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The paper describes an experimental setup for the measurement of the isobaric thermal con-
ductivity of molecular crystals in the temperature range from 80 K to 300 K. A scheme of the
developed experimental setup for measuring the thermal conductivity by the linear-flow steady-
state method under saturated vapor pressures has been presented. A modified heat potentiometer
method with one thermometer was used, which allowed us to minimize the error in the estimation
of the thermal conductivity due to the uncontrollable heat flows and different calibration of ther-
mometers. The noncontrollable heat flows from thermal radiation were reduced considerably with
a radiation shield on which the temperature field of the measuring cell was reproduced using a set
of thermocouples and precision heat controllers. The total systematic error in the measurement of

the thermal conductivity does not exceed 5%.
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I. INTRODUCTION

One of the most urgent and, at the same time, most
difficult tasks in condensed matter physics is the problem
of the study of energy transfer processes [1]. The transfer
processes in molecular crystals associated with such a ki-
netic phenomenon as thermal conductivity A are of con-
siderable interest to researchers. The thermal conductiv-
ity data provide important information on the dynamics
of the crystalline lattice. There are a number of mecha-
nisms responsible for thermal conductivity of molecular
crystals, and a number of processes that limit the ef-
fectiveness of each of the mechanisms [1]. The thermal
conductivity of molecular crystals is determined by the
following factors: phonon—phonon interactions, phonon
scattering by rotational excitations of the orientational
subsystem, approaches the thermal conductivity to its
lower limit (Apin), and the thermal expansion [2-5].

At temperatures close to or above the Debye temper-
ature (T" > Op), the general regularities of heat trans-
fer in molecular crystals can be formulated as follows.

The peculiarities of the translation-rotation coupling de-
pend on the molecular and crystal symmetry, and are
determined by the relationship between central and non-
central intermolecular interaction forces [1]. A strong
translational-rotational coupling is responsible for the
considerable contribution of molecular librations to the
total thermal resistance W = 1/A of crystals [6]. In turn,
this leads to deviations of the thermal conductivity from
the dependence A 1/T, because this quantity tends to
its lower limit A, [7]. The concept of the lower limit
of the thermal conductivity is based on the assumption
thatA,i, is attained in the case where the heat trans-
port proceeds as a diffusive exchange of thermal energy
between the neighboring quantum mechanical oscillators
whose lifetime is assumed to be close to half the period
of the oscillations [2]. As the temperature increases, the
phonon-phonon scattering processes are enhanced, and
the phonon mean free path [ (w) decreases, but it cannot
become smaller than one-half of the phonon wavelength
A/2. If all vibrational modes scatter for a distance of /2,
the thermal conductivity reaches its lower limit [2]:
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The summation is over three (one longitudinal and two
transverse) sound modes with the sound velocities v;; ©;
is the Debye temperature for each polarisation in Kelvin,

©; = v; (h/kp) (67r2n)1/3, n is the number of molecules
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per unit volume, and kg is Boltzmann’s constant.

In molecular crystals with a relatively weak of central
interaction, the changeover from libration to a weakly
hindered rotation is observed with an increase in tem-
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perature. With the temperature increasing, the rotation-
al motion can in principle pass through the following
stages: a growth of the libration amplitudes, the appear-
ance of jump-like reorientations of the molecules, an in-
crease in the frequency of the reorientations, a hindered
rotation of the molecules and, finally, a nearly free rota-
tion of the molecules [1,8]. In this case, the transition of
the molecules from low-amplitude librations to a weakly
hindered rotation is accompanied by a decrease in the
translational-orientational component of the thermal re-
sistance, and the general thermal conductivity can in-
crease with an increase in the temperature [9,10]. The
translation-rotation coupling also leads to a softening of
elastic constants and affects phonon spectra.

Another characteristic feature of molecular crystals is
a strong dependence of their thermal conductivity on the
thermal expansion and, as a consequence, a considerable
discrepancy between the isochoric and isobaric data mea-
sured at high temperatures (T' > Op). Unlike crystals
with a strong bonding, the density of molecular crystals
can change by 10-20% in the range of existence of the
solid phase. The thermal expansion is accompanied by
the softening of vibrational modes and a decrease in the
potential barrier hindering free rotation of molecules.

