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Thermal Unit with Controlled Distribution of Flow Speeds
of Processed Raw Materials in Zones of Electrified Modules

The article reviews the possibility of thermal treatment of vermiculite concentrates in thermal units of the
modular-launch type after the defects of the units appeared during operation were fixed. It was observed that
the temperatures of the electric heaters and the refractory surface of the firing modules distribute unevenly
horizontally: the temperatures decreased significantly from center to periphery. This feature showed a tech-
nical solution — the division of the total flow of the expanded vermiculite into local and controlled
flows between the thermal zones of the furnace modules taking into account their temperatures. The required
time for particles movement in each thermal zone was determined, as well as average local speeds of their
movement in the indicated zones were by comparing the thermal capacities of local vermiculate flows. The
calculations of local flow rates were carried out and the total productivity of the modernized furnace was de-
termined. The productivity of modernized furnace is 24% higher than the prototype furnace. It is shown that
with an increase in productivity but equal to electricity consumption, the specific energy consumption
of firing processes decreases by the same 24%. It makes the furnace more perfect and competitive.

Keywords: electric modular—launch furnace, firing module, non-uniform temperature distribution, tempera-
ture zones, accelerating tray, heaters, heat power, average local speeds, local productivity, total productivity.

Introduction

The research in the field of technologies for the production and use of expanded vermiculite has been
conducted since the 30s years of the last century. This indicates the relevance of this issue and the im-
portance of the product [1-11]. Electric furnaces for vermiculite firing, which will be reviewed in the article
[12], were developed in the early 2000s as an alternative to fired furnaces operating on hydrocarbon fuel [9].

The expanded particles’ streams in such furnace units have been uncontrollable till the present time and
their flow was determined by the action of the gravity forces of the particles. This is their obvious disad-
vantage.

Even in the very first modular-launch furnaces (2003-2005), it was noticed and experimentally con-
firmed that the temperatures of suspended heating elements and refractory surfaces of firing modules were
distributed non-uniformly.

Temperature measurements in different areas showed that in the central zones of the modules, the tem-
peratures of the refractory bases are significantly higher than in the side zones. During the heat treatment of
vermiculite at the furnace exit in the central zone, the end product was completely expanded, but overheated
and partially burnt, and in the edge zones it remained under-expanded. This feature illustrated a technical
solution — to separate the flow of expanded vermiculite into local flows in thermal zones, taking into account
their temperatures, and to develop a system for controlling local flows.
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The purpose of the research is to increase the efficiency of the thermal unit by means of the rational dis-
tribution of local flows of heat-treated raw materials along the width of the firing modules without the in-
creasing of its electrical power.

Experimental

Consideration of the furnace design and operation.

Vermiculite concentrate is supplied to the furnace by a dispenser equipped with a hopper 1, a drive 2, a
drum 3, and an inclined tray 4 by length /,. The raw material through the inclined tray 4 is poured onto the
accelerating tray 5 of the upper module 6. Then the raw material goes to the firing space under the cover 7,
where the electric heater 8 is fixed. It is held by the hooks 9 and the fixing heads 10 (Figure 1). Then ver-
miculite is poured onto the second accelerating tray 11 of the middle module 12 and then onto the tray 13 of
the lower module 14. The finished product comes out from the tray 13 of the lower module 14. The firing
space 15 of each module is formed by a refractory surface 16 made of refractory bricks, by the lower part of
the cover 7 and by side walls (not shown in Figure 1).

! |

11

12

a b c

Figure 1. Modular launch furnace:
a — modular launch furnace; b — firing module; ¢ — accelerating tray

There are the accelerating trays (Figure 1, 2) in the upper part of each module. They consist of a base
plate 17, a stop 18 with side walls 19 and a set of hinged plates 20—22. The inclination angles of hinged
plates a,, a3, and o4 can be adjusted using screws 23.

The dispenser drum is made with longitudinal grooves 24-26, step-variable in depth (Figure 2). In this
case, the greatest depth is at the grooves 24 located above the central plate 22 of the accelerating tray. There
are adjacent grooves 25 above the plates 21. They have a shallower depth. The further from the center the
grooves are located, the shallower their depth:

14> 6> 60> 1.
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The number of plates of the accelerating tray and the number of grooves may be different, depending on
the width of the refractory surface of module B and the temperature distribution on the electric heaters.
Moreover, the length of the grooves on the drum by, by, b;, and b4 and the width of the plates of the accelerat-
ing tray can also be different.

