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Abstract. In conditions of constant growth in the cost of traditional oil products and their shortage, the
issue of using alternative fuels becomes urgent. The purpose of the article is to identify ways of using
alternative types of fuel for the operation of diesel engines. Research methods - analysis and verification of
data obtained from scientific publications, which are part of the world-famous scient metric databases, for
the relevance of the subject of research. The research results reveal the advantages and disadvantages of
dual-fuel engines operating on gaseous fuel with diesel fuel additive, the impact of this type of engine on
emissions and toxicity of exhaust gases, in particular nitrogen oxides NO . The application of the so-called gas
nozzle and the cross-section of the holes of its nozzles are substantiated. It was analysed and established that
the most economically expedient is the use of liquefied petroleum gas for the operation of diesel engines by
implementing the gas-liquid cycle; it was found that the most promising for this is gas cylinder equipment
of the so-called 4th generation. A retrospective analysis of studies of internal combustion engines with gas
cylinder equipment showed an increase in motor resource when using gaseous fuels, as well as the negative
side of using gaseous fuels, which consists in reduced power when converting carburettor engines, however,
the use of these fuels for the operation of diesel engines completely eliminates this disadvantage. Based on
the research analysis, the influence of the ignition dose, when the engine is operating on the gas-diesel cycle,
on the performance at different loads was also established, and a recommendation was found to switch to
the diesel cycle from the gas-diesel cycle at loads less than 30% of the nominal one. The optimal scheme for
the implementation of the gas-diesel cycle, which is relevant and promising for more widespread energy and
transport vehicles, has been substantiated and selected. Based on the analysed schemes, it was established
that the scheme that can be taken as a basis for further research in this direction is the scheme of the DG-Flex
BOSCH gas-diesel system. The practical value of the work lies in the justification of complex conversion with
partial replacement of diesel fuel with liquefied petroleum gas as the most rational way of converting serial
diesel engines into dual-fuel engines
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INTRODUCTION

In the conditions of an increase in the share of fuel
costs, many commercial transport operators are think-
ing about the possibility of compensating for the in-
crease in prices by switching to gas. However, such
radical methods as converting diesel engines to gas
engines have their drawbacks. In the search for an op-
timal solution, an alternative option is often consid-
ered - the use of a gas-diesel engine, which combines
the advantages of a traditional diesel and gas cylinder
equipment (HBO) (Kabeyi & Olanrewaju, 2023; Liu et
al., 2023). Gas-diesel engines at the beginning of the
21 century (Shyamkishore et al., 2023) are considered
as a separate type of engines that are widely used in
many sectors of the economy, in particular in agricul-
ture, and which also have environmental advantages
over traditional fuels (Emaish et al., 2021). A dual-fuel
gas-diesel engine is a power plant, which is addition-
ally equipped with equipment for work involving gas
(Sain et al., 2018). The principle of operation of such
an installation consists in the simultaneous supply of
two types of fuel to the combustion chamber. The main
fuel is gas of various origins, and the additional fuel is
diesel oil. In this case, diesel fuel is supplied in a much
smaller volume than usual. In the gas-diesel design
(Zhu & Fan, 2022), diesel fuel acts as a kind of ignition
for the air-gas mixture. The supply of diesel fuel is due
to the fact that the ignition temperature of gas is high-
er than that of diesel fuel, and that is why at the mo-
ment of compression, in the combustion chamber, the
gas itself cannot ignite. For its ignition during the com-
pression stroke, a small amount of diesel fuel is fed into
the combustion chamber. Based on the above, it can be
concluded that the gas-diesel dual-fuel engine retains
the ability to work only on diesel fuel, but is not capable
of working on one gas. The use of gas-diesel engines in
agriculture is a rather promising direction for the de-
velopment of agricultural engineering, which preserves
all the advantages of a diesel engine in terms of energy
capabilities and improving environmental and econom-
ic parameters when using gas fuel (Mathur et al., 2022;
Saleem, 2022). The existing data of scientific research
by scientists for the year 2022 (Bagagiolo et al., 2022;
Kutkovetska et al., 2022) allow us to state the prospects
for the development of the use of gas-diesel engines,
but today there is no systematic approach to the use of
this type of fuel equipment in agriculture.

