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ABSTRACT

The paper presents the study results of the thermal behavior of synthetic copper telluride in an
inert atmosphere at pressures of 92 and 0.07 kPa under isothermal and non-isothermal vacuum-
thermal conditions. The thermal analysis results showed that the synthesized copper telluride
undergoes polymorphic transformations at 185.7, 259, 318, 350, 470, and 834.5 °C. These
transformations were established by early studies and are characteristic of copper tellurides of
stoichiometric and non-stoichiometric compositions. It was found that the reduction of the
pressure in the system slightly increases the final value of mass loss of the synthetic sample. The
X-ray phase analysis results of the residues obtained at constant and increasing temperatures at a
pressure of 0.07 kPa showed the absence of the formation of new phases relative to the initial
composition. A change in the quantitative ratio of the available phases was found in the direction
of an increase in the amount of CuosseTeo.344 relative to the initial composition with an increase in
the process temperature.
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Introduction

Due to the depletion of natural resources and,
as a consequence, the involvement of poor and
substandard raw materials in production, the issue
of improving existing technologies for processing
copper-containing raw materials remains relevant
today [[1], [2], [3], [4], [5]]. At the same time, the
final stage of most copper production around the
world continues to be copper electrorefining.

A multicomponent product — copper electrolyte
sludge containing chalcogenes in the form of their
compounds with copper, silver, and gold is produced
during the electrorefining of copper [[6], [7], [8]].
First of all, the sludge serves as a raw material to

obtain noble metals, besides the products of its
processing are selenium and tellurium. There is quite
a wide range of methods of sludge processing
associated with the complexity and diversity of
chemical and phase compositions of sludge. Some of
the proposed methods can be found in [[7], [8], [9],

(10], [11], [12], [13], [14], [15], and [16]].
Schemes intended to obtain tellurium from

copper-electrolyte sludge are a process combining
hydro-, pyro-, and electrometallurgy methods [[13],
[14], [17], [18]]. A valuable product in this scheme is
copper telluride in addition to tellurium of different
purity. Copper telluride contains phases of both
stoichiometric (Cu;Te) and non-stoichiometric
compositions (CuxxTe) and includes impurities of
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other elements and compounds [[19], [20], [21],
[22], [23]]. Some companies prefer to accumulate or
sell copper telluride at relatively low prices rather
than further separate tellurium and copper. This
approach is associated with the presence of
technological and technical difficulties due to
multistage, significant consumption of reagents,
formation of large volumes of wastewater
containing heavy metals, etc. Therefore, the
development of an economical and environmentally
safe process for the extraction of Te and Cu from
copper telluride is of great importance for the

metallurgical industry.
In this regard, there has been a growing interest

of scientists in the issue of the creation of new and
improvement of existing technologies for processing

copper telluride in recent years.
Traditionally, the tellurium-containing middling

product is subjected to oxidative-alkaline leaching
with the addition of NaOH at the first stage [[14],
[17]]. As a result, tellurium is concentrated in the
solution in the form of sodium tellurite (Na;TeOs),
and copper — in the residue. The solution is further
sent for electrolysis, and the copper-containing
residue is sent for copper extraction. Liang Xu et al.
[22] compared the classical leaching method at
atmospheric pressure with their proposed autoclave
leaching. The best performance was achieved with
autoclave leaching: more than 95 % of tellurium was
transferred into solution. The residue contained
exclusively crystalline phase Cu,0 that allows it to be
returned to copper production. Neutralization of the
tellurium-containing solution with sulfuric acid is
proposed to precipitate tellurium in the TeO; form.
The resulting tellurium-containing residue contains
95 % of TeO,. When H,0; was used in a two-stage
oxidative-alkaline leaching process [24], the degree
of tellurium recovery was 93 %. The total through
the recovery of tellurium was almost 90 %, and the
content of TeO; in the obtained residue was 96 %.
The authors also suggest that the tellurium-
containing residue should be sent to the electrolytic
production of elemental tellurium.

The most preferable methods well combined
with schemes intended to obtain the pure element,
are pyrometallurgical ones. According to the
dependences of tellurium vapor pressure over solid
Cu;Te specified in studies [[25] and [26]],
decomposition of the compound into copper and
tellurium is possible only at above 2704 °C [27]. As a
consequence, pyrometallurgical methods have not

found both application in practice and the
development of research in this area.

