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Abstract. The tangible negative sides of small vessels with outboard outboard motors include high fuel consumption
in relation to the generated power, as well as their low environmental characteristics, expressed in harmful emissions,
harmful discharges. When assessing the impact of the impact of the entire world fleet on the environment, small-sized
small vessels should not be neglected because of their massive prevalence. Experimental data aimed at improving the
environmental characteristics of an outboard outboard motor by reducing harmful emissions by injecting water in the
fine-dispersion phase into the suction manifold of the engine are considered. The environmental characteristics of wa-
ter supply to the intake manifold of a four-stroke outboard outboard motor are analyzed; regulatory and technical doc-
umentation concerning the limitation of harmful emissions on small vessels with outboard outboard motors is investi-
gated; the existing methods of water supply to the intake manifold of four-stroke engines are considered and a patent
search is conducted. A device generating a fine-dispersed fog-like cloud was installed on the outboard motor engine,
an experimental assessment of the content of harmful emissions in exhaust gases was carried out in terms of compo-
nents such as carbon monoxide, carbon monoxide and nitrogen oxides when water is supplied to the intake manifold
of a four-stroke outboard motor by laboratory measurements in a small experimental pool and outdoors. The content
of harmful emissions in exhaust gases is estimated when water is supplied to the intake manifold of a four-stroke out-
board motor. The ecological effect of installing a water supply device into the intake manifold of a four-stroke out-
board outboard motor is analyzed. A four-stroke outboard outboard motor with a capacity of 4 hp and a change in its
environmental characteristics when water is injected into the cylinder are investigated.
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AnHoTanus. K olyTHMBIM OTPHIATEIBHBIM CTOPOHAM MATIOMEPHBIX CYOB € MOABECHBIMHU JOAOYHBIME MOTOPAMU MOKHO
OTHECTH BBICOKUH PacXojl TOIUIMBA MO OTHOILIEHUIO K TEeHEPHPYEeMOi MOIIHOCTH, a TAKKE MX HU3KYIO SKOJOTMUECKYIO Xa-
PaKTEPUCTHKY, BBIPAXKEHHYIO B BpeIHBIX BhIOpocax. IIpu olieHKe BO3eHCTBUS BIMSHUSI BCETO MUPOBOTO (pr1oTa Ha OKpy-
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MKAIOIIYIO CPey HeNb3sl MpeHeOperaT MaJIOIMTPAKHBIMIA MAJIOMEPHBIMU CyJJaMU 110 NPUYHMHE UX MacCOBOM pacIpocTpa-
HEHHOCTU. PaccMaTpuBaroTCs SKCIIEpUMEHTAIIbHBIC JAHHBIC, HALIPABICHHBIC HA YIIY4YIIEHUE SKOJIOTHYECKUX XapaKTePUCTUK
TIOJIBECHOTO JIOZOYHOTO MOTOPA 33 CUET CHIDKEHIS BPEHBIX BRIOPOCOB IyTEM BIIPHICKA BOJBI B MEJIKOIHCIIEPCHOHHOH (hase
BO BCACBIBAIOIUK KOJUIEKTOp ABurarens. IIpoaHann3upoBaHbl SKONOIMYECKUE XapaKTEPHCTUKH IIPU IOJade BOIBI BO
BITyCKHOH KOJUIEKTOP YeTBIPEXTAKTHOIO TOIBECHOTO JIOJOYHOIO MOTOpA; MCCIEAOBAHA HOPMAaTHBHO-TEXHHYECKAS JOKY-
MEHTAIMs, KaCaIOLIasiCsl OTPAaHUUEHHS BPEIHBIX BBIOPOCOB HAa MAJIOMEPHBIX CyAaX C MOIBECHBIMH JOJOYHBIMH MOTOPAMH;
PacCMOTPEHBI CYIECTBYIOIINE METO/bI TOJAYH BOABI BO BITYCKHOMN KOJJIEKTOP YETHIPEXTAKTHBIX JBUTATENeH U MPOBEICH
MaTeHTHBIH mouck. Ha 1Burarens moiBecHOro JIOJOYHOIO MOTOpPA YCTAHOBJIEHO YCTPOKWCTBO, FEHEPHPYIOIIEE MENKOAMC-
MIEPCHOHHOE TYMaHOOOpa3HOe 00JIako, MPOBEEHA HKCIICPUMEHTANIBHAS OIIEHKA COJEP)KaHWS BPEIHBIX BBHIOPOCOB B BBI-
XJIONHBIX Ta3aX B YaCTU TAKUX KOMIIOHCHTOB, KaK YTrapHbI ra3, yrJICBOAOPOIbl U OKCHIBI a30Ta IIPU IOjaye BOIBI BO
BITyCKHOH KOJUIEKTOP YeTBIPEXTAKTHOTO ITOABECHOTO JIOOYHOTO MOTOpa IyTeM JIAOOPATOPHBIX M3MEPEHMI B MAJIOM OITBI-
TOBOM OacceliHe 1 Ha OTKPHITOM Bo3yxe. OleHnBaeTcs coziepKaHue BPEAHBIX BEIOPOCOB B BBIXJIONHBIX Ta3ax MpH Iojade
BOJIbI BO BITYCKHOI KOJUIEKTOP YETHIPEXTAKTHOTO IIOABECHOTO JIOAOYHOrO MOTOpa. IIpoaHaIM3UpOBaH KOJIOTHUECKUH -
(eKT OT yCTaHOBKU YCTPOUCTBA MOAAYH BOJBI BO BITYCKHOM KOJUIEKTOP YETBIPEXTAKTHOTO MOBECHOTO JIOZOYHOTO MOTOpA.
HcenenoBaHb! yeThIPEXTaKTHBIN TOIBECHOM JIOZOYHBIN MOTOP MOIIHOCTBIO 4 JI.C U M3MEHEHHE €r0 KOJIOTHYECKUX XapaK-
TEPUCTUK MPHU BIPHICKE BOJBI B IIUITHHIP.

