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Annotation. This paper investigates the issues of fire safety in the operation of tanks for storage
of oil and petroleum products, as well as analyzes the prevention of fire costs. Oil and oil products
produced in Kazakhstan are produced, processed and stored in tank farms. In the state register of
hazardous production facilities there is information about thousands of oil depots and storage facilities of
oil and oil products.

Currently, the theoretical analysis of oil products combustion uses various approaches based on
some modeling ideas about the combustion mechanism as a complex phenomenon. Detailed information
on the regularities of the combustion process can be obtained by numerical solution of systems of
equations for liquid and gaseous reactants. In this regard, the development of approximate analytical
methods for calculating the combustion of petroleum products, allowing to determine the main
characteristics of the combustion process, is of great importance.

The problem of improving industrial safety of tanks has become more acute due to a number of
situations that have arisen in Kazakhstan under new economic conditions. Currently, 90% of the used
tank farms have exceeded the normative service life. Review of emergency situations resulting from tank
explosion and subsequent ignition of oil product in a free surface tank with rupture of the tank roof has
shown that consideration of oil product combustion processes in a tank is currently an actual direction of
science development.

Keywords: oil tank; hazard; fire safety; hazardous production facilities; analytical analysis; cost
avoidance.

Introduction. Oil and oil products produced in Kazakhstan are refined, processed and
stored in tank farms. The state register of hazardous production facilities contains information on
thousands of oil depots and storage facilities for oil and oil products. In accordance with the Law
of the Republic of Kazakhstan dated April 11, 2014 «On Civil Protection» [1] tank farms and oil
storage facilities are classified as hazardous production facilities. The problem of improving
industrial safety of tanks has become more acute due to a number of situations that have arisen in
Kazakhstan under the new economic conditions. Currently, 90% of the tank farms in use have
exceeded their normal service life. Review of emergency situations resulting from an explosion
in the tank and subsequent ignition of oil products in the tank with a free surface, with the
rupture of the tank roof showed that the consideration of combustion processes of oil products in
the tank is currently an urgent direction of scientific development.

Burning of oil products by the free surface of the tank often leads to irreversible
consequences. The study of the combustion process has an important scientific and applied
significance related to the problems of fire extinguishing, oil spills in tank accidents.

Currently, the theoretical analysis of oil products combustion uses various approaches
based on some modeling ideas about the combustion mechanism as a complex phenomenon.
Detailed information on the regularities of the combustion process can be obtained by numerical
solution of systems of equations for liquid and gaseous reactants. At the same time, in the study
of turbulent combustion of petroleum products there are difficulties of physical nature, which are
due to the establishment of turbulent exchange coefficients in the free convective flow of
reactive gas of variable density.

In this connection, it is especially important to develop approximate analytical methods
for calculating the combustion of petroleum products, which make it possible to establish the
main characteristics of the combustion process. Considering that the solution of the problem of
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predicting the conditions and consequences of tank fires is related to the preservation of human
life and reduction of material damage, it is highly relevant.

In order to isolate tank fires to avoid material damage and human casualties, it is
recommended to develop the following analytical methods for calculating the combustion of
petroleum products with the free surface of the tank:

1. Assessment of the technical condition of tank farms, as well as analysis of statistical
data on tank accidents, their area, features and consequences.

2. Investigation of the basics of oil products combustion with the free surface of the tank.
Development of analytical methods to establish the main characteristics of the oil products
combustion process.

3. Study of the main characteristics of the combustion process in connection with the
structural and technological parameters of the tank.

Research materials and methods: Brief review of fire safety in the operation of oil
product storage tanks in oil depots and oil warehouses. According to the state register of
hazardous production facilities, there is information about thousands of oil depots and oil and oil
products storage facilities. Of these, there are more than 50 facilities, for which the legislation in
the field of industrial safety establishes mandatory development of industrial safety declaration.
Ensuring industrial safety of hazardous production facilities suggests using the procedure of
accident risk analysis to justify and make effective management decisions based on the most
«dangerous places» identified in the technological system of the facility.

When assessing the scale of possible technogenic threats in the controlled facility, the
following main accident development scenarios were established:

- the most dangerous - complete destruction of a surface tank with oil with spreading of
oil vapor cloud, fire, explosion, fire spill; explosion of oil vapor in the ATB tunnel (length 3.5
km, diameter 5 m);

- the most probable - partial failure of the pump unit; local leakage from process
equipment, wells. In case of accidents under these scenarios a fire due to ignition and oil
(petroleum product) spillage is possible.

