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We discuss a supposition according to which both pseudogap
(PG) and superconducting (SC) states of underdoped high-T¢
superconductors (HTSC) result from the dynamical dimension
reduction when HTSC behave on cooling as if their dimensionality
is changed. It is shown that the transition to a PG state at the
temperature T occurs as a dimensional crossover from the three-
dimensional (3D) motion of charge carriers to the two-dimensional
(2D) one. It is this two-dimensionality at T < 7" < T™ that is
responsible for the crucial role of Jahn—Teller (JT) distortions,
which bind up holes to form delocalized JT polarons as well
as localized three-spin polarons in copper-oxygen planes, thus
eliminating the competition between the pairing of carriers
and their localization on JT distortions. As the temperature
is lowered below Ter < T, local “hole—JT polaron” pairs, i.e.
zero-dimensional (0D) SC fluctuations, are generated in the
CuO2 planes. In the temperature region T, < T < T, the
SC transition occurs as a sequence of two crossovers with respect
to the dimensionality of SC fluctuations (0D — 2D and then
2D — 3D). We discuss some available experimental data on the
local “hole—JT polaron” pairing and some results on the dynamical
dimension reduction in the PG and SC states.

Introduction

In spite of the intensive research carried out to unveil
the nature of high-T,. superconductivity, the questions
concerning the pairing mechanism as well as the nature
and the number of charge carriers are still open.
Today for the normal state of underdoped high-T.
superconductors (UD HTSC) at T > T*, the two-
component model of charge carriers according to which
small polarons and holes are heavy and light carriers,
respectively, can be accepted as a firmly established
fact. The temperature T* above denotes a transition
to the PG state characterized by the stripe ordering
in the CuOs planes. The normal state measurements of
optical conductivity in UD HTSC [1—3] were the first
to provide experimental evidence for the coexistence of
these two carrier types. The later spin susceptibility
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measurements in Lap_,Sr,CuOy4 [4] shed light on
the doping dependence of each carrier type, but the
character of the polaronic state (whether it is polaronic
or bipolaronic) remained unclear. This question is of
fundamental importance for cuprate HTSC because
the successful discovery of high-T, superconductivity
resulted in fact from the search for JT small polarons
in doped antiferromagnets with high dielectric constant
and mobile light oxygen ions [5]. In doped HTSC,
extra holes are localized on transition metal ions; as a
result, their valence is changed and strong JT distortions
arise. A stronger doping leads to the transition from
antiferromagnetic (AF) to metallic phase with two
carrier types (for example, like in WO3_, [6]), and a
SC state with a rather high value of T, is in principle
possible. Indeed, a surface superconductivity with T, =
90 K was recently observed in WO3 doped with Na ions
[7]-

Now it has become clear that the understanding of
the nature of the PG state at T, < T < T™ will provide
a clue to high-T,. superconductivity. This supposition
is based on the following facts: (i) the changes in the
density of states start at 7' ~ 7™ and continue down
to T; (ii) at T., a coherent SC state is formed with
practically no effect on the density of states; (iii) there
are many signatures of temperature evolution of SC
fluctuations at T, < T < T™* (see references in [8]). In
[8], in the framework of the Bose—Einstein condensation
theory, a three-component model of the PG state is
proposed according to which bipolarons constitute the
third component of charge carriers.

Here we discuss the supposition according to which
the PG and SC states in UD HTSC result from the
dynamical dimension reduction, when they behave on
cooling as if their dimensionality changes. The transition
to the PG state is thereby considered as a 3D — 2D
crossover with respect to the motion of charge carriers.
It is the two-dimensionality at 7' < T* that leads to the
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Fig. 1. The quasilocal state of a hole at T" < T* (Jahn—Teller
polaron, a); the local state of a hole at T' < T (three-spin polaron,

b). Open circles denote oxygen ions, solid circles denote copper
ions; small circles denote bound holes

crucial role of JT distortions, which bind up holes to
form delocalized JT polarons and localized three-spin
polarons in the CuOs planes. The latter polarons form
chains that lead to narrow stripes with a distorted low-
temperature tetragonal-like lattice in the CuO2 planes.
This actually suggests that the dimensional crossover at
T = T* results in charge ordering in the CuO planes
and removes the competition between the pairing of
carriers and their localization on the JT distortions. At
T, < T*, a “hole—JT polaron” pairing occurs with the
formation of zero-dimensional (0D) SC fluctuations. In
the temperature region 7, < T < T¢,, there is a sequence
of two crossovers: from 0D to 2D and then from 2D to
3D SC fluctuations, the latter crossover leading to a 3D
SC transition.
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1. Transition to the Pseudogap State as a
3D— 2D Crossover with respect to the
Motion of Charge Carriers

