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CALCULATED ASSESSMENT OF THE DEPENDENCE OF THE INTENSITY
OF WIND INFLUENCE ON THE POSSIBILITY OF FIRE SPREADING
TO NEARBY BUILDINGS

A model of heat exchange processes between the source of thermal radiation and the
studied samples was developed by using methods of steady-state and non-steady-state thermal
conductivity according to the methods of gas dynamics. The dependence of the change in
temperature and the critical surface density of the heat flow on the speed of the air flow on the
samples and the distance from the source of heat action was determined. The conducted
research and generated data tables can be used in the future for the development of an
improved simplified method of forecasting the thermal impact of fire on adjacent construction
objects, taking into account wind influence.

With the help of the FDS software complex, a model of heat exchange during a fire
was created step by step. The dependence of the temperature change on the air flow rate on
the samples and the distance from the source of thermal action was determined. The resulting
dependence can be further determined by a correction factor that will take certain criteria
into account. This coefficient will be expedient to use when substantiating fire-fighting
distances between buildings and structures due to the mathematical model of heat exchange
between objects during a fire using gas dynamics methods, as well as when substantiating the
algorithm for creating a mathematical model of FDS heat and mass transfer during the
burning of a class A fire.

Based on the revealed regularities, a table of safe distances was constructed
depending on the heat-generating capacity of the fire load, wind speed, and duration of
exposure to determine the correction factor for wind exposure. The methodological basis for
the calculation justification of the minimum safe fire distances has been expanded by creating
structural schemes-methods that together make up a hierarchical structure and are the
theoretical basis for creating the corresponding regulatory basis. It was established that the
wind speed during the assessment of the spread of fire to neighboring buildings can be taken
into account by introducing a correction factor into the formula for calculating the safe fire
distance between buildings.

Key words: adjacent building objects, mathematical model, fire model, temperature,
critical surface heat flux density.

Formulation of the problem. The condition for the ignition of any material under the
influence of heat emitted from the fire source is to exceed a certain critical value of the heat
flux density for such a substance and material. To date, there is an insufficient statistical base
of critical values of surface heat flux density for various substances and materials, which
takes into account wind speed. Heat flow [1] is a physical quantity that determines the amount
of heat passing through an isothermal surface per unit time, directed in the direction opposite
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to the temperature gradient, or is a time derivative of the amount of heat passing through such
a surface. The characteristic of the heat flow is its density, which according to [2] is defined
as the amount of heat passing through the enclosing structure per unit of time, related to the
area of the calculated surface measuring 1 m?. Also, according to [2] heat flow density or
specific heat flow, which characterizes the intensity of heat exchange, the amount of heat
through a unit of surface per unit of time is determined.

The critical surface density of the radiant flux according to [2] is defined as the
minimum value of the heat flux density at which a stable flame burning of the materials on
which the radiant flux falls occurs. It should also be noted that the heat exchange process is
affected by the wind and its speed. At the same time, the nature of such an impact is described
differently by different scientists, which can affect the start of a fire in adjacent buildings and
premises.

Analysis of recent achievements and publications. The analysis of statistical data of
fire registration cards [3] allows us to conclude that every fourth fire in Ukraine can spread to
adjacent buildings and structures, technological equipment and objects of the natural
ecosystem through the spread of thermal energy with subsequent ignition. To prevent the
spread of fire to adjacent building objects, calculation methods for determining safe distances
are used [3-8], however, methods for predicting the thermal effect of fire on adjacent building
objects, which would take into account environmental conditions, namely the parameters of
wind influence, which can significantly influence the specified predictions which are given in
(4, 6].

Taking into account the above, there is a need for further scientific research to
improve the calculation method of predicting the thermal effect of fire on adjacent
construction objects, taking into account the wind effect.

Setting the problem and solving it. The purpose of the work was to determine the
magnitude of the influence of wind speed during the assessment of the spread of fire to
neighboring buildings and to create a table of safe distances depending on the heat-generating
capacity of the fire load, wind speed and duration of exposure to determine the correction
coefficient of wind influence based on the identified patterns. To achieve this goal, the
following task was set and solved:

To achieve the goal, the following tasks were set and solved:

1. To develop models of heat exchange processes between the source of thermal
radiation and the studied samples under conditions of wind influence and variable distance to
the sample using gas dynamics methods.

2. Based on the identified patterns, a table of safe distances was constructed depending
on the heat-generating capacity of the fire load, wind speed, and duration of exposure to
determine the correction factor for wind exposure.

