of solids (k), which is a variation of the classical method of uniaxial stationary heat flux (USHF), but
which, unlike the prototype, does not require taking into account heat losses (HL). A feature of the ER method is the
measurement of the temperature dependence of the difference 8T = T,—T, between the ends of the sample under
conditions of simultaneous monotonicity of the change in T of the sample and all HL. In this case, the measured
scaled thermal conductivity Koc(Q/¥)/8T (¥ is a monotonic scale factor in T) correlates with the real kecQ/3T. For
the interval 300...77 K, one of the variants of the ER method was tested, in which a step-by-step movement of the
sample in a column of gaseous nitrogen above the surface of liquid N, in a Dewar vessel was used. In the case of a
monotonic change in the distance from the sample to the liquid, the formed configuration of isotherms ensures the
monotonicity of the change in T of the sample and, at the same time, the monotonicity of the HL along the channels
of thermal conductivity and radiation. The possibilities of the ER method are illustrated by examples of determining
the temperatures and signs of anomalies in the thermal conductivity coefficients of high-temperature
superconductors (HTSC) in the pseudogap state (PGS) and a high-entropy alloy AlysCoCuCrNiFe, which is
promising for use in the cryogenic temperature range. The method made it possible for the first time to discover the
staging of the temperature evolution of the thermal conductivity of YBa,Cu;07., and Bij ¢(Pbg4)SroCa,CusO g, in
the PGS and to determine the temperatures and signs of the anomalies. The data obtained convincingly confirmed
the results of probing the PGS of HTSCs by the method of polarized neutron scattering carried out with the
participation of a number of EU research institutes. Also, for the first time, an extended thermal conductivity
anomaly of a high-entropy AlpsCoCuCrNiFe alloy in the range of ~ 220...170 K was discovered, which is probably
a consequence of changes in the configuration of the Fermi surface.

PACS: 44.10.+i; 45.40.-b; 61.82.Bg

INTRODUCTION

The key idea of the method of express registration
(ER) of anomalies in the thermal conductivity of solids
is the same as in the uniaxial stationary heat flow
method [1] which consists in the following. Along a

anti-radiation screen along which one being created the
same drop of temperature by means of additional
heaters. That way however may compensate only
normal component of radiation. To compensate
tangential one an active heat screen is being applied [2].

homogeneous cylindrical rod (section S =nd%4, d —
diameter), generated a uniaxial stationary heat flux Q
causing a temperature drop 6T =T,—T, between the
ends of the rod. For Q to be uniaxial and stationary it is
necessary that the surface of the sample be perfectly
insulated, and 1/d >>1, where | is distance between
sections where T, and T, were measured. In this case
the thermal conductivity coefficient k is described by
the Fourier formula k = (Q/8T)x1/S and the error in K is
associated with errors in measurements of Q, 6T, and S.
The most difficult problem in [1] is the measurement of
Q. The reason is the presence of various heat losses
(HL) because the actual Q differs from experimentally
measured value Q* > Q. Therefore in practice are used
different methods to reduce HL to the level of Q = Q*.
Of three HL canals — at the expense of thermal
conductivity and convection of contact gas (I), along
supplying wires (1), at the expense of radiation from
sample surface (I1I) — the canal | is being most easy
overlapped by placing the sample in vacuum ~ 10~ Pa.
Dispersion at the expense of canal Il also one may
decrease without problems to enough small value. The
most problematical in [1] are radiation losses (canal I1I).
To their minimizing the sample is being surrounded by
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Strong following enumerated demands allows to reach
the precision of k determination ~0.1% [3]. While
neglecting anti-radiation screen is being increased the
mistake to ~25% [4]. Problems of Q definition are
increasing when it is necessary to investigate an
extensive temperature interval and not overcome for
short samples having not circular cross-sections along
axis.

Meanwhile there are number of problems connected
with investigation of crystal lattice’s temperature
behaviour and energy spectra characteristics of «non
classic form» samples in which as a tool may use heat
transfer Kinetics. In spite of this the goal of such
investigations limited often by determination of
temperatures and signs of k-anomalies. Of no small
importance is sometimes a desirability of express-
testing big number of samples (for example at look over
the chemical composition variations of high-entropy
alloys). One of methods for the problem decision
considered below.

