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Abstract—Temperature distributions of particles and gas in the pulverized coal combustion furnace were
measured by a newly developed CT (computer tomographic) technique in which the particle temperature
was measured by an instantaneous two color pyrometry and the gas temperature by a wing zone Na-D
line reversal method. A simplified mathematical model was formulated for a one-dimensional pulverized
coal combustion field with the radiative heat transfer processes of scattering, absorbing and emitting. The
model calculations predicted that the particle temperature was more than 400 K higher than the gas
temperature, especially in the region of volatile matter combustion. This result explained the phenomena
actually observed by the optical measurements well.

1. INTRODUCTION

THE COMBUSTION mechanisms of pulverized coal are
affected by the complex interwoven relations between
heat and mass transfer and chemical reactions. Radi-
ative heat transfer has the greatest effect on the tem-
perature histories of coal particles and this causes
the temperature difference between particles and gas.
Evaluation of the actual temperature realized in the
pulverized coal combustion fields is urgently desired,
not only to study the detailed combustion mechanisms
of this complicated media, but also to design the high
performance boiler furnaces with low emission of
pollutants.

Recently, significant temperature differences be-
tween particles and gas in the pulverized coal com-
bustion process have been experimentally shown [1]
to be up to 400 K. This was measured in an electrical
furnace into which pulverized coal particles were
introduced in limited number density so that the indi-
vidual particles did not interfere with each other. The
wall temperature there might be lower than the actual
pulverized coal combustion temperature and the tem-
perature differences between particles and gas in the
real combustion media could be expected to be higher
than the reported value.

The radiative heat transfer process in the scattering
and absorbing media has been analyzed by Love and
Grosh [2] and Hisia and Love [3] by solving simplified
radiative heat transfer equations. The scattering effect
has been studied by Steward and Guruz [4] and Wall
et al. [5] using the Monte Carlo simulation for a
cylindrical furnace. However, the temperature history
of burning coal particles has not been analyzed nor
discussed. Kansa and Perlee [6], Mussara ez al. [7]
and Jost er al. [8] have analyzed the time-dependent
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changes of flame structure around the burning coal
particles, but no scattering effect is considered in their
analyses.

In this study, the authors intend to evaluate the
particle and gas temperatures and their differences
and to clarify the scattering effect on the temperature
history in the actual pulverized coal combustion pro-
cess. A newly developed optical CT (computer tomo-
graphic) technique was applied to measure the particle
and gas temperature distributions in a pulverized coal
combustion field and a simplified mathematical model
formulated for the pulverized coal combustion field
with radiative heat transfer processes, including scat-
tering, absorbing and emitting, was analyzed.

2. PARTICLE AND GAS TEMPERATURE
MEASUREMENTS BY OPTICAL CT METHOD

The measurement of particle and gas temperatures
in pulverized coal combustion fields is required to
understand the detailed combustion mechanisms of
coal particles not only with regard to fundamental
research, but also in connection with practical pul-
verized coal combustion devices. A few ideas [9, 10]
to measure these temperatures in the practical devices
have been tried, however, there always exist some
difficulties or restrictions. Some could not separate
the particle temperature from the gas one, and some
could not decide the temperature distributions.

This study adopted the newly developed optical CT
technique to determine the temperature distributions
in pulverized coal combustion fields.

2.1. Principle of measurement
In order to reconstruct the local particle and gas
temperature distributions in pulverized coal com-
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local radiative intensity [W m~?%]
particle diameter [m]

emissive power [W m~7]
transmitted light intensity [W m~?]
incident light intensity [W m~?]
attenuation coefficient [m~']
optical path length [m]

complex refractive index

particle number density [m~?]
refractive index

Q. absorption efficiency factor

Q. extinction efficiency factor

Q, scattering efficiency factor
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NOMENCLATURE

oxygen—fuel stoichiometric ratio

T, gas temperature [K]

T, brightness temperature of source light [K]
T, particle temperature [K]

time [s]

VM volatile matter content [wt.%, dry base]
X  particle size parameter.

