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The problem of overheating of information devices to ensure wireless transmission of information is rel-
evant nowadays, because competition among cheap routers does not allow adding expensive cooling systems
such as TEC to the design, and installing fans can cause excessive noise. At the same time, the power of
miniature processors is increasing to provide high throughput. This leads to a situation where, at an ambient
temperature of 30-40 °C, the temperature of the processor with adjacent elements becomes higher than
100 °C, and may cause the device to fail or the case to melt.

In this study, physical-topological simultion of one of the typical keenetic KN-1011 routers for the case
of horizontal location was carried out. The distributions of air flows through the case and temperatures on
the device elements were obtained for various options for improving the cooling system — adding a radiator
of different sizes and additional perforation on the back side.

The main results showed that adding larger heat sinks and additional ventilation holes significantly
reduced CPU temperature. Specifically, when using heat sinks of configurations K2 and K3, the CPU tem-
perature dropped to 72 °C and 68 °C, respectively, which is a substantial improvement compared to the base
model, where the CPU temperature reached 112 °C. This demonstrates the effectiveness of the proposed
cooling methods, allowing optimal thermal management even under heavy loads.

The article also presents a comparative analysis of thermal regimes under different cooling options. In
addition to the geometric characteristics of the heat sinks, the additional ventilation holes played a crucial
role in enhancing air circulation within the casing. The use of larger heat sinks, combined with casing per-
foration, reduced CPU temperature by more than 50%, significantly improving the overall performance and
reliability of the device.
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1. INTRODUCTIONB

Advancements in modern networking technologies
and the demand for continuous internet access have led
to the rapid proliferation of wireless routers. However,
as these devices gain more functionalities, their thermal
load also increases. One of the most common reasons for
overheating is the operation of embedded processors re-
sponsible for data processing and network management.

High temperatures are known to adversely affect the
performance and lifespan of electronics, leading to re-
duced efficiency and shortened device lifespan. There-
fore, managing the thermal conditions of routers has be-
come a critical and important task for engineers.

In this research, we investigated a practical engi-
neering problem using the prototype router Keenetic
KN-1011 as a case study, employing modeling methods
in COMSOL software. This device represents a modern
wireless router used to provide stable and fast network
access.

This scientific article focuses on studying the issue of
processor overheating in routers and developing meth-
ods to address it. We analyze various cooling approaches
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for processors and propose an effective solution involv-
ing additional vents in the chassis and radiators of dif-
ferent configurations. Our approach aims to lower device
temperatures without compromising its external ap-
pearance and ensuring comfortable usage.

2. PROBLEMS
2.1 The Key Aspects

Routers are complex electronic devices that act as in-
termediaries between different networks for data trans-
mission. They typically consist of a casing, a printed circuit
board (PCB), a processor, random access memory (RAM),
flash memory, and various communication modules such
as wireless and Ethernet interfaces.

Electronic components, particularly processors, oper-
ate most efficiently within specific temperature ranges.
Typically, the operating temperature range for router pro-
cessors is defined by the manufacturer and usually spans
from 0 °C to 85 °C. Exceeding these values can lead to mal-
functions and shorten the device's lifespan.

One of the main causes of router processor overheating
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is their intensive operation. Processors perform significant
calculations during data processing and network traffic
management, generating a considerable amount of heat.
Another contributing factor may be an inefficient cooling
system that fails to effectively dissipate heat from the pro-
cessor.

High processor temperatures can result in several neg-
ative consequences. Firstly, it can reduce data processing
speeds and consequently slow down router operations.
Secondly, prolonged exposure to high temperatures can
degrade electronic components, leading to increased like-
lihood of failures and reduced lifespan due to material deg-
radation.

Additionally, high temperatures can affect the plastic
used in the device casing, causing it to lose its mechanical
properties. High temperatures may cause bending or dam-
age to the casing components, as well as deformation or
detachment of adhesive joints. This not only affects the de-
vice's aesthetics but can also compromise the casing's seal
and ventilation, exacerbating heat dissipation issues.

2.2 Justification of Research Approaches

There are several methods for cooling processors in
routers, including fans, heat pipes, radiators, and addi-
tional vents in the casing. Each of these methods has its
advantages and disadvantages, and the choice depends on
several factors such as cost, efficiency, implementation
complexity, and impact on user experience.

The use of fans can be an effective method for active
cooling, but it may lead to increased noise levels, energy
consumption, and alteration of the device's appearance.
Heat pipes can be challenging to implement in devices
with limited space.

