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The article is dedicated to the analysis and mathematical modeling of the combustion process of three-
fuel mixtures consisting of conventional diesel fuel, biodiesel (for example, based on rapeseed oil or waste),
and bioethanol in diesel internal combustion engines. In the context of global environmental challenges, such
as reducing harmful emissions and depleting fossil fuel resources, the authors examine the potential of these
mixtures to improve engine efficiency and reduce dependence on imported oil. In particular, optimal
component proportions are discussed, for example, 70% diesel fuel, 20-25% biodiesel, and 5-10% bioethanol,
which allow achieving a balance between performance, economy, and environmental friendliness. Studies
show that such mixtures can reduce soot emissions by 15-20%, nitrogen oxides by 25-30%, and carbon dioxide
by 10-15%, depending on engine operating modes and specific physical properties of the fuel.

The work provides an overview of key experimental and theoretical studies conducted from 2008 to
2024. In particular, data from Romanian scientists at the Transilvania University of Cluj-Napoca are
analyzed, who studied the physical characteristics of mixtures, such as density (0.841-0.852 kg/dm3), viscosity
(2.756 mmz/s for the B25M70E5 mixture), and surface tension (up to 0.03465 N/m), as well as their impact on
fuel atomization in injectors. Experiments using high-speed cameras confirmed that biodiesel additives
increase the spray angle (up to 0.055 rad), while bioethanol accelerates evaporation due to its lower boiling
point. In addition, the article references models from the journal Processes (2022), where a combined kinetic
mechanism with 430 reactions was developed for simulating oxidation and emission formation, demonstrating
a decrease in cylinder pressure by 4.31% and temperature by 1.23% with increasing ethanol content.

The mathematical apparatus of modeling is based on conservation equations for mass, momentum,
energy, and species, taking into account turbulence (k-¢ and k--<f models), atomization (KIVA 3V),
evaporation, and chemical reactions. Adapted thermodynamic models are described, such as the Wiebe
function for the heat release curve (x = 1 - exp(C ¢"{m+1})), with division into ignition and diffusion
combustion phases, as well as gas dynamics equations for predicting parameters such as BSFC (with an error
of about 1.12%). Simulations in AVL-Fire software and CFD tools confirm an increase in heat release rate
due to prolonged ignition delay, but also highlight risks, such as deteriorated mixing at low loads.

The modeling results demonstrate practical value: for BE10-BE20 mixtures, BSFC increases by 18.64%,
but BTE by 2.09%, with significant reductions in NOx emissions (by 29.32%), CO (by 39.57%), and soot (by
15.95%). The authors emphasize that three-fuel mixtures are suitable for implementation in agricultural machinery
and transport without significant engine modifications, but recommend additional tests for material durability due
to the possible impact of bioethanol on elastomers. Overall, the article contributes to the development of sustainable
energy technologies, offering tools for optimizing fuel systems and reducing environmental impact.

Key words: hree-fuel mixtures, biodiesel, bioethanol, diesel engine, mathematical modeling, CFD,
emissions, combustion efficiency.

Eq. 4. Fig. 3. Ref. 10.

1. Problem formulation

The modern development of road transport and energy is closely related to environmental challenges
such as global warming, air pollution by harmful emissions and the rapid depletion of fossil fuel reserves. Diesel
engines, which are widely used in freight transport, agricultural machinery and generators, are a significant source
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of nitrogen oxides (NOX), soot, carbon dioxide (CO) and other pollutants. According to numerous studies,
traditional diesel fuel contributes to the growth of greenhouse gases, which forces the search for alternative
solutions to reduce dependence on oil and improve environmental performance.

One promising direction is the transition to biofuels, in particular biodiesel (produced from vegetable
oils or waste) and bioethanol. Biodiesel has a higher cetane number and contains oxygen, which contributes to
more complete combustion, but its high viscosity and density worsen fuel atomization, lead to incomplete mixing
and increased emissions at certain modes. Bioethanol, on the contrary, reduces the viscosity of the mixture,
accelerates evaporation and lengthens the ignition delay, which can reduce soot and NOx , but reduces the energy
value of the fuel and complicates the stability of the mixture.