It should be noted that at present, there is no gen-
erally accepted theory that would adequately describe
the experimental thermal conductivity of molecular crys-
tals in the high temperature region. Essentially all of
the basic concepts of heat transfer were created main-
ly on the basis of the studies of the simplest crys-
talline structure atomic crystals, and features typical for
molecular crystals were not taken into account in them
[1,10]. Therefore, the initial problem, as always, consists
in accumulating reliable experimental data over a wide
range of temperatures for molecular crystals with differ-
ent symmetries. The accumulation of experimental data,
of course, contributes to the development of theoretical
ideas about the processes of heat transfer. Moreover, it
is extremely important not only to expand the list of the
studied crystals and the temperature range of the study,
but also to increase the accuracy of the measurements
of the thermal conductivity coefficient using modern ex-
perimental techniques. In such studies, it is possible to
identify new features in the behavior of thermal conduc-
tivity, which can be a convincing argument in favor of
the use of one or another theoretical model. The pur-
pose of this paper was to describe the specific peculiar-
ities of the developed experimental setup, which allows
isobaric thermal conductivity measurements of molecu-
lar crystals by the linear-flow steady-state method in the
temperature range from 80 K to 300 K.

II. SETUP FOR MEASURING THE ISOBARIC
THERMAL CONDUCTIVITY OF MOLECULAR
CRYSTALS

The study of the thermal conductivity of molecular
crystals was carried out by various methods in a wide
temperature range. At low temperatures, there is no sig-
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nificant dependence of the measured values of the ther-
mal conductivities of the same crystal during the appli-
cation of one or another experimental technique (as a
rule, the difference does not exceed 10%) [1,11]. But as
the temperature rises, at temperatures higher than the
corresponding Debye temperature Op, the differences be-
tween the experimental results increase and become larg-
er than the measured accuracy in each experiment, even
when using the same experimental methods to determine
the thermal conductivity coefficient (in some cases, the
results differ almost twice) [1,12,13]. In connection with
these circumstances, an experimental setup was created
to measure the isobaric (under the pressure of its own
saturated vapor) thermal conductivity of dielectric crys-
tals. The developed experimental setup has certain ad-
vantages over its prototypes [11,12,14-17]. In particular,
the possibility of using it in a wide range of temperatures
(80-300 K), free thermal expansion of the study samples
(without an increase in thermal pressure), as well as com-
pactness and efficiency in the use of the substances un-
der study and the coolant (nitrogen). The results of the
studies of the isobaric thermal conductivity of molecu-
lar crystals, obtained using the developed experimental
setup, are in good agreement with the data of the direct
measurements of the isochoric thermal conductivity of
molecular crystals taking into account the difference in
pressure and volume. The general scheme of the experi-
mental equipment is presented in Fig. 1.

A special peculiarity of the structural scheme is the
cryostat (C) cooling mechanism by immersing it in a
transport Dewar with liquid nitrogen (Ns). This cool-
ing mechanism provides significant savings of cryoridine
and allows a fairly simple way to obtain a constant am-
bient temperature of the cryostat, which is an important
factor in stationary methods for measuring thermal con-
ductivity, in particular, in the procedure for stabilizing
the temperature of the measuring cell. During the ex-
periment, heat from a hot area can be transferred to a
cold one due to thermal conductivity, convection, heat
radiation and through electrical contact connections. In
order to avoid convection when studying low tempera-
tures, gas (air) from the cryostat is pumped out using
vacuum pumps. In addition, the cryostat pumping avoids
freezing on the outer surfaces of the measuring cell, the
cold conductor and the contact conductors. In the setup
presented, the required vacuum (5 x 10 mm of mercury)
in the internal volume of the cryostat is achieved by a
rotary vane vacuum pump (VP) and a pump vacuum dif-
fusive (PVD). In order to maintain a constant vacuum
level throughout the experiment, the system uses a large
volume vacuum balloon (VB). The vacuum quality con-
trol is carried out using thermocouple lamp PMT-2 and
vacuum gauge (VIT-3). The gate vacuum GV1 is used
to disconnect the rotary vane vacuum pump (VP) from
the system in the event that the required vacuum lev-
el is obtained and its quality can be maintained by the
pump vacuum diffusive (PVD). The gate vacuum GV2 is
used to shut off the channel of pumping out the system of
growing samples just before the start of the growing pro-
cedure. The manometer M1 is designed for coarse control
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at the initial stage of the evacuation of the system. In
order to minimize heat losses due to thermal radiation,
a radiation screen is used in the design of the measur-
ing cell (Fig. 2). Reducing heat fluxes through contact
connections with external devices is achieved by making
connections from conductors of small diameters, as well
as ensuring their direct thermal contact with a constant
temperature surface (in this setup 80 K) and a large heat
capacity. In order to minimize the effect of uncontrolled
heat flows, measurements are carried out using the mod-
ified thermal potentiometer method [1] with the use of
one thermometer, which also made it possible to avoid
additional errors in the measured values of the thermal
conductivity due to different calibrations of thermome-
ters.