The purpose of the work was to assess the pros-
pects of using the gas-diesel engine system in agricul-
ture. For this purpose, an analysis of modern scientific
data on the use of auto-tractor diesel engines with the
involvement of liquefied petroleum gas (LPG) was car-
ried out. A search for scientific sources was conducted
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in the Google Scholar, Scopus, Web of Science databas-
es of publications for the period 2000-2023 accord-
ing to the set goal. Publications that lacked statistical
justification, duplicated results, or contained data that
could not be further verified were excluded from fur-
ther analysis.

GAS-DIESEL ENGINES: PROBLEMS OF THEIR
MODIFICATION AND OPERATION
Attention is drawn to the use of the term in the world
scientific literature for an engine that uses both con-
ventional diesel fuel and liquefied gas - “liquefied gas
and diesel dual-fuel engine” (Ashok et al., 2015). In pub-
lications from 2010-2020, dual-fuel LPG engines are
modified diesel engines that use LPG as the primary
fuel and diesel as the secondary fuel (Pielecha & Sidor-
owicz, 2021; Pham et al., 2022). Dual-fuel LPG engines
have good thermal efficiency at high power, but per-
formance is lower at part-load conditions due to poor
utilization of the energy potential of the combined fuel.
This problem can be overcome by using a variety of fac-
tors such as fuel injection rate, injection timing, gase-
ous fuel composition and intake charge conditions to
improve the performance, combustion and emissions of
dual-fuel engines. However, the question of the most
effective way to transfer a diesel engine to dual-fuel

mode remains open (Bennour, 2021).

Several publications (Murthy et al., 2021; Al-
Dawody et al., 2022) review the results of studies con-
ducted to improve the performance, combustion pa-
rameters,and emissions of LPG and diesel engines.The
data of the work showed that the use of liquefied gas
in a diesel engine is one of the effective methods of
reducing toxic emissions, but at the same time, under
conditions of partial load, there is a drop in the effi-
ciency and effective power of the diesel engine. Spe-
cifically, a diesel fuel blend with 10% LPG (Liquefied
Petroleum Gas) is shown to produce a 5.35% reduction
in NO, while diesel with 20 and 30% LPG emits 9.05
and 16.5% less NO,, respectively. Increasing the per-
centage of LPG in diesel results in lower soot concen-
trations because LPG has a lower carbon to hydrogen
ratio. The lowest ability to emit smoky combustion is
found for fuel with 30% LPG, where a reduction of 7.4%
is achieved. It was concluded that the optimal mixing
ratio is 30% LPG.

One of the main problems of combining diesel fuel
with LPG is the gas density, which is very low under
ambient conditions (Anisimov et al., 2016). This af-
fects the fuel supply system, and to inject the required
mass of fuel, a much larger cross-sectional area of the
fuel injector is required than that of a diesel injector.



In modern units, the operation of gas cylinder equip-
ment (HBO) on a diesel engine is performed according
to the principle of the 4th generation of HBO gasoline
engines with a slight difference in the fuel supply sys-
tem (Semenov et al., 2015). If in the gasoline analogue,
the engine starts working on gasoline, and then uses
only gas, then HBO on a diesel engine uses both types
of fuel at the same time, feeding it to the cylinders in
turn at different strokes (Kalinichenko et al., 2019). The
principle of operation of gas in a diesel engine is based
on the fact that both types of fuel alternate in supply.
The launch is carried out only on diesel fuel. In the first
stroke, a portion of gas fuel mixed with air enters the
cylinders, which is then compressed, and at the end of
the compression stroke, an igniting dose of diesel fuel
is supplied, which self-ignites from compression and
ignites the gas-air mixture. The lower the octane num-
ber of gas fuel, the faster the gas burns with less heat
release, and accordingly, the more it can replace diesel
fuel (Poliakov et al., 2015).