KuroueBrbie ciioBa: MaJIOMEpPHOE CYIHO, TTOIBECHOM HOZ[O‘{HLIﬁ MOTOP, SKOJIOTUYCCKUE XapaKTECPUCTUKU ITOABECHBIX
JIOMOYHBIX MOTOPOB, I'a30aHAIU3aTOP
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Introduction

To date the number of small vessels with outboard
motors (hereinafter referred to as OM) is rapidly in-
creasing, motorboats are widely used not only by ama-
teur fishermen and for recreation on the water, but
increasingly in conditions of shallow waters, as the
main fleet of enterprises of various industries, the type
of activity of which is related to the conduct of work
on inland waterways and other water areas. As a result,
their overall impact on the environment increases, and
harmful emissions increase. This is manifested in the
degradation of water bodies, negative impact on flora
and fauna, harmful effects on humans and deteriora-
tion of plant growth of aquatic flora. Therefore, im-
proving environmental performance will help reduce
the harmful effects of outboard boat motors on the
biosphere. Improving environmental performance is an
urgent and necessary task.

Harmful emissions and discharges in the exhaust
gases of engines of marine, river and small vessels are
an important problem for humanity and the environ-
ment. Harmful emissions and discharges contain toxic
substances that harm humans, flora and fauna, lead to
the formation of a greenhouse effect, thermal pollution
and other negative phenomena. OM supplied to the
market often do not meet the environmental require-
ments of regulatory documents; therefore, develop-
ments to reduce the negative impact on the environ-
ment are in demand. This article presents the results
of measurements of the content of harmful emissions
in the exhaust gases of the OM, the values of the level
of nitrogen oxides (NO,) are at the upper limit of the
permissible concentrations given in NSS and the
Technical Regulations of the Customs Union [1, 2].

In addition to marine vessels with main engines up
to 50 000 kW and mixed navigation vessels with main
engines up to 2 000 kW, there are a huge number
of small vessels in the world — motor boats and boats
that make a significant contribution to environmental
pollution, therefore, the assessment of harmful emis-
sions and discharges, and most important — reducing
the level of harmful emissions and discharges of en-
gines of small vessels and OM, is a very urgent task
considered by environmentalists around the world.
Only for 2023, according to the State Inspectorate for
Small Vessels (GIMS), there are more than 30 thou-
sand motor water vehicles in the Astrakhan region.

