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Abstract. The study is dedicated to the mining processes research at high temperature, in particular, to determining
the composition and quantity of possible combustion products, as well as determining of the thermodynamic properties
for the mixture under different combustion conditions, which could be obtained by means of some simplifications applied
and under the conditions in which combustion occurs.

In mines, temperature parameters forecast within fire area for the fire development assessing in order to quickly ex-
tinguish fire is of considerable interest. These parameters are important for the actual assessment of the environment in
the extinguishing area, as they are control ones to determine the rock cooling and, indirectly indicate fire has been extin-
guished.

The paper presents theoretical thermodynamic studies of the equilibrium composition for gas phase components
depending on process temperature and oxidant flow rate a, using software, designed to model chemical and phase equi-
libria at wide temperatures, taking into consideration coal of «Heroiv Kosmosu» coal mine. In calculating the parameters
of the combustion process the composition and number of possible combustion products were determined as well as
their thermodynamic properties under different combustion conditions for further development of new and improvement
of existing methods for predicting spontaneous combustion of coal in mines were identified.

The dependences of carbon monoxide content, which is of particular interest from the point of view of coal sponta-
neous combustion forecasting as well as total volume of the gas phase dependence on the oxidant consumption factor a
are obtained. It was found that the increase in carbon monoxide content (increase in carbon monoxide concentration
over 0.001% within the total volume of gas produced) begins in the temperature range from 700 K to 800 K regardless of
the oxidant flow rate q, indicating the self-ignition core of the coal sample.

Keywords: self-ignition of coal, fire area, thermodynamic studies, temperature forecast, combustion products.

Introduction. A large number of endogenous fires occur every year, which are top-
ranked disasters in terms of damage caused in the coal industry of Ukraine. There-
fore, for their prevention and extinguishing, the determining of the stages of self-
ignition development for coal is of primary importance. The earlier an endogenous fire
is detected, the less effort and resources have to be spent for its extinguishing.

The volume fraction of carbon monoxide as well as the temperature of air, side
rocks and water is measured while self-ignition of coal in the mine workings of the
fire station 1s under control. In addition, volume fractions of carbon dioxide, methane,
oxygen, and hydrogen are monitored. The development of self-ignition process is as-
sessed by the change of abovementioned indicators, mainly being guided by engi-
neering experience and logical inferences. Main features of the early stages for self-
ignition of coal are as follows: an increase of the coal temperature, air and water
(above natural values for the certain seam); a steady increase of the volume fractions
of carbon monoxide, hydrogen, saturated and unsaturated hydrocarbons as well as a
decrease of the volume for the oxygen fraction, increase of the volume for the carbon
dioxide fraction, smell of coal sublimation products appearance and an increase of the
mine air humidity. The main feature of an endogenous fire is a concentration of car-
bon monoxide that exceeds 0,001 % in three air samples taken at the same control
points every 6 hours [1, 2].

During fire extinguishing performance in mines as well as assessment of the pro-
cess development, much attention has been paid to the temperature parameters fore-
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casting within the fire area as well as determining the location of the fire within the
coal seam. A number of studies have been conducted in this field of science [3-10].
However, problems arise during the studying of combustion processes as follows: de-
termining of the composition and number of possible combustion products as well as
identification of thermodynamic parameters for the mixture properties under different
combustion conditions. These parameters are important for assessment of the state of
the environment, as they indirectly determine the fact whether fire extinguished or
not. Therefore the issues related to the described problems are relevant enough.

Methods. The purpose of the study is determining the composition and number of
possible combustion products as well as identifying their thermodynamic properties
under different combustion conditions in a closed system (closed space) in order to
establish the fact of self-ignition of coal, as well as further development of new and
improvement of current forecasting methods of coal self-ignition. Thus, thermody-
namic studies of the equilibrium composition of gas phase components were carried
out depending on the process temperature and the oxidant flow rate a. The oxidant
flow rate is the ratio of the air volume that is actually consumed to its theoretical vol-
ume, which corresponds to the stoichiometric one. When the fuel is completely
burned out o > 1, while during its gasification a <1. Study was conducted using the
software, taking into consideration an example of the chemical and phase equilibria
modeling for wide temperature ranges and is based on the fundamental laws of ther-
modynamics, the laws of mass and energy conservation. [11]. The software allows to
create a mathematical model for closed thermodynamic systems that contains gaseous
and condensed substances, electroneutral and ionized components that are in a state
of equilibrium. The initial data for the calculations are the physicochemical character-
istics of the coal from the «Heroiv Kosmosu» coal mine, according to the materials
provided by the geological service of the mine, which is listed in the table 1.