THE ESSENCE OF THE METHOD

Suppose that it is required to determine the
temperatures and signs of the anomalies of the
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dependence k(T) in the interval To—T for a
homogeneous sample whose shape differs from
cylindrical one, and let there be the HL through
channels I-I11. As characteristic of k we take like [1] the
temperature difference 8T = T;—T, between the ends of
the sample arising as a result of applying a heat flux to
one of them. As for the source of thermal power of the
nominal value Q* = const, then this is an electric heater
(H) — either located at the end of the sample or remote
from it and equipped with a heat conductor (HT), Fig. 1,
insert.

Imagine that the sample is divided into n transversal
disks of thickness 8x—0 which have the same k due to
the homogeneity of the material. We may write the
obvious expression for the temperature difference 6T
between the surfaces limiting the body of the 1-st disk:

8T10c(1/K)*(Q*Q1loss)s
where Qqqss IS the HL on 1-st disk. For the second disk
it is similar:
8T 20c(1/K)*(Q*Q110ss~Q210ss)
and, finally, for the i-th disk it is
8Tioc(1/k)*(Q*—Q11oss—Qatoss-— Qitoss)-
Summing up over dTj:
28T = T oc(L/K)X[(Q*—Q1105s) +(Q* Q11055 Q210ss)
+(Q*_Q1Ioss_Q2Ioss _Qiloss)],

we obtain:

0Toc(1/k)X[nQ*-NQ1j0ss —(N—1)Q21oss—(N-2) Q1055 —

(n_i+1)QiIoss]- (1)

We immediately notice that the greater the total HL
the smaller the square bracket in (1), in other words, the
less 8T in comparison with the case of no HL.

Let suppose next conditions carried out for interval
To—T: i) the sample temperature varies monotonic;
ii) the HL on canals I-I1l varies monotonic with T. In
that case quadratic bracket in (1) may be substitutes by
quotient Q*/¥(T), were W(T)>1 is dimensionless
coefficient being monotonous function of T:

3Toc(1/K)x(Q*/¥) = Q*/kW. (2)

Then the ratio of experimentally measuring values

dT for Tpand T will be

STo/6Toc(kxP)/(koxWo) . (3)
Designating (kx¥) = K and (koxWp) = K, one receive
STo/8TocK/K. (4)

One can see coefficient ¥(T) > 1 has the meaning of
monotonic on T “coefficient of scaling” characterizing
the deviation of experimentally defined “scaled
coefficient of thermal conductivity K from real value
of k. From (4) follows in one’s turn that possible
anomalies of the dependence 8To/6T(T) for range To-T
must be attributed — but only in case of monotony of
function W(T) — to the expense of the dependence K(T)
anomalies, and well then of the dependence k(T)
anomalies.

THE EXPERIMENT’S CONDUCTING
FOR EXPRESS REGISTRATION OF
THE DEPENDENCE k(T) ANOMALIES
IN RANGE ~ 300...77 K

One of variants of ER was applied [5-7] to decision
of number of actual physical problems. In the capacity
of thermal field (TF) which gave sample temperature T
was utilized the gradient thermal field of gaseous
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nitrogen over liquid one being in vertically oriented
metallic Dewar vessel ~500mm, inner diameter
~60 mm. To experiment was being selected an
cylindrical segment of TF ~300 mm long which
temperature is constant on azimuth in horizontal
sections and decrease monotonously by decreasing
distance to liquid refrigerant. The last circumstance
predetermined the regime and the way of T, variation —
approaching horizontally oriented sample to liquid
refrigerant surface. In this case monotony of decreasing
T, has guarantied by monotony of distance changing
from sample to liquid level and in one’s turn monotony
of HL losses on canals I, Ill. To 8T creation the thermal
flux was puts to one of sample end from constantan coil
H with direct current | (see insert on Fig.1). The
monotony of the HL from H, HT and leading wires
(canal 1) has provided by strict constancy of | during
experiment.

In common case the number of testing thermalized
states in range (To—T) ~ 200 K may consists ~ 40...50.
Then the temperature interval between next points will
be 4...5K and the sensitivity of fixing of anomalies
temperatures is defined by sensitivity of measuring
temperature difference between next sample positions.
Itis~1K.

In conclusion of the section pay attention once again
to the fact that by approaching the sample to liquid
refrigerant the values of measuring 8T(T)oc1/k(T) are
smaller in comparison with idealized case of HL absent.
So to that a graph of dependence k(T) turns out in
monotonously stretched scale.