Methods and means of improving the environ-
mental performance of gasoline engines

Currently, to reduce emissions of nitrogen oxides
(NO,), hydrocarbons (CH) and carbon monoxide (CO)
in the exhaust gases of gasoline engines, catalysts are
widely used that accelerate chemical reactions in the
engine exhaust system, allowing to reduce the amount
of harmful substances released into the atmosphere.
Modern catalysts can be very effective, reducing emis-
sions of harmful substances by 90% or more. There are
also exhaust gas recirculation systems (EGR - Exhaust
Gas Recirculation), which reduce the amount of nitro-
gen oxides released into the atmosphere by returning
part of the exhaust gases back into the engine cylin-
ders. But the idea arose not to fight the resulting nega-
tive fact, but to reduce its formation during the opera-
tion of the internal combustion engine by injecting
water into the workflow, thereby reducing the fuel
combustion temperature. But in this case, due to the
fact that water is practically not compressed, there may
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be an increase in the compression ratio in the combus-
tion chamber, which, according to the research
of T. U. Asmus [3], can lead to the opposite effect,
namely emissions of nitrogen oxides (NO,) and hydro-
carbons (CH) increase. However, in defense of this
method, A. L. Biryukov, justifies in his works the effi-
ciency of using water as a fuel component for modern
gasoline engines [4].

When water is supplied to the combustion chamber
of the engine, it has a complex effect on the processes
of mixing and combustion of fuel. The difference
between the surface temperatures of the fuel and the
boiling point of the water inside it (taking into account
evaporation from the surface of the drop) is
70-200 °C, so the water begins to boil earlier than the
fuel. Micro particles of water, passing into a vaporous
state, form vapor bubbles. With gradual evaporation,
the fuel film becomes thinner. There will come a mo-
ment when water vapor will destroy the surface of the
drop, i.e. a micro-explosion will occur. With such
a microburst, the drop is crushed, its particles inten-
sively evaporate and mix, the process intensifies. The
process of fuel combustion becomes more perfect.
Attempts to supply water to the OM engine were made
by domestic amateurs, but the goal was not to reduce
the negative impact on the environment, but to in-
crease the power of the OM [5].

By improving the mixing and combustion, as well
as reducing the process temperature, the toxicity
of exhaust gases is also significantly reduced. Water
reduces the combustion temperature and the average
cycle temperature, which mainly affects the kinetics
of the formation of nitrogen oxides, and all chemical
processes in general [6].

Description of the method of supplying water to
the intake manifold of a four-stroke OM

Existing water injection devices on the market in
the internal combustion engine workflow have a num-
ber of disadvantages that prevent their integration into
the OM. One of the main disadvantages is the weight
and size dimensions, since an increase in weight and
size is not acceptable for this type of small-size vessel
engines. Also, based on the technical documentation
provided in open sources, existing devices produce
drops of a sufficiently large size, up to 0.1 mm. Based
on the above, in the course of scientific work, the idea
of supplying water to the intake manifold [7] in a fine-
ly dispersed phase produced by an ultrasonic atomizer
was realized. Ultrasound nebulizer when supplying
power and water from the cooling system of the OM
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under the influence of ultrasound leads to the for-
mation of cavitation bubbles as a result of fluctuations
of water molecules. During the experiments, the sup-
ply of water in the form of cold steam to the cylinder
of the internal combustion engine of OM was carried
out alternately in two ways, the first method: a built-
in ultrasonic atomizer in the standard wiring and wa-
ter cooling systems, the second method: cold steam
supply to the suction manifold from an external
source. During outdoor tests, the issue with the cool-
ing of the OM was solved by supplying water to the
cooling system of the internal combustion engine
with a hose from the central water supply system
through the slots in the bottom of the OM (Fig. 1)
The main advantages of the selected device are the
small mass-dimensional dimensions with high per-
formance of drops and the relatively small size of the
produced drops themselves from 0.005 to 0.001 mm.,
which create a fog-like cloud.

air vent

waler supply o = *

1L JH "
/./ 4 carburetor

ultrasound
vaporizer

.

intake manifold 4

Fig. 1. Functional diagram of the ultrasonic
atomizer installation

When power is supplied to the ultrasonic nebulizer
from the standard OM power supply system (Fig. 2),
water in a finely dispersed state is sprayed into the air
intake, where it is suspended together with air. Next,
the mixture of air and water is carried along the suc-
tion manifold where it is mixed with fuel and sucked
into the cylinder of the internal combustion engine.
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Fig. 2. Wiring diagram of the ultrasonic nebulizer to the standard OM power supply system: / — control unit;
2 — generator coil; 3 — ignition coil; 4 — spark plug; 5 — step-down current converter; 6 — ultrasonic nebulizer

In the process of filling (intake of fresh air charge),
the engine takes air together with water and fuel.
A finely dispersed mixture of water and air mixing
with fuel enters the cylinder.