The main damaging factors of these accidents are: thermal radiation, impact of shock
wave, getting into open flame, damage by splinters. When assessing the zones of possible
damage (destruction):

- Methodology for assessing the consequences of accidental explosions of fuel-air
mixtures - to determine the damage zones during combustion and explosion of fuel-air mixture
clouds [2];

- Guidelines for Industrial Risk Assessment;

- Calculation of heavy gas dispersion to determine the mass of the substance involved in
combustion (explosion);

-GOST 12.3.047-98. «Fire safety of technological processes. General requirements.
Methods of control» - to determine the zones of thermal radiation damage during spill
combustion [3].

In accidents with particularly severe consequences, the damage (destruction) zones may
reach several hundred meters; in case of fire, the size of hazardous zones is limited to several
tens of meters from the edge of the spill. In case of foreseen emergencies there is a breakdown of
neighboring equipment, which can lead to further destruction of the accident. Accordingly, this
condition may increase the area of affected areas. The occurrence of fires and explosions at oil
storage facilities depends on many conditions related to the properties of oil products, production
organization and external conditions [4, 5, 6]. Its main causes are:

- use of open flames during repair and inspection of equipment;

- use of leaky lighting devices and fittings;

- faulty electrical wiring;

- gas discharges;

- spontaneous combustion of combustible substances;
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- electrification of fuel.

A special danger during operation of tanks, pipelines is electrification of fuel, which can
cause fire. Petroleum products are dielectrics, i.e. conductors of electricity. When rubbing them
on another dielectric or conductor static electric charges arise. The petroleum products are
negatively charged, while the metal bonded to them will be positively charged. The higher the
potential difference, the higher the danger of discharges (electric sparks), which may cause an
explosion or fire.

When oil is stored under operational conditions, the fuel is electrified:

- pumping through hoses and pipes;

- passing through filters;

- jet impact on hard surfaces;

- splashing in the air when falling from a height.

The largest charges of static electricity are generated, which are dug out of rubber and
rubberized hoses. The potential value can reach tens of thousands of volts. Dangerous charges
are formed when pumping petroleum products in pumps, pipelines and valves. To avoid static
electricity discharges it is necessary to ground all tanks, pipelines, injection units, hoses and
other equipment related to storage, pumping and transportation of petroleum products. The
greatest danger is the filling of tanks, automobile and railroad tanks with a filling hose with 1 m
or more from the bottom of the container. In all cases, the filling of containers must be carried
out under the product layer. Fire hazard for different petroleum products is not the same. It is
characterized by ignition and temperature limits of ignition, vapor concentration in the air and
the tendency of petroleum products to accumulate static electrical charges.

Results and their discussion. Current state of tanks at oil depots and oil storage
facilities. Currently in Kazakhstan and CIS countries more than 40 thousand vertical and
horizontal cylindrical tanks with capacity from 100 to 50000 m for storage of oil, oil products
and aggressive chemicals are functioning [7]. Almost each of them is a hazardous object for the
employees of the enterprise and the environment. Over the last 30 years in Kazakhstan several
dozens of reservoirs have been destroyed with fires and sometimes human casualties.

In Table 1. the data of the analysis of the causes of accidents are given on the example of
65 accidents with tanks for oil and oil products, as well as with other tanks during the given year)
[8].

Table 1 — Data for analyzing the causes of accidents

Ne Causes of accidents %
(1]
1 Metal brittleness 63,1
Explosion and fire 12,3
3 Corrosion wear of metal 7,7
4 Settlement of the tank base 4,6
5 Hurricane wind 1,5
6 Other causes 10,8
Total 100

The degree of danger (responsibility) of tanks is taken into account by special
requirements to materials, scope of control during design and is specified in the working
documentation, as well as determined by the reliability coefficient for the purpose of calculation.
Such classification of tanks reflects the degree of hazard of tank disasters to the public and the
environment [8, 9].