~

Greek symbols
k  absorption index
A wavelength [m]
®  phase function of scattering [sr ™!
w, albedo of scatter.

bustion fields by an optical CT method, every optical
intensity obtained must be corrected by considering
the attenuation caused by the loaded particles and
the absorbing gases. In this method the following
three independent diagnostics were simultaneously
applied to the same measuring section. The first was
for the measurement of attenuation coefficient dis-
tributions across the cross-sectional area which could
be obtained by the attenuation of introduced He—Ne
laser light intensity. The second was the instantaneous
two colored pyrometry at 650 and 900 nm to deter-
mine the particle temperature distributions across the
same measuring plane. The light intensities obtained
were fed back to the local emitting intensities while
considering the attenuation coefficient distributions
obtained above. The local particle temperature dis-
tributions were evaluated by the usual calculation
method of two color pyrometry from thus obtained
local emitting intensities. The third was for the gas
temperature distributions by an Na-D line reversal
method in which three kinds of information had to be
measured. These were the transmitted light source
intensity of the Na-D line through the measuring zone,
the light intensity of the Na-D line from the same zone
and the Na-D line intensity from the light source.
These measured light intensities were also attenuated
by the absorption of sodium gas and the loaded par-
ticles. We must therefore calculate these intensities
back to the local ones by considering again the attenu-
ation effects. These procedures are shown in Fig. 1 as
a flow diagram.

2.1.1. Distributions of extinction coefficient. The
distributions of the attenuation coefficient along the
optical path were determined by projection profiles of
the four He—Ne laser beams introduced in the meas-
uring plane. The applicability of Beer’s law was cer-
tified by the cold flow experiment. The transmitted
light intensity I of the incident light intensity 7,
through the measuring media can be expressed by

I—IO = exp (— J;Lde) 4))

where L is the optical path length, K the attenuation
coefficient, K = (nd2/4) Q.N, d, the particle diameter,
Q. the extinction efficiency factor and N the particle
number density. The distribution of the value of K
shown above must be determined for the calculations
of gas and particle temperatures.

2.1.2. Particle temperature distribution. Radiation
from burning pulverized coal particles were certified
to follow the gray body radiation within the
measuring wavelength by a spectroscopic analysis.
Wien’s approximation was applied to this radiating
media at the wavelength of 4, (650 nm) and 4, (900
nm), the local temperature can be calculated from the
local light intensities of E(1,, T) and E(4,, T) as
expressed by

(1 E(A,T,)
=6 (ZT)/ o (E(Az,m) @

EQA,T) = C,A" Sexp (—%) 3)

and

where E(4,T) is the black body radiation of Wien’s
formula and C, and C, are the first and second con-
stants which appear in Planck’s black body radiation.

The light radiated from particles is attenuated
and/or amplified by other particles along the optical
path, and this effect must be taken into account to
reconstruct the local particle radiations of E(4,T) for
two wavelengths which lead the particle temperature
distributions by equation (2).

2.1.3. Gas temperature distribution. A wing zone
Na-D line reversal method was adopted to minimize
the errors introduced by the self-absorption which-
occurred at the cooler boundaries. The intensity of
the Na-D line from the gas was much stronger than
that from the particles in the pulverized coal com-
bustion field tested. This was checked by the spec-
troscopic analysis. We adopted a wavelength of
A =1591.4 nm at the wing region of the Na-D line
spectrum and the gas temperature can be obtained by
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FiG. 1. Flow chart of measuring procedure.
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where T, is the brightness temperature of the light
source at A

1= 5{ 1 [ )
o 1= (=[x

B the local radiation intensity at gas temperature T,
and I, the radiation intensity of the light source at
temperature 7, at A. These equations show that the
considerations of attenuation by particles along the
optical path must again be considered for the deter-
mination of gas temperature distributions.

2.2. Experimental system

2.2.1. Combustion furnace and tested coal. A water
cooled pulverized coal combustion furnace of 30 cm
i.d. and 2.3 m length with downward flow with swirl-
ing air was fabricated for this experiment as shown in
Fig. 2. Four pairs of optical measuring windows which
could view the whole diameter of the combustion
furnace were mounted along the flow direction. Ash
was collected by a combination of an ash reservoir
beneath the combustion furnace and a bagfilter
system. The pulverized coal, the fineness of which was
100%-200 mesh through, was fed by an auto-coal-
feeder at the rate of 3.6 kg h~! and transported by a
primary air flow into a burner set at the top of the
furnace. A secondary air flow was introduced tan-
gentially so as to surround the cone shaped injected
coal cloud and give the swirling flow to promote the
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Pilot flame

con [

Two-color Primary
Pyrometer air
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Propane flow rate :
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FiG. 2. Swirl flow pulverized coal combustion furnace.
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Table 1. Properties of coal used

Coal A Coal B

Proximate analysis (%, dry):

Volatile matter 44.4 29.5
Fixed carbon 39.8 62.2
Ash 15.8 8.3
Ultimate analysis (%, dry) :
C 65.4 77.3
H 5.47 3.98
(o] 12.5 9.0
N 0.79 0.79
S 0.21 0.70

mixing and stabilize the flame. Propane was fed to a
circular shaped pilot burner which was located co-
axially to the main burner.