Instruments and equipment
1. Object of research: outboard outboard motor
Yamaha F4BMHS 4 hp.

As an object of research, a four-stroke OM Yamaha
F4BMHS 4 hp was used. The motors of this company
are leaders in the world market. The type of outboard
motor Yamaha F4BMHS 4 hp was installed in a small
experimental with a water supply option from an ex-
ternal source is shown in Fig. 3.

The main technical characteristics of the outboard
motor Yamaha F4BMHS 4 hp are given in Table 1.

Fig. 3. Outboard boat motor Yamaha F4BMHS 4 hp was installed in a small experimental pool
with a water supply option from an external source
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Main technical characteristics of the outboard motor Yamaha F4BMHS 4 hp

Parameter Value
Power, hp (kW) 4(2.94)
Four-stroke OHV S1 2
Type
valves
Number of cylinders 1
Engine capacity, cc 139
Cylinder diameter /
Piston stroke, mm 62/46
Max. number
. 4 000-5 000
of revolutions, rpm
Engine lubrication Crankcase
system
Power supply system Carburetor
Ignition system CDI
Cooling system Water
Exhaust gas exhaust Through screw
system
Weight, kg 27
Deadwood length, mm 381

2. Gas analyzer.

To measure the NO, content, the GANK-4 gas ana-
lyzer was wused, Fig. 4, that has a certificate
of verification.

The universal gas analyzer GANK-4 is an automat-
ic measuring device is designed to measure the quanti-
tative composition of the analyzed gas. It is structural-
ly presented in a portable version.

The main elements of the design are:

— housing, depending on the modification, having
a degree of protection from external conditions (IP);

— a primary converter that converts the gas concen-
tration into a measured electrical signal using various
measurement methods;

— a measuring and displaying module that process-
es the received signal in the set mode, comparing it
with certain threshold values, storing processing and
transmitting the result, including to a digital indicator;

— chem. cassette with a reactive tape;

—gas communication system for diffusion sam-
pling, and for forced supply of the analyzed air using
a built-in pump;

— clock control buttons of the gas analyzer.

The gas analyzer is designed to work in climatic
conditions (Table 2).

Table 1

Fig. 4. GANK-4 gas analyzer with a probe inserted
into the deadwood hole of the OM and a tachometer
sensor installed during testing in the open air

Technical characteristics of the GANK 4 gas analyzer

Parameter

Value

The relative humidity of the surrounding air, %

Is not more than 80

Ambient air temperature without the use of a thermostat, °C

From plus 5 to plus 50

Ambient air temperature using a thermostat, °C

From minus 50 to plus 5

Atmospheric pressure, kPa

From 86 to 106.7
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Ending of table 2

Parameter

| Value

Metrological and technical characteristics

substances in atmospheric air

Ranges of measurements of concentrations of harmful

From 0.5 MPC av.d. to 0.5 MPC w.a.

substances in the air of the working area

Ranges of measurements of concentrations of harmful

From 0.5 MPC w.a. to 20 MPC w.a.

substances in vent discharges, industrial discharges
and process gases

Ranges of measurements of concentrations of harmful

More than 20 MPC w.a. with thinner
putile solvent

analyzer inlet, °C

The temperature of the analyzed gas mixture at the gas

From plus 5 to plus 50

Duration of sampling, s

No more than 30

Limits of the basic relative measurement error, %

+20

3. Small experimental pool of Astrakhan State
Technical University (ASTU).

Also, for testing the characteristics of the OM, the
stand Small experimental pool (hereinafter SEP) was
used Fig. 5, built in the Federal State Educational In-

stitution of Higher Education “ASTU” at the depart-
ment “Operation of Water Transport and Industrial
Fishing” in the scientific, educational and production
laboratory “Outboard boat motors” [8].

