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Ukraine is one of the energy-deficient countries because it covers its needs in fuel and energy
resources from domestic reserves by only 53% (imports 75% of the required natural gas and 85% of crude oil
and petroleum products). Dependence on oil imports is seen by most developed countries as a matter of
national and energy security, and the use of petroleum products as energy sources poses a significant
environmental risk.

According to the analysis of the state of the world engine industry, the most effective measures to improve the
design of the engine are: development and implementation of a new workflow with effective methods of mixing and
combustion; development and creation of the design of the system of automatic regulation of diesel rotation. frequency
to improve fuel economy And to reduce toxicity in partial load mode, some cylinders are switched off at idle.

To strengthen the requirements for fuel consumption standards and the level of toxicity of exhaust
gases, as well as to increase the reliability and efficiency of agricultural power engines, it is necessary to
formulate measures to improve its design.

The choice of a fuel should be determined by the optimal combination of environmental and economic
performance of the engine. Prospects for the use of a particular fuel of plant origin are noted. If for fuels of
petroleum origin the improvement of its properties is determined by special processing, then oils with the set
characteristics can be received already in "field" by selection of the corresponding grades of plants, use of
fertilizers, agronomic actions, etc.

The problem of reducing the consumption of diesel fuel at idle and low load can be solved by excluding
from its operation part of the cylinders (this method is widely used) and closing the cycle of one cylinder.

A comparative analysis of the main technical and environmental performance of the D-240 diesel
engine when working on traditional and alternative fuels using the computer program Diesel-RK.

Keywords:. diagnostics, engine, indicators, biofuel, D-240, indicator indicators, technical and economic
characteristics
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1. Formulation of the problem

The development and commissioning of new fuels requires theoretical and experimental research to
be able to record the status and environmental performance of a diesel engine when using different fuels.

Experience of practical use of liquid biofuels, such as rapeseed oil (RA), in internal combustion
engines (ICE) shows that the design of ICE does not provide for the use of this type of hydrocarbon fuel, as
biofuels are not designed for this type of fuel combustion plant, and its use causes a number serious operational
problems, such as loss of engine power; inability to start the engine from a cold state; failure of exhaust valves;
reduction of service life of the fuel equipment (fuel pumps (PN) and atomizer sprays); increase of injection
pressure to 25%; violation of the conditions of the organization of the fuel combustion process in the
combustion chamber [1].

Biofuels are aggressive against certain sealing materials, in particular rubber products, paints and
varnishes, as well as certain non-ferrous metals (aluminum, zinc, copper and their alloys). In most cases, this
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phenomenon is caused by imperfection or simplification of the technological process of production of esters
(insufficient removal of catalyst, methanol residues, lack of neutralization of oil, etc.).

In terms of heat of combustion, biofuel is inferior to mineral diesel fuel (37.2 MJ/kg in biofuels against
42.5 MJ/kg in mineral diesel fuel). Therefore, the power of a biofuel engine is reduced by an average of 7%, and
fuel consumption increases by about 5-8%. In addition, biofuels have less resistance to oxidation compared to
diesel fuel, which is especially important for long-term storage of ethers in pure form. Oxidation can lead to an
increase in acid number and viscosity, as well as the formation of harmful compounds (resins) that can block fuel
filters. Excessive acidity may be due to inconsistent quality characteristics of raw materials. Therefore, esters
should not be stored for more than 6 months, otherwise antioxidants should be added to them [2].

The identified operational problems are tried to be solved by giving the biofuel a set of properties that
correspond to the properties of traditional petroleum fuel, adding to its composition various additives and
additives, such as alcohols (methyl, ethyl) and esters (methyl-tert-butyl).

Another way to solve problems with the use of biofuels, namely operational, is to change the design of heat
engines and fuel plants. Design and development of internal combustion engines, gas turbines should be carried out
for a specific type of biofuel, such as rapeseed, colza, burdock or flax. The implementation of measures in this area
has prospects, but their practical implementation requires a long time and significant financial investment [3].

Another area is the combustion of biofuels as part of fuel hydrocarbon mixtures, which include as the
main components 50-70% of petroleum fuels and 30-50% of biofuels; adding to biofuel properties of molecular
structure and structure similar to regular petroleum fuel (jet-cavitation and (or) rotor-pulsation processing).

To calculate the performance and determine the impact of biofuels and their mixtures on the D-240
engine, the program "Diesel-RK" is used.

The D-240 engine (4Ch11/12,5) is installed on the MTZ-80 general-purpose tractor (82) and self-
propelled agricultural machinery [4].

2. Analysis of recent research and publications

All types of promising alternative fuels currently used in internal combustion engines, by type of raw
material can be divided into large groups: petroleum, biomass and even gases of various origins [5].

To date, there are many technologies for producing diesel fuel from biomass as a renewable raw
material.

This issue was addressed by: G.M. Kaletnik, M.G. Sandomirsky, L.P. Wednesday, W.F. Anisimov,
Ya.Yu. White and many others.

Recently, scientific research in the field of rapeseed oil and its products - methyl or ethyl esters - has
become widespread. For example, in Germany, a tractor diesel "Steur WD 408/43" was tested on a mixture of
RO and diesel fuel in equal proportions. After 287 hours of operation, there was ringing of the rings, tarring
of the exhaust channel and a large deposit on the exhaust valves, which means that part of the oil did not
participate in the combustion process, and getting on the parts of the cylinder-piston group, formed scale [6].

3. The aim of the study

Carry out computer simulation of the D-240 engine using biofuels and its mixtures by using the DIESEL-RK
software package.

4. Presenting main material

According to research and analysis in the country and abroad, the transition of diesel engines with a
traditional design scheme to alternative fuels, especially biofuels based on vegetable oil, has caused a certain degree
of deterioration of their normal operation. Nozzle holes and their coking. When the engine is running on oil instead
of fuel for a long time, a large amount of soot in the combustion chamber can cause the engine to malfunction [7].

The calculation program provides for the determination of technical and environmental indicators during
engine operation at the crankshaft speed n = 2200 min (rated power mode) and the maximum torque mode (n = 1600
min, y, = 298 N - m). The type of fuel is determined: diesel fuel (DP) -100%, biofuel B100 and mixtures B5 and B20.

Some calculation dependencies used by the software package are given below.

Residual gas ratio [8,9]:
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_ P.(T, +AT)
a (E'Pa_Pr)'Tr,
where To =288°K — ambient air temperature, € =16,0 — the degree of compression according to the
technical characteristics of the engine, Pr = 0,108 MPa —exhaust gas pressure, Tr = 750° K — the temperature
of the exhaust gases, Po = 0,1 MPa — atmospheric pressure, P, — pressure at the end of the intake stroke,
MPa, AT = 20 °K — heating temperature of the charge at the inlet.
P.=-Po — AP.
The pressure loss at the inlet AP, is calculated by the formula:
a)an

AP, =(B* +&,) e
where £ — the damping coefficient of the charge velocity in the considered cross section of the

cylinder, &, — the coefficient of resistance of the intake system, @,,,— the average speed of the charge in the
smallest cross section of the intake system [9].