Vermiculite concentrate particles falling on plate 22 in Zone 4 (Figure 2) acquire the maximum initial
velocity vy, due to the larger angle of its inclination ay4. In this regard, their average local velocity in this
zone will be greater than in the side zones 1, where the plates have a zero inclination angle. If the speed of
particles is maximum here, then the time of their movement is minimal, and the local productivity is propor-
tional to the speed and is maximum in comparison with other zones. In Zone 4 the electric heaters are hottest.

26 25 24
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Figure 2. Dispenser drum, accelerating tray and electric heater rods with indication of temperature zones

In Zone 3, the temperature of the electric heaters is lower, therefore, the concentrate particles falling on
plates 21 (Figure 2) should receive a lower initial velocity vy;,. It is due to their smaller tilt angle o;. The lo-
cal productivity in these zones is proportional to the average local speed of the particles, and the particles
motion time is slightly longer than in the central zone. The same applies to Zone 2 and 1: the average local
particle speeds from the central to the side zones should become less and less, as the temperatures of the
heaters decrease from the center to the periphery.

Adjusting screws 23 (Figure 1) allow to change the initial and the average local speeds when one size
group of vermiculite concentrate change into another, since larger expanded grains move at higher speeds
than small ones (proofed by the tests).

Due to the accelerating trays such distribution of average local speeds over the temperature zones is
created, that in each zone vermiculite will consume the necessary amount of thermal energy during the corre-
sponding time and, at the same time, the whole will be fully expanded. If this distribution is carried out cor-
rectly, the productivity of the furnace will increase with constant energy consumption.

The initial velocities Vo1, Voze Vos, and vos determine the average particles local speeds in
the corresponding zones and depend on the inclination of the accelerating plates. However, they also depend
on the speed of particles falling onto these plates. Figure 3 demonstrates the change in the vectors of the ini-
tial speeds at different angles of inclination. There is a vector v¢ denoting the falling speed in each triangle of
speeds. If the falling speed for the places of junction of modules 6 and 12 and modules 12 and 14 (Figure 1)
is determined by their length /, then it is necessary that the speed vy at the place of junction of the tray 5 and
the upper module 6 is the same.
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The joint operation of the dispenser and the upper module of the furnace, which provides the balance of
the supplied concentrate and the furnace productivity, will be discussed below. Let us consider the issue of
the correct distribution of local speeds over the module zones.

Local speeds distribution

The interaction between the thermal energy absorbed by vermiculite, leading to its structural change,
the loss of hydrated water and a multiple decrease in density, and radiant energy falling on the vermiculite
grains from the surfaces of the electric heater rods was discussed in the research [13].

X

Figure 3. Speeds triangles on the plates of the accelerating tray at different values of the inclination angle of its plates

Let us use the obtained dependence for the heat power flux 0 absorbed by the expanded material (W):
0=0.667-0.-6-T"-s-e-(1+p-¢,,)(2: ¢, +0,,), (1)

where o — is the capacity of vermiculite absorbability (0.768); o — Stefan-Boltzmann constant, 5.67, W/m* K;
T is the surface temperature of the heater rods, K; s is the area of all surfaces of the heater rods in three fur-
nace modules, m*; € — the nichrome blackness degree (0.96); p is the nichrome reflectivity (0.04); ¢;»— is the
angular coefficient of heat fluxes from one rod to another, @, is the angular coefficient for rods located on
both sides symmetrically relative to the vermiculite grain; @,, — is the angular coefficient for rods located on
both sides with relative to the vermiculite grain which is in contact with one of the rods [13].

The above formula (1) does not take into account the effect of reflected radiant fluxes from the refracto-
ry base of the module and its cover. The same Ref. [13] states that it was proofed by the tests that the thermal
power of the reflected fluxes is 10...12% of the heating power of furnace systems.

The absorbed thermal power 0 provides complete expanding of the material and it is unchanged for any
thermal zone of the module. Therefore, we can write the equality valid for the i-th number of zones (J):

E=0,1t=0,=051=04,1=0:1, ()

where E is the energy of vermiculite heat absorption, sufficient for full expanding, J; #; is the average local
time of vermiculite flow movement in Zone 1 (Figure 2), equals to the time of firing in the furnace, adopted
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as an analogue [14-16]; t,, 3, 44, and ¢; are the average local times of vermiculite flow movement in other
thermal zones, s.