a

Fig. 5. General view of the small experimental pool: a — side view; b — top view: I — water tank; 2 — bypass pipe;
3 — siphon gas outlet; 4 — movable transom; 5 — exhaust ventilation; 6 — screw stop sensor; 7 — winch;
8 — supply ventilation; 9 — water level gauge, /0 — OM; /1 — sling; 12 — swivel boom

At the stand Small experimental pool it is possible
to conduct complex tests of outboard boat motors with
a capacity of up to 60 hp, with a screw stop of up to
200 kg. For installation on the stand of heavy motors
weighing up to 160 kg, a rotary boom with a winch is
provided; a siphon gas outlet and a discharge valve are
provided for measuring harmful emissions and dis-
charges in exhaust gases. The software TestMotor
of a small experimental pool allows you to measure
a number of parameters of an outboard motor, which
include the power of an outboard motor, fuel con-
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sumption, the speed of rotation of the crankshaft, the
speed of rotation of the propeller, the screw stop, the
heating temperature of the outboard water. Tests at the
Small experimental pool stand were carried out on the
basis of NSS [9], close to the subject of development,
according to the E4 cycle for spark-ignition engines on
ships less than 24 m long.

Progress and results of the study
The study on the quantitative content of harmful
emissions in the exhaust gases of the OM was carried
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out in accordance with the methodological recommen-
dations on the procedure for the Federal State Institu-
tion by the State Inspectorate for Small Vessels (here-
inafter referred to as the FSI SISV) The Ministry
of Emergency Situations of Russia classifies small
vessels in accordance with the technical regulations
of the Customs Union On the safety of small vessels,
approved by the Ministry of Emergency Situations
of Russia on 26.09.2016, which prescribes to conduct
a study in idle mode in the “neutral” position of the
gearshift handle. Water injection into the intake mani-
fold was carried out by an ultrasonic atomizer with

a capacity of 0.08 ml/sec, that is, in one stroke the en-
gine sucked 0.006 ml, with a specific fuel consumption
of 0.3 liters/hour, the ratio of water to fuel was 1:1.
During the experiment, no significant changes were
observed in the quantitative content of CO and CH in
harmful emissions, and the screw stop, exhaust gas
temperature and fuel consumption practically did not
change. But there was a significant decrease in nitro-
gen oxides NO, when water was injected into the suc-
tion manifold. The results of the experiment are shown
in the diagram Fig. 6.

NO, content in exhaust gases during FSI SISV tests
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12.268
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Fig. 6. NO, content in exhaust gases of the Yamaha F4BMHS 4 hp OM

Taking into account the capabilities of the GANK-4
device, the results of the quantitative content in the
exhaust gases were decomposed into components, as

a result, the results of the content of nitrogen oxides
NO and NO, were obtained separately (Fig. 7, 8).

NO content in exhaust gases during FSI SISV tests
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Fig. 7. NO content in exhaust gases of Yamaha F4BMHS 4 hp OM
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Fig. 8. NO, content in exhaust gases of Yamaha F4BMHS 4 hp OM

As can be seen from the figure, nitric oxide (NO)
decreases by 43% when water is supplied to the intake
manifold of the OM, reducing the total amount of ni-
tric oxide (NO) in the exhaust gases by 3.96 mg/m’.

The experiment showed that the injection of water
into the OM cylinder does not affect on the formation
of nitrogen dioxide (NO,) in any way and the quantita-
tive composition remained at the same level.

Conclusion

The novelty of this study is the use of an ultrasonic
atomizer to supply water to the cylinder of the internal
combustion engine of the OM. The main advantages
of the ultrasonic nebulizer are small mass-dimensional
dimensions with high productivity of drops measuring
0.005 to 0.001 mm, which create a fog-like cloud. Ex-
isting devices on the market do not allow to spray wa-
ter to a similar size of drops, besides these devices
have a large weight and size, which makes them im-
possible to integrate into the OM.