The properties of the coals used in this experiment
and the theoretical work are shown in Table 1, in
which coal A is the domestic Taiheiyo coal and coal
B the Chinese Datong coal. The former is known as
a coal with a higher content of volatile matter, while
the latter is one with a higher content of fixed carbon.

2.2.2. Optical system. The optical system adopted
in this study is shown in Fig. 3. The system consists

Chopper
Polarization

filter \ ‘l_

f———

He-Ne
laser
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of an attenuation measurement by an incident He-Ne
laser light, an instantaneous two color pyrometry and
a wing zone Na-D line reversal device. In this experi-
ment axi-symmetric distributions were confirmed by
the time mean characteristics, and it was not necessary
to rotate the optical system as in the case of medical
CT scanning devices. The incident He-Ne laser beam
was chopped by a sector and separated the infor-
mation from the radiation from the particles. Four
beams of divided He—Ne laser lights were introduced
in a measuring plane. Four beams 5 mm in diameter
of the Na-D line reversal method and the same num-
ber of beams (same diameter as above) of two color
pyrometry were introduced simultaneously. These
four beams were [ocated so that they could cover
the places for eight beam measurement if the axi-
symmetric distributions were realized. Photodiodes
converted the optical information into electric signals.
The signals were recorded by a PCM recorder after
amplification by a d.c. amplifier.

2.3. Results and discussions
Figure 4 shows the comparisons of time mean par-
ticles and gas temperature distributions (a) at an
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F1G. 3. Optical system.
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F1G. 4. Time mean particle and gas temperature distributions for coal A: (a) upper measuring port; (b)
lower measuring port.

upper measuring port (675 mm downstream under
a coal injector) and (b) at a lower port (1125 mm
downstream under the coal injector). At the upper
measuring port, the particle temperature shows the
concave distribution near the center while the gas
temperature has a convex distribution. This tells us
that the time mean combustion region of coal particles
is located out of the center line because of the selective
consumption of oxygen in the primary air near the
center line caused by the combustion of evolved vol-
atile matter. At the main combustion region out of
the center line, the combustion of both volatile matter
and fixed carbon takes place on the surface or inside
the coal particle [13]. Under these conditions the par-
ticle temperature could be higher than the gas tem-
perature because of the high heat release rate com-
pared to the heat loss from the particle. The maximum
temperature difference between particle and gas is
more than 500 K.

On the contrary, according to the mixing with the
secondary air and the progress of volatile matter com-
bustion, the combustion region propagates into the
central area till the coal particles flow down to the
lower port, and both the particle and gas temperature
are convex in shape. The volatile matter might be
almost consumed before reaching this region and the
residual small amount of volatile matter and abun-
dant fixed carbon burn here. The heat releasing rate is
not as high as that at the upper port and the heat loss
from the particles by radiation makes the particle
temperature lower than the gas temperature. This
tendency appears more clearly for the larger particles
and the measured particle temperature could be con-
sidered as being weighed to that of larger particles.

3. PREDICTION OF PARTICLE AND GAS
TEMPERATURES BY QUASI-ONE-
DIMENSIONAL MODEL

In this section, temperature histories of burning
particles and gas in a one-dimensional pulverized coal
combustion process are separately predicted by a sim-
plified mathematical model combining the two
important processes of time-dependent change of
flame structure around particles and radiative heat
transfer in a media with homogeneously dispersed

burning particles. First, radiative properties of scat-
tering and absorbing are rigorously calculated by use
of the Mie theory [11] for various types of particles
appearing in the actual combustion process. Second,
the dynamic behavior of the flame zone around the
burning coal particles is analyzed. Then, combining
those results with heat transfer analyses, temperature
histories of particles and gas are calculated.

3.1. Scattering and absorbing characteristics of par-
ticles

Efficiency factors of absorbing and scattering, Q,
and Q,, and phase function, @, were rigorously cal-
culated by use of the Mie scattering theory [11] for
the spherical raw coal, char and fly ash particles. The
extinction efficiency factor, Q., is given as a sum of Q,
and Q,. The complex refractive indexes defined as
m = n—ik were assumed to be 1.9-0.1i, 1.93-1.02i,
and 1.5-0.001i for raw coal, char, and fly ash particles,
respectively, considering the values in the literature
and electrical conductivity of each particle. Here, n
and « are the usual refractive index and absorption
index, respectively, and x is smaller for particles of
lower electrical conductivity.