Using radiators for heat dissipation is a common
method; however, they may be ineffective without addi-
tional air circulation methods. In our research, we opted
against using fans due to their potential impact on user
experience through noise levels and energy consumption.
We also dismissed heat pipes due to their implementation
complexity and limited capabilities in small devices.

Therefore, during the development and implementa-
tion of modifications to the device, we adhered to several
key requirements. Firstly, any modifications should not
compromise the device's external appearance and ergo-
nomics. Secondly, they should not create additional incon-
veniences for users, such as noise or awkward placement
of new cooling elements.

Considering these requirements, we identified the op-
timal method for cooling the processor in the Keenetic
router, ensuring high efficiency without deteriorating the
user experience. As a result, radiators and additional
vents in the casing were chosen as the optimal cooling
method, providing effective heat dissipation with minimal
changes to the device's appearance and functionality.

2.3 Preliminary Research

In 2021, a study was conducted with the DN-5327BZ
router, which has a similar design and processor, accord-
ing to the results of which, at an ambient temperature
of 40 0C, the processor temperature becomes 100 °C and
higher [1]. Some results are shown in Fig. 1.

In the study [2], the issue of CPU cooling in connection
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with the increasing density of "hot spots" was analyzed. It
was proposed to use microchannel liquid cooling systems
to improve heat dissipation. Similar to our research, they
also focused on increasing the efficiency of CPU cooling.
However, unlike our work, they mainly considered high-
performance cooling systems such as microchannels,
whereas we focused on simpler solutions that do not alter
the appearance of the device.

Maximum temperature

111 °C

Maximum temperature

102 °C

b

Fig. 1 — Investigation of the temperature field of a vertical
router with a processor power of 5 W: PCB conductivity
0.2 W/(m/K) (a), PCB conductivity 0.8 W/(m/K) (b).

Bangalee et al. conducted numerical modeling and op-
timization of heatsink configurations for CPU cooling us-
ing CFD methods [3, 4]. Their study showed that the opti-
mal ratio between the number of heatsink fins, height, and
base thickness can reduce the temperature to 51.5 °C,
highlighting the importance of proper heatsink geometry
in high-performance CPUs. Like our study, the focus was
on heatsink shapes and sizes; however, in their case, ma-
terial parameters were also considered, which was not a
key factor in our work.

Sherson developed a test system to analyze the ther-
mal characteristics of porous surfaces in closed liquid cool-
ing systems [5]. His study tested various materials for
cooling, but the use of microstructured silver surfaces did
not provide the expected improvements in heat transfer
compared to copper surfaces. This study emphasizes the
importance of material and microstructure selection to en-
hance heat dissipation, which is also significant for our re-
search. However, unlike the author [5], we did not apply
liquid cooling and focused on passive methods such as case
perforations and heatsinks.

Yudanto et al. [6] conducted a study based on numeri-
cal modeling of CPU cooling system configurations using
the CFD method. The study showed that maximum cool-
ing is achieved with copper heatsinks and eight fans in a
mixed configuration, allowing the temperature to be re-
duced to 39.22°C. This is especially important for powerful
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CPUs in small spaces, such as router enclosures. Like in
our study, their results confirm the importance of efficient
space organization and cooling system geometry, but the
difference lies in the fact that we avoided using fans due
to their impact on the device's appearance and noise level.

Zhihao Zhang et al. reviewed modern methods of elec-
tronic cooling, including both direct and indirect methods
[7]. They examined various technologies such as air and
liquid cooling, which partially overlap with our research.
However, unlike our work, they focused on large-scale
cooling systems for high-performance electronics, whereas
we concentrated on small devices and simplified cooling
methods.

The study by Liu and Yu [8] addressed two-phase lig-
uid cooling, which involved directly submerging the CPU
into a liquid. This is significantly different from our ap-
proach, where we avoided liquid cooling due to its complex-
ity and high cost. However, similar to our research, they
emphasized the importance of effective heat dissipation to
maintain stable operation of electronics under high heat
flux conditions.

2.4 Methodology of the Research

The first step of our research was the creation of a
model of a real prototype of the Keenetic KN-1011 router
[9], Fig. 2.

Fig. 2 — Router KN-1011: general appearance (a), printed cir-
cuit board (b)

Key specifications can be found on the manufacturer's
website [10]. The most powerful component is the proces-
sor, which requires 5 watts of active power [11].