In 2010, the use of natural gas in a compressed
form became the most widespread in cars with engines
with external mixture formation and forced (spark) ig-
nition (Melnyk et al., 2018; Singh et al., 2021). Usually,
cylinders for storing natural gas under high pressure,
gas reducers, electromagnetic valves and other gas
equipment are additionally installed on a car with a
carburetor engine, which ensures the possibility of
engine operation on gas. The versatility of the power
supply of such a vehicle (gasoline or natural gas) is
also its disadvantage, since the full potential of the
high detonation resistance of natural gas is not used
(Lopatin, 2020). At the beginning of the 2020s, carbure-
tor engines in agriculture recede into the background,
due to their obsolescence and inefficiency, as well as
unsatisfactory environmental parameters (Hua, 2021).
However, there are publications about the experience
of gas cars manufactured in the USSR (Union of Sovi-
et Socialist Republics) running on compressed natural
gas (CNG), which revealed a number of positive aspects
(Poliakov & Mariyanko, 2014). The researchers estab-
lished an increase in the motor resource of the con-
verted engine by 35-40, an extension of the term of use
of candles by 30-40%, as well as a reduction in engine
oil consumption by postponing the replacement by 2-3
times. However, the same researchers noted a number
of disadvantages of using the dual-fuel mode, in par-
ticular — a decrease in power by 18-20%, which leads
to a decrease in maximum speed by 5-6%, respectively,
and an extension of the acceleration time by 24-30%,
a decrease in the maximum angles overcome by the
climb and mileage limits at one gas station. At the
same time, the carrying capacity decreases significantly
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(9-14%) due to the increase in the weight of the car due
to the gas cylinder equipment.

The difficulty of using gas fuel in diesel engines is
related to their poor flammability, low cetane number,
and high ignition temperature (Zaharchuk & Zaharchuk,
2020). Therefore, to organize the operation of a diesel
on natural gas, the gas-diesel process is used, which
consists in feeding a dose of flammable diesel fuel into
the cylinders, which ensures the ignition of the gas-
air mixture (Kryshtopa et al., 2018). Gas-diesel engine
start-up and idling work only on diesel fuel. In other
modes, an increase in engine power is achieved by in-
creasing the gas fuel supply. The amount of incendiary
dose delivery is 15-20% of the total fuel consumption.

LPG AS A PROMISING
GAS-DIESEL ENGINE COMPONENT

In addition to liquid fuel - diesel, gaseous fuels such as
hydrogen, compressed natural gas (CNG), diesel methyl
ether (DME), biogas, and LPG are used in combination
(Caban et al., 2013; Kumar et al., 2018). Liquefied pe-
troleum gas (LPG) and CNG turned out to be the most
popular among gas fuels in 2010-2020 due to the
availability and simplicity of units for their use (Wei &
Geng, 2016; Singh et al., 2020). LPG fuel can be used as
gas or liquid phase in diesel engines. In the gas phase,
air from the intake is fumigated and an LPG-air mixture
is formed in the intake manifold (Mueller & Guenth-
ner, 2023). When LPG is a liquid, it is mixed with diesel
fuel at a pressure above 0.5 MPa. LPG is mixed with
diesel fuel under pressure by a high-pressure pump. A
high-pressure pump supplies a mixture of diesel fuel
and gas to the injector. The liquid phase of LPG is in-
jected either as a mixture of LPG with diesel fuel at
the same time by an injector or separately by a second
injector (Vo et al., 2022).