After analyzing the data obtained during additional
experiments on various operating modes of the OM, it
was found that the water supply does not affect such
characteristics of the motor as the screw stop and fuel
consumption. According to the presented diagrams, it
is possible to observe a reduction in harmful emissions
in the NO, part by 32.5%. Moreover, when decompos-
ing into NO, components, it can be concluded that
a decrease in the amount of NO,. It occurs due to
a decrease in NO by 43%, while the value of NO, did
not change during a number of experiments. The re-
duction of harmful emissions in the NO part was posi-
tively due to the cooling of burning temperature, since
water has a high heat capacity and is able to take heat
during the interaction. Based on these results, it is
clear that this method is aimed only at combating the
content of NO. Given the chemical activity of NO,, an
alkaline component should presumably be introduced
into the fuel combustion process, which can form ni-
trates and nitrites.

References

1. GOST 28556-2016. Motory lodochnye podvesnye.
Obshchie trebovaniia bez-opasnosti [SS 28556-2016. Outboard
boat motors. General safety requirements]. Moscow, Standartin-
form Publ., 2016. 5 p.

2. TR TS 026/2012. O bezopasnosti malomernykh sudov:
tekhnicheskii  reglament tamozhennogo soiuza [TR CU
026/2012. On the safety of small vessels: technical regulations
of the Customs Union]. Available at: https:/docs.cntd.ru/
document/902352820?ysclid=loth347j9x362692126. (accessed:
07.12.2022).

3. Asmus T. U., Borgnakke S., Klark K. i dr. Toplivnaia
ekonomichnost' avtomo-bilei s benzinovymi dvigateliami [Fuel
efficiency of cars with gasoline engines]. Perevod s angliiskogo
A. M. Vasil'eva. Moscow, Mashinostroenie Publ., 1988. 504 p.

4. Biriukov A. L., Koptiaev V. A. Obosnovanie effek-
tivnosti ispol'zovaniia vody v kachestve komponenta topliva dlia
sovremennykh benzinovykh dvigate-lei. Nauka — proizvodstvu
[Substantiation of the efficiency of using water as a fuel compo-
nent for modern gasoline engines. Science — Production].
Shornik trudov Mezhdunarodnoi nauchno-prakticheskoi konfer-
entsii, posviashchennoi 95-letiiu akademii. Vologda — Mo-
lochnoe, Izd-vo VGMKhA, 2006. Vol. 2. Pp. 10-13.

5. Vprysk vody v PLM «Vikhr'» [Water injection into the

53

Vortex OM]. Available at: http://www.barque.ru/engine/1982/
water_injection_into_the carburetors (accessed: 07.12.2022).

6. Biriukov A. L., Koptiaev V. A. Metodika i nekotorye
rezul'taty issledova-nii pokazatelei raboty benzinovogo dvigate-
lia s raspredelennym vpryskom pri ispol'zovanii v kachestve
topliva benzovodianoi smesi. Nauka — tekhno-logiia — resursos-
berezhenie [ The methodology and some results of studies of the
performance of a gasoline engine with distributed injection
when using a fuel mixture as fuel. Science — technology — re-
source conservation]. Materialy II Vseros-siiskoi nauchno-
prakticheskoi konferentsii. Saint-Petersburg; Kirov, I1zd-vo Ros-
siiskoi akademii transporta; VGSKhA, 2008. Pp. 43-46.

7. Biriukov A. L., Koptiaev V. A., Nozhnin S. R. Sposob
i ustroistvo dlia polu-cheniia i podachi vody sovmestno s top-
livom vo vpusknoi truboprovod DVS. Agrarnaia nauka —
sel'skokhoziaistvennomu proizvodstvu [A method and device
for obtaining and supplying water together with fuel to the in-
take pipeline of the in-ternal combustion engine. Agricultural
science — agricultural production]. Shornik trudov Nauchno-
prakticheskoi konferentsii, posviashchennoi 97-letiiu akade-mii.
Vologda — Molochnoe, Izd-vo VGMKhA, 2008. Pp. 143-146.

8. Pokusaev M. N., Khmel'nitskii K. E., Khmel'nitskaia A. A.,
Rudenko M. F., Ka-din A. A., Klochkova G. G. Izmenenie kon-

JI0jow pIEOqINO Aoxs-Inoj juspuad ue Jo pjojruet axeur 3y 0) A[ddns Iajep A "V ASA[ISBA VY Y BARYSHUDWIY “H Y ASHUPWIY “N ‘JA AdBSnY0od



Tloxycaes M. H., Xmenbaunxuii K. E., Xmenpuunkas A. A., BacunseB A. B. [Togada Boabl BO BITyCKHOM KOJJIGKTOP MOABECHOTO YETHIPEXTAKTHOTO JIOJOYHOTO MOTOPa

Becmuuk Acmpaxancxozo zocydapcmeennozo MEXHUUECKO20 yHusepcumema.