The calculated dependences of the D-240 engine when working on different types of fuel modeled in
the software package DIESEL-RK are given in table. 1-4.

It is also worth paying attention to the comparative physico-chemical composition of diesel fuel (biofuel),
which determines the specifics of the diesel engine D-240 when using biofuel, which is presented in Fig. 1.
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Fig. 1. Couple vapor pressure of pure fuels depending on temperature

Table 1.
Effective performance of D-240 when working on Biofuel SME B5
Fuel: Biofuel SME B5 1859.4-T_max - Maximum Cylinder Temperature, K

- PARAMETERS OF EFFICIENCY AND POWER --- 6.0000 - CA_p.max - Anglle of Max. Cylinder Pressure, deg. ATDC
2200.0-RPM - Engine Speed, rev/min 19000-CA tmax-Angle of Max. Cylinder Temperature, deg. ATDC
56.990-P_eng - Piston Engine Power, KW 3.3170 - dp/dTheta- Max. Rate of Pressure Rise, bar/deg.
6.5420- BMEP - Brake Mean Effective Pressure, bar 1.8829 - Ring_lIntn- Ringing / Knock Intensity, MW/m?
247.39-Torque - Brake Torque, N m 76459 -F max - Max. Gas Force acting on the piston, kg
0.05468-m _f - Mass of Fuel Supplied per cycle, g System:  Custom Fuel Injection System
0.25328 - SFC - Specific Fuel Consumption, kg/kWh 728.76 - p_inj.max- Max. Sac Injection Pres. (before nozzles), bar
0.23834 - SFC_ISO - Specific Fuel Consumption in 1SO, kg/kWh | 511.59 - p_inj.avr- Mean Sac Press. for Total Fuel Portion, bar
0.35632-Eta f - Efficiency of piston engine 19.022-d 32 - Sauter Mean Diameter of Drops, microns
84212 - IMEP - Indicated Mean Effective Pressure, bar 20.000 - SOI - Start Of Injection or Ignition Timing, deg. B.TDC
0.45867 -Eta_i - Indicated Efficiency 30.474 -Phi_inj - Duration of Injection, CA deg.
9.1667-Sp - Mean Piston Speed, m/s 10.708 -Phi_ign - Ignition Delay Period, deg.
15798 - FMEP - Friction Mean Effective Pressure, bar (Intern.Exp) - ... -calculated by modified Tolstov method : 10.7
0.80549 - Eta_m - Mechanical Efficiency of Piston Engine 9.2921 -SOC - Start of Combustion, deg. B.TDC

--------- ENVIRONMENTAL PARAMETERS ------------ 0.12256 - X _e.id - Fuel Mass Fraction Evaporated during Ignit. Delay
1.0000 - po_amb - Total Ambient Pressure, bar 85.000 -Phi_z - Combustion duration, deg.
288.00 - To_amb - Total Ambient Temperature, K Phi_z5%= 4.2; Phi_z 50%=18.6; Phi_z 95%=47.4
1.0000 - p_Te - Exhaust Back Pressure, bar (after turbine) 3.3546-Rs_tdc - Swirl Ratio in the Combustion Chamber at TDC
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0.98000 - po_aflir - Total Pressure after Induction Air Filter, bar
----- TURBOCHARGING AND GAS EXCHANGE -----
0.98000-p _C - Pressure before Inlet Manifold, bar
288.00 -T_C - Temperature before Inlet Manifold, K
0.09480 - m_air - Total Mass Airflow (+EGR) of Piston Engine, kg/s
0.0000 -Eta TC - Turbocharger Efficiency
1.0554 -po_T - Average Total Turbine Inlet Pressure, bar
762.89 -To T - Average Total Turbine Inlet Temperature, K
0.09727 -m_gas - Mass Exhaust Gasflow of Pison Engine, kg/s
1.7219 - A/F_eq.t- Total Air Fuel Equivalence Ratio (Lambda)
0.58077 -F/A_eq.t- Total Fuel Air Equivalence Ratio
-0.29939-PMEP - Pumping Mean Effective Pressure, bar
0.93294 -Eta v - Volumetric Efficiency
091428 - Eta_vo - Volumetric Efficiency defined by Ambient Parameters
0.03602 -x_r - Residual Gas Mass Fraction
0.98413 - Phi - Coeff. of Scavenging (Delivery Ratio / Eta_v)
0.53920 - BF_int - Bumt Gas Fraction Backflowed into the Intake, %
1.5682 - %Blow-by - % of Blow-by through piston rings
---------------- INTAKE SYSTEM e
0.97136 -p_int - Average Intake Manifold Pressure, bar
29192 -T_int - Average Intake Manifold Temperature, K
35388 -v_int - Average Gas Velocity in intake manifold, m/s

298.68 - Tw_int - Average Intake Manifold Wall Temperature, K

110.47 - he_int - Heat Transfer Coeff. in Intake Manifold, W/(m?*K)
183.61 - hc_int.p - Heat Transfer Coeff. in Intake Port, W/(nm?*K)
73.157 -v_intp - Max Velocity in a Middle Section of Int. Port, m/s

10.035- A _v.thrt - Total Effective Valve Port Throat Area, cm?
Valve Dim. Estim.: Num~=1 Dv=516 Dt=448 Ds=134 Lv= 81 Lv_max=129mm

----------------- EXHAUST SYSTEM —---mmmmmmmmmmeemeem
1.0404 -p_exh - Average Exhaust Manifold Gas Pressure, bar
760.12-T_exh - Average Exhaust Manifold Gas Temperature, K
88.626-v_exh - Average Gas Velocity in exhaust manifold, m/s
16.398 - Sh - Strouhal number: Sh=a*Tau/L (has to be: Sh > 8)
697.40 - Tw_exh - Average Exhaust Manifold Wall Temperature, K
216.77 - hc_exh - Heat Transfer Coeff. in Exhaust Manifold, W/(m?*K)
555.11 - hc_exh.p - Heat Transfer Coeff. in Exhaust Port, W/(m?*K)
236.56 - v_exh.p - Max Velocity in a Middle Section of Exh. Port, m/s

10472 - A v.thrt - Total Effective Valve Port Throat Area, cm?
Valve Dim. Estim.: Num=1Dv=512 Dt=456 Ds=133 Lv= 6.7 Lv_max=128mm
--------------------- COMBUSTION -

1.7500 - A/F_eq - Air Fiel Equival. Ratio (Lambda) in the Cylinder

0.57143 -F/A_eq - Fuel Air Equivalence Ratio in the Cylinder

15000 -Rs_ivc - Swirl Ratio in the Cylinder at IVC

24.870-W_swirl - Max. Air Swirl Velocity, m/s at cylinder R=33
———————————— ECOLOGICAL PARAMETERS ---------—--

16.900 - Hartridge- Hartridge Smoke Level

17311 -Bosch -Bosch Smoke Number

0.43585 -K,m? - Factor of Absolute Light Absorption, 1/m

043166 -PM - Specific Particulate Matter emission, g/kWh
77832 -CO, - Specific Carbon dioxide emission, g/lkWh
14412 - NOx.w,ppm- Fraction of wet NOx in exh. gas, ppm