The representative results are shown in Figs. 5(a)
and (b) for char and fly ash particles. The results for
raw coal particles are almost the same as those for
char particles. The wavelength is selected as 2 um here
as a representative one which gives the maximum
black body radiation energy in the combustion zone
of about 1500°C. As for the char particles as shown
in Fig. 5(a), the forward scattering is selectively domi-
nant and this tendency is stronger for the larger par-
ticle size parameters, X, defined as X = nd,/A, where
d, and A are the particle diameter and wavelength,
respectively. The albedo of scatter, w,, defined as
o, = Q./(Q.+ Q,), is about 0.6 for coal and char par-
ticles in this case. On the other hand, the scattering and
absorbing characteristics of fly ash particles, shown in
Fig. 5(b), are different from those of char particles
and show a strong oscillation in the phase function
and that the phase function tends to that of Rayleigh
scattering. The albedo of scatter, w, is larger than 0.9,
which shows the large contribution of scattering in
the radiative transfer process, in this case of fly ash
particles.
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FIG. 5. Scattering and absorbing characteristics of particles: (a) char particle; (b) fly ash particle.

3.2. Dynamic behavior of flame structure around par-
ticles

The temperature histories of burning particles are
affected not only by the radiative heat transfer process
but also strongly by the time-dependent flame struc-
tural change around particles. When the evolving flux
of volatile matter from the particle surface in the stage
of volatile matter combustion is larger than the equi-
valent oxygen flux to the particle from surrounding
air, the flame zone is pushed away from the particie
surface. The feedback rate of the heat released in this
flame zone to the particle is largely dependent on how
distant the flame zone is from the particle surface.
In this section, the dynamic behavior of the flame
structure around particles is analyzed by a simplified
model for the case where a single particle is immersed
in the given high temperature air surrounded by the
black body wall. The major assumptions applied in
this analysis are (1) unsteady spherically symmetric
phenomena, (2) a volatile matter evolution process of
the first and single step Arrhenius type, (3) CH, as
evolved volatile matter, (4) carbon oxidation by O,
and CO, on the particle surface as the char reaction,
(5) single step oxidation of CH, and CO as the gas
phase reaction, and (6) transparent gas phase for radi-
ative transfer. On the basis of the assumptions men-
tioned above, the time-dependent governing equa-
tions of the mass, energy and chemical species
conservations for the gas phase, the solid phase mass
conservations for the residual volatile matter, fixed
carbon and ash in the particle, and the energy con-
servation for the particles have been simultaneously
solved with the given initial and boundary conditions,
as shown in detail in the literature [12].

Chemical and thermal structural changes around a
particle were calculated with the time elapsed, ¢, after
the exposure of a coal particle into hot air. The initial

temperatures of the particle and hot air were set at
300 and 1500 K, respectively, and the wall temperature
was fixed at 1800 K. The position of the flame zone
was defined as that of the intersection of fuel and
oxygen concentration profiles. It has been shown by
this analysis that the flame zone moves with time away
from the particle surface into the gas phase and then
comes back to the surface with the decrease of volatile
matter retained in the particle. The char combustion,
in close proximity to, or on the particle surface, fol-
lows these processes.

The expansion behavior of the flame zone with time
is shown in Fig. 6 for various initial particle diameters
of 20, 40 and 100 um. This result shows that the larger
particle needs more time to be ignited and has the
flame zone pushed farther away from the particle sur-
face in the stage of volatile matter combustion, which
is due to the larger flux of evolving volatile matter on
the particle surface. These factors have a marked
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¥

i

o] 20 40 60
Time elapsed, ms

F16. 6. Expansion of flame zone away from particle surface.
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Table 2. Parameters of one-dimensional combustion fur-

naces
Furnace A B
length (m) 2.03 1.50
i.d. (mm) 140 80
wall structure fire brick water cooled
with insulator
coated
residence time (s) 0.5-1.0 0.2-0.7
heat load 1.0 x 10° 2.0x10°
(Wm™?)
maximum temp 1500 1200
)]

effect on the temperature history of particles. A higher
particle temperature is attained for the smaller
particle, in this case, due to the fact that more heat
released in the flame zone around the particle can be
used to raise the particle temperature.