The measuring instrumentation unit of the setup con-
sists of a potentiometer R-348 (accuracy class 0.002) and
a digital voltmeter (DV). The potentiometer R-348 is
used to measure voltage drops on germanium resistance
thermometers and exemplary resistances with an accu-
racy of 1078 V. A commutator is used in the circuit to
switch potential channels that are fed to the input of
R-348. In order to obtain information about the tem-
perature of thermometers, an electric current circuit of
the thermometers (Fig. 1) is used, which includes exem-
plary resistance Rex1, a voltmeter and a stabilized power
source. The power supplied to the ampoule heater to cre-
ate a controlled heat flow along the sample is measured
out using an electric current circuit of the heater (Fig.
1). The circle consists of a heater, exemplary resistance
Rex2, a voltmeter and a stabilized power source.

IIT. MEASURING CELL

The peculiarities of the measurements of the high-
temperature isobaric thermal conductivity of molecular
crystals determined the specific design of the measuring
cell. In this case, the term isobaric should be understood
as the pressure of the intrinsic saturated vapor (the ef-
fect of saturation vapor on the thermal conductivity of
crystals is not significant, see Section IV). The schematic
diagram of the measuring cell is shown in Fig.2. Measur-
ing ampoule /9/, in which samples were grown, is made
of thin-walled stainless-steel tube. A copper sleeve /7/
and a copper plate /13/ are soldered to the ends of the
ampoule. On the copper sleeve /7/, a manganin heater
/6/ is wound, which is used to create a controlled heat
flow along the study sample.

The sleeve /7/ connects the ampoule /9/ with the inlet
capillary /8/ used in the sample growth process. When
growing the samples, the desired temperature of the cap-
illary /8/ was maintained with the help of a manganin
heater /2/ uniformly wound along the entire length of
the capillary. In order to control the temperature of the
measuring ampoule on the copper plate /13/, a heater
/16/ was installed.

The required vacuum in the internal volume of the
measuring cell was maintained by pumping it through
channel /1/, which was also used to output the contact

connections and the inlet capillary /8/ of the studied
substance. The measuring cell was cooled through the
contact of the copper plate /13/ with the cryostat vac-
uum casing /3/ placed in liquid nitrogen. Placed on the
surface of the copper plate, the resistance thermometer
/15/ is used to monitor the process of heating and cool-
ing of the measuring cell.

Germanium resistance thermometers /12/ are used to
measure the temperature gradient. They are placed on
copper rings /11/ soldered to the surface of the ampoule
in its middle part. In order to avoid losses of controlled
power over the surface of the heater /6/ and the mea-
suring ampoule, a radiation screen /10/ is used. It is
made of a copper tube, the inner surface of which is a
mirror. With the help of the heater /5/ and the copper-
constantan differential thermocouple /4/, the tempera-
ture field distribution on the screen surface is maintained
the same as on the surface of the measuring ampoule.
The use of a radiation screen made it possible to expand
the temperature range of the measurements of thermal
conductivity to 300 K. The thermocouple /4/ is used to
monitor the temperature difference in the upper parts of
the screen and the measuring ampoule. Its contacts are
placed on the copper sleeve /7/ and in the upper part of
the radiation screen /5/. When a temperature difference
occurs, the signal from the thermocouple is fed to the
input of the potentiometer R-348.

IV. GROWING SAMPLES

The system for growing samples (Fig. 1) consists of
the manometer M2, balloons B1, B2, B3, the reducer
R, inlet channels, the capillary, the measuring ampoule
and heaters to maintain the required temperature condi-
tions (Fig. 2). The gas (the study samples in a gaseous
phase) is in the cylinder B2 under pressure; together with
the reducer R it is used to maintain the required steady
pressure when growing the samples. The manometer M2
shows the pressure drop during the samples’ growth from
the gas phase. The gate vacuums GV3-GV6 are used
to control the process of growing a sample and shut off
the supply channels for the gas, liquid and helium being
studied.

i) Growing polycrystalline samples from the gas
phase.