3. Set the coefficient of influence of wind speed when assessing the spread of fire to
neighboring buildings.

Methods. Thanks to the methods of mathematical modeling, it is possible to
investigate heat transfer processes with given conditions of environmental parameters, namely
wind influence. Using the FDS software complex, a mathematical model of the heat exchange
process during a fire was created step by step, and the effect of wind on the values of
temperature and critical surface density of heat flow under conditions of wind influence was
investigated.

Modeling of processes of changes in temperature and critical surface heat flow density
using gas dynamics methods was carried out on the basis of the methodology [9].

The model of placement of the studied sample, shown in fig. 1.
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Figure 1. Model of placement of the sample under study, 1, 2, 3, 4, 5, 6, 7, 8§ —
temperature measurement sensors at different distances

Numerical modeling of the dynamics of the spread of heat flow from a fire was
performed using the FDS tool, which is a modern software complex that allows you to create,
edit and analyze complex fire development models. The Smokeview program was used for
three-dimensional and two-dimensional visualization of the results of simulation of fire
dynamics.

Thermal radiation is calculated using the finite element method in a three-dimensional
grid (modeling area). This software helps to reproduce the real conditions of a model fire,
including for open space.

Results and Discussion. During the research, the raw data was analyzed, a model was
created that corresponded to the real conditions of field tests, in particular, the model included
a concrete platform (base), for the material construction of which a monolithic concrete of the
"heavy concrete" type was chosen, with a density of 2260 kg/m3, a specific heat capacity of 2
.04 kJ/(kg'K) and thermal conductivity of 1.35 W/(m-K). Steel with a density of 7600 kg/m?,
specific heat capacity of 0.06 kJ/(kg-K) and thermal conductivity of 35 W/(m-K) was used as
the material for the capacity of the model hearth. Diesel fuel was used as fuel, with a specific
heat release of 1907, a lower heat of combustion of 45400.0, a linear flame speed of 0.4, and a
specific mass burning rate of 0.042.

Sensors of gas meters were placed at a height of 2 m at a distance of 0.5 m and from 1
m to 12 m with a distance step of 1 m from each other. To achieve optimal calculation
accuracy, it is customary to use cells with a step of 0.1 m and with the same cubic size to all
three spatial dimensions (X, y, z). The duration of the simulation was 300 s, which is due to
the value of the maximum thermal radiation from the model hearth, which occurs in the
period from 60 s to 240 s.

Based on the results of the research, the following results were obtained.

The general visualization of temperature with the display of temperature fields in planes
is shown in Figure 2.
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c)

Figure 2. Temperature visualization model with display of temperature fields in
planes: a) without wind; b) wind with a speed of 5 m/s; ¢) wind with a speed of 10 m/s

According to the simulation results, a table of the ignition temperature was formed
depending on the distance to the radiation source and the influence of wind of different

speeds, table 1.

Table 1
Distance 1, Ignition temperature T, °C
m Wind speed v, m/s
0 m/s S5m/s 10 m/s

0,5 425 398 395

1 315 426 423
2 125 306 474
3 103 152 381
4 95 90 205
5 73 71 124
6 68 69 101

7 57 48 93

8 54 41 74

9 47 38 65
10 32 29 51
11 31 27 39
12 30 26 27

The data in Table 1 are plotted and depicted in Fig. 3.

185




«Haoszsuuaiini cumyayii: nonepedxcenns ma nixgioayisy, Tom 7 Ne 1 (2023)

400 T T 500 T T 500 ~ . .
300 _ 400 - 400 -
3001 T 300 .
tl; 200 4t tl; o
—200f 4 —200 .
100[ . R _
100 - 100
\
0 | | 0 | 0 I I
0 5 10 1 0 5 10 1 0 5 10 1
li li 1i
a) b) C)

Figure 3. Dependence of temperature change on the effect of wind speed and distance
from the radiation source a) without wind effect; b) under the influence of wind at a speed of
5 m/s; ¢) under the influence of wind at a speed of 10 m/s

Analyzing the results of modeling and the data of graphic images, we can make
assumptions about the influence of wind on the processes of heat exchange between the fire
torch and adjacent building objects. For example, if a temperature equal to 200°C is taken as
the critical temperature of influence, then the distance that ensures the safety condition of
thermal action in the considered case will be equal to:

- in windless weather - 2 m;

- in weather with a wind speed of 5 m/s 0 - 3 m;

- in weather with a wind speed of 10 m/s - 4 m.