Table 1 — Physicochemical characteristics of coal from the «Heroiv Kosmosu» coal mine

A wr | ST | HY| O | N4 | SiO2|A1205|Fe205)/CaO| MgO|K20

Initial composition, % [15.9|7.40/1.45|71.73|4.44|5.25|1.23|31.82|22.50| 34.1 |6.08] 3.16|2.34

Operating composition, % |14.816.89]1.35166.79(4.13]4.89|1.15] 4.71 | 3.33 | 5.05 [0.90] 0.47]0.35

Results and discussion. Fuel combustion process was calculated for 1 kg of coal.
Results of thermodynamic calculations at 0=0; a=0.25; 0=0.5; 6a=0.75 and a=1 for the
temperature range from 300 to 2000 K under pressure p =0.1 MPa are given in tables
2-6 and figures 1-5.

Analysis of the results shows that self-ignition is accompanied by the gasification
process. The process of carbon self-ignition proceeds according to the following pri-
mary chemical reactions: C + 0> = COz, 2C + Oz = 2CO. Carbon dioxide CO: and
carbon monoxide CO are simultaneously obtained. Quantitative ratio for CO and CO:
depends on some conditions. At a temperature of 1600 K (figures 1-5) ratio of
CO:CO> = 1, and while the temperature rises up, its value increases.



Table 2 — Results of thermodynamic calculations of fuel combustion for different process temperatures and the oxidant flow rate a=0.0

Temperature, K

300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000

Components The gas phase, m*/kg fuel (coal + oxidant

H> 0.000]0.001]0.005]0.028]0.089]0.203]0.343]0.452[0.5060,525[0.530[0.535]0.537]0.540]0.543[0.543]0.543] 0.543
H20 0.094]0.129]0.134]0.1260.116]0.0990.068 [0.030]0.0090,003[0.001]0.000]0.000]0.0000.0000.000 | 0.000 [0.000
H2S 0.000[0.000]0.000]0.0000.000]0.000/0.0000.0010.0020.004[0.007]0.006]0.0060.003 0.000 0.000 | 0.000 [0.000
N: 0.006]0.004]0.002]0.0020.001[0.001[0.001 [0.0010.001[0.000[0.000]0.000]0.000]0.0000.000[0.0000.000 0.000
NH; 0.000{0.000[0.000]0.0000.000|0.0000.0000.000|0.000[0.000[0.000]0.000]0.000[0.0000.0000.0000.000 0.000
CO: 0.000[0.003]0.007]0.0110.015]0.020/0.0210.010]0.0030.001[0.000]0.000]0.000[0.000|0.000 0.000 | 0.000 [ 0.000
CH; 0.207[0.208]0.2030.1950.1690.1210.067 [0.031]0.014]0.006]0.003]0.002]0.0010.001[0.0000.000 | 0.000 [0.000
C2Hs 0.000[0.000]0.000]0.0000.000[0.0000.0000.000|0.000[0.000[0.000]0.000]0.000]0.0000.000]0.000|0.000 0.000
N2C 0.003[0.005]0.007]0.007]0.008|0.008 |0.008 | 0.0090.009 0.0090.009]0.009]0.009]0.009]0.009[0.009|0.0090.009
co 0.000[0.000]0.000]0.0000.001]0.010]0.045]0.1050.140]0.150[0.153[0.157]0.158]0.164]0.193]0.194|0.196 | 0.197
Total volume, m’ 0.341[0.511]0.656]0.811]1.027|1.353 | 1.8212.335]2.749|3.0683.349[3.637]3.907]4.232[4.696 | 4.987|5.290 | 5.581
chu‘;gg’tizt in total 0.000 |0.000|0.000|0.000[0.097|0.739 | 2.471|4.497|5.093 |4.889|4.569 |4.317 | 4.044|3.875 |4.110{3.890 |3.705|3.530