Cepusn: Mopckas mexuuka u mexuonozus. 2023. Ne 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)

Cyoosvle sHepeemuyecKkue yCMaHo8KU U MAUUHHO-08UNCUMENbHbIE KOMIIEKCbL

struktsii malogo opytovogo basseina dlia kompleksnykh
ispytanii podvesnykh lodochnykh motorov [Modification of the
design of a small experimental pool for complex tests of out-
board motors]. Vestnik Astrakhanskogo gosudarstvennogo
tekhnicheskogo — universiteta.  Seriia:  Morskaia  tekhnika
i tekhnologiia, 2022, no. 4, pp. 19-26. https://doi.org/10.24143/

2073-1574-2022-4-19-26. EDN ARGWHP.

9. GOST 30574-98. Izmerenie vybrosov vrednykh vesh-
chestv s otrabotavshimi gazami. Tsikly ispytanii [SS 30574-98.
Measurement of emissions of harmful substances with exhaust
gases. Test cycles]. Minsk, Izd-vo standartov, 1999. 89 p.

CHnHCOK MCTOYHHKOB

1. TOCT 28556-2016. Motopsl J10JOYHBIE MOABECHBIE.
O6mme TtpeboBanmst OesomacHocty. M.: CraHmapTUHOPM,
2016.5c.

2. TP TC 026/2012. O 6e30macHOCTH MajJOMEPHBIX CY-
JIOB: TEXHUUYECKUH pPEriJaMeHT TaMo)keHHoro coro3a. URL:
https://docs.cntd.ru/document/902352820?ysclid=loth347j9x
362692126. (nara obpamenus: 07.12.2022)

3. Acmyc T. V., bopruakke C., Knapx K. u ap. Ton-
JIMBHAsi 3KOHOMUYHOCTb aBTOMOOMIICH ¢ OEH3MHOBBIMH J(BH-
raresasiMu / mep. ¢ auria. A. M. BacunbeBa. M.: MammHo-
ctpoenue, 1988. 504 c.

4. BuprokoB A. JI., Konrse B. A. O6ocnoBanue 3¢-
(EeKTHBHOCTH HCIOJIb30BaHUs BOJIbI B KAYECTBE KOMIIOHEHTA
TOIUIMBA [ COBPEMEHHBIX OCH3MHOBBIX JBHUTaresei //
Hayka — mpomsBonctBy: c¢6. Tp. MexayHap. Hayd.-TIPaKT.
KoH(}., mocBsam. 95-nmermro akax. Bojorma — MonouHoe:
U3n-Bo BITMXA, 2006. T. 2. C. 10-13.

5. Bopsick BOJIbI B I[JIM «Buxpp».
URL: http://www.barque.ru/engine/1982/water injection_int
o_the carburetors (zata oopamenus: 07.12.2022).

6. buprokoB A. JI., Kontsie B. A. Meronuka u Heko-
TOpbIe pPE3yNbTaThl MCCIEAOBAaHMN IOKa3aTesel paboTbl

OEH3MHOBOTO JBUTATENs C PACIpPeeICHHBIM BIPBICKOM IPH
HCIIONIF30BAaHUH B KaUeCTBE TOILUIMBA OEH30BOASHON cMecH //
Hayka — TexHomorus — pecypcocOepexeHHe: MaTepHalbl
II Bcepoccuiickoir Hayu.-npakt. kouH¢p. CII6.; Kupos:
M3n-Bo Poc. akan. tpancn.; BICXA, 2008. C. 43—-46.

7. buprokoB A. JI., Konrtses B. A., Hoxxuun C. P. Cno-
€00 ¥ yCTPOHCTBO IJIsl IOJy4EHHsI U TIOa4d BOABI COBMECT-
HO C TOIUIMBOM BO BIyckHOH TpyOomposox IABC // Arpap-
Has HayKa — CEeJIbCKOXO035HCTBEHHOMY IIPOU3BOACTBY: €O. Tp.
Hayu.-paxt. koH(., mocesam. 97-neturo akan. Bomorma —
Monounoe: U3n-Bo BIMXA, 2008. C. 143-146.