An effective way to reduce process temperature
is to perform the process at low pressure. Besides,
the use of a vacuum contributes to the improvement
of the personnel’s working conditions because the
process is performed in hermetically sealed and
compact equipment. However, theoretically, the
production of tellurium by decomposition of Cu,Te
in real conditions of the vacuum-thermal method is
also not possible, due to the low dissociation
pressure of liquid copper telluride at the rate of 0.7
kPa at 1780 °C. Nevertheless, we have established
the fact of extraction of tellurium from industrial
copper telluride in an inert atmosphere (argon)
during the development of a pyrometallurgical
method of tellurium extraction at low pressure in
oxide form [28]. In this regard, it is of interest to
study the pyrolysis of copper telluride in an inert
atmosphere to determine the presence or absence
of the formation of less stable phases during
vacuum-thermal processing.

The state diagram of the tellurium-copper
system is given in [29] and is characterized by the
presence of three compounds of stoichiometric
composition: Cu,Te, CusTes, and CuTe. Further
studies of the system summarized in [30] showed
that the Cu,Te phase has several polymorphic
modifications: A-Cu,Te, B-Cu,Te, C-Cu,Te, D-Cu,Te,
and E-Cu,Te; whose formation depends on the
synthesis temperature of the compound. The
presence of peritectoid and eutectoid reactions at
below 317 °C resulted in the formation of phases
stable at elevated temperatures (Cuis:xTe7, CugsxTes,
and CusTes), as well as phases existing at room
temperature as monophase or in alloy with other
phases (Cuiz«Te7, CugsTes, CusTes, and CusxTes). In
this case, the compound Cu,Te is the only
congruently melting one in the system. Its melting
temperature is generally accepted to be 1125 °C.

The analysis of available information has shown
that the matter of structural changes in copper
telluride close to the composition Cu,Te at
atmospheric pressure up to temperatures of 500-
600 °C is well enough studied. At the same time,
there is no data on the behavior of telluride at higher
temperatures and low pressure.

This paper presents the results of our laboratory
study of the thermal behavior of synthetic copper
telluride in an inert atmosphere at pressures of 92
and 0.07 kPa under isothermal and non-isothermal
vacuum-thermal conditions.
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Figure 1 — Phase composition of synthetic
copper telluride

Experimental part

Material Synthesis.

Synthetic copper telluride obtained by direct
fusion of the initial components in an evacuated
guartz ampoule was used in this paper.

Synthesis and production of copper telluride
were performed in RT 50/250/ 13 tubular electric
furnaces (Nabertherm, Germany) with a B-180
controller. The vacuum system consisting of a 2NVR-
5DM  UHL4 vacuum rotary vane pump
(Vacuummash, Russia) and McLeod manometer was
used for ampoules evacuation. Argon (as an inert
gas) was used to wash the ampoules. The material of
the ampoules was quartz glass.

The initial components for synthetic copper
telluride production were electrolvte copper
shavings (99.99 %) and elemental tellurium powder
(99.98 %) taken in the amounts of 49.92 wt. % of Cu
and 50.08 wt. % of Te which corresponds to the
stoichiometric composition of the compound Cu,Te:
66.667 at. % of Cu and 33. 333 at. % of Te. The
svnthesis temperature was 1200 °C. The heating rate
of the suspension to the required temperature was
2 °C/min. The svnthesis time was 6 hours. Slow
cooling of the obtained allovs in the furnace was
performed after the expiration of the specified
holding time.

X-ray phase analysis with Bruker D8 Advance
diffractometer with Cu-Ka radiation was used to
identify the phase composition. The obtained X-ray
diffractograms were analyzed using the ICDD PDF-2
(relies on 2020) and literature data [[31], [32]].

The object of the study.

The phase composition of the averaged sample
of the obtained copper telluride is shown in Figure 1.
The synthesized material is mainly represented by a
mixture of copper tellurides with stoichiometric
(CuaTe) and non-stoichiometric (CuxxTe)
compositions. The phase of Cu;Tes (or Cuy7sTe) is the
base of the alloy. Besides, there is a phase
CuossaT€0.336 (or CU1.91TE) in the aIon. The
heterogeneity of composition can be explained by
the fact that the production of homogeneous
samples having reproducible stoichiometric
composition is complicated since the generally
accepted melting point of the compound (1125 °C)
exceeds the boiling point of Te (990 °C) [33]. A slight
shift and differences in the intensity and shape of
the peaks are possible due to the different grain
sizes of milled samples, defects in the crystal
structure, and the joint presence of several
polymorphic modifications of copper telluride [34].