Table 3 — Results of thermodynamic calculations of fuel combustion for different

rocess temperatures and the oxidant flow rate a= 0.25

Temperature, K

300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000|1100

1200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000

Components The gas phase, m*/kg fuel (coal + oxidant

H> 0.000[0.000[0.003[0.014[0.045]0.092[0.134[0.1570.173]0.185]0.192]0.195]0.197[0.198[0.198]0.200]0.201[0.201
H:0 0.174]0.164]0.144[0.126]0.104]0.078]0.061[0.044|0.0280.0160.009 0.005 [ 0.002[0.001[0.001[0.001[0.0000.000
H2S 0.000/0.000|0.000{0.000{0.000]0.000[0.0000.0000.0000.001 [0.0010.002]0.003[0.003[0.003]0.0010.0000.000
N: 0.264]0.163]0.104[0.071[0.052]0.043[0,0610.096|0.131[0.158 [0.1730.181]0.185[0.186]0.188]0.1910.1950.196
NH; 0.0000.000]0.000{0.000{0.000]0.000[0.0000.000|0.0000.000 [0.0000.000|0.000{0.000{0.000[0.000[0.0000.000
CO: 0.032]0.046]0.058[0.067]0.077]0.080[0.068 |0.049|0.0290.014 [0.006 |0.003 [ 0.001[0.001[0.000]0.000[0.0000.000
CH; 0.007]0.019]0.028[0.031[0.027]0.016[0.004 [0.001 |0.0000.000 [0.000 | 0.000|0.000{0.000{0.000[0.000[0.0000.000
N2C 0.124]0.224]0.284[0.317[0.336]0.345]0.326[0.292]0.2560.230[0.214]0.207 [0.203]0.201 [ 0.200[ 0.196] 0.193]0.192
co 0.000/0.000/0.000[0.000{0.003]0.023]0.0650.122]0.1780.219]0.2430.254]0.259]0.261[0.263[0.267]0.270[0.271
Total volume, m’ 0.661[0.904|1.137]1.378]1.650 | 1.984[2.371|2.784[3.209]3.619|3.9944.340[4.6714.994[5.3195.6686.0176.339
Vc(ffu‘iﬁ?,ti}lt in total 0.000{0.0000.000|0.000|0.182 [1.159|2.741 |4.382|5.547|6.051 |6.0845.853 | 5.545|5.226|4.945 |4.711|4.487 |4.275
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Table 4 — Results of thermodynamic calculations of fuel combustion for different process temperatures and the oxidant flow rate o= 0.5

Temperature, K 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000] 11001200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000
Components The gas phase, m*/kg fuel (coal + oxidant

H> 0.000]0.000]0.001]0.004[0.013[0.027[0.042[0.057[0.070[0.079[0.086]0.091[0.095]0.097[0.099[0.101[0.102[0.102
H:0 0.109]0.116/0.116]0.113]0.105]0.092[0.0760.061[0.049[0.039[0.032[0.026[0.022[0.019[0.018]0.016]0.016[0.015
HaS 0.000/0.000/0.000]0.000]0.000{0.000[0.000[0.000]0.000[0.000[0.001[0.001[0.001[0.002[0.002[0.001[0.001[0.001
N> 0.327]0.296/0.296]0,297[0.302[0.311[0.327]0.351]0.380[0.408 0.430[0.446[0.457[0.464]0.469]0.472[0.475]0.476
NH; 0.000/0.000(0.000[0.000[0.000[0.000[0.000[0.000]0.000[0.000[0.000{0.000{0.000{0.000[0.000]0.000[0.000[0.000
CO: 0.084/0.085[0.086[0.088[0.091[0.095[0.0950.0860.070[0.053[0.038[0.027[0.020[0.016[0.013]0.011[0.009|0.008
CHy 0.001]0.001/0.001[0.000[0.000[0.000[0.000|0.000|0.000[0.000[0.000[0.000{0.000{0.000[0.000[0.000[0.000[0.000
N2C 0.153]0.185/0.185[0.183]0.179[0.170[0.154[0.130[0.101[0.073[0.051[0.035[0.024[0.016]0.011[0.008]0.006]0.004
co 0.000/0.000(0.000[0.000[0.001[0.007[0.023[0.056[0.101[0.146[0.183]0.209]0.227[0.239[0.247[0.253]0.2560.259
Total volume, m’ 0.741]1.001]1.254]1.509]1.773[2.054[2.364]2.714]3.102|3.514]3.914]4.300[4.670[5.027[5.373[5.712]6.047]6.353
fﬁﬁﬁ?fi}it in total 0.000{0.000 |0.000|0.000|0.056 [0.341{0.973 |2.063 |3.256|4.155 |4.676|4.860 | 4.861 |4.754|4.597 |4.429 | 4.234 |4.077