Three-fuel (ternary) blends based on diesel, biodiesel and bioethanol allow combining the advantages of
the components: achieving a reduction in soot emissions by 15-30%, NOx by 20-40% and improving engine
efficiency without significant modifications. However, the implementation of such blends faces a humber of
problems. The physicochemical properties (density, viscosity, surface tension, boiling point) are significantly
different from pure diesel, which affects the processes of injection, droplet atomization, evaporation, mixing with
air and combustion itself. For example, bioethanol additives can lead to phase separation of the mixture, corrosion
of fuel system elements or deterioration of cold start.

Experimental studies of such mixtures require significant resources, time and expensive equipment, and
the results depend on specific conditions (load, temperature, injection pressure). In addition, accurate prediction
of combustion processes is complicated by nonlinear interactions: turbulence, chemical reactions (hundreds of
species and thousands of reactions) and emission formation. Existing models for binary mixtures (diesel-biodiesel
or diesel-ethanol) are often not accurate enough for ternary mixtures, especially when the temperature or
proportions of the components change. As noted in the 2024 study, mathematical models for predicting the
density of ternary mixtures at variable temperatures are still limited and less accurate.

Thus, the current problem is the development of adequate mathematical models of the combustion
process of three-fuel mixtures in a diesel engine, which would take into account the influence of fuel composition
on thermodynamic, hydrodynamic and kinetic processes. Such models will allow optimizing the proportions of
components, predicting efficiency, emissions and engine durability, contributing to the implementation of
sustainable biofuels in practice.

2. Analysis of recent research and publications

Many works are devoted to experiments and modeling of two- or three-component fuels. For example,
in a 2008 Romanian study, scientists from the Transylvania University in Cluj-Napoca studied the replacement
of diesel with biodiesel-diesel-bioethanol blends. They prepared ten variants of the blends, such as B 25 M 70
E 5 (25% biodiesel, 70% diesel, 5% bioethanol), and measured the physical properties: density 0.841-0.852
kg/dms3, kinematic viscosity 2.756 mmz/s for B 25 M 70 E 5 (compared to 2.485 mm2/s for pure diesel ), surface
tension up to 0.03465 N/m. These data are important for modeling, as they affect fuel atomization. Benchtop
injector experiments showed that blends with higher biodiesel content had a larger spray angle (0.055 rad),
and bioethanol accelerated evaporation. Theoretical calculations were validated using photographs of fuel
spurts, with an accuracy of 90%.

Another study, published in 2022 in the journal Processes, focuses on a high-speed diesel engine with
ethanol additives to biodiesel (from 5% to 20%). The authors developed a combined kinetic mechanism with
430 reactions and 122 species, combining the biodiesel mechanism (methyl decanoate, methyl-9-decanoate, n
-heptane) with the ethanol one. This allowed them to simulate oxidation and emission formation. Results: with
increasing ethanol, the cylinder pressure drops by 4.31%, the temperature by 1.23%, but the heat release rate
increases due to the extended ignition delay.

2013 IntechOpen book describes the simulation of biofuels using CFD (computational fluid
dynamics). The authors propose thermodynamic models, such as the Wiebe model for the heat release curve:
x=1-exp (C ¢ {m+1}), where ¢ is the relative duration, m is the combustion index (0-0.7 for diesel). For
biofuels, a model with two curves was adapted: for ignition and diffusion combustion, taking into account the
oxygen content, which intensifies diffusion. This is relevant for three-fuel mixtures, because biodiesel and
ethanol change the diameter of the droplets (increases by 1.5-2 times) and the mixing process.

Another model from 2024 in the journal Combustion Engines proposes an integration of the gas
dynamics equations with k-g turbulence for biodiesel. Continuity equation: dp/ot + V -(pu) = 0; energy:
d(pe)/ot +V -(pue) = -p V -u + other terms. The model was tested on blends up to 45% biodiesel, with a BSFC
error of about 1.12%.
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3. The purpose of the article

The purpose of this article is a systematic analysis of modern approaches to mathematical modeling of
the combustion process of three-fuel mixtures (diesel fuel - biodiesel - bioethanol) in diesel internal combustion
engines with an emphasis on achieving a balance between engine efficiency, economic performance and
environmental characteristics. In particular, the task is to summarize the results of key

4, Results and discussion

Mathematical modeling of the combustion process in diesel engines, especially when it comes to
alternative fuel blends, is a complex task that requires taking into account many physical and chemical
phenomena. In the case of three-fuel blends consisting of diesel fuel, biodiesel (e.g. based on fatty acid methyl
esters from vegetable oils or waste) and bioethanol, the models have to adapt to the changed properties of the
fuel, such as density, viscosity, oxygen content, boiling point and cetane number. These properties directly
affect the processes of injection, droplet atomization, evaporation, mixing with air, ignition and combustion
itself. The basis of any model are the fundamental equations of conservation of mass, momentum, energy and
components (species), which are solved within the framework of computational fluid dynamics (CFD) or
guasi-dimensional approaches. Such models allow the prediction of engine parameters such as cylinder
pressure, temperature, heat release rate, specific fuel consumption (BSFC), thermal efficiency (BTE), and
emission levels, without the need for expensive experiments at each stage.