In gas-phase LPG diesel engines, vaporized LPG
is fed into the cylinder with intake air and the LPG-
air mixture is compressed as in a conventional diesel
engine. The LPG-air mixture is not self-igniting due to
the high auto-ignition temperature. A small amount of
diesel fuel, called pilot, is injected to ignite the LPG-air
mixture. Pilot diesel fuel injected by conventional die-
sel injection equipment only reduces a small fraction
of engine power output (Canelada & Tischer, 2007).
The use of LPG in the gas phase is quite well studied
in many scientific works (Saleh, 2008; Ciniviz, 2010;
Mohsen et al., 2023). It was concluded that this com-
bination leads to better engine efficiency, reduction of
emissions of solid particles and smoke.

M. Ciniviz (2010) carried out a study of the effec-
tiveness of the use of dual fuel (diesel / LPG) in a die-
sel engine on power and emissions. A gas control valve
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system was designed to supply liquefied gas at a rate
of 30% to the intake manifold. The experimental results
showed that the engine power, engine torque and spe-
cific fuel consumption were improved due to the dual
fuel supply. As a result of the use of dual-fuel engines,
compared to single-fuel engines, torque and engine
power increased by 5.8%, and NO, emissions and ex-
cess air ratio decreased by 5.9 and 1/9%, respectively.
Furthermore, CO, emissions were shown to be lower
than in single-fuel mode, as CO emissions cannot be
converted to CO, in dual-fuel mode.

Also P. Stalhammar et al. (2011) studied the perfor-
mance and emissions of a 100% LPG direct injection
diesel engine. They added di-tert-butyl peroxide (DTBP)
and aliphatic hydrocarbon (AHC) to LPG fuel to increase
the cetane number. The stable operation of the diesel in
a wide range was demonstrated. The engine load range
has been extended with the improvement of LPG ce-
tane number. Several different LPG mixtures were ob-
tained by varying the concentration of DTBP and AHC.
LPG and only AHC fuel blends increased NO_emissions
compared to diesel operation. The results of the exper-
iment showed that the thermal efficiency of a diesel
engine running on liquefied gas was similar in basic pa-
rameters to running on pure diesel fuel. From the point
of view of emissions of exhaust gases, their reduction
was ascertained when using different mixtures of LPG,
DTBP and AHC.

Attempts to convert YaMZ-240 GD and YaMZ-240
H1-GD diesels to gas diesel were carried out by a group
of researchers from Ukraine (Kovbasenko et al., 2016).
The obtained data indicate the prospects of this type of
conversion using the regulation of the starting ignition
volume of a diesel engine with an electromagnet. Reg-
ulation of fuel supply to both diesel and gas in this case
is carried out by separate screws. It is planned to switch
to purely diesel mode when the load in the combined
cycle is reduced below 20-30% of the maximum, which
establishes the use of gas-diesel mode as the basic
one. Also, the same scientists noted the improvement
of environmental characteristics in the dual-fuel mode
of engine operation in the form of a certain decrease in
the content of carbohydrates and carbon monoxide, as
well as the smokiness of exhaust gases. With the pro-
posed mechanism of conversion to gas-diesel, slight
differences in the emission of carbon oxides were noted
in the two modes of engine operation. As for nitrogen
oxide, the researchers even found an increase in the
content of this compound when operating in gas-diesel
mode. There are also significant disadvantages of this
system in the form of an increase in the engine de-
sign due to the hydraulic amplifier of the gas dispenser
drive and the impossibility of correcting the volume of
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flammable diesel fuel, which limits the amount of re-
placement of diesel with gas. When using a gas-diesel
installation on a YAMZ-236 GD engine with mechanical
multi-mode rotation control, the ignition dose of die-
sel fuel was 30%. The above results of scientists from
Ukraine coincide with the conclusions of researchers
from other countries and indicate the prospects for fur-
ther development of gas-diesel engines, however, the
very scheme of conversion to gas-diesel requires fur-
ther improvement.