3.3. Prediction of temperature histories of particles
and gas in one-dimensional combustion furnaces

Considering the two important results obtained in
Sections 3.1 and 3.2, the temperature histories of par-
ticles and gas are numerically predicted for the one-
dimensional pulverized coal combustion process in
the two different types of furnaces, A and B, as shown
in Table 2, which have been actually used for the
experimental study [13] in our laboratory. The radi-
ative heat transfer process was analyzed using the
Monte Carlo method and detailed formulations
including other processes of convection and con-
duction are described in the literature [12]. The par-
ticle size distributions of pulverized coal were assumed
to be 30, 40, 30 wt.% of 10, 50, 100 um particles for
furnace A, and 30, 50, 20 wt.% of 20, 40, 100 um
particles for furnace B, respectively, considering those
actually used in the experiments {13]. The air-fuel
stoichiometric ratios, SR, were 1.1 and 1.2 for fur-
naces A and B, respectively. The complex refractive
index and wavelength of thermal radiation were
assumed to be m = 1.93 —1.02i and A = 2 um, respec-
tively, as the representative ones in the actual com-
bustion furnace.

Figure 7 shows the comparison of the predicted gas
temperature histories with the measured ones for the
one-dimensional furnace A. The effect of the volatile
matter content in the raw coal on the gas temperature
profile is clearly shown in this figure for high volatile
coal A and low volatile coal B. The fairly close agree-
ment between the predicted and measured results as
shown in Fig. 7 assures the validity of the model
formulated in this study. Figure 8 predicts the particle
temperature histories in furnace A for coals A and B.
For high volatile coal A, the particle temperature of
smaller particles is raised above that of larger particles
in the early stage of volatile matter combustion, and
then after the consumption of volatile matter, more
rapidly decreases in the char combustion region,

HMT 31:2-M
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Fig. 7. Comparison of predicted and measured gas tem-
perature profiles in furnace A for high volatile coal A and
low volatile coal B.

where the smaller particles have a lower tempera-
ture. The results for the smaller particles can be
explained by the effects of the larger heat feedback to
the particle from the surrounding flame zone in the
volatile matter combustion region as mentioned in
Section 3.2 and the relatively larger heat losses by
convection and radiation from the particle to the gas
and the wall in the char combustion region. The
maximum particle temperature elevation attained
above the mean gas temperature is 400 K for
a particle diameter of 10 um. On the other hand, for
low volatile coal B, the particle temperature profile
does not have such a steep peak as that of coal A,
even in the volatile matter combustion region. The
large temperature difference in the region of volatile
matter combustion shown in Fig. 8 agrees well with
the experimentally observed results in Fig. 4 including
the temperature levels for coal A.

A close agreement between the analytical and mea-
sured mean gas temperatures is again shown in Fig. 9
for furnace B. Figure 10 shows the effect of initial
particle size distribution on the gas temperature
profile, where the solid line is the same as that in Fig.
9. The chain line and broken line show the results
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Temperature, K
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Furnace A

0 J— 1 1
0 50 100 150
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.

200

FiG. 8. Temperature histories of particles in furnace A for
coals A and B. (T, T, and T are the particle temperatures
for large, medium and small particles, respectively.)
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Fi1G. 10. Effect of particle size distribution of raw pulverized
coal on the gas temperature profile.

obtained by assuming the mono-dispersed 20 and 100
um particles, respectively. Though the mono-
dispersed 20 um particles have almost the same tem-
perature profile as the solid line, for the mono-
dispersed 100 um particles, the solution converges to
a normal room tempeérature, which shows that self-
sustained combustion is impossible in the latter case.
The results in Fig. 10 indicate an interesting aspect
from the application standpoint. It could be possible
to greatly improve the ignition and combustion
characteristics of low combustible pulverized coal,
by adding a small fraction of high combustible fine
coal particles.

Figures 7-10 include the scattering effect in the
radiative transfer process. The comparison between
the results with and without scattering for the 100 um
particles under the same conditions of Fig. 9 was
examined. Though significant differences up to 10%
were seen in the preheating zone and the downstream
region, the differences were quite small, as a whole,
due to the selectively strong forward scattering pro-
cess in the raw coal and char particles as shown in
Fig. 5.

K. OuTAKE and K. OxAzAKI

4. CONCLUSIONS

The following conclusions on the particle and gas
temperature histories in the pulverized coal com-
bustion process have been derived from the direct
measurement of these temperatures by the optical CT
technique and from theoretical calculations.

(1) The existence of temperature differences
between particle and gas was clarified. The particle
temperature is highly elevated above the surrounding
mean gas temperature, especially in the region of vol-
atile matter combustion.