To find the value of the vermiculite time of movement in the zones, it is not required to determine the
energy £. We use the ratios, in this case for four zones, based on formula (2):

t _el'tl ¢ _el'tl t _el'tl
0,0 0, 0,1,
bl 4 4 by

€)

The average values of rods of electric heaters heating temperatures by zones (Figure 2):

e in Zone 4 — 1030 °K;

e inZone 3 -1019 °K;

e in Zone 2 — 986 °K;

e in Zone 1 — 940 °K.

Since in formula (1) only temperature changes for each zone, then the relations (3) will take the
form (s):

T T T
L=—t, t.="t, t,=-1t, 4
2 Tz4 1> 3 T34 10 ‘4 7:14 1 )

where Ty, T3, T3 and Tj are the average temperatures of the heater rods in the corresponding zones.

Taking the time #; = 0.91 s and the average speed v, = 1.05 m /s with a module length of 0.95 m for the
adopted analogue — a prototype furnace [15], from relations (4) we obtain the time of vermiculite movement
in thermal zones (Figure 2) (s):

H= 0.82‘t1, 3= O.75't1, 4= O72t1

It follows from the found relationships that the time of vermiculite particles movement through
Zones 2, 3, and 4 in the furnace modules should decrease by 17.9%, 24.9%, and 27.8%, respectively, in
comparison with the first zone.

The average time of vermiculite being in a prototype furnace (furnace time constant) is 2.74 s [16].
The indicated values ¢, = 0.91 s and v, = 1.05 m / s correspond to Zone 1 of the considered furnace (Fig-
ure 2), and for Zones 2, 3, and 4 the average time of local flows should be:

t,=0.747 s, t; = 0.683 s, 1, = 0.657 s.
The //; ratio determines the corresponding average local flow rates of vermiculite in thermal zones:
Vi = 1.27 m/s, vz = 1.39 m/s u vy = 1.45 m/s.

It is necessary to find such values of the initial particles’ speeds on the plates of the accelerating tray, at
which the required average speeds will be achieved. Taking into account that gravity and friction forces act
on each particle, and neglecting the air resistance, we write the differential equation:

2

m =m-g-siny—m-g-f-cosy, (5)

dr*

where v is the inclination angle of the modules (Figure 1); f'is reduced coefficient of sliding—rolling friction,
determined by the tests, f=0.51 [16]; m is the particle mass.
Separating the variables in equation (5), we get (m/s):

v, =g(siny— fcosy)t+v,,, (6)

where v, is the final particle velocity in the zone (the same as the falling velocity vy) corresponding to its time
(t1, 1, t; and t4), vy, is the initial particle velocity on the corresponding plates of the accelerating tray (Figure
3).

Let us determine the final falling velocity for the first zone using the formula (6), taking into account
the fact that vy, = 0 m/s:

ve=9.81-(0.707 — 0.51-0.707)-0.91 + 0 = 3.1.
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Setting the same falling velocity (3.1 m/s) for all other zones, we determine the initial local velocities
using expression (6) (m/s):

Vo, =V, —g(siny — fcosy)t. (7)

Substituting the movement time in the zones (¢, = 0.747 s, t3 = 0.683 s, t, = 0.657 s) into formula (7), we
determine the initial velocities, (m/s):

e in Zone 2 — vy, = 0.56;

e in Zone 3 — vy, = 0.78;

e in Zone 4 — vy, = 0.87.

In accordance with the vector diagrams (Figure 3), we obtain the relations that determine the angles
sines:

sina, =220 =090 _ 618 ing, =Y 078 _ 96 1 iner, = Yo = 987 5.
v 3.1 v, 31 ve 31

The angles themselves at which the required initial speeds and average local speeds of vermiculite
particles in the thermal zones of the furnace modules will be provided equal: a, = 10.5 °, a3 = 15 © and
as=16.5°.

As already noted, when processing other size of groups of vermiculite concentrates, it is necessary to
change the average local rates. For this purpose, the adjusting screws 21 are provided in the accelerating
trays of the modules. By using the adjusting screws, the tilt angles of the plates 18-20 can be
changed (Figure 1). When firing smaller concentrates, the time of vermiculite passage should decrease, and
therefore, it is necessary to increase the angles o, oz and o4 in order to increase the average local speeds in
the corresponding thermal zones.

Figure 4 illustrates a nomogram for determining the inclination angles of the plates of the accelerating
tray at a given local speed.