For UD HTSC, the charge transfer along the ¢ axis
via incoherent interlayer tunneling is due to thermal
fluctuations at

kgT > t2(T)/tap- (1)

Here t. and t,; are the interlayer and intralayer hopping
rates of carriers, kg is the Boltzmann constant. At a
lower temperature

ksT ~ t2(T)/tqs, (2)

thermal fluctuations are insufficient for interlayer
tunneling. This leads to a 3D — 2D crossover for the
charge motion, when, at the temperature

kpT* = t2(T*)/tas, (3)

charge carriers start moving solely in the CuQOs plane,
i.e. in the 2D regime. This means that the transition
to the PG state can be considered as a result of the
dynamical dimensional reduction.

Low dimensionality enhances greatly the role of any
disorder and changes the character of SC fluctuations.
One of the first attempts to consider self-consistently
the competition between the pairing of carriers and their
localization on defects was made in [9, 10]. At T" < T,
the two-dimensionality in underdoped cuprate HTSC
leads to the crucial role of JT distortions around two
adjacent Cu?" ions that bind up holes [11—14] and form
quasilocal states (delocalized JT polarons) and local
states (localized three-spin polarons [12], or ferrons [14]).

A mobile delocalized JT polaron is a hole residing
on a complex of two adjacent Cu?t + 402~ “squares”
with a common oxygen ion, that are distorted by JT
interactions. The ()2 normal phonon mode gives rise to
oscillations of the “squares” (see Fig.1,a). The total spin
of the JT polaron is 1/2, the spins of the two Cu?* ions
being antiparallel. In the CuQ; planes, these JT polarons
form wide stripes with nearly undistorted orthorhombic-
like lattice [15].

2. Localized Three-spin Polarons

Investigations of ferromagnetic self-trapped states of
charge carriers in a doped AF crystal were initiated
by Nagaev in 1968 (see references in [14]). Later, this
type of states was proposed by Emery and Reiter and
first observed by Kochelaev et al. who named it a
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“three-spin polaron” ([12] and references therein). The
electron-paramagnetic resonance (EPR) measurements
provide experimental evidence for the existence of three-
spin polarons and for the presence of dynamical JT
distortions with normal modes (4 and @5, which
have a tetragonal symmetry and lead to an exchange
spin-phonon interaction similar to the Dzyaloshinsky—
Moriya interaction [16]

6AG.J 2

Hampn == A7

[cos(aky) + cos(ak,)]x
k,q

x exp(izq)[(SLSi_y — S” sy S7) Qi+
H(SES4g = ST_yS7)Q@sa)- (4)

Here J is the AF exchange constant, A is the
spin-orbit coupling constant, A is the average splitting
between the energy levels, S{ is the two-dimensional
Fourier transform component of the spin operator, ¢
and ¢’ are the projections of the three-dimensional wave
vector on the CuQ» plane and ¢ axis, respectively, and G
is the electron-phonon coupling constant. Such a small
interaction cannot localize a three-spin polaron in the
3D system, but, for a 2D system at T < T, there is
always a discrete level and a local state for any values
of the interaction according to [11].

The isotope effect on the EPR linewidth (doubling
of its value) upon the 0 — 180 substitution is
quantitatively consistent with the exchange spin-phonon
interaction in (4), and can serve as indirect evidence
for the 2D nature of the PG state: T*|o1s=110 K and
T*|01s=180 K (see [17] and references therein). A three-
spin polaron with parallel spins of two adjacent Cu?*
ions and a total spin of 1/2 is a localized state of a hole
bound up with two distorted Cu?*T + 40?2~ “squares”
with a common oxygen ion (see Fig.1,b). Three-spin
polaron chains form narrow stripes with a distorted
low temperature tetragonal-like lattice in the CuO,
planes (D stripes [13—15]). Thus, in spite of the partial
localization of carriers on the dynamical JT distortions
with normal )4 and ()5 modes, the competition between
the pairing of carriers and their localization on JT
distortions is eliminated by the charge ordering in the
CuO- planes.