Before the start of the growing procedure, the system
is evacuated using VP and PVD pumps. When a vacuum
of about 5 x 10® mm of mercury is reached, the internal
volume of the measuring ampoule and the inlet channels
of the studied gas are flushed, then the system is evac-
uated again and the cryostat is immersed in a Dewar
with liquid nitrogen. After cooling the cryostat using the
heater /4/ (Fig. 2), a temperature gradient was created
along the measuring ampoule, which was necessary for
growing a sample from the gas phase using the Bridg-
man method. Moreover, the temperature of the lower
part of the ampoule was maintained stable and close to
the temperature of liquid nitrogen (= 80 K). The heater
/2/ turned on during the sample growth (Fig. 2) allows
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the capillary inlet temperature to be maintained above
the crystallization temperature and to avoid its blockage.
When growing a crystal, the top temperature of the mea-
suring cell gradually decreases so that the temperature
front on the surface of the grown crystal is approximate-
ly 80 K. A significant deceleration (almost cessation) of
the pressure drop on the manometer M2 indicated the
block of the inlet channel of the studied gas by the crys-
talline sample and the end of the growing procedure. The
growing procedure took 4-6 hours and was pre-tested on
the example of a glass ampoule. The described procedure
provided an opportunity to grow polycrystalline samples
at a temperature close to the temperature of liquid ni-

trogen (= 80 K), which made it possible to avoid the
samples’ detachment from the walls of the measuring am-
poule. The structural features of the measuring cell (Fig.
2) provide the possibility of a free expansion of polycrys-
talline samples (without an increase in thermal pressure)
when heated. This fact is a significant advantage of the
developed experimental installation. After measuring the
thermal conductivity coefficient, the polycrystalline sam-
ples melted, then cooled again to a temperature below
the crystallization temperature. Within the experimental
error (5%), the thermal conductivities of polycrystalline
and the remelted samples near the melting point coin-
cided.

Current circuit
of heater

M2 1g1| [B2| |B3
®
GV3XI GVAX GV5[K
QO
R
<

Gve M1

Ml EFGW PVD

_ Rex1
- Commutator
R
N
Current circuit
of thermometers
PMT-2
R-348
VIT-3 |
DV

Fig. 1. Setup scheme for measuring the coefficient of the isobaric thermal conductivity of molecular crystals by the linear-flow

steady-state method.

ii) Growing monocrystalline samples from the
liquid phase.

In contrast to the previous case, when growing from
the liquid phase, the samples were monocrystals. The
samples were obtained by condensation into a liquid state
from the gas phase or by direct cooling of the studied lig-
uid (the studied samples in the liquid phase). Pre-washed
with the studied gas, the empty measuring ampoule was
cooled to the temperature of the liquid phase. Then the
gas from the cylinder B2 under the pressure of ~ 1 atm.
was condensed into the internal volume of the measuring
cell. During the condensation procedure, the tempera-
ture of the capillary inlet of the studied substance was
maintained above the evaporation temperature. The stop
of the pressure drop on the manometer M2 was an indica-
tor of the filling of the measuring ampoule with the stud-
ied liquid. Subsequent cooling of the measuring ampoule
to a temperature below the corresponding crystallization
temperature made it possible to obtain monocrystalline
samples.

The monocrystalline samples during their cooling de-
tached from the walls of the measuring ampoule and
quite often cracked (their thermal conductivity decreased
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sharply). The thermal contact of the monocrystalline
sample with the walls of the ampoule and in the cracks of
the single crystal was restored using helium gas, which
was inflated into the internal volume of the measuring
ampoule through the inlet channel of the studied sub-
stance under pressure close to 1 atm. In order to fill all
cracks with helium, the ampoule remained in this state
for 24 hours. Test measurements showed that the thermal
conductivity of a monocrystalline sample, after filling the
ampoule with gaseous helium, was restored after about
18-20 hours.