(2) For high volatile coals, the particle temperature
of smaller particles is higher in the volatile matter
combustion stage, while lower in the char combustion
stage compared to that of larger particles.

(3) Small particles less than about 20 ym originally
contained in the pulverized coal largely enhance the
radiative preheating and ignitability of the pulverized
coal cloud.

(4) The effect of scattering on the particle tem-
perature history is, as a whole, not so large (up to
10%), although the albedo of scatter of the particles
is larger than 0.6. This is due to the selectively strong
forward scattering like diffraction in the scattering
process of raw coal and char particles.
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MESURE OPTIQUE CT ET PREVISION MATHEMATIQUE DE LA TEMPERATURE
DANS UNE COMBUSTION DE CHARBON PULVERISE

Résumé—Les distributions de température de particules et de gaz dans la combustion de charbon pulvérisé
sont mesurées par une nouvelle technique CT (tomographie par ordinateur) dans laquelle la température
de particule est atteinte par une pyrométrie instantanée a deux couleurs et la température du gaz par une
méthode inverse de ligne Na-D. Un modéle mathématique simple est formulé pour une combustion
monodimensionnelle de charbon pulvérisé avec transfert radiatif et mécanismes de diffusion, d’absorption
et d’émission. Les calculs conduisent a des températures de particules supérieures de 400 K a celles du gaz,
spécialement dans la région de combustion des matiéres volatiles. Ceci explique bien les observations faites
par les mesures optiques.

OPTISCHE COMPUTER-TOMOGRAFIE-MESSUNG UND BERECHNUNG DES
TEMPERATURFELDES BEI DER VERBRENNUNG FEINGEMAHLENER KOHLE

Zusammenfassung—Die Temperaturverteilungen von Partikeln und Gas bei der Verbrennung von fein-
gemahlener Kohle in einem Ofen wurden mit einem neuentwickelten Computer-Tomografie-Verfahren
gemessen. Hierbei wurde die Partikeltemperatur mit einem Momentan-Zweifarben-Pyrometer und die
Gastemperatur mit einer Fliigelzonen-Na-D-Linienumkehrmethode gemessen. Ein vereinfachtes mathe-
matisches Modell wurde fiir die eindimensionale Verbrennung feingemahlener Kohle formuliert. Es
beriicksichtigt die Streuung, die Absorption und die Emission beim Warmeibergang durch Strahlung.
Die Modellrechnungen ergaben eine um 400 K héhere Temperatur der Partikel gegeniiber dem Gas,
besonders im Bereich der Verbrennung der fliichtigen Materie. Dieses Ergebnis erkldrte die bei den
optischen Messungen beobachteten Phinomene.

ONTHYECKHE KOMITBIOTEPHO-TOMOIPA®HYECKHUE U3IMEPEHHUA U
MATEMATHUYECKHM PACUYET [MOJIE TEMITEPATYP [TPY TOPEHUU YT OJIbBHON
bLITA

Ansoramms—PacnpeeneHns TeMIepaTyp 4acTHIL ¥ Ia3a B TOMNKE, CXHIAlOLIEH YroJbHYIO NbUIb, H3MEPS-
JIACh HeAaBHO pa3paboTaHHeM KT (KOMIBIOTEPHO-TOMOTPAa(HYECKHM) METOAOM, B KOTOPOM TeMIEpa-
Typa vacTAIbl H3Mepalach ¢ MOMOIUBIO MIHOBEHHOM NBYXUBETHOH MHPOMETPHH, a TeMNEpaTypa
ra3a—MmeTonoM obpalleHns KpeUibeB MHHHM Na — D. YnpolneHHas MaTeMaTHYeckad MOJCIL TOPEHHS
YTOJILHOM MbUTH, YYHTHIBAIOIUAA MPOLECCH PAaAHAlHOHHOTO TemlooOMeHa—paccesiHne, NOTJIOIICHHE H
H3nydeHne—CcHOPMYIHpOBaHa I OMHOMEPHOH o6nacTH ropenns. PacyeTh ¢ OMOIIBLIO MOJIEIH TTOKa-
3a/M, YTO TeMIiepaTypa vacTHusl Gonee yeM Ha 400 K Bsiie TemmepaTyphl rasa B ocoGeHHOCTH B
06J1aCTH ropeHHs JIeTy4ero BewecTsa. JJaHHLIA pe3yabTaT XOpomo oGBACHAET SBJICHHA, HabmonaeMble
0p¥ ONTHYECKHX A3MEPEHHSX.