The obtained data show that in case when the object exposed to thermal radiation is
located on the windward side of the source of thermal radiation (fire), the presence of wind
can significantly affect the assessment of safe distances between the object emitting heat and
the object who perceives it.

Such a dependence can be determined by the strength of the wind flow, which in
further scientific research can be determined by a correction factor that must take into account
the following criteria:

- the amount of fire load;

- time of thermal action;

- influence of wind speed.

The obtained simulation results and data of graphic images confirm the obtained data of
experimental studies regarding the presence of the influence of wind on the processes of
thermal irradiation of a nearby object from a fire torch in the case when the object is located
on the windward side of the source of thermal radiation (fire).

Such influence can be described by the corresponding coefficient of wind influence.

To describe the coefficient of wind influence, a full factorial calculation experiment was
carried out.

The following criteria, which significantly affect thermal processes during a fire, were
chosen: duration of thermal exposure, fire load, and wind speed. The range of the specified
parameters is shown in the table 2 [9].

Table 2. Intervals of parameters in the experiment selected as factors

wind speed, Fire load, Duration of heat exposure,
m/s Q, MJ/m? T, min
The smallest |The greatest |The smallest |The greatest |The smallest |The greatest
value, v value, v+ value, Q value, Q+ value, T value, T+
2,5 10 20 1800 10 150
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The specified intervals show the smallest and largest value of the parameters in the
experiment that are selected as factors.

With the help of a computer model, the temperature value from the thermal effect of the
fire on the neighboring buildings in wind conditions was calculated, as shown in the table 3

[9].

Table 3. Estimated values of the temperature of the thermal effect on the neighboring
buildings under the influence of the wind

Distance from the | Estimated value of the temperature of the thermal effect of the fire
center of heat | on the neighboring buildings in conditions of wind influence
radiation, m 1 5 3 4 5 6 7 3

18 206 118 148 24 142 24 38 22

15 232 171 206 27 | 64 29 51 26

10 251 203 230 51 |76 40 72 29

8 296 218 252 74 |83 63 80 41

6 303 241 281 101 | 98 87 96 69

4 367 328 342 205 | 196 | 191 206 | 90

2 518 426 501 381 | 268 | 208 292 | 152

By interpolating the obtained data according to the ignition temperature, which in this
case is taken as 255 °C for pine wood, safe distances between buildings during a fire are
obtained, taking into account the magnitude of the fire load, wind speed and duration of
thermal radiation, table 4 [9].

Table 4. Main parameters of reinforced concrete

Experiment number 1 2 3 4 5 6 7 8

Dls.tar}ce from the center of heat 18,7 |99 | 152 |41 | 3.8 2.5 | 4.1 1
radiation

Based on the results of the calculations, diagrams were constructed, with the help of
which, by choosing the appropriate wind speed, duration of irradiation, and the value of the
fire load, it is possible to find the distance at which the condition of non-spreading of the fire
with the specified parameters of the fire load and its duration to neighboring objects is
ensured (Fig. 4).
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Figure 4. Diagram of determination of safe distance taking into account wind speed.
Distances to the source of radiation and duration of heat exposure: a) for wind speed of 2.5
m/s; b) for a wind speed of 5 m/s; c) for a speed of 10 m/s
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On the basis of the obtained data, a surface of the dependence of the distance on the
most influential factors was constructed 5.

M1,M2,M3,R1,R2,R3
Figure 5. The surface of the dependence of the distance on the most influential factors

On the basis of the revealed regularities, the impact of fire on neighboring buildings was
established, taking into account the wind, which can be described in the form of a coefficient
that takes into account the influence of the wind, the value of which is o=1,2.

Conclusions

With the help of the FDS software complex, a model of heat exchange during a fire was
created step by step. The dependence of the temperature change on the air flow rate on the
samples and the distance from the source of thermal action was determined. The resulting
dependence can be further determined by a correction factor that will take certain criteria into
account. This coefficient will be expedient to use when substantiating fire-fighting distances
between buildings and structures due to the mathematical model of heat exchange between
objects during a fire using gas dynamics methods, as well as when substantiating the
algorithm for creating a mathematical model of FDS heat and mass transfer during the
burning of a class A fire.