Vi, , m/s
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Figure 4. Nomogram for determining the inclination angles of the plates
of the accelerating tray at a given average local speed in the thermal zones of the module

Joint operation of the dispenser and furnace modules

To provide a balance between the vermiculite concentrate amount supplied by the dispenser and the
amount of expanded material passing through the furnace modules, two conditions must be met:

e the rate of concentrate particles falling out from the inclined tray 4 (Figure 1) should provide the
same initial speeds in the thermal zones on the accelerating tray of the upper module, as in the accelerating
trays 11 and 13 of the middle and lower furnace modules;
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e the capacity of the dispenser for concentrate must correspond to the full capacity of the furnace for
expanded material, taking into account the expansion coefficient.

To meet the first condition, it is necessary to find the length value of the inclined tray /;, at which the
rate of the concentrate particles falling out of it will provide the same initial speeds on the accelerating tray
of the upper module as on the accelerating trays 11 and 13 of the middle and lower furnace modules. In this
case, the friction coefficient fy in equation (5) will have a value of 0.68 [15], since flat particles of vermicu-
lite mica slide over steel and there is no rolling, as on refractory surfaces of modules.

From expression (6), which in this case will have the form:

v, = g(siny - f;cosy)t+v,,,

Let us find the time ¢ required for the particles to reach the velocity v = 3.1 m/s at the moment of contact
with the plates of the accelerating tray 5 (Figure 1) at zero initial velocity vo,:

.
f=— = 1.4 m/s. ®)
g(siny — f, cosy)

To find the length of the dispenser tray 4 (Figure 1), we fulfill the second integration of equation (5):
lozég(sin;/—focos;/)tz+vf-t, )

where 7 is the convergence time of particles along the tray, determined by expression (8); v is the inclination
angle of the tray to the horizon, 45 °.

To supply the concentrate by the dispenser to the furnace in accordance with the capacity of the furnace
for expanded material, we will use the formula [17-22]:

where £ is the expanding coefficient depending on the size group of the —vermiculite concentrate and the
natural hydration of the mica (Figure 5).

k, md /t
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Figure 5. The dependence of the expanding coefficient on the nominal concentrate
particle diameter for two fields — Kovdorskoye (KVC) and Tatarskoye (TVC)

Conclusions

Determination of the local capacities and the total furnace productivity.
With the width of the modules B = 95 cm, as in the prototype furnace [15], the productivity of the fur-
nace without accelerating trays 5 (Figure 1) on vermiculite concentrate, for example, grade KBK-4 (4 is the
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conventional average particle diameter), is equal to 0.75 m’/hour. Then the hourly productivity, reduced to
the unit of width, will be equal to, (m*/cm-hour):

= 0—755 = 0.0079.

B
Since the local average speeds in zones No. 2, No. 3, and No. 4 the increase relative to the first zone
will be:
1.27

at ——= 1.21 times or by 21 %;
1.05

at Q: 1.32 times or by 32 %;
1.05

at ﬂ: 1.38 times or by 38 %;
1.05

then the local capacities, taking into account the width of the zones B, =21 cm, B;= 15 ¢cm, B, = 12 cm
and B, = 10 cm (Figure 2) will be equal to, (m’/h):

¢ in the fourth zone: P, = 0.0079-21-1.38 = 0.229;

e in two third of zones: P; =2-0.0079-15-1.32=10.313;

e in two second zones: P, =2:0.0079-12-1.21 = 0.229;

e in two first zones: P; =2:0.0079-10-1.0 = 0.16.

The total furnace productivity will be, (m’/h):

P=0.229+0313+0.229+0.16 = 0.931.

The increased productivity of the modular—launch furnace due to the distribution of the speeds of the
vermiculite flows movement over the thermal zones of the modules is equal to 0.931 m’/h, which is 24%
more than that of the experimental industrial furnace taken as a prototype. Moreover, the energy consump-
tion does not grow and the specific energy consumption of the process increases by the same 24%.
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A. Huxeroponos, A. I'aspunun, b. Moiizec, K. KyBmimnos

DJIeKTPJIeHAIpiIreH Moy Ib/iep aiMaKTapbIH/AA OH/1eJ1eTiH IHKi3aT
arbIHbI KbLJIAAMABIFBIHBIH TAPAJTYbIH PETTEHTIH JKbLJIY arperarbl