V. MEASUREMENT OF THERMAL
CONDUCTIVITY COEFFICIENT

The main requirements in the study of thermal con-
ductivity by stationary methods is the accurate measure-
ment of the temperature gradient and power output by
the heater, provided that the temperature is maintained
stable. Fulfilling these requirements in the measurement
process is associated with certain difficulties, in partic-
ular, the difficulties in providing a thermal contact of
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the sample with a heater and thermometers, as well as
uncontrolled thermal losses. All these factors influence
the accuracy of determining the coefficient of thermal
conductivity. The method that allows avoiding the influ-
ence of contact resistances and uncontrolled heat loss on
the measurement results is a modified method of ther-
mal potentiometer [1]. This is a stationary method flat
in the form of the temperature field, in which the heat
flow is distributed along the sample, and the temperature
difference is measured in the middle part. With such a
geometry and a stationary temperature field, the tem-
perature gradient does not depend on the contact ther-
mal resistances. In order to take into account the heat
flow that is distributed along the walls of the measuring
ampoule, preliminary measurements were made of the
temperature dependence of the thermal conductivity of
the empty ampoule (Fig. 3).

1T— )
< ] 4
5/4| r 6
- ]
|| 8
9/
~10
11 = —L 12
| | 14
| 15
- |16
13\\;\ B

Fig. 2. Schematic diagram of the measuring cell. /1/ —
channel for pumping the internal volume of the cryostat; /2/
— heater capillary inlet of study substance; /3/ — cryostat
vacuum casing; /4/ — copper-constantan differential thermo-
couple; /5/ — radiation screen heater; /6/ — heater to create
a controlled heat flux along the sample; /7/ — copper sleeve;
/8/ — capillary inlet of test substance; /9/ — measuring am-
poule; /10/ — radiation screen; /11/ — copper rings for fixing
thermometers; /12/ — germanium resistance thermometers;
/13/ — copper plate; /14/ — study sample; /15/ — copper
resistance thermometer; /16/ — copper platform heater.

The direct procedure for measuring the thermal con-
ductivity of the studied sample was as follows. At first,
the measuring cell was set to a temperature Ty, which
was kept constant throughout the entire experiment and
which was measured by a lower resistance thermometer
/15/ (Fig. 2). Then, the temperature 77 of the upper
thermometer /12/ (Fig. 2) was measured without power
supply to the heater /6/. After that, the heater /6/ was
turned on, which created the specified heat flow Q. Af-
ter a certain period of time, a new equilibrium heat flow
was set through the sample with the same constant tem-
perature Ty of the lower thermometer /15/. Next, the
temperature Ty of the upper thermometer /12/ (Fig. 2)
was measured. The difference between the readings of

the upper thermometer T — T (without power supply
to the heater /6/ and with it) determined the tempera-
ture gradient AT, which was used in the calculations of
the coefficient of thermal conductivity.

It should be noted that the same thermometer is used
in this measurement procedure at two stages of measure-
ment. This is a significant advantage of this method of
measurement, since it allows us to avoid the influence of
uncontrolled heat flows and the difference in the calibra-
tion of the thermometers on the measured value of the
thermal conductivity. The coefficient of thermal conduc-
tivity was culculated according to the formula:

L

. SAiqT’ 2)
where S is the cross-sectional area of the sample, L is
th edistance between the thermometers, AT = Ty — T}
is the difference between the readings of the upper ther-
mometer when the power is supplied to the heater and
without the supply, respectively, ¢ = @Q — amp is the
portion of the heat flow that passes directly through the
sample, @ is the heater power, and Gayp is the part of
the heat flow transmitted through the walls of the am-
poule (determined from previous studies of the thermal
conductivity of an empty ampoule).

Heat loss through the capillary inlet of the test gas and
the contact conductors do not exceed 1 pW. It should
be noted that the heat fluxes along the walls of the am-
poule and through the test sample are approximately
equal. The measurement of the thermal conductivity was
carried out on at least two samples. In the process of
growing the sample, the internal volume of the ampoule
was gradually filled. When the sample reached the low-
er end of the capillary /8/ (Fig. 2), the growth process
was blocked by the sample itself. If part of the internal
volume of the ampoule remained unfilled, then the ther-
mal conductivity of the sample decreased sharply. In this
case, the sample was re-grown. Before taking measure-
ments, in order to relieve internal stresses, the sample
was heated (several times) sequentially and cooled over
the entire temperature range of the studies.

25

20

A, Wim-K

0 2 L L L L
70 110 150 190 230 270 310

TK
Fig. 3. Temperature dependence of the thermal conductiv-
ity of an empty ampoule.