Based on the results of this work, the following was established:

1. Based on the identified patterns, a table of safe distances was constructed depending
on the heat-generating capacity of the fire load, wind speed, and duration of exposure to
determine the correction factor for wind exposure.

2. The methodological basis for the calculation justification of the minimum safe fire
distances has been expanded by creating structural schemes-methods that together make up a
hierarchical structure and are the theoretical basis for creating the corresponding normative
basis.

3. It has been established that the wind speed during the assessment of the spread of fire
to neighboring buildings can be taken into account by introducing a correction factor into the
formula for calculating the safe fire distance between buildings o=1,2.

REFERENCE
1. Tekhnichnyi komitet zi standartyzatsii TK 65 «Prylady promyslovoho kontroliu i
rehuliuvanniay. (b. d.). Termometriia. Terminy ta vyznachennia (1997). DSTU 3518-97.
2. Vyznachennia katehorii prymishchen, budynkiv ta zovnishnikh ustanovok za
vybukhopozhezhnoiu ta pozhezhnoiu nebezpekoiu (2016). DSTU B V.1.1-36:2016, [Chynnyi
vid 01.01.2017] Minrehionbudu Ukrainy.

188



«Haoszsuuaiini cumyayii: nonepedxcenns ma nixgioayisy, Tom 7 Ne 1 (2023)

3. Analiz masyvu kartok obliku pozhezh (POG _STAT) za 2017-2022 roky.
IDUNDTsZ DSNS Ukrainy. Kyiv. Retrieved from: http://undicz.dsns.gov.ua/ua/Analiz-
masivu-kartok-obliku-pozhezh.html.

4. Borysova, A. S. (2021). Udoskonalennia rozrakhunkovoho metodu prohnozuvannia
poshyriuvannia pozhezhi na susidni obiekty z urakhuvanniam vitrovoho vplyvu [Improving
the calculation method for forecasting the spread of fire to neighboring objects, taking into
account the impact of wind]. (Candidate’s thesis). Lviv State University of Life Safety. Lviv
[in Ukrainian].

5. Nuianzin, O. M., Kryshtal M. A., Kryshtal D. O., Tyshchenko Ye. O. (2017).
Osnovy termodynamiky 1 teploperedachi dlia riatuvalnykiv. [Fundamentals of
thermodynamics and heat transfer for rescuers]. ChIPB im. Heroiv Chornobylia NUTsZ
Ukrainy [in Ukrainian].

6. Borysova A., Nizhnyk V. (2020). Vykorystannia sproshchenoho rozrakhunkovoho
metodu dlia doslidzhennia vitrovoho vplyvu na krytychnu poverkhnevu hustynu teplovoho
potoku [The use of a simplified calculation method for the study of wind influence on the
critical surface density of the heat flux], Zbirnyk naukovykh prats AOHOZX materialy
konferentsii [Collection of scientific papers AOI'OZ]. Budapest, [in Ukrainian].

7. Nizhnyk, V. V., Feshchuk, Yu. L., Pozdieiev, S. V., Nekora, V. S (2021).
Modeliuvannia teplovoho vplyvu pozhezhi cherez vikonnyi proriz budynku z horiuchym
fasadom na elementy sumizhnykh obiektiv [Modeling the thermal effect of a fire through a
window opening of a building with a burning facade on the elements of adjacent objects].
Problems of Emergency Situations. [in Ukrainian].

8. Nuianzin, O. M., Kostenko, V. K., Pokaliuk, V. M., Maiboroda A. O. (2016).
Fizyko-khimichni protsesy rozvytku ta prypynennia horinnia. [Physico-chemical processes of
development and cessation of combustion. Tutorial], Navchalnyi posibnyk. Cherkasy: ChIPB
im. Heroiv Chornobylia NUTsZ Ukrainy,. — 156 s. [in Ukrainian].

9. Nizhnyk, V., Shchipets, S., O. Tarasenko, V. Kropyvnytskyi, B. Medvid (2018). A
Method of Experimental Studies of Heat Transfer Processes between Adjacent Facilities
International Journal of Engineering & Technology. Kharkiv [in English].