Pyrolysis of the copper telluride.

The experimental part intended to study copper
telluride pyrolysis was performed with the use of
vacuum units with horizontal and vertical reactor
arrangements.

The horizontal unit (Figure 2) consists of a
Nabertherm electric furnace with a B-180 controller,
a 2NV3-5DM UHL4 vacuum pump, and a quartz
reaction vessel where a boat with a suspension of a
given mass was placed. A split porcelain condenser
required to collect the condensing material was
placed on the boat. Chromel-alumel thermocouple
(DTPK021-1.2/0.7 thermoelectric converter) with a
single-channel TRM1 microprocessor meter-
regulator was used to control the temperature in the
reaction zone. The pressure was measured with a
McLeod manometer with an accuracy of £10 Pa and
an M110 aneroid barometer with an accuracy of
10.13 kPa.

The methodology of the experiment was as
follows. An alundum boat with a copper telluride
sample of a given mass was placed in the reactor.
The system was sealed and flushed with argon
several times. The required pressure in the system
was created using a vacuum pump and controlled by
a barometer and manometer. When the pressure in
the reactor reached the desired value, the retort
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with the sample was transferred into an electric
furnace heated to the required temperature so that
the sample was in the isothermal zone of the
furnace. The reactor was removed from the furnace
and cooled under vacuum after the end of the
process. The system was then disassembled. The
boat with the residue was weighed. The residue was
further pulverized and sent for quantitative and
qualitative analyses. The extraction degree was
calculated from the quantitative analysis based on
the difference in tellurium content in the initial
sample and the vacuuming residue. The sample was
weighted before and after the experiment on
PA214C analytical scales (Ohaus-Pioneer) with an
accuracy of £0.1 mg.

The material composition was studied by X-ray
fluorescence analysis using an Axios “PANalytical”
wave dispersive combined spectrometer.

X-ray phase analysis on a Bruker D8 Advance
diffractometer with Cu-Ka emission, and ICDD PDF-
2 bar graph reference database (2020) was used to
identify the phase composition.

A horizontal unit (Figure 3) was used to
determine the mechanism of mass loss during the
heating of copper telluride under non-isothermal
conditions at a pressure of 0.07 kPa. The apparatus
was a retort made of two parts: the lower one was
made of alloy steel, placed in the RT 50/250/13
electric furnace, and the upper one was made of
heat-resistant glass. A crucible with a sample of
copper telluride was mounted on a hollow
suspension inside the steel retort. The junction of a
platinum and platinum-rhodium thermocouple was
placed inside the suspension at the level of the
crucible with suspension. The suspension was
supported on the scales of the mass loss
measurement system placed in the upper part of the
retort. The retort parts were articulated by a rubber
seal placed outside the high-temperature zone. The
lower and upper parts of the retort were separated
by screens to reduce heat flow from the high-
temperature zone. The upper part of the retort
contained the pressure measurement system,
channels for gas evacuation and argon filling, and
thermocouple end outlets. The mass, pressure, and
temperature measurement systems had signal
outputs to a multi-point potentiometer that
recorded measurements on a chart tape.

A sample of the allov was placed in a auartz
crucible and then mounted on a suspension with a
disconnected retort outside the heating zone to
experiment. Then the lower part of the retort was

1 —temperature controller in the reaction zone;

2 — control thermocouple; 3 — electric furnace; 4 — boat;
5 —isothermal zone; 6 — suspension; 7 — reactor; 8 — split
condenser; 9 —filter; 10 — barometer and manometer;
11 —vacuum pump; 12 —furnace controller

Figure 2 — Scheme of the unit intended to study the
pyrolysis process of copper telluride

T

/
i

1 —crucible; 2 — suspension; 3 — weight measurement
system; 4 — pressure measurement system;
5 —thermocouple; 6 — electric furnace; 7 — flow valve;
8 — gas evacuation channel; 9 — inert gas supply channel;
10 —screen; 11 — caisson

Figure 3 — Scheme of the unit intended to study the
pyrolysis process of copper telluride

articulated with the upper one. Gases were
evacuated from the retort by a vacuum pump and
filed with argon during studies in an inert
atmosphere. Then the lower part of the retort was
placed in the isothermal zone of the electric furnace,
and the furnace heating was switched on. The mass
loss of the material sample and the change in its
temperature, as well as the change in pressure in the
system, were recorded during the heating process of
the furnace synchronously. A leak valve was used to
keep the pressure in the system constant. The retort
was removed from the furnace at the end of the
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process. The curve of mass change over time was
used to determine the degree of mass loss of the
material at certain time intervals.