3. Possibility of “Hole—JT Polaron” Pairing
The coexistence of polarons and holes in UD HTSC at

T > T* has stimulated interest in the study of possibility
of their pairing. But the main problem for HTSC is
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the mechanism of suppression of the on-site Coulomb
repulsion U, between two particles. A possibility of such
a pairing was shown in [18, 19]. The principal possibility
of on-site attraction between a polaron and a hole was
first shown by Kudinov in [19]: (i) polarons lead to
a band narrowing and to the polaronic energy shift
E, = g31/2Mw? (here gyr is the constant of the JT
interactions between holes and mobile oxygen ions, M
is the effective mass of the JT mode, w is the frequency
of oxygen ion oscillations); (ii) when (—E, + U.) < 0,
both compensation of the Coulomb repulsion and on-site
attraction between a hole and a polaron take place.

In [18, 19], the Zhang—Rice polarons with a zero total
spin [20] were taken into account, but their pairing with
holes cannot create local pairs. The Kudinov model can
be easily generalized to JT polarons with a total spin of
1/2 (see Fig.1,a) if, after the canonical Holstein—Lang—

Firsov transformation U = [[exp(izo ) nm,oPm), all
o

m
the two-particle renormalized interactions (between
holes, between JT polarons, and between a hole and a
JT polaron) are taken into account in the Hamiltonian

V= Z J(g)|bxz,abm+g,rf + a%,aaﬂﬁ-g,tfx

m,g,0

X explizo(Pm — pm+g] + a;7abm+g7a|- (5)

Here J(g) is the non-renormalized hole interaction
constant; the operators af , and b , =
a, » exp(izopm) create a hole and a JT polaron,
respectively, on site m; z¢ and p,, are the equilibrium
coordinate and moment of the oxygen ion common
to the two Cu?t + 40?%~ “squares’, o = gyr/hkyT,
kyr being the elastic constant of the JT normal mode.
One can see that the JT interactions lead to different
renormalization for each two-particle interaction. For
(exp(izopm)) =~ exp(—Ep/hw) [19], the generalized
Kudinov’s Hubbard Hamiltonian reads

Hy = Z (2(=Ep + Ue)rm 1rum y+

m,g9,0

+J*(g)a;7abm+9,a)a (6)

where J*(g9) = J(g)exp(—E,/2hw). All many-particle
interactions are exponentially renormalized, resulting
in a relatively small contribution of bipolarons to the
energy with respect to the contribution of “hole—JT
polaron” pairs. Kudinov showed that the pairing of a
hole and a JT polaron within the BCS model can lead
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Fig. 2. Magnetic phase diagram for doped antiferromagnets. Here
Tn(9) is the doping dependence of the Neél temperature (phase
1); Ty(0) is the doping dependence of the ordering temperature
for holes spins in the CuOg planes (phases 2 and 5); Ty(4) is the
doping dependence of the temperature of the transition into the
cluster spin-glass phase (phases 2 and (2+3)); Tapxy (9) is the
doping dependence of the 2D XY magnetic ordering temperature
for doped antiferromagnets (phase 4); Tskr(d) is the doping
dependence of the BKT transition temperature for the SC state;
T*(9) is the doping dependence of the PG transition temperature;
T.(0) is the doping dependence of the SC transition temperature
(phase 3). The region of PG phase & is limited by the curves T,
Ty, Te, and T

to a SC state with a critical transition temperature
Ter ~ |Ep — Ue|. In this case, a local “hole—JT polaron”
pair is localized within a JT polaron complex and is
characterized by the coherence length &, ~ 4Rcu—_o
(Rcu—o is the mean distance between Cu and O ions in
the CuOs planes).

Thus, the dimensional crossover at T' = T™* results
in charge ordering in the CuO2 planes and removes the
competition between the pairing of charge carriers and
their localization on JT distortions. This leads to the
local pairing of JT polarons and holes in the CuO, planes
at T.. < T™* with a distance between the local “hole—JT
polaron” pairs greater than their coherence length &,;.
This implies the development of zero-dimensional (0D)
SC fluctuations in the CuOs planes at T < T, < T*
[21—24]. Further cooling below T, leads to an increase
in the coherence length &,5(7"). When at rather high
values of £, the local pairs begin to overlap, a 0D — 2D
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crossover for SC fluctuations occurs at Top < Te;. Then
a 2D — 3D crossover for SC fluctuations takes place at
Tsp < Top [25, 26].