IEPEJIIK IIOCUJIAHb

1. TepMOMeTpm Tepminu ta BuzHauenus JCTY 3518-97, [Yunnwmii Bix 01.01. 1998]
Texuiunuit komiter 3i crapmaptuzauii TK 65 «[Ipunaam npoMuCIOBOro KOHTPONIIO 1
peryJoBaHH:»

2. BusHaueHHs Kareropii mpuMilieHb, OyIWHKIB Ta 30BHIIIHIX YCTaHOBOK 3a
BUOYXOMOXKEXKHOIO Ta ToxkexHOow Hedesnekoro JCTY b B.1.1-36:2016, [YunHMII Bix
01.01.2017] Minperiondyny VYkpainu Bim 15.06.2016 p. Ne 158 — 31 c. (HamionansHuit
CTaHAapT YKpaiHn).

3. Ananiz MacuBy KkapTtok o0Omiky noxex(POG _STAT) 3a 2017-2022 pokw.
IAYHALB3 ACHC VYkpainu. Kuis, URL:http://undicz.dsns.gov.ua/ua/Analiz-masivu-kartok-
obliku-pozhezh.html.

4. bopucoa A. C. [lucepramis_ YIOCKOHAJICHHS PO3PaxyHKOBOTO  METOIY
MIPOTHO3YBAHHS TOLIMPIOBAHHS TOXEXI Ha CyCiiHI 00’€KTH 3 YpaxyBaHHSM BITPOBOTO
BIUTMBY : TUC. — JIbBIBCHKU JIepyKaBHUM yHIBEpCUTET O€3MeKu )KUTTENIsUTbHOCTI, 2021.

5. Hysnzia, O. M., Kpumrans M. A., Kpumrans J[. O., Tumenko €. O. OcHoBH
TEPMOJMHAMIKH 1 Terutonepenayi Juist patyBaibHuKiB. Yepkacu: YIIIb im. I'epois YopHoOus
HVII3 Vkpainu, 2017 - 166 c.

6. bopucoBa A., Hixank B. BUKOpUCTaHHS CHPOIIEHOTO PO3PAXYHKOBOT'O METOIY
JUIsL IOCHIJKEHHSI BITPOBOTO BIUTMBY Ha KPUTUYHY MOBEPXHEBY I'yCTHHY TEIUIOBOTO MOTOKY
//36ipHuK HaykoBuX mpaib AOI'OX. — 2020. — C. 71-72.

7. Hixxauk B. B., ®@emyk, FO. JI., Tlo3nees, C. B., Hekopa, B. C. MoaentoBanHs
TEIUIOBOTO BIUIMBY IMOKEXI Yepe3 BIKOHHUN mpopi3 OyAMHKY 3 roprouuM QacagoM Ha
eJIeMeHTH CyMiXHHX 00’ €kTiB // Problems of Emergency Situations — 2021. — C. 65-71.

189



«Haoszsuuaiini cumyayii: nonepedxcenns ma nixgioayisy, Tom 7 Ne 1 (2023)

8. Hysnzin, O. M., Kocrenko B. K., Ilokamok B. M., Maiibopoxa A. O. Ta iHmi,
BChOro 5 oci0. Di3uKo-XiMiuyHI MpOIECH PO3BUTKY Ta NMPUIMHEHHS TopiHHA. HaBuanmbHuii
nocionuk. Yepkacu: YIIb im. ['epoiB YopunoOuns HYIL3 Ykpainu, 2016. — 156 c.

9. Nizhnyk V. A Method of Experimental Studies of Heat Transfer Processes between
Adjacent Facilities / S. Shchipets, O. Tarasenko,V. Kropyvnytskyi, B. Medvid // International
Journal of Engineering & Technology. — 2018 — Ne 7 (4.3). — 288 — 292.

YK 614.841.415

Anna BOPUCOBA', kanouoam mexniunux nayx (ORCID ID: 0000-0002-8700-0761),
Onexcanop HYSAH3IH?, kanoudam mexuiunux Hayk, OoyeHm
(ORCID ID: 0000-0003-2527-6073),

Cepeziit XPATIAK?, kanouoam ¢hinonoziunux nayk (ORCID ID: 0000-0001-9078-976X),
I Inemumym Oepoicasnozo ynpaeninns ma Haykosux 00CHiONCeHb 3 YUBLILHO20 3aXUCTLY,
*Yepracwkuil incmumym noceacnoi b6esnexu imeni I'epoie oprobuns
Hayionanvnozo ynisepcumemy yuginornozo 3axucmy Yxpainu

PO3PAXYHKOBA OIIHKA 3AJIEKHOCTI IHTEHCHUBHOCTI BITPOBOI'O
BIIVINBY HA MOXJIUBICTD ITIOIIIMPIOBAHHSA ITOKEXI
HA CYCIJHI BY IIBJII