Especially relevant are the issues related to the inspection of operating tanks based on
effective methods of technical diagnostics. Based on risk assessment, diagnostics provides a
significant increase in the reliability of the equipment in use, including tanks, reducing the
number of failures and reducing the time spent on their regular inspection and maintenance [10].
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The levels of risk associated with different tanks are not the same, so risk-based
monitoring concentrates efforts to diagnose and maintain tanks with higher risk and possible
consequences. For each tank diagnosed, a risk matrix is calculated and constructed with respect
to the defects it contains.

The main objectives of risk-based diagnostics are:

* focusing on identifying and mitigating business and safety risks;

* achieving a high availability factor by taking tanks out of service only to perform the
most necessary inspection programs;

* improving safety by preventing hazards associated with preparing tanks for inspection.

At present, new design solutions are offered by refiners, by means of which the
technology of storage and transportation of petroleum products after preparation or overhaul is
changed in the direction of reduction of product evaporation, acceleration of transportation,
elimination of «funnel formation», removal of «dead» sediments, which leads to an increase in
tank operation. At the same time, its convenience in use is ensured and a significant economic
effect per 1m3 of stored product is achieved [9].

Recently, a considerable amount of theoretical studies of the combustion process related
to the problems of fire extinguishing, chemical technology, development of effective methods of
oil recovery enhancement have been carried out. Based on the results of these studies, many
issues related to combustion under conditions of natural and forced convection have been
considered. A quasi-dimensional model is used to describe free convective combustion of a
liquid. On the basis of this model, a number of important questions of fluid combustion theory
have been solved.

A brief review of the state of the theory of combustion of oil products with a free surface
shows that a large number of works have been carried out on the experimental study of the
characteristics of the processes, their dependence on various factors. Methods of mathematical
description of this phenomenon have been developed, which allow, on the basis of numerical
integration of the system of transport equations, to obtain information about the nature of the
process, about the dependence of characteristics on various parameters. In addition, approximate
analytical methods are important, allowing to calculate with sufficient accuracy the main
characteristics of the process for technical applications.

Experimental study of the occurrence of hazardous risk factors of accidents with
horizontal tanks. Petroleum products are flammable substances. Careless handling of fire, sparks
from impact or electrical discharges of metal objects can cause them to explode or catch fire.
Fires result in large losses of petroleum products, damage to structures and equipment. However,
the degree of fire hazard is not the same for different petroleum products. It is characterized by
temperature limits of ignition, vapor concentration in the air, and the propensity of petroleum
products to accumulate static electric charges [11].

Characterization of explosion and fire hazardous properties of petroleum products [12]:

- ignition temperature;

- auto-ignition temperature;

- ignition zone (temperature and concentration limits of explosion hazard).

Ignition temperature is the lowest temperature of a substance (under standard test
conditions) at which vapors or gases are formed from ignition sources on Earth that are capable
of igniting in air, but the rate of vapor or gas formation is insufficient for prolonged combustion.
Depending on the method of detection, a distinction is made between flash point in a closed
crucible and flash point in an open crucible.

The flash point allows the assessment of the temperature conditions under which a
substance ignites. This is important for classifying petroleum products and other combustibles by
fire hazard. Flash point is the temperature at which a liquid (flammable substance) heated under
normal conditions ignites when a flame falls on it and burns for at least 5 seconds. This
temperature is a few degrees above the flash point.
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Self-ignition temperature is the lowest temperature at which a substance can ignite
without an open flame under standard conditions. Ignition occurs as a result of an increase in the
rate of exothermic oxidation reactions of combustible vapors (or other oxidizing agent) in air,
culminating in the formation of a flame. The ignition temperature is considered in the following
cases:

- classification of gases and vapors of flammable liquids into explosion hazard groups;

- selection of the type of electrical equipment;

- determining the temperature limits of safe use of a substance when it is heated to a high
temperature;

- when investigating the causes of fire.

Liquids with a low flash point have a higher ignition rate than liquids with a high flash
point. This is due to the different mechanisms of the flame propagation process.

With an ignition source (flame) in a closed crucible, only a minimum concentration of
combustible vapors capable of burning in air, the pre-formed front of the flame and most rapidly
formed in volatile liquids (gasoline) is required for its propagation.