In practice, for three-fuel mixtures, quasi-dimensional models that simplify the cylinder geometry to
zones (for example, a model with two zones: a combustion zone and a fresh charge zone) or full-fledged three-
dimensional CFD models in software packages such as AVL-Fire, ANSYS Fluent, CONVERGE or KIVA are
often used. Quasi-dimensional models are usually faster to calculate and are suitable for initial optimization,
while CFD provides detailed analysis of the spatial distribution of flows, turbulence and reactions.

Let's take a closer look at the key components of the simulation. The mass conservation equation in
CFD form looks like:

dp/ot + V- (pu) = 0, @
where p is the density, t is the time, and u is the velocity vector.
For impulse:
d(pw)/ot + V-(puu) = =Vp + V-1 + pg + Sm, (2)

where p is the pressure, 7 is the stress tensor, g is the gravitational acceleration, Sm is the source terms
from energy dissipation or reactions:
0(pE)/ot + V- (u(pE + p)) = V-(kVT — YhjJj + T-u) + Sh, (3)
with E as total energy, k - thermal conductivity, T - temperature, hj - enthalpy of species j, Jj - diffusion
flux, Sh — source from combustion.
For components (types):
d(pYi)/ot + V-(puYi) = V-(pDiVYi) + wi, 4)
where Yi is the mass fraction of species i, Di is the diffusion coefficient, wi is the rate of
formation/destruction in reactions.
In models for ethanol-biodiesel blends, such as AVL-Fire, these equations are adapted for multiphase
flows. Mass equation:

dp/ot + d(pu_x)/ox + d(puy)/dy + d(puz)/dz = 0. )
For momentum in the x-direction:
d(pux)/ot + V-(puxu) = V- (uVux) — dp/0x + Smx, (6)
with similar ones for y and z.
Energy:
o(pT)/ot+V -(puT)=V -((k/cp) VT) + Shicp, (7)
where cp is the heat capacity. Components:
d(pYm)/ot + V-(pu¥Ym) = V- (DmV(pYm)) + Sm. (8)

Similar equations are used in ANSYS Fluent for binary mixtures, where the eddy-dissipation model is
used for combustion: the reaction rate is limited by turbulent mixing, with the equation for a typical biodiesel
reaction:

C17H3402 + 24.502 — 17C02 + 17H20. 9)

Turbulence is a critical factor, as the flows in a diesel engine are chaotic. Often, k- models (turbulence
kinetic energy k and dissipation rate €) or its variants, such as RNG k-¢ in CONVERGE, are used:

d(pk)/ot + V-(puk) =V -((u + u_t/ck)Vk) + Pk — pe + Sk, (10)
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and similarly for € with constants Cle, C2¢. In AVL-Fire, a four-equation k-C-f model is used for three-
fuel mixtures:

v t=Culk"2 /¢, (11)
where ( is the velocity scale, fis the elliptic relaxation function. This improves the prediction near the walls.
For injection and spraying in biodiesel-diesel-ethanol mixtures, KIVA 3V is used, which models the
Lagrangian-Eulerian approach: fuel droplets as discrete particles, gas as a continuum. The injection velocity
depends on the pressure: ~11.34 m/s at 300 bar, with a Sauter mean diameter (SMD) of ~0.056 cm. At 1200 bar,
the SMD decreases to 0.041 cm due to better decomposition. Bioethanol accelerates evaporation due to its
lower boiling point (78°C vs. 150-350°C for diesel). In the KH-RT model (Kelvin-Helmholtz-Rayleigh-
Taylor), the decomposition time is T =3.7 Cy rw / (A Q), where rw is the droplet radius, A is the wavelength,
and Q is the frequency. In CONVERGE for biodiesel blends, the Frossling evaporation model: the evaporation
rate is proportional to the difference in partial pressures.
The heat release model for biofuels is often based on the Wiebe function:
x=1-exp(-a (p/pz) ™), (12)
where x is the fraction of the burned fuel, ¢ is the crankshaft rotation angle, a, m are the parameters.
For a diesel engine, it is divided into two phases: ignition (dx/de)I = A (1 - x) (¢/eD)*{ml}, diffusion (dx/de)II
=C (1-x)& ™ where &v is the efficiency of air use, depending on the excess air and turbulence. The
parameters are adapted: for biofuels m_I = 0-0.7, with Ku =y KuT for evaporation, where vy is a coefficient of
properties.
Chemical reactions are modeled by detailed mechanisms: the rate of the species:
wk =Y uk (v' -v") Aj T ¥exp(-Ej / RT) [T /Xi] ™, (13)
where uk is the stoichiometry, Aj is the pre-exponential factor, Ej is the activation energy, R is the gas
constant, T is the temperature, Xi is the concentration. For biodiesel, the mechanisms include 122 species and
430 reactions, combining n-heptane, methyl decanoate and ethanol. Emissions: NOx according to the extended
Zeldovich:
02 220,N2+ 0 =2NO+N,N+02 2NO+O,N+OH =2NO + H, (14)
with rates dependent on T. Soot: Sps = Snuc + Sgrowth - Sox, where Snuc is nucleation, Sgrowth is
growth, Sox is oxidation (Hiroyasu model). In simulations with 20% ethanol, soot drops by 15.95%, NOx by
29.32%.
These models are validated by experiments: BSFC error ~1.12%, pressure ~5%. They help optimize
mixtures to reduce emissions and improve efficiency.

—8— C(lean diesel
Diesel +biodiesel + bioethanol

0.0575 A

0.0550 A

0.0525 A

0.0500

SMD{cm)

0.0475 A

0.0450 ~

0.0425

T T T T T
400 600 800 1000 1200
Injection pressure (bar)

Fig. 1. Dependence of the average droplet diameter on the injection pressure

The abscissa axis shows the injection pressure in bars (from 300 to 1200 bar), and the ordinate axis
shows the SMD value in centimeters. Two curves are presented: one for pure diesel fuel (marked with circles),
which starts at approximately 0.056 cm at 300 bar and gradually decreases to 0.041 cm at 1200 bar; the second
for the three-fuel mixture of diesel-biodiesel-bioethanol (marked with crosses), where the SMD values are
slightly higher throughout the range, from 0.058 cm to 0.043 cm. The curves are nonlinear: the largest decrease
in diameter occurs when moving from low to medium pressures, and then the rate slows down. This is
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explained by the physical processes of atomization: higher pressure increases the fuel exit velocity from the
nozzle, enhances the aerodynamic breakup of droplets according to the Kelvin-Helmholtz and Rayleigh-Taylor
mechanisms, which leads to a finer spray. Bioethanol additives slightly increase the SMD due to lower
viscosity and surface tension, but generally improve evaporation. The smaller droplet diameter contributes to
better mixing with air, more complete combustion and reduced soot emissions.
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Fig. 2. Heat release curve for different fuels

Fig. 2 shows the curves of the heat release rate (HRR) as a function of the crankshaft angle (Crank Angle,
CA) in degrees relative to the top dead center (TDC, 0°). Axes: abscissa — angle from -20° to +50°, ordinate —
HRR in J per degree. The curve for pure diesel fuel has a lower peak — about 60 J/deg, with the maximum shifted
to the right (approximately +5° after TDC), which reflects a typical diffusion combustion profile with a noticeable
ignition delay. The curve for the biodiesel and ethanol mixture is much higher — the peak reaches 140 J/deg closer
to TDC (about 0°), with a wider base. The shape of both curves is close to a Gaussian bell: a sharp rise after
ignition, a peak and a gradual decline. The higher and earlier peak in the mixture occurs due to the extended
ignition delay (due to the lower cetane number of ethanol), which accumulates more fuel for premix combustion,
and the presence of oxygen in the biodiesel, which intensifies the reactions. This results in faster heat release,
higher efficiency at full loads, but can increase noise and engine stress.
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Fig. 3. Pressure versus angle for biodiesel blends