14.757 - NO; - Specif. NOx emis. reduc. to NO., ¢/kWh (Zeldovich)

35471 -SE - Summary emission of PM and NOx

0.01054 -SO, - Specific SO.emission, g/kWh
- CYLINDER PARAMETERS -------------——-

12238 -p_ivc -Pressureat IVC, bar

356.01 -T_ ivc -Temperatureat IVC, K

45504 -p tdc - Compression Pressure (at TDC), bar

940.73 -T_tdc -Compression Temperature (at TDC), K

44622 -p_evo -Pressureat EVO, bar

1086.1 -T evo -TemperaureatEVO, K

---------- HEAT EXCHANGE IN THE CYLINDER ------
11215-T eq - Average Equivalent Temperature of Cycle, K
343.86-hc_c - Aver. Factor of Heat Transfer in Cyl., W/m7/K
51226 -Tw_pist - Average Piston Crown Temperature, K
420.00 -Tw._liner - Average Cylinder Liner Temperature, K
46564 -Tw_head - Average Head Wall Temperature, K
38130 -Tw cool - Average Temperature of Cooled Surface

head of Cylinder Head, K
398.16 - Thoil - Boiling Temp. in Liquid Cooling System, K
10707 - hc_cool - Average Factor of Heat Transfer, W/(nm?*K)
from head cooled surface to coolant

21434 - _head -Heat Flow in a Cylinder Head, J/s
19910 -q_pist - Heat Flow in a Piston Crown, J/s
1480.0 -q_liner - Heat Flow in a Cylinder Liner, J/s

-- MAIN ENGINE CONSTRUCTION PARAMETERS --
16000 -CR -Compression Ratio

4.0000 -n_inj - Number of Injector Nozzles

0.19900 -d_inj - Injector Nozzles Bore, mm

30.000 - Phi_inj - Injection Duration for specif. Inj. Profile, deg.
0.0000 -m_f_ip - Fuel Mass for specified Injection Profile, g

66.000-EVO - Exhaust Valve Opening, deg. before BDC
16.000 -EVC - Exhaust Valve Closing, deg. after DC
16.000 - IVO - Intake Valve Opening, deg. before DC

79.422 -p_max - Maximum Cylinder Pressure, bar

T

Fig. 2. The schedule of indicator indicators of working
process D-240 at work on Biofuel SME B5
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46.000 - IVC - Intake Valve Closing, deg. after BDC
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Table 2.

Effective performance of D-240 when working on Biofuel SME B20

Fuel:  Biofuel SME B20
-- PARAMETERS OF EFFICIENCY AND POWER --
22000 -RPM  -Engine Speed, rev/min
57435 -P_eng -Piston Engine Power, kW
6.5931 - BMEP - Brake Mean Effective Pressure, bar
249.32 -Torque - Brake Torque, N m
0.05320 -m_f - Mass of Fuel Supplied per cycle, g
0.24451 -SFC - Specific Fuel Consumption, kg/kWh
0.23753 - SFC_ISO - Specific Fuel Consumption in 1SO, kg/kwWh
0.35753 -Eta_f - Efficiency of piston engine
84691 -IMEP - Indicated Mean Effective Pressure, bar
045926 -Eta i - Indicated Efficiency
9.1667 -Sp - Mean Piston Speed, m/s
15781 - FMEP - Friction Mean Effective Pressure, bar (Intern.Exp)
0.80687 - Eta_m - Mechanical Efficiency of Piston Engine
------- ENVIRONMENTAL PARAMETERS ----------
1.0000 -po_amb - Total Ambient Pressure, bar
288.00 -To_amb - Total Ambient Temperature, K
10000 -p_Te -ExhaustBack Pressure, bar (after turbine)
0.98000 - po_afltr - Total Pressure after Induction Air Filter, bar
----- TURBOCHARGING AND GAS EXCHANGE -----
0.98000 -p_C - Pressure before Inlet Manifold, bar
288,00 -T_C - Temperature before Inlet Manifold, K
0.09480 - m_air - Total Mass Airflow (+EGR) of Piston Engine, kg/s
0.0000 -Eta_ TC - Turbocharger Efficiency
1.0557 -po_T - Average Total Turbine Inlet Pressure, bar
776.13-To_T - Average Total Turbine Inlet Temperature, K
0.09630 - m_gas - Mass Exhaust Gasflow of Pison Engine, kg/s
1.7225 - AJF_eq.t - Total Air Fuel Equivalence Ratio (Lambda)
0.58054 - F/A_eq.t- Total Fuel Air Equivalence Ratio
-0.29788 -PMEP - Pumping Mean Effective Pressure, bar
093259 -Eta v -Volumetric Efficiency
0.91393-Eta vo - Volumetric Efficiency defined by Ambient Parameters
0.03556 -x r - Residual Gas Mass Fraction
0.98454 - Phi - Coeff. of Scavenging (Delivery Ratio / Eta_v)
0.53008 - BF _int - Bumt Gas Fraction Backflowed into the Intake, %
15612 - %Blow-by - % of Blow-by through piston rings
------------------ INTAKE SYSTEM ——------mmmeeeo-
0.97133 - p_int - Average Intake Manifold Pressure, bar
291.94 - T_int - Average Intake Manifold Temperature, K
35.392 - v_int - Average Gas Velocity in intake manifold, m/s
298.69 - Tw_int - Average Intake Manifold Wall Temperature, K
110.47 - hc_int - Heat Transfer Coeff. in Intake Manifold, W/(m?*K)
183.57 - hc_int.p - Heat Transfer Coeff. in Intake Port, W/(m?*K)
73.158 - v_intp - Max Velocity in a Middle Section of Int. Port, m/s
10.035 - A_v.thrt - Total Effective Valve Port Throat Area, cn?
Valve Dim. Estim.: Num=1 Dv=51.6 Dt=44.8 Ds=134 Lv= 8.1 Lv_ max=129mm

----------------- EXHAUST SYSTEM -------——---—-----
1.0404 -p_exh - Average Exhaust Manifold Gas Pressure, bar
73.32 - T_exh - Average Exhaust Manifold Gas Temperature, K
89.091 - v_exh - Average Gas Velocity in exhaust manifold, m/s
16.540 - Sh - Strouhal number: Sh=a*Tau/L (has to be: Sh > 8)
707.74 - Tw_exh - Average Exhaust Manifold Wall Temperature, K
218.15-hc_exh - Heat Transfer Coeff. in Exhaust Manifold, W/(m?*K)
558.66 - hc_exh.p - Heat Transfer Coeff. in Exhaust Port, W/(m?*K)
23869 - v_exh.p - Max Velocity in a Middle Section of Exh. Port, m/s

1869.1 - T_max - Maximum Cylinder Temperature, K
6.0000 - CA_p.max - Angle of Max. Cylinder Pressure, deg. ATDC
19.000-CA tmax-Angle of Max. Cylinder Temperature, deg. ATDC
3.2342 - dp/dTheta- Max. Rate of Pressure Rise, bar/deg.
1.7901 -Ring_Intn- Ringing / Knock Intensity, M\W/m2
7665.8 -F_max - Max. Gas Force acting on the piston, kg
System: Custom Fuel Injection System
715.97 - p_inj.max- Max. Sac Injection Pres. (before nozzles), bar
502.84 - p_inj.avr- Mean Sac Press. for Total Fuel Portion, bar
18.467-d_32 - Sauter Mean Diameter of Drops, microns
20.000 - SOI - Start Of Injection or Ignition Timing, deg. B.TDC
30.136 - Phi_inj - Duration of Injection, CA deg.
12282 - Phi_ign - Ignition Delay Period, deg.