In the case of ignition of liquids from hot surfaces, critical conditions of ignition and
flame propagation are more rapidly created in heavy hydrocarbons, which are thermally less
resistant to the processes of AUTO-catalytic oxidizer decomposition. For this reason, heavy
hydrocarbons self-ignite at lower temperatures than light thermally stable gasoline hydrocarbons.
The ignition zone of gases (vapors) in air is characterized by the limits within which a mixture of
gases (vapors) with air is capable of ignition from an external ignition source with subsequent
flame propagation. The limits of the ignition zone are often expressed in terms of the volume
percentage of the combustible substance in the mixture with air - concentration limits of ignition
or temperature limits of ignition (explosion). Explosion concentration limits are expressed as the
concentration of a combustible substance in a mixture with air; in given cases, no flame spreads
through the mixture.

As indicated below, the concept of «explosion hazard» and «flame propagation» are used
to describe the same process - rhenium - and differ only in the speed of the process.

Lower explosive concentration limit of combustible gases of substances is the minimum
concentration of a substance in air at atmospheric pressure at which the mixture can be ignited
by an external ignition source, after which the flame spreads throughout the entire volume of the
mixture with an accompanying explosion. The upper explosive concentration limit of
combustible gases is the maximum concentration of a substance in air at atmospheric pressure at
which the mixture loses its ability to be ignited by an external ignition source and the flame can
then spread.

A concentration of gas or vapor in air (inside a process apparatus) not exceeding 50% of
the lower explosive limit or exceeding 50% of the upper explosive limit is considered explosive.
Temperature limits of explosiveness are expressed by the temperature of the combustible
substance, under given conditions saturated vapor of the state air (maximum possible vapor
pressure of the liquid at a given temperature) is not ignited in a mixture with air.

Explosives are substances capable of exploding under the action of a powerful beginning.
Explosive transformation is a process of rapid physical or chemical transformation accompanied
by the conversion of potential chemical energy into thermal energy, which is converted into
mechanical work of the resulting gases. The ability to explosive transformation is determined by
their exothermic, high degree and rate of gassing.

Petroleum products are not explosives. They are not detonated by the detonator capsule
under the action of a shock wave and friction. However, when mixing vapors with air, the
formation of explosive, fire hazardous mixtures is possible, ignition and combustion of which,
especially in a closed volume, is explosive in terms of the rate of flame propagation and
pressure. The greatest evaporation is observed in gasoline with the highest vapor flow and the
highest evaporation, which is ten times higher than in diesel fuel. Special attention should be
given to control the losses due to evaporation of gasoline.
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Experimental study is carried out in order to reveal the facts of horizontal tanks danger
(actual evaporation of petroleum products from «big breath» and «back out») (Figure 1 - 4).
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a) dependence of the process characteristics on the substrate boiling temperature;
b) dependence of the process characteristics on the thickness of the liquid layer
1- combustion velocity; 2- flame front coordinate; 3- f parameter
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Figure 2 — Variation of flame temperature, free surface temperature and vapor concentration
during combustion of a layer of finite thickness:
23=0.138 w/m*k; 1-®3=1.1; 2- ®3 = 0.933
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Figure 3 — Dependence of the liquid layer combustion rate on time
23=0.138 (1,3); 10-2 (2); 102 (4) W/(m*Kk),

17



o=1,1 (1); 0,933 (2-4), U2ST is the steady-state combustion rate
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Figure 4 — Dependence of the layer combustion time on the parameter 3
1- unsteady calculation; 2- stationary combustion

Conclusion. This paper has considered the issues of fire safety in the operation of oil and
petroleum products storage tanks. In order to timely isolate fires in tanks to reduce material
damage and human casualties, the development of analytical methods for calculating the
combustion of oil products with the free surface of the tank is proposed.

According to the results of the analysis of accident rate in tank farms it is established that
the most dangerous scenario of emergency situation development is the tank rupture with roof
rupture and subsequent ignition of oil product (12.3% of the total number of accidents in the
tank). The theoretical bases of stationary combustion of oil products with empty surface of tanks
were analyzed and an analytical method for determining the characteristics of the oil products
combustion process was developed, which allows increasing the reliability of fire development
forecasting by 30%.

The dependence of the main characteristics of the combustion process on the structural
and technological parameters of tanks has been obtained. It is established that the increase in
tank diameter by 0.2 m leads to a 2.5-fold decrease in combustion rate and a 1.2-fold increase in
flame height. A mathematical model of oil product burnout on a heat-conducting substrate is
developed. It is shown that at known thermal conductivity of the substrate and certain critical
values of the free surface and flame temperature there cannot be a constant combustion mode,
which leads to damping of the combustion process. Taking into account that the solution of the
problem of predicting the conditions and consequences of fires in tanks is related to the
preservation of human lives and reduction of material damage, it is very relevant [13-15].