Several examples of the definition of temperatures
and signs of thermal conductivity anomalies of number
of actual physic objects by means of described way
listed below.

THERMAL CONDUCTIVITY ANOMALIES
OF THE HIGH-TEMPERATURE
SUPERCONDUCTORS BEING
IN THE PSEUDOGAP STATE

The question about of the nature of the pseudogap
state  (PGS) [8] of holy high-temperature
superconductors (HTSC) is the most intriguing in the
theory of HTSC. It is considered that its decision may
give a key for understanding how to raise T¢. But not
clear till now what of the numerous PGS’ models (see
reviews [9, 10]) corresponds to reality.

It should be marked that practically all physical
characteristics of holy HTSCs demonstrate in the PGS
non-Fermi liquid behaviour. As regards the thermal
conductivity all investigations were carried out [11-17,
et al.] before the discovering the pseudogap (A*)
phenomenon. Perhaps, therefore, an anomalous decrease
of k at T<T* [11-17, et al.] was not given proper
significance, despite its correlation with the anomaly of
the electrical conductivity. The last consists in the
appearance of the excess conductivity, which is in
obvious contradiction with the Wiedemann-Franz law.

There were and other circumstances induced us to
return to investigations of dependence k(T) for holy
HTSCs. One of such circumstances was the discovery
of the unknown magnetic superstructure in the PGS
[18-23] closely associated with appearance of anti-
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ferromagnetic order in the orbital currents of the basic
flatness ab (CuO,). Besides significance of the same
discovery there were the number of experimental data
[24-27] allowed assume availability for discovered
superstructure of such curious peculiarity as staged its
evolution with temperature being obviously by the
consequence of Fermi surface staged of temperature
evolution. The later question in one’s turn is one of
significant problem of the HTSC theory.

In connection with account we measured the
temperature dependences 3To/8T(T)ocK(T)/Kqock(T)/ko
in range ~300...77K for HTSCs
Bi1,6(Pb0,4)Sr2Ca2Cu3010+X and YBa,Cu;0., [5, 6] USing
ER method. On Fig.la showed the dependence
dTo/6T(T) for YBa,CuzO7, [6], and on Fig. 1b — the
result of measuring dependence k(T) by the method [1]
for analogous sample of YBa,Cu;0,.,. Comparison of
Fig. 1a, with Fig. 1b demonstrates, first of all,
adequateness of worked up ER-method. From
comparison of the figures follows also that dependence
OTo/dTcK[T, W(T)] =k(T)<¥(T) is the image of the
dependence k(T) presented in monotony stretched scale.

The scientific meaning obtained results regarding
the PGS’ nature consist in follows. Firstly discovered
four anomalies of thermal conductivity of cuprate
YBa,CuzO7, having sign “—“ — No.1-4 on Fig. la
(anomaly No. 5 associated with the structure feature
[6]). Mentioned four anomalies indicate: i) on staged
character of temperature evolution of the A*, that
agreeing with [24-27], and ii) on appearance of
additional canal of heat carriers scattering in the PGS.
Analogous data was obtained concern of thermal
conductivity of Biy g(Pbg4)Sr,Ca,CusO1g.x in PGS [5].

k Wim-K

100 150 200 250
T,K
Fig. 1. Solid curve — the graph of dependence

0Ty/0TcKIK, for YBa,Cus05.,, measured by ER method;
dashed line (red online) — the same dependence graph

in assumption of absence of thermal anomalies
of k, [6] (a); part of the dependence k(T) from [16] (b).

Insert: H — electrical heater; HT — heat transfer;
TC — thermocouples
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In connection with conclusion ii) one would like
take the notice that sign of k-anomalies in PGS must be
used as effective criterion of adequateness of the PGS’
theoretical models. Let’s examine on that score the
“phase fluctuation” model [28, 29]. Opening PG is
result of appearance in electronic subsystem of
uncorrelated fluctuating Cooper pairs (FCP). Let ask the
question: is FCP’s availability compatible with
appearance of additional canal of phonons dispersion
(main heat carriers in HTSCs) i.e. with k-anomaly
having sign “—*?

The results of numerous experiments [11-17, et al.]
have indicated that forming below T. of ensemble of
correlated Cooper pairs initiates strong increasing
thermal conductivity, i.e. k-anomaly with sign “+”. This
has explained by “cutting off” these quasi-particles from
heat carriers scattering. Therefore uncorrelated CPs near
T* should realize analogous sign of the effect in K, i.e.
“+”. Hence the «phase fluctuation» model [28, 29] do
not attribute to number of acceptable PGS’ models.