It should be noted that for molecular crystals which
were grown by desublimation from the gas phase, at tem-
peratures close to the temperature of liquid nitrogen,
the thermal conductivity was measured under the vapor
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pressure of saturation. In the case of molecular crystals,
such experimental conditions can be considered isobaric
at zero pressure. The latter requires at least a simplified
explanation. Unlike liquids, the vapor pressure of satura-
tion of simple molecular crystals, as a rule, is small [1§]
(in the temperature range near melting less than 1 mm
of mercury), and its insignificant changes with tempera-
ture do not influence the measured values of the thermal
conductivity. For example, the vapor pressure of satu-
ration of solid CHF5Cl near melting is approximately 1
mm of mercury [18] (< 1.33 x 102 Pa), whereas a pres-
sure change of 60 MPa in this temperature range causes
a change in thermal conductivity of 0.02 W/m-K [19].
We obtain that a change in pressure of 1 mm of mer-
cury causes a change in the values of thermal conduc-
tivity of approximately AA ~ 5 x 107® W/m-K, which
is less than 0.0001% of the values of thermal conductivi-
ty in this temperature range. It should be noted that as
the temperature decreases, the vapor pressure will also
decrease. At present, there are no experimental methods
that allow measuring the thermal conductivity with such
accuracy, as a rule, they are limited to an accuracy of
1072 W/m-K, and the experimental error is within 3-5%
[1,16]. That is, measurements of the thermal conductiv-
ity of molecular crystals under the pressure of intrinsic
saturated vapor can be considered as corresponding to
isobaric conditions, while the magnitude of the change
in the vapor pressure of the saturation is much lower
than the accuracy the pressure maintenance under the
isobaric experimental conditions [20]. The thermal con-

ductivity of molecular crystals which were grown from
the liquid phase was measured at atmospheric pressure,
which was created by the helium gas in the internal vol-
ume of the measuring cell after cooling the studied sam-
ple to the temperature of liquid nitrogen. The error in
the measured values of the thermal conductivity did not
exceed 5%.

VI. CONCLUSIONS

Measuring the coefficient of the isobaric thermal con-
ductivity of molecular crystals is associated with a num-
ber of difficulties, among which are the following: ensur-
ing the measuring process in the field of low temperatures
(up to 80 K); avoidance of the studied samples’ detach-
ment from the walls of the measuring ampoule in the
process of decreasing the temperature; ensuring a free
expansion of the crystal inside the measuring ampoule
while increasing its temperature; minimization of heat
losses due to heat radiation and uncontrolled heat fluxes;
ensuring the required accuracy of the measurements. The
described experimental setup for measuring the isobaric
thermal conductivity of molecular crystals makes it pos-
sible to positively solve these problems. It should also be
noted that the developed experimental installation has
several advantages: a wide range of temperatures (80—
300 K) for the thermal conductivity measuring, a free
thermal expansion of studied samples, compactness, and
efficiency in the use of the substances under study.
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EXPERIMENTAL SETUP FOR MEASURING THE ISOBARIC THERMAL CONDUCTIVITY...

EKCIIEPUMEHTAJIbHA YCTAHOBKA IJId JOCJ/IIAXKEHHS I30BAPHOT
TEILJIOIIPOBIAHOCTI MOJIEKYJIAPHNX KPNCTAJIIB

O. L. Ilypcekuii, O. B. Pomanenko, P. A. Pacysios, JI. M. Mazyp
Kuiscokutl HauionasbHuti mopao6eavbHo-eKoHOMIYHULT YHIGepcumem,
eya. Kiomo, 19, Kuis, 02156, Yxpaina