The graph shows the change in cylinder pressure depending on the crankshaft rotation angle. Axes:
abscissa - angle from -20° to +30°, ordinate - pressure in MPa. The curve for diesel fuel starts at 1 MPa on
compression, reaches a peak of 8.11 MPa near TDC and drops to 2 MPa on expansion. For a biodiesel mixture
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(for example, PODL20 or with ethanol), the rise is steeper, the peak is higher - 8.65 MPa, and the decline is
slower. Both curves have a characteristic "hump" on compression due to compression, a sharp jump after
ignition and a smooth decline. The higher pressure in the mixture is explained by more intense heat release
due to oxygen in biodiesel molecules and better premix combustion with ethanol, which increases
thermodynamic efficiency (BTE up to +2%). However, this may reduce the maximum temperature and

pressure in some modes due to the cooling effect of ethanol. Such profiles validate CFD models with energy
and component equations, with a prediction error of up to 5%.

5. Conclusion

The analysis of modern approaches to mathematical modeling of the combustion process of three-fuel
mixtures in diesel engines shows that the combination of traditional diesel fuel with biodiesel and bioethanol
opens up real opportunities for improving the environmental and operational characteristics of internal
combustion engines. Such mixtures, with proportions such as 70% diesel, 20-25% biodiesel and 5-10%
bioethanol, allow achieving a noticeable reduction in emissions of harmful substances: soot by 15-20%,
nitrogen oxides by 25-30%, carbon dioxide by 10-15%, and carbon monoxide by up to 40% compared to pure
diesel. These effects arise due to the synergy of the components - oxygen in biodiesel molecules contributes
to more complete oxidation, and bioethanol extends the ignition delay, which enhances premixed combustion
and reduces soot formation.

In general, tri-fuel blends are suitable for practical use in agricultural machinery and transport without
significant changes in engine design, contributing to reducing dependence on imported oil and meeting
environmental standards. However, full implementation requires additional research into the durability of fuel
system materials due to possible corrosion from ethanol and the stability of blends at low temperatures. Future
developments should focus on more detailed kinetic mechanisms and real-world conditions with variable loads
to maximize the potential of biofuels in sustainable energy.
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MATEMATHUYHE MOJIEJTIOBAHHS ITPOLIECY I'OPTHHS TPHOXITAJIMBHOI CYMIIII B
JAN3EJBbHOMY JIBUT'YHI
Cmamms npucesuena auanizy ma MamemMamuyHoOMy MOOEN08AHHIO NPOYeCy 20PIHHA MPUNATUSHUX
cymiwetl, IKI CKAA0aomuvcs 3 mpaouyilino2o Ou3enbHo20 naused, bioouseis (HanpuKkiao, Ha OCHOBI PinaxKosoi
onii yu 8i0x00i8) ma 6i0emaHoy, 6 OU3CIbHUX OBUSYHAX GHYMPIUHBO20 320PSHHA. Y KOHmeKcmi 21000 bHUX
EKOJIO2IYHUX SUKUKIB, MAKUX SIK 3MEHULeHHS 6UKUOI6 WKIOIUBUX PEHOSUH | BUHEPNAHHSI UKONHUX PecypcCis,
asmopu po3ensaoaroms NOMeHyian yux cymiwetl 015 ni0GUWEHHS eDeKMUBHOCMI 0BUSYHI8 MA 3HUNCEHHS
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3anescHocmi 6i0 imnopmosanoi nagpmu. 3oxpema, 062080pPIOIOMbCI ONMUMATLHI NPONOPYIL KOMNOHEHMNIE,
Hanpukaaod, 70% ousenvnozo nanuea, 20-25% 6ioousens ma 5-10% bioemanony, sAxi 00380aa10Mb docaemu
banaucy midc npoOyKMUGHICIMIO, eKOHOMIYHICINIO MA eKOA02IUHICcmIo. J{OCIi0dCeH s NOKA3YIoMb, WO MAKi
cymiwi moscymsb ckopomumu euxuou caici Ha 15-20%, oxcudie azomy nHa 25-30% ma gyenexuciozo azy Ha
10-15%, 3anearcro 6i0 pesicumie pobomu 0BUSYHA MA KOHKPEMHUX (DI3UUHUX 8IACMUBOCMEN NATUEA.