LOW-TEMPERATURE THERMAL
CONDUCTIVITY ANOMALY OF THE
HIGH-ENTROPY ALLOY Al,sCoCuCrNiFe

The search for anomalies in the thermal conductivity
of high-entropy alloy (HEA) AlysCoCuCrNiFe in range
~300...77 K was a part of comprehensive study of its
kinetic characteristics at cryogenic temperatures [7].
Prior to this, there were indirect evidences of possibility
of phase transition below ~ 200 K [30, 31]. At the same
time, the behaviour of dynamic Young's modulus [31]
cast doubt on this possibility. It might be as well to
obtain reliable data on the Kkinetic properties of
AlysCoCuCrNiFe in cryogenic range by various
methods. Below, as an illustration of the capabilities of
the ER technique, the data on temperature behaviour of
the scaled thermal conductivity coefficient K of the
AlysCoCuCrNiFe are presented.

Fig. 2 illustrates the temperature dependences
OTo/dTocK/Kgock/ky  for  annealed  samples  of
AlysCoCuCrNiFe. To verify the heat transfer results we
used an absolutely reliable technique for measuring the
temperature dependence of the thermoelectric power,
S(T).
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Fig. 2. Dependences: 1- 6Ty/0ToK/Ko;
2 —S/Sq for AlysCoCuCrNiFe

It can be seen each curve have pronounced
correlating anomaly in the region of ~ 210...170 K that,
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firstly, indicates the adequacy of the obtained data on
the temperature behaviour of k. As for the actual form
of the temperature dependence of k, it is typical for a
classical metal (kocT), from which it follows that heat
transfer is largely provided by phonons.

It seems interesting and requires further study the
fact that anomaly slow down the decrease of thermal
conductivity with decreasing T. To interpret this fact, it
is important that the thermoelectric power, in turn,
experiences an anomaly of the same sign. The latter
points to the origin of the anomaly — this is clearly not a
structural feature, but a feature associated with the
electronic subsystem. An additional argument in favor
of this version is the significant length of the
temperature anomaly. This detail seems to indicate a
change in the configuration of the Fermi surface.

CONCLUSIONS

1. For express registration of the temperatures and
the signs of anomalies in thermal conductivity
coefficient k of solids, a variant of the uniaxial
stationary heat flux method proposed that does not
require of HL accounting. A prerequisite for the
feasibility of the ER is the monotony of changes in the
HL during the monotonic change of sample
temperature. In this case, the temperature difference 6T
between ends of sample turns out to be a scaled
indicator of k: 8Toc(1/K)oc(1/K), where K=kx¥,
(¥(T) > 0) is the scaled thermal conductivity.

2. For the interval ~300...77 K the experimental
configuration of method ER was tested in which sample
temperature is determined by its position in the thermal
field of gaseous nitrogen in a Dewar vessel with liquid
N,. Adequacy of the method is twice demonstrated: i)
by comparing the data of the dependence k(T) of the
HTSC YBa,Cu307, with the dependence k(T) of a
similar YBa,CuzO,., measured by uniaxial stationary
heat flux method; ii) by comparison the data of the
dependence k(T) for high-entropy alloy
AlgsCoCuCrNiFe with the temperature dependence of
the thermoelectric power of the same samples, measured
by the approved method.

3. The dependencies k(T) for HTSCs being in the
PGS indicate that appearance of the pseudogap on the
Fermi level is accompanied by increasing the heat
carriers dispersion. It is suggested to use this feature as
effective criterion of the adequateness of the PGS’
theoretical models.