- ... -calculated by modified Tolstov method : 12.3
7.7178 -SOC - Start of Combustion, deg. B.TDC
0.18651 - x_e.id - Fuel Mass Fraction Evaporated during Ignit. Delay
90.400 - Phi_z - Combustion duration, deg.

Phi_z5%= 3.4; Phi_z 50%= 17.6; Phi_z 95%=48.0
3.3561 - Rs_tdc - Swirl Ratio in the Combustion Chamber at TDC
1.5000 -Rs_ivc - Swirl Ratio in the Cylinder at IVC
24.880-W_swirl - Max. Air Swirl Velocity, m/s at cylinder R=33

---------- ECOLOGICAL PARAMETERS -----------
17.133 - Hartridge- Hartridge Smoke Level
1.7516 - Bosch - Bosch Smoke Number
0.44245 - Km* - Factor of Absolute Light Absorption, 1/m
0.43072 - PM - Specific Particulate Matter emission, g/kWh
769.40 - CO; - Specific Carbon dioxide emission, g/lkWh
1289.5 - NOx.w,ppm- Fraction of wet NOXx in exh. gas, ppm
13.087 - NO; - Specif. NOx emis. reduc. to NO,, g/KWh (Zeldovich)
3.3053 -SE - Summary emission of PM and NOx
0.00513 - SO, - Specific SO, emission, g/lkwWh

------------ CYLINDER PARAMETERS ------—-----

1.2237 -p_ivc -Pressureat IVC, bar
356.14 -T ivc - Temperatureat IVC, K
45.498 -p tdc - Compression Pressure (at TDC), bar
940.99 -T tdc - Compression Temperature (at TDC), K
44978 -p_evo -Pressureat EVO, bar
11058 -T evo -Temperaureat EVO, K

------ HEAT EXCHANGE IN THE CYLINDER -------
1125.9- T _eq - Average Equivalent Temperature of Cycle, K
341.49 - hc_c - Aver. Factor of Heat Transfer in Cyl., W/m?/K
512.19 - Tw_pist - Average Piston Crown Temperature, K
420.00 - Tw_liner - Average Cylinder Liner Temperature, K
465.63 - Tw_head - Average Head Wall Temperature, K
381.28 - Tw_cool - Average Temperature of Cooled Surface

head of Cylinder Head, K
398.16 - Thoil - Boiling Temp. in Liquid Cooling System, K
10702 - hc_cool - Average Factor of Heat Transfer, W/(m?*K)
from head cooled surface to coolant

21429 -q _head - Heat Flow in a Cylinder Head, J/s
1991.7 - g pist -Heat Flow in a Piston Crown, J/s
1515.2 - q_liner - Heat Flow in a Cylinder Liner, J/s
-- MAIN ENGINE CONSTRUCTION PARAMETERS --
16.000 -CR - Compression Ratio
4.0000 -n_inj - Number of Injector Nozzles
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10.472 - A_v.thrt - Total Effective Valve Port Throat Area, cn?
Valve Dim. Estim.: Num=1Dv=512 Dt=456 Ds=133 Lv= 6.7Lv_max=128mm

———————————————— COMBUSTION ---------------
1.7500 - A/F_eq - Air Fiel Equival. Ratio (Lambda) in the Cylinder
0.57143 - F/A _eq - Fuel Air Equivalence Ratio in the Cylinder
79.629-p_max - Maximum Cylinder Pressure, bar

0.19900 -d_inj - Injector Nozzles Bore, mm

30.000 - Phi_inj - Injection Duration for specif. Inj. Profile, deg.
0.0000-m_f_ip - Fuel Mass for specified Injection Profile, g
66.000 - EVO - Exhaust VValve Opening, deg. before BDC
16.000 - EVC - Exhaust Valve Closing, deg. after DC
16.000 - IVO - Intake Valve Opening, deg. before DC
46.000 - IVC - Intake Valve Closing, deg. after BDC
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Fig. 4. The schedule of |nd|cator indicators of working
process D-240 at work on Biofuel SME B20
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Fig. 5. Environmental perfofmance of the D-240
workflow when working on Biofuel SME B20

Table 3.

Effective performance of D-240 when working on Diesel No. 2

Fuel:  Diesel No. 2
--- PARAMETERS OF EFFICIENCY AND POWER ---
2200.0 -RPM - Engine Speed, rev/min
58.336 -P_eng - Piston Engine Power, KW
6.6965 - BMEP - Brake Mean Effective Pressure, bar

253.23 -Torque - Brake Torque, N m
0.05178 -m_f - Mass of Fuel Supplied per cycle, g
0.23433 -SFC - Specific Fuel Consumption, kg/kwWh

0.23493 - SFC_ISO - Specific Fuel Consumption in ISO, kg/kwWh
0.36148 -Eta_f - Efficiency of piston engine

85729 -IMEP - Indicated Mean Effective Pressure, bar
046277 -Eta_i - Indicated Efficiency
9.1667 -Sp - Mean Piston Speed, m/s

15783 — FMEP - Friction Mean Effective Pressure, bar (Intern.Exp)

0.80926 - Eta_m - Mechanical Efficiency of Piston Engine
———————— ENVIRONMENTAL PARAMETERS ---------

1.0000 -po_amb - Total Ambient Pressure, bar

288.00 -To_amb - Total Ambient Temperature, K

1.0000 -p_Te - Exhaust Back Pressure, bar (after turbine)

0.98000 - po_afltr - Total Pressure after Induction Air Filter, bar

----- TURBOCHARGING AND GAS EXCHANGE ----

0.98000 -p_C - Pressure before Inlet Manifold, bar

288.00 -T_C - Temperature before Inlet Manifold, K

0.09479 - m_air - Total Mass Airflow (+EGR) of Piston Engine, kg/s

0.0000 -Eta_TC - Turbocharger Efficiency

1.0553 -po_T - Average Total Turbine Inlet Pressure, bar

774.28-To T - Average Total Turbine Inlet Temperature, K

0.09644 - m_gas - Mass Exhaust Gasflow of Pison Engine, kg/s

1.7224 - AJF_eq.t - Total Air Fuel Equivalence Ratio (Lambda)