VY crarTi onnMcaHO €KCIePUMEHTAIbHY YCTAHOBKY JJIsT BUMIPIOBaHHS i300apHOI TEIJIONPOBITHOCTI MOJIEKYJISAD-
HUX KpucTtayiB B iHTepBaJsi Temmeparyp Big 80 K mo 300 K. HaBemeno cxemy 1€l yCTaHOBKHM JJIsi BUMipPIOBaAHHS
KoediIieHTa TeIIONPOBIAHOCTI IJIOCKUM CTAIIOHAPHUM METOIOM IIiJ] TUCKOM BJIACHUX HACHUYEHUX Hapis. Po3pobiie-
Ha JIOCJITHUIIbKA CUCTEMa Ma€ IEBHI IIepeBaru repes, CBOIMHU IIPOTOTHUIIAMHU, IO 3aCTOCOBYIOTH JJIsi BUMiPIOBAHHS
TEIJIOPOBITHOCTI MOJIEKYJISIDHUX KPHUCTAJIB, 30KpeMa: MOXKJIMBICTh BUMIPIOBATH KOEMDIIIEHT TEIIOMpoBiIHOCTI
B mMpOKoMy Jianasoni temmneparyp (220 K), BijbHe TensioBe pO3IIMPEHHsI JOCIIHUX 3pa3KiB, KOMIIAKTHICTD i
€KOHOMIYTHICTh y BUKOPUCTAHHI JTOCJIIZKYBAHUX PEIOBUH Ta OXOJIOKYBAaJbHOI pismam (azor). Ommcano mero-
UKW BUPOIILYBAHHS MOJIKPUCTAJIYHUX Ta MOHOKPHUCTAJIIYHUX JIOCTITHUX 3Pa3KiB 3 ra3oBoi da3nw 3a METOIOM
BpimpkmMena Ta MeTo0M IPSIMOIo OXOJIOJXKEeHHS BimoBiaHo. [lokazano KOHCTPYIIiI0 BUMiPIOBAJILHOI KOMIPKH, sIKa
3abe3nedye BUIbHE TelIoBe PO3IIUpeHHs (6e3 HApOCTaHHSI TEPMIYHOIO THUCKY) JOCIIJKYBAHUX MOJIEKYIISIPDHUX
KPHUCTAJIB y MHUPOKOMY Jiana3oHi Temmeparyp. Onuncano 6e3mocepeiHIo TPOIeaypy BU3HAUYEHHS KoedilieHTa i30-
0apHOI TEMIONPOBIAHOCTI MOJIEKYISIPHUX KPUCTAJIB 33 JIOMOMOTOI0 PO3POOJIEHOI eKCIIEPUMEHTAILHOI YCTAHOBKH.
Ilepes npoBeneHHsIM BUMIpIOBaHb KOEMiIi€HTa TEIJIONPOBIIHOCTI [JIsi 3HSITTsS BHYTPINIHIX HAIPYT MPOBOIAUTHCS
o6oeTs3K0Be nOCIiI0BHE (IeKiIbKa pa3iB) HArpiBaHHS iI OXOJIO[KEHHs! JOCJIHOIO 3pasKa 3a BCIM TeMIeparyp-
HUM JTialla30HOM BUMipioBaHb. st BpaxyBaHHS TEIJIOBOTO MOTOKY, IO PO3MOBCIOKYETHCS O CTIHKAX BUMIPIO-
BaJIbHOI KOMIPKH, IOIEPeIHbO BUMIPSHO TEMIIEPATYPHY 3aJIEXKHICTH KOoedillieHTa TEeIIONPOBIIHOCTI TOPOKHBOT
BUMipIoBaJIbHOI KOMipku. HeKOHTpOJIbOBaHI MMOTOKM TEIjia, 3yMOBJIEHI TEIJIOBUM BHIIPOMIHIOBAHHSIM i3 ITOBEPXHI
BUMIiPIOBAJIBHOI aMIIyJIM, MiHIMI3YIOThCSI 3a JOIOMOIOI0 PaaIliifHOr0 eKpaHy, Ha IMOBEPXHi SIKOTO BiJITBOPIOETHCS
1OoJIe TeMIIEpaTyp BUMipOBaIbHOI amiysu. J[isi BUMipIOBaHHST TEIIONMPOBITHOCTI BUKOPUCTAHO MOAMMDIKOBAHMIT
MEeTO/J TEIIOBOI'O IOTEHI[IOMETPA 3 OJHUM TE€PMOMETDPOM, IO IO3BOJUJIO YHUKHYTH HOXHOOK Yy 3HAUYEHHSAX KOe-
dimienTa TEIIOMPOBIIHOCTI MOJIEKY/IIPHUX KPHUCTAJIB 38 PaXyHOK HEKOHTPOJILOBAHUX ITOTOKIB TeIJIa Ta Pi3HOrO
KaJaibpyBaHHS TEPMOMETPIB i CyTTEBO MiABUIIUTH TOYHICTb BUMIPIOBaHb. 3arajbHa MOXUOKA i YaC BUMIPIOBAHHS
KoedIIiEHTa TEITONPOBIIHOCTI MOJIEKYIAPHUX KPUCTAJIB He TepeBuiye 5%.
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