The research prototype KN-1011 served as the basis,
with its geometry modeled using COMSOL Multiphysics
software. We considered the geometric and physical pa-
rameters of the device, including dimensions, materials of
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the casing, and heat-generating components, particularly
the processor.

After creating the model, we conducted numerical sim-
ulations to analyze the device's thermal behavior. We
studied the temperature distribution inside the casing and
compared the obtained results [1].

Following the initial analysis, we made modifications
to the model by adding additional vents in the casing and
various configurations of radiators for the processor. For
each modification scenario, we performed new simulations
and compared their results with the base model. Based on
these findings, we conducted a detailed analysis, identified
optimal parameters for the modifications, and evaluated
their effectiveness in reducing the processor temperature.
We also assessed the impact of these modifications on the
device's appearance and user experience.

Based on our research, we drew conclusions regarding
optimal methods for cooling processors in routers and de-
veloped recommendations for improving device thermal
management.

3. THEORETICAL INFORMATION

Usually, devices similar to the one under study are
cooled with the help of free air convection, which blows the
built-in radiators. Therefore, for the correct display of the
results, free convection was used in the model — a type of
substance transfer caused by the action of the pushing
force (Archimedean force). The Archimedean force, in
turn, is created with the help of the heterogeneous density
of the medium of variable composition or temperature.

Gravity was also added to the model, which allows au-
tomatically taking into account changes in hydrostatic
pressure on vertical boundaries.

p(a.V)a:v.[—pf+K]+F+pg:md, (3.1)

V. (pi)=0, (3.2)

where p — density of the environment, u— flow velocity
field, p — pressure, K — the viscous stress tensor, F —

volumetric force, I — identity matrix, g — Acceleration
of gravity.

Only the processor is taken into account as a heat
source in the model. The dimensions of the processor are
50 x 40 x 1.6 mm. Set power 5 W, pressure 1 atm, ambi-
ent temperature 40 °C (taking into account heating from
other heat sources). At the beginning of the simulation,
the temperature of all areas of the model is equal to the
temperature of the surrounding medium.

pCuVT+V-G=Q+Q,,. (3.3)

G=-kVT, (3-4)

where: p — density of the environment, C, — heat ca-
pacity, u— flow velocity field, T' — temperature, q¢ —heat
flow of convective heat exchange, @ — heat sources (en-
ergy), @,,— thermoelastic damping, %— thermal con-

ductivity.
The model also takes into account heat exchange
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through radiation, in which thermal radiation is inter-
preted as energy transfer between boundaries and ex-
ternal heat sources, where the medium does not partici-
pate in radiation, that is, it is completely transparent.

When studying radiation, all external open bounda-
ries of the model are involved. Radiation spreads in all
directions from the radiator, the radiation coefficient of
surfaces € = 0.85 [12]. A transparency condition has been
added for all voids in the design of the router. It is as-
sumed that no radiation passes through the surface.

The basic equations for calculating surface-to-sur-
face radiation are given below:

e,(T) = n’cT", (3.5)

-1n-q=¢e(G-¢,(T)), (3.6)

where e, — the total radiative power of the blackbody,
T — temperature, o — Stefan-Boltzmann constant, ¢ —
radiation power of the heat source, 7 — normal vector,
¢ — surface emissivity, G — total radiation power.

4. MODEL DEFINITION

The initial geometry of the model (without modifica-
tions) is presented in Fig. 3.

Koprye

Loyko
n

Mpouscop

b

Fig. 3 — Virtual physical- topological model of the KN-1011
router of horizontal construction: general view in isometry (a),
model elements taken into account (b)

Models of routers with three different designs of ra-
diators were investigated: K1 (Fig. 4, a), K2 (Fig. 4, b)
and K3 (Fig. 4, c).
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Fig. 4 — Designs of radiators used in the study (a — K1, b — K2,
¢c—K3)

In the K2 and K3 designs, in addition to increasing
the overall dimensions of the radiator, the thickness of
the ribs was also reduced, due to which their number
and, accordingly, the total surface area of the radiator
was increased.

A study of the effect of additional holes on the back
wall of the router housing was also conducted. The view
of the model from all sides is presented in Fig. 5.

Fig. 5 — Cases: basic (a), with additional perforation

The dimensions of the model elements are given in
Table. 1.

Element Length, mm | Width, mm | Height, mm Th‘i‘;ess*
Processor 50 40 — 1.6
Substrate 180 150 — 1.6
Compound 200 160 30

Air 200 180 40 —

. K1 50 40 17 16
[;ig;' K2 100 60 17 0.5
K3 100 60 17 0.5

The width of the holes in the compound is 2 mm.