Table 5 — Results of thermodynamic calculations of fuel combustion for different process temperatures and the oxidant flow rate a= 0.75

Temperature, K 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000
Components The gas phase, m*/kg fuel (coal + oxidant

H> - 10.000]0.000[0.002[0.005]0.011[0.019]0.027]0.033[0.037]0.038[0.037]0.036]0.035[0.033]0.032[0.031[0.030
H:0 - 10.084]0.084]0.082[0.079]0.073]0.065]0.057]0.051[0.047]0.046 |0.046]0.047]0.0480.050/0.051 0.052[0.053
H>S - 10.000[0.000[0.000[0.0000.000]0.000]0.000]0.000[0.000]0.000[0.001[0.001[0.001[0.001]0.001[0.000]0.000
N> - 10.435/0.436]0.436]0.438|0.443[0.4520,466 |0.483]0,498|0.5080.513/0.516]0.517]0.518]0.518[0,519]0,519
NH; - 10.000[0.000[0.000{0.000]0.000[0.000]0.000]0.000[0.000]0.000[0.000[0.000{0.000{0.000]0.000|0,000[0.000
Cco - [0.000[0.000]0.000/0.001]0.004]0.014]0.034]0.062]0.088[0.107]0.119]0.1260.130[0.133]0.135]0.137]0.139
CO: - 10.107]0.108]0.109[0.110]0.112]0.111[0.105]0.094[0.083|0.074 0.068]0.063 0.0600.058|0.056 |0.054]0.053
CHy - 10.000[0.000[0.000[0.000]0.000]0.000[0.000]0.000[0.000]0.000[0.000[0.000[0.000{0.000]0.000|0.000[0.000
cos - 10.000[0.000[0.000[0.0000.000]0.000]0.000]0.000[0.000]0.000[0.000[0.000[0.000{0.000]0.000|0.000]0.000
N2C - 10.084]0.083[0.083[0.081/0.076]0.067]0.053]0.036[0.021]0.011[0.006]0.003[0.002[0.001]0.001[0.000[0.000
Total volume, m’ - 11.040[1.302]1.565[1.831]2.107[2.399(2.7173.057[3.401|3.733 [4.049(4.353|4.652[4.949|5.246 | 5.540| 5.836
Sgﬁg}iﬁt in total - 10.000/0.000{0.000{0.055| 0.19 | 0.58 | 1.25 | 2.03 | 2.59 | 2.87 | 2.94 | 2.89 | 2.79 | 2.69 | 2.57 | 2.47 | 2.38
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Table 6 — Results of thermodynamic calculations of fuel combustion for different process temperatures and the oxidant flow rate a= 1.0

Temperature, K

300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000|1100 | 1200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800 | 1900 | 2000

Components The gas phase, m*/kg fuel (coal + oxidant)