4. The Sequence of Crossovers for SC
Fluctuations

The transition to 2D SC fluctuations with the
temperature dependence of coherence length &,,(T) =
€ab(TeiT)(T/TiT —1)~'/? leads to the semiconducting
dependence of c-axis resistivity with the temperature-
dependent probability of charge transfer [23, 26]:

_ e T
€2, Tkt

where Tkt is the Berezinskii—Kosterlitz—Thouless
(BKT) temperature of the 2D SC transition for an
isolated CuQ, plane, & and &, are the coherence
lengths at T' = Tgkr. For sufficiently small ¢.(T"), the
Kats inequality T./Er > t.(T;) [27] determines the
temperature of the SC transition which occurs as a
two-dimensional one but with a small region of 3D SC
fluctuations (here Ey is the Fermi energy)

te(T)

- 1), (7)

2EpT
T, > f% (8)
§2Er — &, TkT
For example, the analysis of the resistivity

measurements on a single crystal Bi-2212 with 7, = 80 K
[23] showed that the temperature interval width for
(0D+2D) SC fluctuations was (T,; —T3p) ~ 120 K and
for 3D SC fluctuations was (T3p — T;) ~ 10 K (here
Tgkr ~ 0.7T, ~ 56 K).

The analysis of the SC state performed in [28] showed
that, at T' < 0.7T,, the coherence length £.(T') became
smaller than the interlayer distance. This implies one
more dynamical dimension reduction transition at which
the 3D SC state changes into a 2D SC state. The
lower boundary of the three-dimensional SC region can
be determined as the temperature interception point
of two universal temperature dependences of the ratio
of squared penetration depths for a magnetic field
applied along the ¢ axis, A\?(0)/\2(T/T.). One of the
dependences is governed by 3D SC fluctuations in the
BCS theory as

A (0)/AL(T/T.) = 2(1 - T/T.), (9)
and the other is the universal dependence for a 2D

degenerate system:

Te '\3(T/T.)

A3(0)/A5(T/Te) = exp T.A3(0)

(10)

ISSN 0508-1265. Ukr. J. Phys. 2003. V. 48, N 8



DYNAMICAL DIMENSION REDUCTION

The temperature interval of the “three-
dimensionality” of the SC state near T, is ~ 0.3, in
width. For example, in Laj g5Srg.15CuQy, it is about 11
K, so the total region of the 3D SC and PG states is
~ 15.5 K in width [28]. The final dimensional crossover
occurs at the temperature Ty, << Tkt when the 2D SC
state of UD HTSC changes to a 3D cluster spin-glass
SC state [29], T, < 20 K.

Thus, the SC transition in UD HTSC is of
two-dimensional character (according to the Kats
definition [27]) with a limited total region of the
“three-dimensionality” of the SC and PG states. The
peculiarities of the normal, PG, and SC states are
therefore understood by taking into account the
effect of dynamical dimension reduction, when HTSC
behave as if their dimensionality changes once one
of the following temperatures is achieved on cooling:
T*aTcr;T2D7T3D;TBKT7 and Tg (see Flg2) As was
shown above, the PG transition is a transition to the
2D carrier motion, and the SC transition occurs as the
sequence of dimensional crossovers for SC fluctuations.

5. Discussion

Because of the dimensional crossovers for SC
fluctuations, the numbers of holes (n,) and polarons
(np > np) [4] decrease on cooling, in agreement with
the observation of a noticeable change in the density of
states at T, < T < T* [8]. For example, it was found
from the Hall effect measurements in YBasCuszOgt. (T
= 87.4 K) that np, at 100 K was half that at 240 K [24]:
np(240K) ~ 5.4-10% cm™3; np (100K) ~ 2.7-10%! cm ™3,

For high-T, superconductivity, the conclusion about
the decisive role of the “hole—JT polaron” pairing is in
qualitative agreement with the doping dependences of
each carrier type: in [4], it is shown that the T, value
(T. ~ npny for “hole—JT polaron” pairing ) achieves
T, max when the hole concentration is about 0.15 per
Cu®? ion, i.e. when the portions of polarons and holes
are very close (~ 0.6 and ~ 0.4, respectively). The
resistivity temperature dependence is another signature
of the coexistence of carriers and local “hole—JT polaron”
pairs in the PG state [21, 22, 24]. The analysis of
fluctuation conductivity [24] showed that the interaction
between fluctuation pairs and carriers is weak, and the
contributions of 0D, 2D, and 3D SC fluctuations to
conductivity can be identified.