In addition, the technical condition of tank farms has been assessed, and statistical data
on tank accidents, their scale, features and consequences have been analyzed. The fundamentals
of stationary combustion of petroleum products with a free surface of the tank have been
investigated and analytical methods have been developed to determine the main characteristics
of the petroleum products combustion process. According to the results of statistical review the
tank farm is recognized as the most fire and explosion hazardous object of the transshipment oil
depot (TDP). Possible causes and nature of emergencies were identified. To improve the
reliability of fire development prediction, the most important characteristics of the combustion
process were identified. Their dependence on technological and structural parameters of the tank
was investigated. To estimate the attenuation of the combustion process, the dependence of the
change in the combustion rate in tanks with empty surface during the combustion of a layer of oil
products was obtained.
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AJIABIH AJIY MEH HIBIFBIHJAAPABI ASAUTY TOCIJIAEPIH TAJIJAY

Monuka Kyaum, PhD, notienT
Jobnun mexnonozuanvix ynusepcumemi, Jlroonun, Ilonvwa

Anparna. byn Makanana MyHail jkoHe MyHail ©HIMJIEpIH cakTayra apHaJIFaH pe3epByapIap/bl
naijanany Ke3iHAeri epT Kayilci3iri Maceneiepi KapacThIPbUIBIN, OpTKE OaiaHbICThI NIBIFBIHIAP/bI
OonapipMay OKoJNapbl  TajnjaHanel. KaszakcraHga eHIIpUISTIH MyHall JkoHE MyHail eHimjepi
pe3epBYapIbIK MapKTep/ie MaHbIHIANBIN, OHIEIII jKoHe cakTanaabl. KayinTi eHmipicTiKk 00BeKTiIepaiH
MEMJICKETTIK TI3UTIMIH/AEe MBIHJaFaH MYHail Oa3aiapel MEH MyHall jKoHE MyHail OHIMJIEpIH cakray
OPBIHAAPHI TYPATbI MOJIIMETTEP TipPKEJTeH.

Kazipri yakpiTTa MyHall ©HIMIIEPiHIH >KaHYBIH TEOPHSIIBIK TYPFBIJIAH Tallay XaHy MEXaHU3MiH
KYpJien KYOBUIBIC PETiH/Ie CUNATTaWTBIH OPTYPIi MOJAETBIIK Tacinaepre Herizneneni. XKaHy mpoueciHig
3aHIBUTBIKTApEl TYpajibl TOJIBIK aKMapaT CYWBIK JKOHE Ta3 Topi3ji peareHTTepre apHalFaH TeHJCYJep
JKYHECIH CaHIBIK ILIeNly apKbuibl anbiHaibl. COHABIKTaH JKaHy MpPOLECIHIH HErisri cumarTaManapbiH
aHBIKTayFa MYMKIHJIIK OepeTiH MyHall eHIM/IEpiHIH XKaHYBIH €CeNTey/iH KYbIK aHAJTUTHKAIBIK SJiCTepiH
93ipJiey MaHbI3 bl OOJBIN TA0bLIA b,

Kazakcranmarbl jkaHa DKOHOMHUKAIBIK JKarjaiyiapaa oOpbIH aiFaH Oipkarap OKWFaiapra
OaiiyaHbBICTBI pe3epByapiapAblH OHEPKACINTIK Kayilci3AiriH apTTelpy Maceneci e3exTene Tycti. Kasipri
KOJIIAaHBICTaFbl pe3epByapiiblK mapkrepaid 90%-bI HOPMATHUBTIK KBI3MET MEP3IMIHEH achlll KETKEH.
PesepByapaarsl KapbuIbIc TIEH OJIaH KEWIHTI KaHy CaylJlapblHaH TYbIHJAFaH aBapHsUIBIK JKaFIaiimapipl
Tangay MyHail eHIMEPiHiH jKaHy OPOLECTEPiH 3epPTTeY FHUIBIMHBIH MaHBI3Ibl OAaFbITTAPBIHBIH Oipi O0JIBII
OTBIPFaHbIH KOPCETTI.