A thermal analysis was performed with the use
of an STA 449 F3 Jupiter synchronous thermal
analysis instrument to find phase and structural
transformations occurring in synthetic copper
telluride during heating in an inert atmosphere at a
pressure of 92 kPa. The furnace space was
evacuated before heating, (evacuated volume level
~92 %) and then purged with inert gas for 5 minutes.
The heating of the sample was performed at a rate
of 5 °C/min in an atmosphere of highly purified
argon. The total volume of incoming argon was kept
within the range of 100-110 ml/min. The results
were processed with the use of NETZSCH Proteus
software.

Results and Discussion

Several researchers, for example [[35], [36],
[371, [38], [39], [40], [41], and [42]], studied the
structural changes in copper telluride of various
compositions up to temperatures of 500-600 °C.
Thus Stevels [35] showed by a combination of
thermal and X-ray phase analyses that the
compound of Cu,Te (or Cuy«Te, where 0 < x £ 0.2)
underwent 4 polymorphic transformations at 190,
260, 310, and 475 °C. It was noted that the
compound Cu;Tes (or CuizsTe) had the following
transformation temperatures: 255, 305, and 340 °C.
In the paper [36], found by thermal analysis that the
compound CuxxTe (where 0 < x < 0.16) underwent

structural changes at 172, 305-320, 360, and 425-
560 °C. Similar temperatures of polymorphic
transformations were obtained for the compound
Cu,«Te (where x < 0.05) [37] and for the compound
containing 35.2 at. % of Te [38]. At the same time,
[39] states that the combination of endothermic
effects with maximum development at 180, 305,
345, and 465 °C shows the presence of the
compound Cu,«Te with a homogeneity range of
33.3-34.2 at. % Te, which corresponds to the
compound CusTe.

Figure 4 shows the results of the thermal
analysis of copper telluride in an argon atmosphere
at a pressure of 92 kPa. As it can be seen the DTA
curve showed several endothermic effects of varying
intensity during heating of the synthesized material
at a rate of 7 °C/min. Their extremes occurred at the
following temperatures: 185.7, 259.5, 318, 350, 470,
507.8, 834.5, and 948.5 °C. An additional
endothermic effect with an extremum was recorded
on the dDTA curve at 459.5 °C.

For clarity, the temperatures of phase
transitions from various sources, including our
study, are summarized in Table 1. It should be noted
that the differences in the temperatures of
polymorphic transformations are related to the
amount of tellurium in the compound, as well as
differences in the methods used to obtain the data.
The presence of transformation in the interval 255-
275 °C, according to [37], indicates the presence of
the rhombohedral phase of telluride in the initial
compound.

DTA* 103, prG, dDTA
TG, % uV/mg %/min MV/mg/min
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! 75 )
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Figure 4 — Thermogram of synthetic copper telluride at atmospheric pressure
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Table 1 — Temperatures of polymorphic transformations in CuzTe

Source Temperatures of polymorphic transformations in Cu2Te
190 260 310 475
[35] 255 305 340
[36] 172 305-320 360 425-560
[37] 175 275 320 365 575
[38] 190 310 360 460 550
[39] 180 305 345 465
[42] 160 258 317 360 568
our research 185.7 259 318 350 470
o A 31 ——o007ima lﬁ
] —e— 0.133 kPa
0.7 kPa
44 —— 133 kPa
. c\oﬁ | 13.3 kPa
5 za
o g
Q =
. =
o ) 20
o & Q
(] i
= =21
1..
0 : : X 0 s . :
0 5 10 15 200 300 400 500 600 700 800 900 1000 1100
Pressure, kPa Temperature, °C

Figure 5 — Dependence of mass loss on pressure (a) and temperature (b)

As can be seen, the data obtained by us are in
good agreement with the known values of the
temperatures of polymorphic transformations. So,
the combination of effects at 185.7, 259, 318, and
470 °C refer to the compound Cu,Te (or Cux«Te,
where 0 £ x<0.2). At the same time, the presence of
an endothermic effect at 350 °C is explained by the
presence of non-stoichiometric telluride CujssTe.
The peak on the dDTA curve at 459 °C probably
refers to the melting of unreacted elemental
tellurium (450 °C). The endothermic effect with
maximum development at 507.8 °C probably reflects
the decomposition of copper telluride [40]. the
polymorphic transformation €5 mentioned by
Hansen in [41] is at 834.5 °C.