Pospobneno  mooenv  npoyecie  mennooOMiny — midc — Odxcepenom  Menio8o2o
BUNPOMIHIOBAHHA MA  OOCHIONCYBAHUMU  3PA3KAMU  UWIIAXOM — BUKOPUCNAHHA — MemoOi8
CmayioHapHoi i HecmayioHapHoi Menionpo8iOHOCHI 3a Memooamu 2a300uHamiKu. Buznaueno
3anedHCHICMb  3MIHU  MeMnepamypu ma KPUMuyHoi NoGepxHeoi WilbHOCMI Menio8o2o
NOMOKY 8i0 WBUOKOCMI NOMOKY NOBIMPsL HA 3PA3KU MA 8i00AleHHs 8I0 Oxcepena meniosoi
0ii. Ilposedeni docniodicennss ma cghopmosani mabauyi OaHUX 8 NOOATLULOMY 3MOACYMb OVMU
BUKOPUCTAHI OJ1A PO3POOKU YOOCKOHANEHO20 CHPOWEHO20 MEMOOY NPOSHO3Y8AHHA MENL08020
BNIUBY NOACEICI HA CYMIJICHT 0)0i8eNbHI 00 €KMU 3 YPAXYBAHHIAM 8IMPOBO2O GNIIUB).

3a Oonomocoro npocpammoco komnaekcy FDS noemanno cmeopeno mooens
menyioooMiny nio yac nodicedici. Busnaueno sanesxcnocmi sminu memnepamypu 6i0 weuoKocmi
NOMOKY NO8IimMps. HA 3pa3ku ma 6i0oaneHHs 6i0 Odcepena mennosoi 0ii. Ompumana
3a1€AHCHICMb 8 NOOANLULOMY MOdCe OYMU BU3HAYEHA NONPABOYHUM KOepiyicHmoMm, AKu Oyoe
8paxosysamu neseHi kpumepii. /lanuti koegiyiecnm 0yoe 0OYiNbHO SUKOPUCIOBY8AMU NPU
OOIPYHMYBAHHI NPOMUNONCEHCHUX BIOCMAHEU Midc OYOUHKAMU ma CROPYOamMu 3a pPAXYHOK
MamemamuyHoi mooeni menioooMiHy Midc 00’ €ekmamu nio Yac NoAHceNCi 3a Memooamu
2a300UHAMIKU, A MAKONC Ni0 4ac OOIPYHMYBAHHA AN2OPUMMY CMBOPEHH MAMeMamuyHoi
mooeni FDS mennomaconepernocy nio yac eopinus noscedxci knacy A.

Ha ocnoei suasnenux 3axonomipnocmetl nobyoosano mabauyio be3neyHux giocmauetl
3a1€MHCHO 6I0 MeNI0ymeEopPIO8aIbHOI 30aMHOCII NOJNCENCHOI HABAHMARU, WBUOKOCMI GIMpY
ma mpueairocmi ONPOMIHIO8AHHS OJisl BUSHAYEHH NONPABOUHO20 Koeqhiyicnma 6impoeoco
gnaugy. Poswupeno memooonoziuny 6asy 0ns po3paxyHKo8020 0OTPYHMYBAHHA MIHIMATbHUX
Oe3neyHux NPOMUNONCENCHUX GIOCMAHEl CMEOPEHHAM CMPYKMYPHUX CXeM-Memoois, ujo
Pazom CKAadaiome i€papxiuHy CmMpykmypy ma € meopemuiHol OCHO8010 Ol CMBOPEHHs
8i0Nn06i0HOI Hopmamuenoi b6azu. 3. Bcmanoseieno, wo weuokicms gimpy nio 4ac oyiHiO8aHHs.
NOWUPIOBAHHS NOXNCENHCI HA CYCIOHI OVOIgNi Modce Oymu 6paxo8aHa ULIAXOM B8e0eHHs 8
Gdopmyny O po3paxymky 0Oe3sneyHoi npomunodicedcHoi  giocmaui  Midc  0yOienamu
nonpasoyHo2o KoeqiyicHmy.

Kniouosi cnosa: cymisxcui 0yoieenvHi 00’ €kmu, MamemMamuyHa Mooelb, MOOelbHe
BOCHUUYe NOJCENHCI, meMnepamypa, KpUmuiHa n08epxHesa 2yCmuHa meniogo2o nomoxy.
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