The width of the holes in the ribs of the radiator in
K3 is 3 mm.

Materials were used (see Fig. 6).

The model employed two multiphysics couplings: non-
isothermal flow and heat exchange with surface-to-surface
radiation.

Non-isothermal flow refers to flows with varying tem-
peratures. When a fluid undergoes temperature changes,
its material properties such as density and viscosity also
change accordingly. In some situations, these changes can
be significant enough to significantly affect the flow field.
Thus, heating of the air around the processor directly in-
fluences flow characteristics.

The multiphysics coupling of heat exchange with sur-
face-to-surface radiation was added to account for heat ex-
change through radiation at boundaries, where the sur-
rounding environment does not participate in radiation
(transparent medium). This allows us to observe the im-
pact of thermal waves on the casing walls and include ra-
diation heat losses in the model.
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Fig. 6 — Materials used in the model and domains of their ap-
plication: printed circuit board - fiberglass FR-4 (a), processor —
silicon (b), case — acrylic plastic (c), radiator (all designs) — alu-
minum (d), surrounding medium-higher — air (d)

5. RESULTS AND DISCUSSION

A study was carried out for 5 configurations of the ge-
ometry of the radiator and the body of the device: the ini-
tial model without a radiator, the radiator of the K1 design
without and with the perforation of the body, and the ra-
diators of the K2 and K3 designs with the perforation of
the body. The shapes of the cases are shown in Fig. 7.

a

Fig. 8 — Convective air flow velocity distribution with a trans-
lucent view of the model without a radiator, two vertical two-
dimensional sections through the center of the processor and
one horizontal section are shown

Volime: Tamparaturs (dsgC)

Fig. 9 — Temperature distribution for the model without a ra-
diator: the whole case (a), the case with the cover removed after
calculations (b)

Two related physical-topological problems were solved:
determination of the distribution of speed and pressure in
a laminar convective flow of air moving through holes in
the case without external influence except gravity, and the
distribution of the thermal field on the processor, radia-
tors, textolite, the case and the surrounding in the air
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Three-dimensional graphs with distributions of flow rates
and temperature are shown in Fig. 8 and 9, respectively.

As observed, the airflow is highest near the processor,
reaching 0.085 m/s. The maximum temperature reaches
112 °C directly on the processor. In this case, the two- and
one-dimensional distributions will provide more informa-
tive insights. Specifically, the heating profiles of the cas-
ing, top cover, and bottom cover are shown in Fig. 10.

As indicated, temperatures along the edges equalize to
approximately ambient temperature. Approaching the
processor on both sides, temperatures rise to 80 °C.

Fig. 11 illustrates temperature distributions directly
on the processor. The temperature varies slightly across
the processor surface but exceeds the recommended oper-
ating temperature.

An additional graph, Fig. 12, displays specific energy
losses due to radiation and specific energy dissipation
across the processor and device surfaces.
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Fig. 10 — Temperature distributions: two-dimensional plot of
the bottom cover (a), one-dimensional plot of the bottom cover
(above the center of the processor) (b), two-dimensional plot of
the top cover (c), one-dimensional plot of the top cover (above

the center of the processor) (d)
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b

Fig. 12 — Specific energies: radiation radiation (a), energy re-
moval (b)

From the above, for comparison, we are interested in
the temperature distribution for the existing designs on
the most thermally loaded parts: the surfaces of the top
and bottom covers and the surface of the processor. Com-
parison data are shown in Fig. 13.

In the initial design, the processor temperature
reaches 112 °C, which is unacceptably high and could lead
to deformation of the PCB and damage to contacts. Adding
a small radiator K1 reduces the temperature to 96 °C with-
out additional vents in the casing and to 97 °C with addi-
tional vents. Large radiators designs K2 and K3, combined
with perforations in the casing, lower the temperature to
72 °C and 68 °C respectively. These figures are signifi-
cantly improved and indicate, in particular, less depend-
ence on perforation and strong correlation with radiator
design and size.

Ling Graph: Tomperatune #3630

Temparss vdegl

REFERENCES

1. Teijin's Thermally Conductive Resin PC Products Lead the
Sustainable Development of Communications Equipment
(in Chinese).

2. L Sauciuc et al., ASME 2005 Pacific Rim Technical Confer-
ence and Exhibition on Integration and Packaging of
MEMS, NEMS, and Electronic Systems Collocated with the
ASME 2005 Heat Transfer Summer Conference (San Fran-
cisco, California, USA, 17—22 July 2005).