Y pobomi nasedeno 02150 KIOUOBUX eKCNEPUMEHMANLHUX | MEeOPEeMUYHUX OOCTIONCEHb, NPOBEOEHUX
y nepiod 3 2008 no 2024 poxu. 3oxpema, ananizyromvcsi OaHi PYMYHCOKUX G4eHUX 3 YHuieepcumemy
Tpancinvsanii 6 Knyswc-Hanoyi, siki euguanu ¢izuuni xapakmepucmuxu cymiweu, maxi ax winenicmo (0,841-
0,852 xe/om?), é'asxicms (2,756 mm?/c ona cymiwi B25M70ES5) ma nosepxnesuii namse (0o 0,03465 H/m), a
MAKO0AC iX BNAUB HA POINUNEHHS NAUBA 8 THICeKkmopax. Excnepumenmu 3 6UKOPUCAHHAM BUCOKOUBUOKICHUX
Kamep niomeepounu, ujo 006aexu 6ioousens 30inbuLyioms Kym posnunerts (0o 0,055 pad), mooi sax bioemanon
NPUCKOPIOE BUNAPOBYBAHHSL 3A80AKU HUICUILL memnepamypi kuninus. Kpiv mozo, cmamms nocunaemscs Ha
mooeni 3 ocypuany Processes (2022 pix), de pospobreno kombOinosanuil Kinemuunuti mexanizm 3 430
peaxyismu Oisl CUMYTIAYIT OKUCTIEHHS A YMEOPEHHS GUKUOIB, O 0eMOHCMPYE SHUNCEHHS MUCKY 8 YUNIHODI
na 4,31% ma memnepamypu na 1,23% npu 3pocmanni emicmy emanoiny.

Mamemamuunuti anapam Mmooeno8ants OA3YEMbCS HA PIGHAHHAX 30epPediCenHs MAacu, IMHYIbCY,
eHepeii ma KOMROoHeHmis, 3 ypaxyseanuam mypoyienmuocmi (modeni k-¢ ma k-(-f), posnunenns (KIVA 3V),
B8UNAPOBYBAHHS MA XIMIUHUX pearyiti. Onucyiomoscs a0anmogatni mepmoouHamiumi mooeni, ax Qyuryis Bibe
onst kpusoi mennosudinenna (x = 1 - exp(C p{m+1})), 3 nodinom Ha ¢asu 3ananrosants ma Ou@y3iuHo2o
320pSAHHSL, A MAKOJNC DPIGHAHHA 2030601 OUHAMIKU ONsl NPOSHO3Y6aHHs napamempis, maxkux ax BSFC (3
nomunxoro oauzeko 1,12%). Cumynayii ¢ npoepamuomy sabesneuenni AVL-Fire ma CFD-incmpymenmax
niomeepONCYIOMb 3POCMAHHA WBUOKOCMI MeNnLo8UOINEHH 3a80AKU NOO0BHCEHIL 3ampumMyi 3andi08anHs,
ane maxKodiC 6KA3YVIOMb HA PUSUKY, K NOZIPULEHHS 3MIULYBAHHS HA HUBLKUX HABAHINANCEHHSIX.

Peszynomamu moodeniosanns demoncmpyioms npakmuyny yinnicms. 0na cymiwen BE10-BE20 BSFC
spocmae na 18,64%, ane BTE — na 2,09%, 3 icmomnum 3menutenuam suxkuoie NOx (na 29,32%), CO (ua
39,57%) ma caxci (na 15,95%). Aemopu niokpecnoioms, w0 MPUNAIUEHI cyMiwi npudamui 0A
BNPOBAVINCEHHSL 8 CLIbCLKO2OCNOO0APCHLKIU MeXHIYi ma mpancnopmi 6e3 3HauHux Moougixayii 0sucyHis, aie
PEKOMEHOYIOMb 000AMKO8L MeCmu Ha 008208IYHICIb MAMEPIANIE uepe3 MONICIUGULL 6NIUE DIOeMAaHOy HA
eracmomepu. 3azarom, cmamms CHPUSE PO3GUMKY CIIUKUX MEXHONO02I Yy eHepeemuyi, NPONOHYIOUU
IHCmMpyMeHmu 01 ONMUMI3AYii NATUSHUX CUCEM | 3MEHULEHHS eKOJIO2IUHO20 HABAHMNANCEHHSL.

Knrouoei cnosa: mpunanueni cymiwi, 06ioousensb, 6ioemanon, OU3CIbHUL OBUSYH, MAMEMaAmuyHe
mooemwoganusi, CFD, suxuou, echekmugnicms 320psHHs.

@. 14. Puc. 3. JIim. 7.
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