0.58057 - F/A eq.t- Total Fuel Air Equivalence Ratio

-0.29806 - PMEP - Pumping Mean Effective Pressure, bar

0.93254 -Eta v - Volumetric Efficiency

091389 - Eta o - Volumetric Efficiency defined by Ambient Parameters

1889.7-T_max - Maximum Cylinder Temperature, K
5.0000 - CA_p.max - Angle of Max. Cylinder Pressure, deg. ATDC
20.000-CA _tmax - Angle of Max. Cylinder Temperature, deg. ATDC
3.3297 - dp/dTheta- Max. Rate of Pressure Rise, bar/deg.
1.8742 - Ring_Intn- Ringing / Knock Intensity, MW/m?
7802.9-F _max - Max. Gas Force acting on the piston, kg
System: Custom Fuel Injection System

702.62 - p_inj.max- Max. Sac Injection Pres. (before nozzles), bar
492.07 - p_inj.avr- Mean Sac Press. for Total Fuel Portion, bar
17.842-d_32 - Sauter Mean Diameter of Drops, microns
20.000 - SOI - Start Of Injection or Ignition Timing, deg. B.TDC
29.813 -Phi_inj - Duration of Injection, CA deg.

13.882 - Phi_ign - Ignition Delay Period, deg.

- ... -calculated by modified Tolstov method : 13.9
6.1176 -SOC - Start of Combustion, deg. B.TDC
0.26612 - x_e.id - Fuel Mass Fraction Evaporated during Ignit Delay
83.400 -Phi_z - Combustion duration, deg.

Phi_z 5%= 3.2; Phi_z 50%=16.0; Phi_z 95%=44.2
3.3558-Rs_tdc - Swirl Ratio in the Combustion Chamber at TDC
15000 -Rs_ivc - Swirl Ratio in the Cylinder at IVC
24.879-W_swirl - Max. Air Swirl Velocity, m/s at cylinder R=33

------------ ECOLOGICAL PARAMETERS ------------
16.469 - Hartridge- Hartridge Smoke Level
1.6933 - Bosch - Bosch Smoke Number
0.42366 - K,m'* - Factor of Absolute Light Absorption, 1/m
0.40604 - PM - Specific Particulate Matter emission, g/kWh
755.06 - CO;, - Specific Carbon dioxide emission, g/lkwWh
1203.0 - NOx.w,ppm- Fraction of wet NOXx in exh. gas, ppm
12,019 - NO; - Specif. NOx emis. reduc. to NO,, g/kWh (Zeldovich)
3.0705 -SE - Summary emission of PM and NOx
0.00937 -SO, - Specific SO, emission, g/lkWh

------------ CYLINDER PARAMETERS --------------
1.2238 -p_ivc - Pressure at IVC, bar
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0.03562 - x_r - Residual Gas Mass Fraction

0.98448 - Phi - Coeff. of Scavenging (Delivery Ratio / Eta_v)
0.53147 - BF_int - Bumt Gas Fraction Backflowed into the Intake, %
15619 - %Blow-by - % of Blow-by through piston rings
INTAKE SYSTEM ----—---nemmmmeme
0.97134 - p_int - Average Intake Manifold Pressure, bar
291.94 - T_int - Average Intake Manifold Temperature, K
35.384 - v_int - Average Gas Velocity in intake manifold, m/s
298.69 - Tw_int - Average Intake Manifold Wall Temperature, K

110.46 - hc_int - Heat Transfer Coeff. in Intake Manifold, W/(m?*K)

183.56 - hc_int.p - Heat Transfer Coeff. in Intake Port, W/(m?*K)
73152 - v_intp - Max Velocity in a Middle Section of Int. Port, m/s

10.035 - A_v.thrt - Total Effective Valve Port Throat Area, cm?
Valve Dim. Estim.; Num=1 Dv=51.6 Dt=448 Ds=134 Lv= 81Lv_max=129mm

---------------- EXHAUST SYSTEM -----------mmmemm-
1.0404 - p_exh - Average Exhaust Manifold Gas Pressure, bar
77148 -T_exh - Average Exhaust Manifold Gas Temperature, K
89.011 - v_exh - Average Gas Velocity in exhaust manifold, m/s
16.520 - Sh - Strouhal number: Sh=a*Tau/L (has to be: Sh > 8)

706.11 - Tw_exh - Average Exhaust Manifold Wall Temperature, K

217.73 - hc_exh - Heat Transfer Coeff. in Exhaust Manifold, W/(m?*K)

557.59 - hc_exh.p - Heat Transfer Coeff. in Exhaust Port, W/(m?*K)

238.34 -v_exh.p - Max Velocity ina Middle Section of Exh. Port, m/s

10.472 - A_v.thrt - Total Effective Valve Port Throat Area, cm?

Valve Dim. Estim.: Num=1Dv=512 Dt=456 Ds=133 Lv= 6.7 Lv_max=128mm
--------------- COMBUSTION -------=mmmmem-

1.7500 - A/F_eq - Air Fiel Equival. Ratio (Lambda) in the Cylinder

356.16 -T_ivc - Temperature at IVC, K

45501 -p_tdc - Compression Pressure (at TDC), bar
941.10 -T tdc - Compression Temperature (at TDC), K
44915 -p_evo -Pressure at EVO, bar

1102.6 -T_evo -TemperaureatEVO, K

—————— HEAT EXCHANGE IN THE CYLINDER ----------
1129.6 - T_eq - Average Equivalent Temperature of Cycle, K
341.58 - hc_c - Aver. Factor of Heat Transfer in Cyl., W/m?/K
512.87 - Tw_pist - Average Piston Crown Temperature, K
420.00 - Tw_liner - Average Cylinder Liner Temperature, K
466.12 -Tw_head - Average Head Wall Temperature, K
381.36 - Tw_cool - Average Temperature of Cooled Surface
head of Cylinder Head, K
398.16 - Thoil - Boiling Temp. in Liquid Cooling System, K
10722 - hc_cool - Average Factor of Heat Transfer, W/(m**K)
from head cooled surface to coolant
2153.8 - _head - Heat Flow ina Cylinder Head, J/s
2002.0 -q_pist - Heat Flow inaPiston Crown, J/s
1517.3 -q_liner - Heat Flow in a Cylinder Liner, J/s
--MAIN ENGINE CONSTRUCTION PARAMETERS--

16.000 -CR - Compression Ratio
4.0000 -n_inj - Number of Injector Nozzles
0.19900 -d_inj - Injector Nozzles Bore, mm

30.000 - Phi_inj - Injection Duration for specif. Inj. Profile, deg.
0.0000 - m_f _ip - Fuel Mass for specified Injection Profile, g
66.000 - EVO - Exhaust VValve Opening, deg. before BDC

- ! ) ! 16.000-EVC - Exhaust Valve Closing, deg. after DC
0.57143 - F/A_eq - Fuel Air Equivalence Ratio in the Cylinder | 16.000- VO - Intake Valve Opening, deg. before DC
81.054 -p_max - Maximum Cylinder Pressure, bar 46.000 - IVC - Intake Valve Closing, deg. after BDC
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Fig. 6. The schedule of 'i‘r{dicator indicators of

working process D-240 at work on Diesel No. 2
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Fig. 7. Environmental performance of the workflow D-240

when working on Diesel No. 2

Table 4.