Also, work on the creation of engines with a
gas-diesel type of power supply is carried out both in
scientific institutions and by commercial companies
in many countries of the world. In particular, as a good
example of this is the development of the Bosch com-
pany Diesel-Gas System - Bosch (DG-Flex) (D’Agos-
to et al., 2014). However, data on its installation on
agricultural machinery has not been found. As stand-
ard, DG-Flex consists of sensors: detonation, air tem-
perature, coolant temperature, phase, crankshaft, gas
temperature and pressure, as well as a lambda probe
and an electronic gas supply control unit. The use of
the Diesel-Gas System - Bosch (Fontaras et al., 2012;
Gopalakrishnan & Tischer, 2014) leads to a significant
improvement in environmental characteristics in the
form of a six-fold reduction in solid emissions and
nitrogen oxide volume compared to the diesel cycle.
Also, a positive effect is saving money and reducing
the volume of fuel consumption. However, some sci-
entists (Owczuk et al., 2019) point to the imperfection
of this design in the form of the complexity of the
system itself, a mixed method of power regulation
with a throttle and a complicated control algorithm
of this system.

PROBLEMS AND PROSPECTS OF USING

A GAS-DIESEL ENGINE IN AGRICULTURE
The main problem in the practical application of a
gas-diesel engine in agriculture is the choice of the
principle of rebuilding the power system for the con-
version of serial tractor engines (Mattarelli et al., 2019;
Giorgi et al., 2020). Fundamental in this case is the dif-
ference in the two concepts of converting diesel en-
gines to a gas-diesel power model. The most radical
method is the complete replacement of fuel, which is
accompanied by spark ignition of the gas-air mixture
(Mattarelli et al.,2021). This method involves complete
disassembly of the diesel fuel equipment followed by
reprogramming of the compression ratio, reducing it
to 11-14 units, and at the end, the system is equipped
with gas equipment (ignition system, cylinder, gas
pipeline). The technical parameters of this conversion
method correspond to the parameters of the engine



before the rebuild, and the environmental indicators
are significantly improved, since in general this engine
runs on gas fuel (Kabeyi & Olanrewaju, 2022). After
the conversion, the engine can no longer run on diesel
fuel, the reverse operation is economically impractical.
Experiments were conducted by researchers M. Kabeyi
& 0.0Olanrewaju (2022) to study the efficiency of a die-
sel engine with natural gas and diesel fuel in dual fuel
mode with different proportions of diesel fuel 10-100%
at 10% intervals. The results show that the overall effi-
ciency of using CNG was lower than that of 100% die-
sel. At lower loads the efficiency was significantly low-
er and at higher outputs the performance was much
better but still lower than when the diesel was running
at 100%. The specific fuel consumption of the engine
at 1.1 kW when operating on a mixture with 90% CNG
was 68% higher than when the engine was operating
in purely diesel mode. However, at 2.8 kW, the specif-
ic fuel consumption of the engine when running on
90% CNG was only 7% higher. Exhaust gas emissions
show that in gas-liquid mode CO, and smoke emissions
were lower due to the lower carbon to hydrogen ratio
in CNG. CO emissions were higher due to the lower air-
to-fuel ratio, as the injection of LNG into the intake air
replaced some of the air in the intake tract.

The next option is the dual-fuel mode of rebuilding
the diesel engine. In general, it is a variant of the stand-
ard gas-diesel engine with the predominant use of gas
as the base fuel and diesel for the ignition of the gas
mixture (Dasappa & Sridhar, 2011). However, the use
of a specific ratio of diesel and gas in this scheme is a
rather variable indicator that primarily depends on the
type of gas fuel, individual design features of both the
diesel engine and the gas plant. An important factor in
this version of the gas-diesel engine is the possibility
of using a full-fledged purely diesel mode, which is car-
ried out by the operator himself.

In view of the energy crisis, many alternative fuels
have been tested worldwide for use in internal com-
bustion engines (Wang et al., 2022; Das et al., 2022).
The conducted review indicates the perspective of
conducting research on the use of natural gas as an
alternative fuel, corresponds to the trend of finding
new types of fuel with improved environmental perfor-
mance and preservation of the technical characteris-
tics of the diesel engine. Taking into account the above
data, one of the promising types in terms of economy
is the use of a diesel engine with an LPG system in
agriculture. An increase in the number of publications
on the study of optimal conversion schemes of diesel
engines using biogas and LPG is attracting attention
(Wei & Geng, 2016; Singh et al., 2020). Analysis of the
publications of scientists from Ukraine on this issue
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indicates that most of the research is devoted to the
conversion of outdated engines or the use of biogas,
which is quite debatable regarding the availability of
this type of fuel in Ukraine (Zhuk, 2022).