The residue obtained after thermal analysis is a
molten material, although the generally accepted
melting point of Cu,Te is 1125 °C [13]. Therefore, the
effect at 948.5°C can be attributed to the melting of
copper telluride with subsequent evaporation of
tellurium from it. This conclusion is also supported

by information [42] about a lower
temperature (875-1111 °C).

A slight increase in mass loss was observed
(Figure 5a) when the pressure was lowered to 0.07
kPa. The curves of copper telluride mass loss (Figure
5b) at continuous temperature increase up to
1100 °C and low pressure (0.07-13.3 kPa) are
characterized by two stages. At the same time, the
condensation of tellurium in the cold zone of the
reactor can also be visually divided into two stages.
The first of them refers to process temperatures of
about 500 °C and is characterized by a light grayscale
(at a pressure of 0.07-0.7 kPa). The second stage
occurs in the range of 700-800 °C and is
accompanied by a sharp increase in the amount of
condensate in the deposition zone and a change of
its color to black. At a pressure of 13.3 kPa,
condensation of tellurium is noted at higher
temperatures. The vacuumization residue is a
sintered material with elemental copper on the
surface.

melting
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Figure 6 — X-ray radiographs of residues obtained at constant (a) and increasing (b) temperature

Samples intended to analyze possible phase
transitions in copper telluride during its heating in
vacuum were obtained at a pressure of 0.07 kPa
under conditions of constant (600, 800 and 1000 °C)
and increasing temperatures (up to 600, 800 and
1000 °C). The X-ray phase analysis results (Figure 6)
of the obtained residues showed the absence of
formation of new phases relative to the initial
composition. At the same time, there are changes in
the quantitative ratio of the existing phases in the
direction of increase in the amount of CuggssT€o.344
with increase in the process temperature. It should
be noted that the specified phase is predominant
with the content up to 86 % in process conditions
with heating of samples.

A partial amorphization of the obtained
samples, expressed by the presence of an
amorphous halo, was also established using X-ray
phase analysis. The presence of the latter in the X-
ray diffraction patterns is probably related to the
partially disordered structure of the material due to
polymorphic transitions.

Conclusions

Thus, a laboratory study was performed to
investigate the thermal behavior of synthetic copper
telluride in an inert atmosphere at pressures of 92
and 0.07 kPa under isothermal and non-isothermal
vacuum-thermal conditions.

The results of the thermal analysis showed that
the synthesized copper telluride at 185.7, 259, 318,
350, 470, and 834.5 °C undergoes polymorphic
transformations established by earlier studies and
characteristic  for  copper tellurides  with
stoichiometric and non-stoichiometric
compositions.

The nonlinear character of the curve of mass loss
dependence on temperature was established during
the determination of the mechanism of mass loss
during the heating of copper telluride in non-
isothermal conditions at low pressure. In this case,
lowering the pressure in the system insignificantly
increases the final value of mass loss of the synthetic
sample.

The results of X-ray phase analysis of residues
obtained at constant (600, 800, and 1000 °C) and
increasing temperatures (up to 600, 800, and 1000
°C) at a pressure of 0.07 kPa showed the absence of
formation of new phases relative to the initial
composition. Changes in the quantitative ratio of the
existing phases towards an increase in the amount
of CugessTeosas Were established at the increasing
process temperature. Partial amorphization of the
obtained samples was also established. It is probably
connected with a partially disordered structure of
the material due to polymorphic transitions.

The obtained data are theoretical.
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CUHTETUKANbIK MbIC TeANYPULiHIH MHePTTI atTmocdepagarbl NUPOAU3I

HuueHko A.B., JiunHuk K.A., BonoguH B.H., Tyneytait ®.X., baxbitynbi H.