Effective performance of D-240 when working on Biofuel SME B100

Fuel:  Biofuel SME B100

1463.1 -T_max - Maximum Cylinder Temperature, K

--- PARAMETERS OF EFFICIENCY AND POWER ---
2200.0 - RPM - Engine Speed, rev/min
43.804 -P_eng - Piston Engine Power, KW
5.0284 - BMEP - Brake Mean Effective Pressure, bar
190.15 - Torque - Brake Torque, N m
0.05964 - m_f - Mass of Fuel Supplied per cycle, ¢
0.35941 -SFC - Specific Fuel Consumption, kg/kWh
0.30718 - SFC_ISO - Specific Fuel Consumption in 1ISO, kg/kwh
0.27654 -Eta f - Efficiency of piston engine

6.8487 -IMEP - Indicated Mean Effective Pressure, bar 20.000 - SOI - Start Of Injection or Ignition Timing, deg. B.TDC
0.37665 - Eta i - Indicated Efficiency 31.605 - Phi_inj - Duration of Injection, CA deg.
9.1667 -Sp - Mean Piston Speed, m/s 3.8835 - Phi_ign - Ignition Delay Period, deg.

6.0000 - CA_p.max - Angle of Max. Cylinder Pressure, deg. ATDC
24.000-CA _tmax - Angle of Max. Cylinder Temperature, deg. ATDC
1.7904 - dp/dTheta- Max. Rate of Pressure Rise, bar/deg.
0.62077 - Ring_Intn- Ringing / Knock Intensity, MW/m2
5993.3-F_max - Max. Gas Force acting on the piston, kg
System: Custom Fuel Injection System

781.27 - p_inj.max- Max. Sac Injection Pres. (before nozzles), bar
544.44 - p_inj.avr- Mean Sac Press. for Total Fuel Portion, bar
20.367 -d_32 - Sauter Mean Diameter of Drops, microns

30



Ne4(115) /2021

=

Vol. 115,No 4 /2021

TexHika, eHepreTHka,
TpaHcnopt AIIK

15221 - FMEP - Friction Mean Effective Pressure, bar (Intern.Exp)
0.76764 - Eta_m - Mechanical Efficiency of Piston Engine
--------- ENVIRONMENTAL PARAMETERS --------------
1.0000 - po_amb - Total Ambient Pressure, bar
288.00 - To_amb - Total Ambient Temperature, K
1.0000 -p_Te - Exhaust Back Pressure, bar (after turbine)
0.98000 - po_afltr - Total Pressure after Induction Air Filter, bar
------ TURBOCHARGING AND GAS EXCHANGE -----
0.98000 -p_C - Pressure before Inlet Manifold, bar
288.00 -T C - Temperature before Inlet Manifold, K
0.09540 - m_air - Total Mass Airflow (+EGR) of Piston Engine, kg/s
0.0000 -Eta_TC - Turbocharger Efficiency
1.0564 -po T - Average Total Turbine Inlet Pressure, bar
839.10 -To_T - Average Total Turbine Inlet Temperature, K
0.09606 - m_gas - Mass Exhaust Gasflow of Pison Engine, kg/s
1.7228 - AJF_eq.t - Total Air Fuel Equivalence Ratio (Lambda)
0.58044 - F/A_eq.t - Total Fuel Air Equivalence Ratio
-0.29821 - PMEP - Pumping Mean Effective Pressure, bar
0.93858 -Eta v - Volumetric Efficiency
091981 - Efa_ o - Volumetric Efficiency defined by Ambient Parameters
0.03374 -x_r - Residual Gas Mass Fraction
0.98440 - Phi - Coeff. of Scavenging (Delivery Ratio / Eta_v)
0.49142 - BF_int - Bumt Gas Fraction Backflowed into the Intake, %
14722 - %Blow-by - % of Blow-by through piston rings
-------------------- INTAKE SYSTEM ---—---nmmmmmmmmmee-
0.97118 - p_int - Average Intake Manifold Pressure, bar
291.93 -T_int- Average Intake Manifold Temperature, K
35.664 - v_int - Average Gas Velocity in intake manifold, m/s
298.71 - Tw_int - Average Intake Ma’nifold Wall Temperature, K
110.91 - he_int - Heat Transfer Coeff. in Intake Manifold, W/(m?*K)
184.41 - he_intp - Heat Transfer Coeff. in Intake Port, W/(m?*K)
73.448 -v_intp - Max Velocity in a Middle Section of Int. Port, m/s

10.035 - A_v.thrt - Total Effective Valve Port Throat Area, cm2
Valve Dim. Estim.: Num=1 Dv=516 Dt=448 Ds=134 Lv= 81 Lv_max=129mm

------------------- EXHAUST SYSTEM
1.0399 - p_exh - Average Exhaust Manifold Gas Pressure, bar
835.80- T_exh - Average Exhaust Manifold Gas Temperature, K
95.700 - v_exh - Average Gas Velacity in exhaust manifold, m/s
17.195 - Sh - Strouhal number: Sh=a*Tau/L (has to be: Sh > 8)
767.69 - Tw_exh - Average Exhaust Manifold Wall Temperature, K
226.27 - he_exh - Heat Transfer Coeff. in Exhaust Manifold, W/(m?*K)
579.44 - hc_exh.p - Heat Transfer Coeff. in Exhaust Port, W/(m?*K)
25143 -v_exh.p - Max Velocity in a Middle Section of Exh. Port, m/s
10.472 - A_v.thrt - Total Effective Valve Port Throat Area, cm?
Valve Dim. Estim.: Num=1 Dv=51.2 Dt=456 Ds=133 Lv= 6.7 Lv_max=128 mm

--------------------- COMBUSTION
1.7500 - A/F_eq - Air Fiel Equival. Ratio (Lambda) in the Cylinder
0.57143 - FIA_eq - Fuel Air Equivalence Ratio in the Cylinder
62.256 - p_max - Maximum Cylinder Pressure, bar

- ... -calculated by modified Tolstov method :
16.117 - SOC - Start of Combustion, deg. B.TDC

3.9

0.00427 - x_e.id - Fuel Mass Fraction Evaporated during Ignit. Delay

229.40 - Phi_z - Combustion duration, deg.