The optical conductivity measurements [30] provided
the convincing evidence for the “hole—JT polaron”
pairing, having shown the doubling of the c-axis
component of the electronic kinetic energy and carrier
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Fig.3. Bimagnon-assisted absorption band (Eg = 2.15 eV) for an
AF dielectric YBaaCu3zOgy, film (x=0.3), and for two metallic
YBasCuzOg4, films (z=0.5 and £=0.85). In the dielectric case,
the band is a single peak centered at 2.15 eV. In the metallic case, it
has a doublet structure with the maxima at 2.25 and 2.28 eV. This
structure appears in the PG state and becomes more prominent in
the SC state

1,2

mass at T < T*. Another conclusive proof of the
coexistence of holes, polarons and local “hole—JT
polaron” pairs in the PG and SC states is the observation
[31] of a double bimagnon-assisted absorption band
with the maxima at 2.15 and 2.28 eV in two metallic
YBayCu30¢4, films (z=0.5 and z=0.85) (see Fig.3).
The first component peaked at w ~ Acr+3J is identical
with that observed in the doped AF YBCO film with
2=0.3 and arises from the interband transition of a
polaron accompanied by absorption of a bimagnon (two
coupled magnons). Here J ~0.13 eV is the exchange
energy, Acr is the transfer energy. As one can see
from Fig.3, the doublet structure of the band appears
in the PG state and becomes more pronounced in the
SC state.

In metallic YBCO samples, the A + 3J component
at w ~ Acgr + 3J is absent at T > T*. The
observation of this component together with the A +
4J component at w =~ Acrt + 4J (see Fig.3) is the
undoubted evidence of a local AF order in the PG
and SC states [31]. As was shown above, JT polarons
are, in fact, both charge carriers and carriers of the
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local AF order. We suppose that this doublet arises
from the fulfilment of the “triple resonance” conditions
for bimagnon absorption, similar to those for two-
magnon Raman scattering in undoped AF YBCO [32,
33]. A JT polaron absorbs a photon (of energy w) and
transits into the valence band. Two charge transfers
each of the energy t (between the Cu?" and oxygen
ions within a JT polaron complex in both directions)
are accompanied by radiation of two magnons with
frequencies €}; and Q_, if the following resonance
condition is satisfied:

w=Act + 2t + Q + Q_y. (11)

This condition is not satisfied for UD HTSC at T >
T*. If one takes into account the interactions between
holes and polarons, the two-magnon absorption can
lead only to an essential asymmetry with a wide
right wing of the single bimagnon-assisted band: in
YBayCu30640.1, it spreads up to w ~ 3 eV [30]-
[33]. At T < T, holes and some part of the JT
polarons (n; ~ mnp) are paired; for the unpaired
part of the JT polarons (n, — ny), the resonance
condition (11) is satisfied in both PG and SC
states.

The observation of the double bimagnon-assisted
band is indicative of: (i) existence of JT polarons in the
PG and SC states and (ii) essential charge heterogeneity
of the SC state (which is the same as for the PG
state). This doublet structure can also be treated as an
indirect evidence for the d-wave symmetry of the SC
order parameter in UD HTSC, when, below T, some of
the unpaired polarons (n, — n;) percolate into the SC
state along the wave vector direction with a zero order
parameter.

Conclusions

To make verification of various high-T,. superconductivity
scenarios, it is very important to answer the question
whether the PG state in the temperature region
T. < T < T, is precursory of the SC state or
not. The main problem in answering the question is
connected with the non-three-dimensional character
of SC fluctuations for that part of the fluctuation
interval T, — Ts5p, where the pairing amplitude is
already non-zero, whereas the phase rigidity is still
absent. This means that, at T' > T3p, standard
measurements which are dependent on phase rigidity
(such as the Andreev reflection or measurements
with insufficiently high magnetic fields) cannot be
sensitive to SC fluctuations with non-zero pairing
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amplitude and without phase rigidity. The question
under consideration can be answered, for example, by
carrying out investigations of SC fluctuations in the
region T3p < T < T in the presence of sufficiently
high (up to 33 T) magnetic fields applied along the ¢
axis.