IciHreH BEpMHKYJIMTTI OHJIIPY JKoHE MaljalaHy TEeXHOJIOTHSIIAPBI CaJachbIHAAFbI 3ePTTEYJIep ©3€KTi OOJIbIIN
tabbu1abl. KOMIpCyTeKTi OTBIHMEH JKYMBIC ICTEHTIH OTTHI memTepre 6agama peTiHjie BEpMHUKYIHTTI jKaryFa
apHaJFaH dJIeKTp MemTepiH a3ipiey Gencenni xyprizinyae. by nemrepae iciHren OeJeKTepIiH aFbIHIAPHI
0aKplTaHOANTHIH KOHE OeUIIEKTepIiH ayBIpJIBIK KYIIIHIH ocepiMeH aHbIKTananel. Makaiaga naipanany
Ke3iHze maiina OonraH arperaTTapiAblH KEMIIUTIKTEPIH KOWFaHHAH KeHIH MOIYJBAIK-icke KOCY TYpiHAeri
JKBUTy arperarrapblHia BEPMHKYJIUT KOHIICHTPATTAphIH TEPMHUSIIBIK OHJICY MYMKIHIIr KapacThIPbUIFaH.
DJeKTp KBUIBITKBIITAP MEH KYHAIpY MOIYJBACPIiHIH OTKa Te3iMai OeTiHiH TeMmrepaTypachl KeieHEeHIHeH
Gipkeski GemiHOeiiTiHI Galikalabl: TeMIiepaTypa OpTanbIKTaH nepudepusra qeiin alTapiblKTaid ToMeHACH .
Byn epekmienmik TeXHHMKaNbIK IISMIMIOI KOPCETTI — ICIHT€H BEPMHKYJIHUTTIH JKaJMbl aFbIHBIH eI
MOJYJIBJICPIHIH JKbULy alMaKTapbl apachlHOArbl JKEPriIKTi >koHE OaKbUIAHATHIH aFbIHIAPFa OJIAp.bIH
TEMIIEpaTypacklH ecKepe OThIPbIN Oeiy. JKepridikTi BEpMHKYJIUT aFbIHIAPHIHBIH JKbUTY CBHIABIMIIBUIBIFBIH
CaJIBICTBIPY AapKbUIBI Op JKbULy alMarblHIarbl O6JIICKTEpAiH KaKETTI KO3FaJIbIC YaKbIThI, COHIal-aK
KepCeTUIreH aiMaKTapIarbl OJIap IbIH KO3FAIBICHIHBIH OpTalla XKepriliKTi XKeULIaMAbFs! Oenriti. XKeprimikri
IIBIFBIHAAP eceOl JKYPri3iiai kKoHE JKAHFBIPTBUIFAH MEIITIH KaJIbl OHIMAUIIT aHBIKTAIIbL JKaHapThUFaH
HeITIH eHIMILIri Taxipubeni memke kKaparaHga 24 % >xorapbl. OHIMIUIKTIH JKOFapbUIaybIMEH, Oipak
UIEKTP SHEPTHACHIH TYThIHYMEH Oipzel, KyHaipy NporecTepiHiH 3Heprus IIbIFbIHBI 24 %-Fa TOMEHJIereHi
kepcetinai. byn meurri sxeringipeni sxoHe 6acekerekadineTti ereni. Makanazia 3epTTey NpoLeciH CypeTTeiTin
JKOHE OCBI FBUIBIMH )KYMBICTa KOMBUIFAH MaKcaTKa KOJI )KETKi3y/Ii pacTalThIH quarpaMmmaiap KeaTipiireH.

Kinm coe30ep: »nmeKkTp MORYJIbIIK-iCKe KOCY HemNi, KYHIipy MOy, TeMIepaTypaHblH Oipkenki OeiiHOeyi,
TeMIepaTypanblk aiMakTap, YASTKIII Haya, )KbIIBITKBIIITAp, JKbUTY KyaTbl, OPTAIIa XKePriliKTi KbUITaMIBIK,
JKEPTUTIKTI OHIMITIK, Kbl OHIMIILUTIK.