Gas-diesel engines in agriculture can be rebuilt by
completely replacing diesel fuel with gas, which leads
to environmental improvement, but the loss of the abil-
ity to use diesel fuel. On the other hand, a dual-fuel
mode can be applied, where gas is used as the base
fuel, but diesel remains for ignition, giving greater flex-
ibility of use.

CONCLUSIONS
The conducted review indicates the relevance of de-
veloping new schemes for conversion of serial diesel
engines to dual-fuel mode using alternative fuel mix-
tures. Alternative types of gaseous fuels available on
the market, such as hydrogen, CNG, diesel methyl ether,
biogas and LPG have significant differences in the im-
plementation of engine conversion and technical char-
acteristics after modification. There are several options
for converting a diesel engine to work in dual-fuel
mode, but there are no generally accepted schemes
for modifying diesel engines in agriculture. The diesel
engine conversion schemes proposed for 2010-2020
are technically quite complex and require significant
intervention in the engine layout, which increases the
cost of this manipulation. It was established that the
use of dual-fuel engines has a significant thermal ef-
ficiency at high power, but at the same time they are
characterized by lower performance under partial load
conditions due to insufficient use of the energy poten-
tial of the combined fuel. They are trying to overcome
this problem by optimizing the power and combustion
parameters. The optimal way to modify a diesel en-
gine into a dual-fuel mode remains a debatable issue,
which prevents serial conversion. Taking into account
the available opportunities in Ukraine regarding the
availability of various types of gaseous fuel, the most
economically feasible type of gaseous fuel when con-
verting a diesel engine is the use of liquefied petro-
leum gas. Taking into account the available schemes,
the scheme of the DG-Flex BOSCH fuel supply system,
which provides for the supply of liquefied petroleum
gas to the intake manifold and its mixing with air on
the intake stroke, and the supply of an ignition dose
of diesel fuel, using modern diesel fuel equipment, is
promising for the operation of a dual-fuel engine ac-
cording to the gas-diesel cycle Common Rail. Howev-
er, the existing schemes need to be improved, taking
into account the existing shortcomings in the form
of software and maintenance complexity, as well as a
multi-level throttle control system. As a result of this
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review, the existence of the problem of developing en- ACKNOWLEDGEMENTS
ergy-efficient and environmentally safe gas-diesel sys-  None.
tems, in particular, for use in the agriculture of Ukraine,