Memannypaus #aHe keH 6alieimy uHcmumymel AK, Coambaes YHusepcumemi, Aamamsi, KazakcmaH

Makana kengi: 23 winde 2024
CapantamagaH eTTi: 16 Kbipkyliek 2024
Kabbinganapl: 26 Keipkyliek 2024

TYAIHAEME

KyMbICTa M30TEPMUANDBIK KaHE U30TEPMUANLIK eMeC BaKyyM-TEPMUANbIK YPALIC KafaanWbiHAA
MHepTTi aTmocdepasa 92 xaHe 0,07 KMa KbICbIMAA CUHTETUKANbIK MbIC TENNYPUAIHIH, XKbITYbIK
9pEeKeTiH 3epTTey HaTuKenepi bepinreH. TepMuANbIK Tangay HaTUMKeNepi CUHTe3LeNreH MbiC
Tennypuai 185,7, 259, 318, 350, 470 kaHe 834,5 °C TemnepaTtypanapblHAa epTe 3epTreynepae
aHbIKTaNFaHAAl CTEXMOMETPUANDBIK KIHE CTEXMOMETPUANDBIK EMEC KyPamaafbl MbiC TeNNypuaiHe
ToH nonumopdTbl e3repicTepre YLWbIPaTbiHbIH KepceTTi. Myiheperi KbiCcbiMAbl TemeHAeTy
CUHTETMKANbIK YATiHIH, MacCcanblK *KOFaNybIHbIH, COHFfbl M3HIH C3/1 }KOFapblaaTaTbiHbl aHbIKTANAbI.
0,07 klMa KpicbiIMAa TYpaKTbl KaHe KeTepineTiH TemnepaTypada ajblHFAH KanabiKTapapl
peHTreHAiK dasanbik Tangay HaTwkenepi 6acTankbl Kypamfa KaTbICTbl KaHa dasanapabiH
TY3iNMENTIHIH KepceTTi. YpAicTiH, TemnepaTypacbiHbiH, YKOfapblnaybiMeH 6acTankbl Kypamfa
KaTblcTbl CUoessT€0344 MO/LWEPIHIH yNfaloblHA Kapait Konga 6ap ¢asanapgplH,  CaHAbIK
KaTbIHACbIHbIH, ©3repyi aHbIKTanabl.

TyliiH ce30ep: NMPON3, TENNYP, MbIC, MbIC TeANYpUAi, dasanbiK Kypambl, TEPMUANBIK Tanaay.
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MnUponuns cuHTEeTUYECKOro Tennypuaa meam B MUHEPTHOM aTmocdepe
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AHHOTAUMA
B pabote npuBeaeHbl pesynbTaTbl M3yYeHUA TEPMUYECKOrO MOBEAEHWUA CUHTETUYECKOro

Tennypuga mMeaum B MHepTHoW atmocdepe npu pasneHun 92 u 0,07 kMa B ycnosuax
M30TEPMUYECKOTO U  HEU30TEPMMYECKOro BaKYyM-TEpMUYECKOro npouecca. PesynbTtaTtbl

NPOBEAEHHOr0 TEPMMUYECKOTO aHasn3a MoKasanu, YTO CUMHTe3MPOBaHHbBINA TeAAYPUEA Mean Mnpu
Moctynuna: 23 utonsa 2024 !

PeueHsnpoBaHue: 16 ceHmabpsa 2024
MpuHATa B NevaTb: 26 ceHmabpa 2024 YCTQHOB/NIEHHbIE  PAHHUMW  WUCCNEAOBAaHUAMWM U  XapaKTepHble Ana TeAnypuaos  meamn

Temnepatypax 185,7, 259, 318, 350, 470 n 834,5 °C npeTepneBaeT NnoAnmopdHble NpespaLleHns,

CTEXMOMETPUYECKOTO U  HECTEXMOMETPUYECKOr0 COCTaBOB. YCTAHOB/IEHO, YTO MOHUMKEHue
[aBNEHUA B CUCTEME HE3HAUYUTE/NbHO MOBbIWAET KOHEYHOe 3HayeHMe MoTepu Macchl
CUHTeTUYecKoro obpasua. Pe3ynbTaTbl PeHTreHoPa3oBOro aHaAW3a OCTaTKOB, MOMYYEHHbIX NPU
MOCTOAHHOW M MOBbILWAlOLWEecA TemnepaTypax npu AasneHun 0,07 klMa, nokasanu otcyTcTeue
06pa3oBaHMA HOBbIX a3 OTHOCWUTENbHO WMCXOAHOro coctasa. C MOBbiEHWEM TemmnepaTypbl
npoL,ecca yCTaHOB/IEHO U3MEHEHUE B KOIMYECTBEHHOM COOTHOLLEHUU MMEOLLUXCA $a3 B CTOPOHY
yBesI4eHMA Konnvectsa Cuo,ese €o344 OTHOCUTE/IBHO MCXOAHOTO COCTaBaA.

Kmoueesble cnoea: nvuponvs, TeAnyp, meap, Tennypua meam, Gasosblit COCTas, TEPMUYECKMIA
aHanus.
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