Phi_z 5%= 6.8; Phi_z 50%= 36.4; Phi_z 95%=141.4
3.3619 - Rs_tdc - Swirl Ratio in the Combustion Chamber at TDC

1.5000 - Rs_ivc - Swirl Ratio in the Cylinder at IVC

24.924 -W_swirl - Max. Air Swirl Velocity, m/s at cylinder R=33

------------ ECOLOGICAL PARAMETERS ------

60.291 - Hartridge- Hartridge Smoke Level
4.4388 - Bosch - Bosch Smoke Number

2.1485 - K,m - Factor of Absolute Light Absorption, 1/m
2.1593 - PM - Specific Particulate Matter emission, g/kWh
1029.1 - CO, - Specific Carbon dioxide emission, g/kWh
663.50 - NOx.w,ppm- Fraction of wet NOXx in exh. gas, ppm
8.8930 - NO: - Specif. NOx emis. reduc. to NO,, g/kWh (Zeldovich)

84681 -SE

0.03594 - SO, - Specific SO, emission, g/kWh

-------------- CYLINDER PARAMETERS ---------

1.2229 -p_ivc - Pressure at IVC, bar
354.45 -T ivc - Temperature at IVC, K

- Summary emission of PM and NOx

45399 -p_tdc - Compression Pressure (at TDC), bar
935.15 - T_tdc - Compression Temperature (at TDC), K

4.8959 -p evo
1209.1 - T evo

- Pressure at EVO, bar
- Temperaure at EVO, K

-------- HEAT EXCHANGE IN THE CYLINDER

960.27 - T_eq - Average Equivalent Temperature of Cycle, K
306.33 - hc_c - Aver. Factor of Heat Transfer in Cyl., W/m#/K
480.69 - Tw_pist - Average Piston Crown Temperature, K
20.00 - Tw_liner - Average Cylinder Liner Temperature, K
437.00 - Tw_head - Average Head Wall Temperature, K
377.11 - Tw_cool - Average Temperature of Cooled Surface

head of Cylinder Head, K

398.16 - Thoil - Boiling Temp. in Liquid Cooling System, K
9491.6 - hc_cool - Average Factor of Heat Transfer, W/(m?*K)

from head cooled surface to coolant
1523.3 - g_head - Heat Flow in a Cylinder Head, J/s
1396.1 - ¢_pist - Heat Flow in a Piston Crown, J/s
1535.3 - ¢_liner - Heat Flow in a Cylinder Liner, J/s

-MAIN ENGINE CONSTRUCTION PARAMETERS--

16.000 - CR - Compression Ratio
4.0000 - n_inj - Number of Injector Nozzles
0.19900 - d_inj - Injector Nozzles Bore, mm

30.000 - Phi_inj - Injection Duration for specif. Inj. Profile, deg.
0.0000 - m_f_ip - Fuel Mass for specified Injection Profile, g
66.000 - EVO - Exhaust Valve Opening, deg. before BDC
16.000 - EVC - Exhaust Valve Closing, deg. after DC
16.000 - IVO - Intake Valve Opening, deg. before DC

46.000 - IVC - Intake Valve Closing, deg. after BDC

Fig. 8. The schedule of indiééfor indicators of working
process D-240 when working on Biofuel SME B100
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The shortest way to the widespread use of liquid biofuels as fuel in tractor engines without changing
their design is to improve their fuel systems through the introduction and use of new processes in the
technological cycle of fuel preparation. use of two-fuel systems, including systems of supply of oil and
biofuels, use of regular oil fuel as starting and reserve fuel

As for the economic indicators of work, according to preliminary estimates (excluding the cost of
restoring soil fertility), the benefits of using biofuels are obvious.

Environmental indicators that determine the safety of human life and associated with the use of
agricultural machinery that consumes biofuels by 8-10% are better than the use of mineral diesel fuel.

5. Conclusions

1. Because biofuels contain oxygen-containing substances (O = 10.9%), its heat of combustion is lower
(Qn = 39.45 MJ/Kkg) than that of diesel fuel (Qn = 42), 5 MJ/kg, Figure 13) (O = 0.4%). This fact leads to a
decrease in diesel power (up to 25% in nominal mode).

2. Compared with diesel fuel, the specific consumption of biofuel in the nominal mode of operation of
the engine increased by 37%.

3. Studies of fuel injection and mixing show that the average droplet diameter in the MERO study
increased to 20%, which increases the range of the jet compared to diesel fuel and adversely affects the mixing
process. And it burns.

4. The use of vegetable alternative fuels with a reduction of carbon content by 10% can reduce CO-
emissions. The rate of formation of soot particles during the combustion of biofuels is 8.8 times higher than
the rate of combustion of diesel fuel.

Recommendations. In order for the technical and economic performance of MERO to reach the optimal
level, it is necessary to strengthen such processes as cleaning, injection, mixing and incineration. Heating of
the injected fuel (~ 70 °C) can positively influence these processes, which will lead to the improvement of
physicochemical parameters of the fuel, increase of the fuel injection pressure (~ 80 MPa) will also reduce the
diameter of sprayed fuel droplets, air turbulence. evaporation and stirring.
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3HATTSA TEXHIKO-EKOHOMIYHUX MOKA3ZHUKIB ABUT'YHA [1-240 ITPU
BUKOPUCTAHHS BIOITAJIMBA HIJIAXOM 3ACTOCYBAHHSA ITPOT'PAMHOI'O
KOMIUIEKCY JU3EJIb-PK

Yxpaina € oonicio 3 enepeemuuno oehiyumnux KpaiH, OCKIIbKU NOKPUBAE C80I nompedu 8 NaIueHO-
EHep2eMUYHUX pecypcax 3a paxyHox eHympiwmix 3anacie auuwie na 53% (imnopmye 75% mneobxionozo
npupooHoo 2azy ma 85% cupoi nagpmu ma nagpmonpodyxkmie). 3anexcricme 6i0 imnopmy Hagmu Oinbuicmy
PO3BUHEHUX KPAIH pPO32780a€ K NUMAHHA HAYIOHATLHOL ma eHepeemuuHoi Oe3neKku, a GUKOPUCMAHHSL
Hagmonpooykmis sx 0dxcepen eHepeii Cmeopioe 3HAYHULL eKOJ02IYHUL PUSUK.

3eiono 3 amanizom cmany cimogoi MauwiunoOyOiHOI NPOMUCIO8OCHI, HAUOIILW epheKmUSHUMU
3axo0amu w000 B00CKOHANEHHS KOHCMPYKYIL 08ueyHa €: po3pobKa ma 6npo8adN’CEHHS HOB020 pPobOU020
npoyecy 3 epexmueHuMu Memooamu 3MIULY8aHH MA 320PSAHHA, PO3POOKA MdA CMEOPEHH. KOHCMPYKYIL
cucmemMu A8MOMAMUYHO20 Pe2yt08AHHs 00epmMants OUu3est. 4acmoma 015 NOKPAueH s eKOHOMIL naiuea, a
015l 3HUDICEHHS. MOKCUYHOCMI 8 PeNCUMi YACMKOB020 HABAHMANCEHHS O0esKi YUNIHOPU BUMUKAOMbCA HA
XOIOCIOMY X00Y.

s nocunenmst 6uMoe 00 HOpMAMUEI6 BUMPAM NATUEA MA PIGHS MOKCUYHOCTI 8IONPAYbOBAHUX 2A318,
a maxodc nidguujer s HaditlHocmi ma egheKmuUeHOCMI CilbCbKO2OCNOOAPCLKUX CULOBUX OBUSYHIE HEOOXIOHO
chopmymosamu 3ax00uU w000 800CKOHALEHHS 1i020 KOHCMPYKYIL.