Tipek ce3mep: MyHail pe3epByaphl; Kayill; epT KayilCi3airi; Kayinrti eHAIpicTiK 0O0beKTiiep;
AHATMTHKAJIBIK TaJJay; MIBIFBIHAAP.IBI OOJIBIPMAY.
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IHOXKAPHAS BE3OIIACHOCTbD PE3EPBYAPOB JIU/ISA HE@OTU U
HE®TENIPOAYKTOB U AHAJIN3 CIIOCOBOB IIPEJJOTBPAIIEHUSA 3ATPAT

Monnka Kyaum, PhD, nouient
Jlobnunckuil mexnonoeuueckuu ynusepcumem, Jlroonun, Ilonvwa

AnHoTtanusi. B nanHO#i paboTe paccMOTpeHBI BOMPOCH MOKAPHON OE30MACHOCTH TPH AKCIUTyaTalluu
pe3epByapoB i XpaHeHHS He(TH © HedTeHpOmyKTOB, a TaKKe NPOBEAEH aHaIW3 CIOCOO0OB
NpeJOTBpAIlIEHUs] 3aTpaT, CBS3aHHBIX ¢ ToXapamu. HedTb M HeTENpoOAyKTHI, MPOU3BOANMBIEC B
KazaxcraHe, MmOArOTaBIMBAIOTCS, IMepepadaThIBAIOTCS W XpaHATCA B pe3epByapHBIX Mapkax. B
roCyJapCTBEHHOM PEECTpe OMAacCHBIX MPOU3BOJICTBEHHBIX OOBEKTOB COAEPXKATCSA CBEACHUS O ThICAIAX
HedTeOa3 1 00bEKTOB XpaHeHUs! HeYTH U HEPTENPOTYKTOB.

B HacTosiee Bpemsi TeOpeTHUYECKHI aHaM3 TOPEHHUs HEePTEPOAYKTOB HUCIONb3YET pa3iuvHbIe
MIOJXO0/bl, OCHOBAaHHBIE HA MOJEJbHBIX IIPEICTABICHUIX O MEXaHU3ME FOPEHUs KaK CI0KHOTO Ipolecca.
[Honpobuyro nHPOPMALMIO O 3aKOHOMEPHOCTSIX TOPEHHUSI MOXKHO MOIYYHUTh IIyTEM YHCIEHHOTO PELICHUS
CHCTEM YpaBHEHHH ISl )KUAKHX M ra3000pa3HbIX peareHTOB. B CBI3M ¢ 3THM Ba)KHOE 3HAYCHUE MMEET
pa3paboTKa NpUONMKEHHBIX AHATUTUYECKUX METOOB pacuéTa ropeHusl HehTeNpOoayKTOB, O3BOJISIOLINX
OIIpeIeNIATh OCHOBHBIE XapaKTEepUCTUKHU MpoLecca.

[Ipobnema MOBBIIEHUS] MPOMBIIIJICHHOW O€30MacHOCTH pe3epByapoB 00OCTPUIIACH B CBSI3U C
pSAAOM cUTyalui, BO3HUKIINX B KazaxcTaHe B yCIOBHAX HOBBIX SKOHOMHYECKHUX peanuil. B Hacrosiee
BpeMs 90% 3KCIUTyaTUpyeMbIX pe3epBYapHbIX MAapKOB IMPEBBICHIIM HOPMATUBHBIN CPOK CIIy>KObI. AHANN3
aBapuUUHBIX CHUTyallnd, BO3HHMKIIUX BCIICJACTBUE B3pbIBA pe3epByapa M MOCIEIYIOIMEr0 BO3TOPaHUS
HEPTEMPOAYKTA C Pa3phIBOM KPBIIIH, TOKA3BIBACT, YTO N3yUEHHE MPOIIECCOB FOPEeHUs] HEQTENPOIYKTOB B
pe3epByapax sIBISETCS aKTyaJIbHBIM HaIllPaBJICHUEM Hay4YHbIX UCCIIEIOBAHHM.

KiroueBble cioBa: HedTSHOM pe3epByap; ONACHOCTh; IOXKapHas OE30MIaCHOCTDH; OIACHBIC
MPOU3BOJICTBEHHBIE OOBEKTHI; aHATMTUYCCKUN aHAIN3; TPEJOTBpAIICHUE 3aTpaT.
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