4. 1t was found for the first time the lengthy on T the
thermal conductivity anomaly of the high-entropy alloy
AlgsCoCuCrNiFe in interval T ~210...170K/ It
correlates with the anomalies of the thermoelectric
power coefficient. The length of the anomaly pointed
out very likely on changes in the configuration of the
Fermi surface.
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SKCIHPECC-PETUCTPALIUS HU3KOTEMIIEPATYPHBIX AHOMAJIUI
TEILJIOITPOBOJHOCTHU TBEPAbIX TEJI

B.U. Coxonenxo, B.A. @ponos, E.C. Caguyk

HccrenoBanne Temno(U3NIECKUX XapaKTEPUCTHK MaTepHalioB B oOiactu HIBKuX Temmeparyp (T <0, © —
Temrepatypa Jlebas) 1aeT BO3MOKHOCTh HOJTy4aTh HH(GOPMALIUIO O B3aUMOJICHCTBIH KBa3W4acTUI] 1 BOCTPeOOBaHO
B NpPUKJIAIHOM IU1aHe. s yKa3aHHBIX TeMIlepaTyp NpeaiokeH MEeTOoZ dKcmpecc-perucrpauuu (OP) anomanmit
K03 duUIMeHTa TEIIONPOBOAHOCTH TBepabix Ten (K), sBisromuiics pa3HOBUAHOCTBIO KJIACCHYECKOIO METO/a
OJTHOOCHOTO cTannoHapHoro TerioBoro noroka (OCTII), HO KOTOpPHIH, B OTIMYHE OT NPOTOTHUIIA, HE TPeOyeT ydera
ternoBsIX motepsb (TII). OcobeHHOCTRIO MeToma DP sBIsAeTCA M3MEpEeHNe TeMIIepaTypHOH 3aBUCUMOCTH Pa3HOCTH
0T = T1—T, Mexay KOHIIaMH 00pasla B yCIOBHUSIX OJHOBPEMEHHOM MOHOTOHHOCTH M3MeHeHHs T oOpasma m Bcex
TII. B oatom cioydae wu3MepsieMblii MacIiTaOupoBaHHBIH KO3 duument temronpoogroctn Koc(Q/W)/8T
koppenupyet ¢ peanbHbiM KocQ/ST (¥ — monoToHHBIH 0 T K03 duiment mMacraba). s uatepsana 300...77 K
anpoOMpoOBaH OAWMH M3 BapHaHTOB MeToga OP, B KOTOpPOM HCHONIB3yeTcs IOMIAaroBoe NepeMelieHne obOpasua B
cTonbe Ta3000pa3HOro asoTa HaJ TMOBEpXHOCTHIO kuakoro N, B cocyme /[lproapa. B cimydae MOHOTOHHOTO
N3MEHEHHsI PAcCTOSHHSA OT 00pasla A0 XHUIAKOCTH c(opMHpOBaBIIascs KOHQHUTYpaIus H30TEpM OOecrednBaeT
MOHOTOHHOCTh M3MeHeHHs T oOpa3ma u OfXHOBPEMEHHO — MOHOTOHHOCTH TII mo KaHaJllaM TEIUIONPOBOAHOCTH U
n3mydeHns. BozmoxHOCTH MeTona OP mpomiumiocTpHpoBaHBI NMPUMEPAMHU ONPENSNICHHS TEMIEpaTyp W 3HAKOB
aHoMalui  KOA((PHUIUEHTOB TEIJIONPOBOIHOCTH BBICOKOTEMIIEPATYPHBIX  cBepxmpoBoguukoB (BTCII) B
ncespomeneBoM coctosHuu (IIIIC) u mepcnekTHBHOro A MPUMEHEHUS B OOJIACTH KPHOTEHHBIX TEMIIepaTyp
BeicokodHTpormiiHoro cmiaBa AlysCoCuCrNiFe. Meroa mo3Bosii  BIEpBbie OOHApYXHTh CTaTUHHOCTD
TemmepatypHoit aBomonuu temtonpoogaoctd BTCIT YBa,CuzO7y u Biyg(Pbg4)Sr,CayCusOypi B IIIC u
OIpEJCTIUTh TEMIEPaTypbl M 3HaKM aHoManui. IlonydyeHHbIE NaHHBIE YOETUTENHFHO MOATBEPAMIM PE3YJIbTAThI
souaupoBanuit [IIIIC BTCII metogoM paccesHusi MOJSPU30BAHHBIX HEUTPOHOB, MPOBEACHHBIX C Y4acTHEM psla
nccaenoBarenbckux MHCTHTYTOB EC. Takke BrepBble oOHapyXeHa NMPOTSHKCHHAs aHOMAJIHs TEIUIONPOBOIHOCTH
BeIcoKo3HTponuitHOrO cruaBa AlysCoCuCrNiFe B unTepBane ~ 220...170 K, siBustromascsi, BEpOSTHO, CICACTBHEM
N3MEHEHMH KOHUTrypalun nosepxuocta depmu.