3. Z.1. Bangalee et al., CFD Lett. 13, 1 (2021).

M.Z.1. Bangalee et al., Open J. Model. Simul. 9, 43 (2021).

5. B. Sherson, The Development of a Liquid Cooling Test Sys-
tem for the Analysis of Porous Surfaces: Master's Thesis

-~

J. NANO- ELECTRON. PHYS. 17, 02008 (2025)

Line Graph: Temperature (degt) @

emoerature (degCl

Temoarsture (degC)

63 5

a 1] 20 an 40 50
Arc longth {mm}

¢

Fig. 13 — Temperature distributions along the middle parts of
the elements: top cover (a), bottom cover (b), processor surface
(c). Solid line — no modifications, dotted line — K1 radiator with-
out additional holes, dashed line — K2 radiator, dash-dotted line
— K1 radiator with additional holes, dash-dotted line with
markers — K3 radiator

6. CONCLUSION

A physical-topological model of the Keenetic KN-1011
router was constructed: a replicated design from a real
prototype to enable comparison with previous physical re-
sults, along with 4 modified versions featuring three dif-
ferent sizes of radiators and additional perforations in the
casing. The modeling results indicate that at an ambient
temperature of 40 °C, the presence of either a small or
large radiator allows reducing the processor surface tem-
perature from 112 °C to 97 °C and 72 °C (by 21 % and
56 %), respectively. Adding perforations to the router in
the horizontal position lowers the temperature by a few
percentage points.

(Victoria University of Wellington: 2019).

F.D. Yudanto et al., Appl. Eng. Technol. 2, 241 (2023).

Z.Zhang, X. Wang, Y. Yan, e-Prime 1, 1000019 (2021).

C. Liu, H. Yu, Buildings 12, 913 (2022).

Keenetic Hero, Smart Internet Hubs for a Smart Home —

Keenetic.

10. GIGA, Keenetic Support Center.

11. MT7621 datasheet, alldatasheet.com.

12. R.D. Blevins, Applied Fluid Dynamics Handbook (Van Nos-
trand Reinhold Co.: 1984).

02008-7


https://info.21cp.com/info/detail/569439445212897280.html
https://info.21cp.com/info/detail/569439445212897280.html
https://doi.org/10.1115/ipack2005-73242
https://doi.org/10.1115/ipack2005-73242
https://doi.org/10.1115/ipack2005-73242
https://doi.org/10.1115/ipack2005-73242
https://doi.org/10.37934/cfdl.13.3.115
https://doi.org/10.4236/ojmsi.2021.91003
https://openaccess.wgtn.ac.nz/articles/thesis/The_development_of_a_liquid_cooling_test_system_for_the_analysis_of_porous_surfaces/17135198?file=31687130
https://openaccess.wgtn.ac.nz/articles/thesis/The_development_of_a_liquid_cooling_test_system_for_the_analysis_of_porous_surfaces/17135198?file=31687130
https://doi.org/10.31763/aet.v2i3.1207
https://doi.org/10.1016/j.prime.2021.100009
https://doi.org/10.3390/buildings12070913
https://keenetic.ua/uk/keenetic-hero
https://keenetic.ua/uk/keenetic-hero
https://help.keenetic.com/hc/article_attachments/10289735129116
https://html.alldatasheet.com/html-pdf/1221769/ETC1/MT7621/344/3/MT7621.html

S.0. MAIKUT, CH.S. TOYABINA, I.M. DROZD J. NANO- ELECTRON. PHYS. 17, 02008 (2025)

MopgesoBaHHA i aHAMI3 TEIJIOBIABEJEHHS B KOMIIAKTHUX MaplIpyTu3aropax: e(peKTUBHICTH
paniaTopis Ta KopiycHux nepdopaiii

C.O. Maiikyt!, X.C. Tosibiral,, .M. Ipoan?

v Hayionanvruii mexuiuruil yuisepcumem Yrpainu "Kuiecokuli nosiimexrHiuHuil incmumym
imeni Ieopa Cikopcvroeo”, 03056 Kuis, Yikpaina
2 TOB «Kinemix Yipainar, 04053 Kuis, Yikpaina