A. Hmwxeropopaos, A. I'aBpunun, b. Moiizec, K. KyBunon

TenuioBoi arperar ¢ peryJMpyeMbIM pacnpeejieHueM CKOpocTeil NoToKa
00padaTbIBaEMOro ChIPbA B 30HAX JIeKTPUPUIMPOBAHHBIX MOLYJIeH

HccnenoBanus B 00J1aCTH TEXHOJIOT U IPOU3BO/ICTBA U MCIOJIB30BAHMS BCITy4EHHOTO BEPMUKYJIUTA SBISIIOT-
Csl aKTyalbHBIMU. AKTHBHO BEIyTCSl Pa3pabOTKU AIICKTPUIECKHUX Iedeil /Ut 00Knra BepMHUKYJIHNTA, KaK alb-
TepHaTHBA IIAMEHHBIM TIe4aM, paboTalolIM Ha YIJIEBOAOPOJHOM TOIUIMBE. B IaHHBIX Medax MOTOKH pac-
MIUPEHHBIX YaCTHIl HEKOHTPONUPYEMbI U ONpPEAENAIOTCSA JeHCTBHEM CHI TSXKECTH uacTHl. B craThe pac-
CMOTpEHa BO3MOKHOCTh TEPMHUYECKON 0OpabOTKM BEPMHKYIHTOBBIX KOHLEHTPAaTOB B TEIUIOBBIX arperarax
MOZYJIBHO-ITyCKOBOT'O THIIA TOCJIE YCTPAaHEHHsI HEJOCTATKOB arperaToB, BOHUKIIMX B MPOLECCE AKCILTyaTa-
1uu. Beino 3amedeHo, 4TO TeMmIepaTypa 3JIeKTpOHarpeBaTeliel M OTHEYNOPHON MOBEPXHOCTU O0KUTOBBIX
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MoayJel pacrnpesesnseTcs HEpaBHOMEPHO MO TOPU3OHTANU: TEMIIEPATyphl 3HAUUTENBHO CHI)KAIOTCSI OT LIEH-
Tpa K nepudepun. 91a 0COOCHHOCTH TOKa3ajaa TEXHUYECKOE PElIeHne — pa3zeieHue o0Iero noToka BCIy-
YEHHOTO BEPMUKYJINTA Ha JIOKAIbHBIE M KOHTPOINPYEMbIe TOTOKH MEX Ty TETJIOBBIMU 30HAMHU MOYJIEH medn
C yueToM HX TeMneparyp. [lyreM cpaBHECHHS TEIIIOEMKOCTEH JIOKAIBHBIX IOTOKOB BEPMUKYJIUTA OIPEAEIISUIN
TpebyeMoe BpeMsl IBIKEHHS YaCTHUIl B KaXJOH TEIUIOBOH 30HE, a TAakKe CPEAHHE JIOKAIBHBIE CKOPOCTH MX
JBIDKEHHS B YKa3aHHBIX 30HaX. [IpoBefeHEI pacdeTs! JIOKAJIbHBIX PacXoJ0B, M OIpeesieHa 00mIast MPOU3BO-
JIUTENBHOCTh MOJIEPHU3UPOBAHHOM reun. [Tpon3BoauTenbHOCTh MOACPHU3UPOBAHHOM 1eun Ha 24 % Bbllle,
yeM y omnbITHOM meun. IlokaszaHo, 4TO HMpH yBeNWUEHUH MPOU3BOJUTEIBHOCTH, HO PABHOM MOTpeOIeHUH
3NIEKTPO3HEPTUH, YAEIBHOE SHEPTONoTpedIeHHe MPOIECCOB 00XKUra yMeHbIIaeTcs Ha Te xe 24 %. 310 nena-
eT neuyb 00Jee COBEPUIEHHOW M KOHKYPEHTOCHOCOOHOH. B craThe mpuBeneHsl AnarpaMMel, HILUTIOCTPUPYIO-
IIKE MPOLECC UCCIEN0BAHNS M MOATBEPKAAIONINE JOCTHXKEHUE II€M, KOTOpas TMOCTaBIeHa B JaHHOH Hayud-
HOH paborTe.

Knoueswvie cnosa: QJICKTpHUYICCKasl MOAYJbHO-IIYCKOBasd M€Yb, 00KUTOBBIIH MOAyJib, HEPABHOMEPHOEC pacmpe-
JACJICHUE TeMIIEPpAaTyphbl, TEMIICPATYPHBIC 30HBI, yCKOpHTeIIbeIﬁ JIOTOK, Harpesareiy, TEIUIOBasgs MOIIHOCTD,
CpE€AHHUEC JIOKAJIBHBIE CKOPOCTH, JIOKaJIbHAsI IPOU3BOAUTEIILHOCTD, 06u1a51 MIPONU3BOAUTECIBHOCTD.
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