EKCHPEC-PEECTPAIIA HU3bKOTEMIIEPATYPHUX AHOMAJITA
TEIJIONTPOBIJITHOCTI TBEPAUX TLJI

B.I. Cokonenxo, B.O. @ponos, €.C. Caguyk

JocnikeHHst TerIo(i3MyHUX XapakTepUCTUK MaTepiaiiB B oOmacti Hu3bkux Temneparyp (T<0, O -
Temneparypa Jebas) mae MOXKIHBICTH OTPUMYBATH iH(GOPMAIIFO PO B3aEMOJIiI0 KBa3iYaCTHHOK 1 € 3aTpeOyBaHe Y
NpUKIaAHOMY TuiaHi. [l BKa3aHMX TeMIlepaTyp 3alpolOHOBAaHO MeTox ekcmpec-peectpanii (EP) anomaniit
koedimienTa TemnonposigHocTi TBepaux Ti1 (K), IO € pPI3HOBHIHICTIO KJIACMYHOTO METOMY OJHOBICHOTO
crauionapHoro TerwioBoro notoky (OCTII), sikuii He noTpedye, Ha BiIMIHY BiJl IPOTOTHITY, YpaxyBaHHs TEIUIOBHX
BrpaT (TB). Ocobnusictio Merony EP € Bumip pizuuni 6T = T;—T, Mix KiHISIMH 3pa3ka B yMOBax OJHOYACHOT
MoHoToHHOcTi 3MiH T 3paska i Benmuun Bcix TB. ¥V npomy Bunaaky BUMiproBaHHWiI MaciiTaboBaHUN KOe(DIliEHT
terutonpoBinHOocTi Koo(Q/Y)/6T kopemnroe 3 peanbHUM KoedirieHToM TermonpoBigHocTi kecQ/6T (¥ — MoHOTOHHUT
3a T koeoimient maciirady). s intepsany 300...77 K anpoboano oxuH 3 BapiantiB meroay EP, B sikomy
BUKOPHCTOBYETHCSI TOKPOKOBE MEPEMIllleHHs 3pa3ka B CTOBII ra3oBoi a3y Haj MOBEPXHEI0 PIJKOro a3oTy B
nocyauHi [lproapa. Y pa3i MOHOTOHHOI 3MiHHM BiJICTaHi BiJl 3pa3ka JI0 PIAKOTO XOJIOJOAreHTy c(opMoBaHa
KOH(Iryparist i3otepMm 3abe3reuye MOHOTOHHICTh 3MiH TeMIlepaTypH 3pas3ka i BojHOYac — MOHOTOHHicTh TB mo
KaHaJlax TEeIUIONPOBIAHOCTI 1 BHHpoMiHIOBaHHA. MoximBocti EP mpoumocTpoBani mpuKiIagaMu BH3HAYEHHS
TEMIIEpaTyp 1 3HaKiB aHOMaJii KoedillieHTIB TEIUIONPOBIIHOCTI BUCOKOTEMIIepaTypHuX Haanposiguukis (BTHII) y
ncespominuaHoMy cradi (ITLC) i mepcrekTHBHOrO /sl BUKOPHCTaHHS B LAPWHI KPHOTEHHUX TEMIIEpaTyp
BucokoeHTpomiiHoro cmiaBy AlgsCoCuCrNiFe. MeTtox 103BoNMB BIepile BHSBUTH CTaAiHHICTh TeMIEpaTypHOL
esoumottii TeruronposigrocTi BTHIT YBayCusOs. i Bigg(Phg4)SrCa,CusOqgix v TTIC, a Takox BCTAHOBHUTH
TeMIepaTypH i 3Haku aHoMmaiiii. OTpuMaHi 1aHi HepeKOHINBO HiATBepawIn pelynsratu 30HAyBanb [T1I[C BTHII
METOJIOM PO3CiIOBaHHS MOJSIPU30BAHMX HEHTPOHIB, MPOBEICHUX 3a y4YacTIO PSAAY AOCHITHUIBKHX 1HCTHTYTiB €C.
Tako ynepiue BHSBICHO IMPOTHKHY aHOMAJIIIO TEIUIONPOBITHOCTI BHCOKoeHTpomiiHoro cmaBy AlysCoCuCrNiFe
B inTepBani ~ 220...170 K, m1o, BiporigHo, € HaciiIkoM 3MiH KoH}irypamii mosepxai @epmi.
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