The recent measurements of the pseudogap
dependence on c-axis magnetic field (up to 33 T)
[34] indicate that the pseudogap neither disappears
nor transforms into the SC gap below 7.. This
is in agreement with our conclusion according to
which the PG transition at T* occurs as a crossover
from three-dimensional to two-dimensional motion
of charge carriers. The existence of the pseudogap
below T, means that there are some unpaired charge
carriers, JT polarons, that move solely within CuO,
planes in the SC state. Our results suggest that the
PG state and the temperature 7™ should depend
on magnetic field H > H, parallel to CuO,
planes (here H. is the magnetic field sufficient
enough to suppress 3D SC fluctuations [35]). The
temperature 7" and all the dimensional crossover
temperatures (Ter, Top,T5p, and Tgkr) should then
increase.

To summarize, let us make some concluding remarks.
For UD HTSC, it is shown within the two-component
model of the normal state (JT polarons plus holes),
that the PG and SC states result from the dynamical
dimension reduction. The PG transition occurs at T as
a dimensional crossover from three-dimensional to two-
dimensional motion of charge carriers. Below 1" < T,
it is the two-dimensionality that enhances crucially the
role of Jahn—Teller distortions and causes changes in
the behavior of SC fluctuations that take place when
the temperature is lowered. For cuprate HTSC, the
coexistence of holes and JT polarons below T* is of
fundamental importance, the role of the polarons being
decisive. For strong JT interactions (e.g., ~ 1.2 eV for
Cu?*), the JT polarons are responsible for the polaronic
shift in energy and for the compensation of on-cite
Coulomb repulsion between a JT polaron and a hole
in CuO, planes, as well as for their BCS pairing at
T = T, < T*. As the temperature is decreased in
the region T, < T < T¢, the transition to the SC
state occurs via several dimensional crossovers for SC
fluctuations. A decisive answer to the question whether
the PG state at T, < T' < T, is precursory of the SC
state or not can be received by performing measurements
with magnetic fields H > H,, applied within the CuO-
planes.
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JMHAMIYHA PEAYKIIA BUMIPHOCTI
B BUCOKOTEMIIEPATYPHUX HAJIITPOBIJIHUKAX
3 HEBEJILKOIO KIJIBKICTIO JOMIIIOK

I'.I".Cepzeesa, B.JI.Baxyaa
Peszmowme

OOroBOpIOETHCA MPUIYIIEHHS PO Te, IO ICeBIOIIiINHANI
Ta HAAUPOBIAHWE CTAHW BHCOKOTEMIEPATYPHHUX HAJIPOBiIHHKIB
3 HEBEJHKOK KUJILKICTIO [JOMIIIOK € HaCTiIKOM JUHAMIid-
HOl peayknil BuMipHOCTI, KOJM HASUPOBIJHUK NOpPH  OXOJIO-
MKeHI moBOAUTH cebe Tak, HIOM MHOro BHUMIPHICTH 3MIiHIOETH-
cs. BcranoBieHO, 1m0 mepexiny 0  I[ICEeBIOIIIJIMHHOIO CTaHY
npu Temmeparypi T € BHMIpHEM KpOCOBEpOM Big TpH-
Bumipuoro (3D) pyxy 3apaxy mo asosumipuoro (2D). Ilpu
T* > T came aBOBEMIpHICTH POOUTH BHPINIAJIBHOIO POJb SH-
TeJIJIEPIBCHKUX CIOTBOPEHb KPHUCTAJIYHOI T'DATKU, fAKI y Migb-
KHCHEBill IUIONIMHI CTBOPIOIOTH JEJIOKAJI30BaHI sIH-TEJIJIEPIBCHKI
MOJIAPOHU 1 JIOKAJi30BaHi TpucmiHoBi monsponu. Ile mpuso-
IMTh JIO0 3apsiIOBOI0 BIOPSIAKYBAaHHS Yy MiJb-KHCHEBUX ILJIO-
UHAX TA YCYHEHHsI KOHKYDEHII Mi)XK CIapIOBaHHSIM Ta JIO-
Kasizamiero HOCIIB 3apazny. Ilpm oxomomkeHHI 10 Temmepa-
Typu Ter < T y Migp-KUCHEBUX ILIOUMHAX BigOyBa€Th-
Cs CTBODEHHS JIOKAJIBHHX [Ap [JipKA—sH-TeJJIEePIiBCbKUMA OIs-
poH, T0OTO BHHEKAOTH HynbBuMmipHi (0D) mHaamposizHi duyk-
Tyauii. IIpu nmomampmomy oxomomxenHi Ter > T > T. BHa-
caimox ABOx KpocoBepiB HaampoBigmmx doykryaniit Big 0D
no 2D Ta Bim 2D no 3D npu T = 1. BinbyBaeThca Ime-
pexig g0 HagupoBigHOro crany. OOroBOPIOIOTBCsS [I€siKi €KC-
MePUMEHTAJIbHI MMiJTBEPIKEHHS JIOKAJLHOIO CIAPIOBAHHS Hip-
Ka — $H-TEJJIEPIBCHKUI MOJISIPOH, & TAKOXK pEe3yJIbTATH BH-
BYEHHS JUHAMIYHOI peyKIil ICEeBAOUIJIMHHOrIO Ta HAAIIPOBITHOrO
CTaHiB.
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G.G. SERGEEVA, V.. VAKULA