8. Ilokycaes M. H., Xmenpuuuxuii K. E., XmenpHun-
kKast A. A., Pynenko M. @., Kagun A. A., Knoukosa I'. T.
VI3MeHeHre KOHCTPYKIMM Majoro OIIBITOBOTO OacceifHa it
KOMIUIEKCHBIX HCIIBITAHHI HOJBECHBIX JIOAOYHBIX MOTOpOB //
BectH. Actpaxas. roc. TexH. yH-Ta. Cep.: Mopckas TeXHHKa
n texHonorms. 2022. Ne 4. C. 19-26. https://doi.org/
10.24143/2073-1574-2022-4-19-26. EDN ARGWHP.

9. T'OCT 30574-98. V3mepenue BBIOPOCOB BpEIHBIX Be-
IIECTB C OTPabOTaBIIUMH ra3amu. [[UKibI ucrbitanuii. MuHCK:
W3n-Bo crannapros, 1999. 89 c.

The article was submitted 22.09.2023; approved after reviewing 31.10.2023; accepted for publication 07.11.2023
Crartps noctynmia B peakuuio 22.09.2023; onobpena nocie perensuposanus 31.10.2023; npunsrta k mydmukaruu 07.11.2023

Information about the authors / Undopmanus 06 aBTopax

Mikhail N. Pokusaev — Doctor of Technical Sciences, Pro-
fessor; Head of the Department of Operation of Water
Transport and Industrial Fishing; Astrakhan State Technical
University; evt2006@rambler.ru

Konstantin E. Khmelnitsky — Candidate of Technical
Sciences; Associate Professor of the Department of Opera-
tion of Water Transport and Industrial Fishing; Astrakhan
State Technical University; chuchera80@mail.ru

Anastasia A. Khmelnitskaya — Candidate of Technical
Sciences; Assistant Professor of the Department of Operation
of Water Transport and Industrial Fishing; Astrakhan State
Technical University; khmelnitskayaaa@mail.ru

Alexander V. Vasilyev — Doctor of Technical Sciences;
Professor of the Department of Information Security; Volgo-
grad State Technical University; vasilyev@vstu.ru

Muxaun Hukonaesuu Ilokycaee — 1oxTop TeXHHYECKUX
HayK, npodeccop; 3aBemyrommii kadenpoil Skcruryaranuu
BOJHOTO TPAHCIOPTa U TMPOMBIIIIEHHOTO PHIOOIOBCTBA;
AcTpaxaHCKUH rOCYIAapCTBEHHBIM TEXHUYECKUH YHHBEPCH-
tet; evt2006@rambler.ru

Koncmanumun Eezenvesuy XmeabHUYKUI — KaHIuaar
TEXHHYECKHX HayK, JOLEHT Kadeapbl IKCIUTyaTalli BOIHO-
ro TPaHCIOPTa W NPOMBIIIJICHHOI'O PBHIOOJOBCTBA; AcTpa-
XaHCKUM TOCYAAPCTBEHHbI TEXHUYECKUH YHHUBEPCHUTET;
chuchera80@mail.ru

Anacmacua Anexcandposna XmenpHUUKAA — KaHIUIAT
TEXHUYECKHUX HAyK; JOLUEHT Kadeaphl IKCILTyaTallid BOJHO-
TO TpaHCIOPTa M TNPOMBIIIIEHHOTO DPBHIOOJIOBCTBA; AcTpa-
XaHCKUM TOCYAAPCTBEHHbIM TEXHUYECKUN YHHUBEPCHUTET;
khmelnitskayaaa@mail.ru

Anexcandp Buxmoposuu Bacunvee — noxrop texuude-
CKMX Hayk; mpodeccop Kadenpsl HHOOPMAIMOHHOM
6e3onacHOCTH; BosrorpaJckuil rocyIapCTBEHHBIH TeXHHYE-
CKHil yHUBepcHTeT; vasilyev@vstu.ru

— S em—
——— N

54