Bubip nanuea mae eusnauamucs onmumdanbHUM MNOEOHAHHAM €KOJO2IYHUX Ma eKOHOMIYHUX
NOKA3HUKI6 08ucyHa. Bidsnauaiomvcs nepcnekmusu GUKOPUCIAHHSA MO20 YU THUL020 NATUBA POCIUHHOZ0
nOX00MCcenHs. AKuo 015 nanuea Hapmoeo2o NOXOONCEHHs NOJTNUEHHS 1020 8IACMUBOCHEN BUSHAYAEMbCS
cneyianvHolo 06pobKolo, mo ol i3 3a0aHUMU XAPAKMEPUCMUKAMU MONCHA OMPUMAMU 8#Ce 8 «NOTbOBLY
WAsAxXoM niobopy GIONOBIOHUX COPMIE POCIUH, 3ACMOCYBAHHS 000PUS, A2POMEXHINHUX 3aX00I8 MOU0.

IIpobremy 3HudiCeHHA GUMPAU OU3ETHLHO20 RAIUBA HA XOIOCNOMY X00Y A MAIOMY HABAHMAICCHHI
MOJICHA — BUPIWUMY,  BUKTIOUUBWU 3 U020 pobomu yacmuuy yuninopie (yeti Mmemoo WUPOKO
BUKOPUCMOBYEMbCA) [ 3aMUKAIOYU YUKT O00HO20 yuniHopa.llposedeHo nopigHANbHUL aHANI3 OCHOBHUX
MEXHIUHUX MA eKOA0STUHUX NOKA3HUKIG OusenvHoeo o0guzyna [{-240 npu pobomi na mpaduyitinomy ma
ANbMEPHAMUBHOMY NATUBE 3 BUKOPUCTNAHHAM KOMN tomepHoi npoepamu Juszenv-PK.

Kniouosi cnosa:. diacnocmuka, 0sucym, inouxamopu, oionaiugo, /-240, inouxamopHi noxazHuxu,
MEXHIKO-eKOHOMIYHI XapaKmepucmuKu

@. 2. Puc. 9. Tabn. 4. Jlim. 9.
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CHATHE TEXHHKO-9KOHOMHYECKHX ITOKASATETEH JIBUT ATEJIA /I-240 TIPH HCITO/Tb30BAHHH
BUHOTOIUIHBA IIYTEM IIPUMEHEHUA ITPOT PAMMHOI' O KOMIUIEKCA /TH3E/Tb-PK

Yrpauna senrsemcs o0nou u3 suepeemuuecku OeQuUUMHBLIX CIMPAH, NOCKOAbKY NOKPbIBAem C80U
nompeOHOCmMU 8 MONIUGHO-IHEPLEMUUECKUX PeCcypcax 3a cuem GHYMPEeHHUX 3anacogé ececo Ha 353%
(umnopmupyem 75% Heobx00umo020 npupooroz2o 2asza u 85% culpou Hedpmu u Hegpmenpodykmos). B
3a8UCUMOCIIU OM UMHOPMA HepmMU OONbUIUHCINGO DPA3BUMBIX CMPAH PACCMAMPUBAIOM KAK GONPOCH
HAYUOHATLHOU U dHEpeemudeckoli 6e30nAcHOCmU, d UCNONb3068aHUe HePMENnPoOYKmMo8 KaK UCTMOYHUKOS
9HepeUlU co30aem 3HAYUMENbHBIL IKOTOSULECKUL PUCK.

Coenacno ananuzy CcOCMOSHUSL MUPOGOU MAWUHOCMPOUMENbHOU NPOMBIULIEHHOCMU, Hauboee
P pekmusHbIMU MeEPaMU NO YCOBEPULEHCMBOBAHUIO KOHCMPYKYUU O08USAMENSL AGTAIOMCI. Pa3pabomKa u
6HeOpeHIe H08020 pabouezo npoyecca ¢ IPPeKMUGHbIMU MEMOOAMU CMEUUBAHUSL U CCOPAHUSL, PA3PAOOMKA
U CO30aHUe KOHCMPYKYUU CUCHEMbl ABMOMAMUYECKOU Ppe2yTUupoeKy epaujenust ouzens. uacmoma 07
VAYYUIEHUSL IKOHOMUU MONAUBA, A OJi CHUNCEHUS MOKCUYHOCIU 6 YACMUYHOU HAZpYy3Ke HeKOmopbie
YUTUHOPBL BLIKTIOUAIONCS HA XOJIOCHOM X00).

s ycunenus mpebosanuil Kk HOpMamueam pacxooa mMoniea U yposHs MOKCUUHOCIY OMpadoOmasuix
20308, A MAKdice NOBLIUEHUS HAOCHCHOCIU U IPDEKMUBHOCTNU CeTbCKOXO3SMICMEEHHbIX CUTOBLIX O8ucamenetll
HeoOX00UMO ChopmMyIUpo8ams Mepbl NO YCOBEPUICHCIMBOBAHUIO €20 KOHCIPYKYULL.

Buibop monnusa domicen onpedensimvcsi ONMUMATbHBIM COYeMAHUEeM IKONOSUHECKUX U IKOHOMUYHBIX
noxazameinetl ogucamensi. Ommeuaomest RepCneKmuebl UCHOTL308AHUS MO0 WK UHO20 MONAUBA PACUMENLHO20
npoucxodicoenusi. Ecnu ons monmuea neghpmsnoco npoucxodicoeHust YayuuleHue €20 CE0UCmS ONpeoeisiemcs
CneyuanbHol 0OpabomKoL, Mo MACIA € 3a0AHHBIMU XAPAKMEPUCTIUKAMU MOJICHO NOTYYUNb VIIce 8 Noee nymem
no060pa COOMBEMCMBYIOUUX COPMOE PACEHU, NPUMEHEHUs YO0OPeHUll, A2POMeXHUYEeCKUX MEPONPUSTNULL U m.1.

TIpobremy cuudicenust pacxoda OU3EIbHOL0 MONIUBA HA XONOCHOM X00Y U MANOU HA2PY3Ke MONCHO
peuumsp, UCKTIOUUE U3 €20 padombl Yacb YUTUHOPOS (IMOM MEMO0 WUPOKO UCTIONb3YEMCs) U 3aMbIKAs YUK
00Ho20 yununopa.llposeden cpagHumenbhblill AHAIU3 OCHOBHBIX MEXHUYECKUX U IKOJIO2UYECKUX NoKazamenell
ouzenvbrnoco Ogueamens [[-240 npu pabome na MPAOUYUOHHOM U ALLIMEPHAMUGHOM MONIUGE C
UCNOIL308aHUEM KOMNbIomepHOU npoepammul [uzenv-PK.

Knrouesvle cnosa:. ouacnocmuxa, ogueamenv, UHOUKamopwl, buomoniuso, /[-240, unouxkamopoie
noKazamenu, MexHUKO-9KOHOMUYECKUE XAPAKMEPUCTUKU

@. 2. Puc.9. Taon. 4. JIum. 9.
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