JUHAMNYECKAA PEAVKIIA PASMEPHOCTI
B BEICOKOTEMITEPATYPHBIX CBEPXITPOBO/JHUKAX
C HEBOJIBIIINM KOJIMYECTBOM [IPUMECEN

I'.I".Cepezeesa, B.JI.Bakyaa
Peszwowme

OB6CyKIAeTCS MPEAIOIOKEHHE O TOM, ITO [CEB/IOMENIEBOE H CBEPX-
HPOBOASAIIEE COCTOSHHSI B BBICOKOTEMIIEPATYPHBIX CBEPXIIPOBOI-
HUKAX C HEOOIBIMAM KOJMIECTBOM HMPUMECEil SABISIOTCS Pe3yJIbTa-
TOM JMHAMUIECKOH PEelyKIUH PAa3MEPHOCTH, B IPOLECCe KOTOPOM
CBEPXIIPOBOJHEK I[IPH OXJIAXKJEHAU BEAET cebs TaK, KAK-OyIQTO ero
pa3MepHOCTDb m3MeHsiercs. II0Ka3aH0, 9TO IEPEX0] B IICEBIOIEIe-
BO€ COCTOSIHME MPOUCXOAMT NpPH Temieparype 1™ Kak pasMepHbId
KpPOCCOBEp OT TpexMepHOro (3D) nBuKeHUS 3apaAia K JBYMEDHO-
My (2D). IIpu T* > T uUMEHHO JBYMEDHOCTH IPHBOJHUT K OIPEJE-
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JISOINE POJTH SIH-TEJJIEPOBCKUX HMCKAXKEHUU DEIIeTKH, KOTOPBIE B
Me/[b-KUCJIOPOAHBIX IJIOCKOCTSIX 00Pa3y0T [1eJI0KAJIN30BAHHbIE STH-
TeJIJIEPOBCKHUE TOJISIPOHBI U JIOKAJIN30BAHHBIE TPEXCIUHOBBIE OIS~
POHEBEL. DTO, B CBOIO OYepe]b, NPUBOAUT K 3aPSLOBOMY YIIODPSIO-
YEHUIO B Me/b-KHCJIOPOJHBIX IJIOCKOCTAX U yCTPaHAET KOHKYPEH-
U0 MEXKJy CIIapUBAHWEM HOCHUTesel W ux Jokasm3anueir. [Ipu
MOHMKEeHUH TeMreparypel Hike Ter < T B Meab-KHCIOPOJHBIX
ILUIOCKOCTSAX IIPOUCXOAUT OOPA30BAHME JIOKAJHHBIX MMap JbIPKA—
SIH-TEJITIEPOBCKUIL IONAPOH, T.e. HysibMepHbIX (0D) cBEpXIPOBOAS-
mux baykryanuit. [Ipu Ter > T > T, cBepXmpoBOJAIuil mepe-
XOJ IPOUCXOJHUT B PE3yJIbTaTe JBYX KPOCCOBEPOB CBEPXIIPOBOJLSI-
mux Gaykryanuit: caadasa or 0D Kk 2D, u npu Oosee HU3KHX
TeMneparypax — oT 2D k 3D. OO6Cy>XJarTcsd HEKOTOpbIe 3KC-
IIePUMEHTAJbHbBIE CBHAETE/JIbCTBA JIOKAJIBHOIO CIIapUBAHUA IBbIPKa
— SIH-TEJIEPOBCKUI MMOJISIPDOH W HEKOTOPBIE Pe3YJILTATHI U3y IeHHST
IMHAMUYECKOW PeAyKIUU Pa3MEePHOCTH CEBJIOIIEIEBOI0 U CBEDX-
T POBOJAIIEr0 COCTOTHUM.
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