was established, which requires further research with CONFLICT OF INTEREST
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AHoTauis. B ymM0oBax NOCTIMHOro 3pOCTaHHS BapTOCTi TPAAMUIMHMX HAadTONPOAYKTIB Ta iX AediumTy, akTyanbHUM
NOCTa€ MUTAHHS BWKOPWUCTAHHS anbTEPHATMBHUX NanuB. MeTol CTaTTi € BUSBNEHHS WAAXIB BUMKOPUCTAHHS
aNbTEPHATUBHMX BMAIB Nanuea Ans poboTu AM3eNnbHUX OBUIYHIB. MeToam [OCNioKeHb — aHanis Ta Bepudikauis
[aHUX OTPUMAHMX 3 HAYKOBMX Nybnikauii, WO BXOASTb A0 BCECBITHbO BiAOMMX HAYKOMETpUYHMX 6a3, Ha
AKTYanbHiCTb NpeaMeTy AoChigpKeHb. PesynsTatamMmn OOCNiIOXKEHb € BUSBMIEHHI nepeBarM M HefoNiK1 ABOMNANUBHUX
[BWIYHIB, LLIO NPALIOIOTb Ha ra3onoaibHoOMy nanuBi 3 NPMCAAKO AM3ENbHOrO NanvBa, BMIMB LbOro TUMY ABUIYHIB
Ha BMKMAM Ta TOKCMYHICTb BifAMNpalboBaHuX rasis, 3okpeMa okucie azory NO. O6rpyHToBaHO 3acTocyBaHHA Tak
3BaHOIi ra3oBoi GOPCYHKM Ta MONEpPeYyHOro nepepisy oTBOpIB ii po3nuntoBadvis. [fpoaHanizoBaHO Ta BCTAHOBJEHO,
O HaMbiNblWw E€KOHOMIYHO AOUiINIbHUM € BUKOPUCTAHHS ANs pob60TU AM3eNbHUX OBUTYHIB 3pigyKEHOro HadToBOro
rasy LWASXoM peanisauii ra3opiAMHHOro UMKIY; BUSBNEHO, LLO HaMbiNbLl NepcnekTMBHUM ANS LbOro € razobanoHHe
06nafiHaHHS Tak 3BaHOTO 4-ro MOKOMiHHS. PEeTpoCcnekTMBHMIA aHani3 LOCNiAXEHb ABUMYHIB BHYTPILIHbOIO 3ropaHHs 3
razo6anoHHUMM 0b6nafHaHHSAM, NOKa3aB 306inblIEHHS MOTOPeCypCy NPy BUKOPUCTaHHI ra3onofibHWX nanuBe, a Takox
HeraTUBHY CTOPOHY BUKOPWUCTAHHS razonoAibHUX nanue, sika NOMATAE Y 3HMXKEHI MOTY)KHOCTI Npu nepeobnafHaHHi
KapOlpaTOpHMX [OBUIYHIB, OLHAK BUKOPWUCTAHHS UMX ManuB Ans poboTM OM3eniB MOBHICTIO HiBEOE Len
Heposik. Ha OCHOBi aHanisy pocnigkeHb, BCTAHOBJEHO TAKOX BM/MB 3aMafibHOI 403M, Npu poboTi ABWMIyHa no
rasofM3eNibHOMY LIMKJi, Ha MOKa3HMKM poBOTM NPU Pi3HUX HABAHTAXEHHSX Ta 3HaNAEHO peKOMeHaLilo NepexoauTu
Ha AM3enbHWIA LMKN 3 ra304M3e/bHOr0 NpU HaBaHTaXeHHaX MeHwux 3a 30 % Bif HoMiHanbHoro. OBrpyHTOBaHO
Ta BMOpPAHO ONTUMaNbHY CXEMY peanisalii ra3ofM3eNbHOro LMKAY, WO € aKTyaIbHOK i NepCcrneKTMBHOW Ans BinbL
PO3MOBCIOAKEHUX EHEPreTUYHUX Ta TPAHCMOPTHMUX 3acobiB. Buxoasuun 3 npoaHanizoBaHMX CXeM, BCTAaHOBAEHO, WO
CXEMOI0, IKY MOXHA B3TV 33 OCHOBY NpW NOAANbLWNX AOCAIAXEHHSX LbOr0 HAMpPsIMKY — L CXeMa ra3oau3enbHol
cuctemn DG-Flex BOSCH. MpakTuyHa WiHHICTb po60TK nongra€e B 06rpyHTYBaHHI KOMMIEKCHOro nepeobnagHaHHs 3
YaCcTKOBMM 3aMilLEHHSM AM3€/IbHOrO MasbHOro 3pigKeHMM HAadTOBMM ra3oM K HaWbinbWw paLioHanbHOro cnocoby
nepeBefleHHs CEPiMHUX AU3ENbHUX ABUTYHIB B ABOMNANUBHI

KniouoBi cnoBa: TpaHCNopT; 3pifKeHnit HAadTOBUI ra3; ra3obanoHHe 06nagHaHHS; CUCTEMA XKXMUBNIEHHS
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