Ven 0.000|0.000{0.000|0.000[0.000|0.000{ 0,001 |0.001 [0.002 |0.003 | 0.005 | 0.006 [0.008 |0.010|0.011|0.012[0.013|0.013
H0 0.061|0.065(0.065|0.065[0.065|0.065| 0,064 |0.064 |0.063 |0.062|0.060{0.058 |0.057 [0.055|0.053|0.052|0.052 [0.052
S 0.000|0.000{0.000|0.000 [0.000 |0.000| 0,000 |0.000 [0.000 |0.000|0.000 | 0.000 | 0.000 |0.000 | 0.000|0.000 | 0.000 |0.000
N 0.508|0.508(0.5080.508 [0.508 |0.509|0,509|0.5090.510|0.5110.512{0.514]0.516[0.519|0.523|0.526|0.529[0.532
NH; 0.000|0.000{0.000|0.000 [0.000 |0.000| 0,000 |0.000 [0.000 |0.000|0.000 | 0.000 | 0.000 |0.000 | 0.000|0.000 | 0.000 |0.000
CO> 0.115]0.1180.119[0.119{0.119|0.120{0,1210.121[0.121{0.121|0.121]0.1210.121[0.119{0.117|0.115|0.112|0.110
CH 0.000|0.000{0.000|0.000 [0.000 |0.000| 0,000 |0.000 {0.000 |0.000|0.000 | 0.000 | 0.000 |0.000 | 0.000|0.000 | 0.000 [0.000
NoC 0.029|0.029(0.028 |0.028[0.028 |0.028| 0,028 |0.027[0.027|0.026 | 0.024|0.023 [0.020|0.017|0.014|0.010|0.007 [ 0.005
co 0.002|0.000{0.000|0.000 [0.000 |0.000| 0,000 |0.000 [0.000 |0.000|0.000 | 0.000 | 0.000 |0.000 | 0.000{0.000 | 0.000 |0.000
CH0> 0.003|0.000{0.000|0.000 [0.000 |0.000| 0,000 |0.000 [0.000 |0.000|0.000 | 0.000 | 0.000 |0.000 | 0.000|0.000 | 0.000 |0.000
SO> 0.001|0.001{0.000|0.000 [0.000 |0,000|0,000|0.000 [0.000 |0.000|0.000 | 0.000 | 0.000 |0.000 | 0.000|0.000 | 0.000 |0.000
S5 0.001/0.001{0.001]0.001[0.001 |0.000|0,000|0.000 {0.000 |0.000|0.000|0.000 |0.000 |0.000 | 0.000{0.000 | 0.000 |0.000
SH 0.0040.002{0.000|0.000 [0.000 |0.000| 0,000 |0.000 {0.000 |0.000|0.000 | 0.000 | 0.000 |0.000 | 0.000|0.000 | 0.000 [0.000
Total volume, m? 0.72310.725(0.725]0.725[0.725|0.726| 0,726 0.727]0.727|0.728 |0.729{0.731|0.734 [ 0.737|0.740| 0.743 | 0.746 | 0.749
fgu‘;‘z:’tizt in tofal 0.277/0.000(0.000|0.000 [0.000 |0.000| 0,000 | 0.000 [0.000 |0.000|0.000 | 0.000 | 0.000 |0.000 | 0.000|0.000 | 0.000 [0.000
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Figure 1 — Results of thermodynamic calculations for gas phase components for a=0 for coal from
the «Heroiv Kosmosu» coal mine
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Figure 2 — Results of thermodynamic calculations for gas phase components for 0=0.25 for coal
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Figure 4 — Results of thermodynamic calculations for gas phase components for o=0.75 for coal
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Coal+oxidant, a=1

b
(=]

o
w

bnd
B

o
w

’ 3
Countent. kg/m™ fuel

o
LY

- P Y

——90 9 9o - = e

o
|

e = = —8 = 98 8 o 4 o NP NI — " PR PR S

: ! | | |
Y P P e = — = TG SO S GG G G G S S
300 400 500 600 700 80O 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Temperature 7. K

| —+—H2 —&—H2O H2S N2 —#—NH3 —e—C0Z ——CH4 —N2C —D CH202 802 52 SHI

Figure 5 — Results of thermodynamic calculations for gas phase components for a=1 for coal from
the «Heroiv Kosmosu» coal mine

By evaluating the dynamics of changes based on theoretical studies of actually meas-
ured gas parameters, it is possible to determine the real state of the fire. This assump-
tion requires further research, industry review and discussion.

CO content in the total volume of the gas phase is of particular interest for the
prediction of coal self-ignition. CO content in the total volume of the gas obtained,
depending on the oxidant consumption coefficient, for coal from the «Heroiv Kosmo-
su» coal mine, is shown in the figure 6.

Therefore, it could be stated that the growth of the CO content in the total volume
of gas occurs in the temperature range from 600 K to 700 K, regardless of the oxidant
flow rate. An increase of the carbon monoxide concentration over 0.001% indicates
the core location for a coal self-ignition. In fact, self-ignition of the coal samples con-
sidered takes place within the mentioned temperature range. It is possible to roughly
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estimate the temperature within the coal combustion area based on the carbon mon-
oxide release.
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Figure 6 — CO content in the total volume of the obtained gas depending on the oxidant flow
rate on the example of coal from the «Heroiv Kosmosu» coal mine

Conclusions. As a result of the performed thermodynamic studies, the composi-
tion and number of possible combustion products were determined and their thermo-
dynamic parameters during self-ignition and different combustion conditions were
found. The results of the study could be applied to assess the fact whether fire extin-
guished or not, temperature value within the fire area, location of the core for a coal
self-ignition within the coal seam, to improve existing and develop new forecasting
methods for the coal self-ignition and, in general, to increase the level of endogenous
fire safety for coal mines.
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BU3HAYEHHS CKMALY TA KINbKOCTI MPOAYKTIB FOPIHHA NP CAMO3AUMAHHI BYTINNA
Minees C.I1., JemyeHko C.B., OnapiH C.O., MakapeHko P.B.