IIpobstema meperpiBy iHQOPMATHIHHAX TPUCTPOIB I 3abe3mmeueHHs 0e3IPOTOBOTO epeIaBaHHsI 1HPOP-
Marrii € aKTyaJbHOI0 y HAIll Yac, OCKIIbKY KOHKYPEHITIS cepel IeNeBUX POyTepiB He Jae MOKJIMBOCTI J0/1a-
BATHU JI0 KOHCTPYKITII JOPOTi CUCTEMH OXOJIOJPKEHHS 110 THUILy esieMeHTIB [lesbThe, a BCTAHOBIIEHHST BEHTUJISA-
TOPIB MOYKE CIIPUYMHUTH HAAMIPHHHI 1IyM. Y TOH ’Ke Jac, 3pocTae MOTYKHICTh MiHIATIOPHUX IIPOLIECOPIB I
3abe3reveHHsT BUCOKOI ITPOITYCKHO1 37aTHOCT. [le mpr3BoguTh /10 cuTyariii, KOJIM IpU TeMIepaTypl HaBKOJIH-
mHBoro cepemopuiina 30-40 °C Temmeparypa mpoiecopa 3 IPUJIErJIUMHE eJieMeHTaMu crae Bumoio 3a 100 °C, 1
MO’Ke CIIPUYMHUTH BUXIJ 3 JIAAy IIPUJIaay abo IIaBJIeHHS KOPILyCy.

Y naHOMy JOCITIIPKEHHI TPOBEAeHO (Pi3MKO-TOMIOJIOTIIHE MOJIETIOBAHHS OHOTO 3 TUIOBUX MAPIIPyTH3a-
topiB keenetic KN-1011 fu1st BUIafKy 3 rOPU30HTATIEHUM PO3TANITYBAHHIM, OTPHUMAHO POSIIOJILIN TIOTOKIB TI0-
BITPS Yepe3 KOPILYC 1 TeMIepaTypH II0 eJIEeMEeHTaM IIPUCTPOIO [IJIsi PI3HUX BApIaHTIB IOKPAIIEHHS CHCTEMU
OXOJIOIPKEHHS — JOAABAHHSA paaiaTopa PidHOr0 PO3MIpy Ta J0maTKOBOI mepdoparlii Ha THJILHINA CTOPOHI.

OCHOBHI pe3yJIbTaTh JOCTIIKEHHSs TOKA3aH, 0 T0aBAHHS PAJiaTOPIiB BEJIMKOTO PO3MIPY Ta JOAATKO-
BUX BEHTWJIAILINHUX OTBOPIB MOKe 3HAYHO 3HU3UTH TEMIIEPaTypy IIporecopa. 30KpeMa, 3a BUKOPUCTAHHS
pamiatopiB xoHcTpykiii K2 1 K3 remmeparypa mportecopa sumsxysasaca mo 72 °C ta 68 °C BigmosigHO, 110
CYTTEBO MOKPAIILYE TEIJIOBIBEIEHHS IIOPIBHAHO 3 6A30BOI0 KOHCTPYKIIIEIO, Jie TeMIIepaTypa IIpoliecopa Jocs-
rana 112 °C. e cBiqunts 1po epeKTUBHICTE 3aIIPOIIOHOBAHUX METOIB OXOJIOISKEeHHS, K1 JO3BOJIAITE IIi/IT-
PHUMYyBATH ONTUMAJILHUN TEMIIEPATYPHUN PEKUM HABITH IIPX BUCOKUX HABAHTAKEHHSX.

Taxox y craTTi IpeacTaBIeHO HOPIBHAJIBHUN aHAJI3 TEIJIOBUX PEXKUMIB IIPH PI3HUX BapiaHTax 0X0JIO-
mxeHHsa. OKpiM reOMeTPUYHUX XaPAKTEePUCTUR PAaIiaTopiB, BAKINBY POJIb BIOIMPAOTh JOJATKOBI BEHTHUJIA-
IIHH] OTBOPH, SIK1 CHPHUSIOTH IUPKYJIAII] IOBITPSI BcepeanHl Kopirycy. BukopucraHHs BeJMKUX pagiaTopiB y
HOeTHAHHI 3 mepdopalrielo KOpIIyCy JO03BOJIMJIO 3HU3UTH TEeMIIepaTypy IIporecopa Oiabmr Hisk Ha 50 %, 1110
CYTTEBO IOKPAIILy€e 3araJIbHy IIPOAYKTUBHICTD TA HAJIWHICTD IIPUCTPOIO.

Kmiouosi cnosa: Mogesmosanus, Temmoneperoc, Meron kinmesux esiemerHiB, Poyrep, IIpormecop, Kopmye,
Omrrumisarii.
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