AHomauyisi. CTaTTa CNpsIMOBaHa Ha BMBYEHHS MPOLECIB FOPIHHA NPW BMCOKIA TemnepaTypi B LUAXTHUX
YMOBaX, 30KpeMa Ha BU3HAYeHHS CKnagy Ta KiflbKOCTI MOXIMBMX MPOAYKTIB FOPIHHSA, @ TakoX 3'sCyBaHHS Tep-
MOZMHAMIYHWX BACTUBOCTEN CyMILLi 3a Pi3HWX YMOB FOPiHHS, Ska Moxe OyTh OoTpuMaHa 3a JOTPUMaHHAM
BCTAHOBIEHWX CMPOLLEHb, Ta 3a YMOB, Y AKX BiAOYBaAETbCS rOPiHHS.

Y waxrtax Befuke 3HaveHHs NpuainsaeTbCs NPOrHO3y TeMnepaTypHUX NoKasHUKIB B 0CEpeaKy Noxexi Ans
OLliHKM NpoLecy PO3BUTKY NOXEX 3 METOK HAWLWBWALWOrO X raciHHA. Lii nokasHuku € Baxnusumu Ans aktu-
YHOI OL|iHKW CTaHy CepefoBuLLa B 0CepeaKy NOro raciHHs, OCKINbKW € KOHTPOSTbHUMU 415 BUSHAYEHHS OXOS10-
[PKEHHS nopig MacyBy i, 3peLLTOr, 0nocepeaKkoBaHO BKasyoTb Ha hakT 3racriol NOXexi.

Y cTaTTi HaBOAATLCA TEOPETUYHI TEPMOAMHAMIYHI SOCIIMKEHHS PIBHOBAXHOTO CKIagy KOMMOHEHTIB raso-
BOI (pa3u B 3aneXHOCTI Bif TemMnepaTypu npoLecy i KoedillieHTa BUTPATW OKWUCHIOBaYa @, 3a [LONOMOrow npo-
rpamu «Actpa-4», NpU3HaYeHOT A1 MOLESHOBAHHSA XiMIYHUX i (ha30BKX YPIBHOBAXEHDb B LUMPOKMX AianasoHax
Temnepatyp, Ha npuknagi Byrinna waxtn «epois Kocmocy». Mpn po3paxyHKky napameTpiB NpoLecy ropiHHs
BM3HAYEHi CKNap Ta KifbKiCTb MOXIUBUX NMPOAYKTIB FOPIHHS | BCTAHOBMEHI iX TEPMOANHAMIYHI XapaKTepPUCTUKN
(NapameTpy) Npu pisHUX YMOBAX rOpiHHS AN NoAanbLUOi po3pobKM HOBUX | BAOCKOHANEHHS ICHYHUMX CNOCO-
6iB NPOrHO3y Camo3aiiMaHHs BYriNNs B WaxTax.

OTpuMaHi 3anexHOCTi BMICTY OKCUAy BYrnewLto, Skuin npeacTaBnse 0cobnmenin iHTEPEC 3 TOUKM 30py Mpo-
rHO3y camo3ailMaHHS BYriNNs, B 3aranbHii KinbkoCTi ra3oBol a3 Big KoedillieHTy BATpaTK OKUCHIOBAYa Q.
BcTaHoBMEHO, WO 3pOoCTaHHsA BMICTY okeugy Byrnewo (36inbLueHHs koHueHTpayii noHag 0,001% B 3aranbHo-
My 0B’eMi 0TpuMaHoro rasy) nodnHae sigbyeatucs B gianasoHi Temnepatyp Big 700 K go 800 K HesanexHo Big
KoedpilieHTa BUTPATK OKUCHIOBAYa @, L0 BKa3ye Ha NposiB 0cepesKy camosailMaHHs po3rfisHyToro 3paska By-
rinns.

Knto4oBi cnoBa: camosailMaHHs BYrinns, 0cepeaok NoXexi, TepMoguHaMivHi 4OCRimKEHHS, NPOrHO3 Te-
MnepaTypu, NPOAYKTU FOPiHHS.
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