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The article provides an analysis of the operation of automotive vehicles with a diesel engine in the cold season. The
technical means used to maintain the optimal thermal regime of the diesel fuel system under low-temperature conditions
are considered. The relevance of research aimed at improving the fuel heating system using exhaust gases is
substantiated. A method for substantiating the parameters of the fuel heating system in the tank using exhaust gases and
equipment used in experimental studies is proposed. This article presents conclusions derived from theoretical analysis
and practical experiments, based on which a design and optimal parameters of the fuel heating system elements are
proposed. It includes dependencies of fuel heating time in the fuel tank on engine operating mode, fuel mass in the tank,
and ambient air temperature.

Research tests have established that the equipment of automotive vehicles with the proposed fuel heating system
during operation in the cold season contributes to an increase in the average readiness coefficient of the vehicle from 0.81
to 0.87. The research findings can be applied when using automotive vehicles with a diesel engine in the winter season to
improve their technical characteristics.

Key words: automotive vehicles, diesel fuel, exhaust gases, heating system, readiness factor.
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Makanada xbinnObiH cybiK Me3einiH0e 0u3ernbdi asmompakmop KesikmepiHiH XyMbiCbiHa marnday KefmipinaeH.
TemeH memnepamypa xarlalbiH0a XyMbic icmezeHOe dusernb0i KopekmeHOIpy xyUeciHiH oHmalinbl Xblay PexumiH
cakmay VywiH KondaHblnambiH MexHUKasnblK Kypandap kKapacmblpbinadsi. [laldanaHbinFaH 2a3dapObl naudanaHa
OmbIpbIN, OMbIHOLI XbiibIMy XyUeciH xemindipyze 6arbimmansaH 3epmmeynepliH e3ekminiei HeaidderneeH.
lMatidanaHbinFaH ea30apibi XoHe KCrepuMeHmmik 3epmmeyrnepoe KondaHbinambiH Xab0bikmbl natdanaHa ombIpbir,
6akmarbl 0mbIHObI Xbibimy XyUecCiHiH napamempriepiH Heziddey adicmemeci ycbiHbINObI. byn makanada meopusinbik
mandaynap MeH npakmukasnbiK maxipubenep HemuxeciHO0e anbiHFaH KOpbIMbIHObIIAP cunammariraH, OHbIH HeaisiHoe
OMbIHMEH Xblribimy XYUECiHiH anemeHmmepiHiH Ouaspammackbl MeH ymbiMObl napamempriepi, ombiH 6azgbiHOarb!
OMbIHHBIH KbI30bIPY YaKbimbIHbIH 371€KMP 3HepausiCbiHa mayendiniei ycbiHblFaH. KO3fanmKbimblH XYMbIC PEXUMI,
pe3epsyapOarbl xaHapmaliOblH Maccacbl XoHe KopwaraH aya memnepamypackl bepineeH. 3epmmey cbiHaKkmapbl
XKbINObIH CyblK Me32iniHOe natidanaHy ke3iH0e ombIHObI XbllbIMy XyUeci yCbiHFaH asmompaxkmop KerieiHiH xabobikmapbl
mexHuUKaHbIH opmauia 0alibiHObIK KoaghguyueHmiH 0,81-0eH 0,87-2e deliiH apmmbipyfa bikrnan ememiHOieiH aHbIKmaohbi.
3epmmey HemuxernepiH Ousenbdi asmompakmopnapObl Kbicma naltidanaHy Ke3iHOe onapdbiH MeXHUKarbiK
cunammamanapbiH xakcapmy makcambiHOa KondaHyra 6o1aokbl.

TytiHOi ce30ep: asmompakmop Kesnikmepi, Ou3enb OmbiHbl, nalidanaHbiiFaH ea3dap, XblIblmy XyUeci,
0alibIHObIK KOaghghuyueHmi.
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B cmamebe npusedeH aHanu3 sKcrinyamayuu aemompakmopHbIX cpedcme ¢ OuseribHbiM daueamernieM 8 X0ro0-
HbIl nepuod 2oda. PaccmompeHbl mexHudeckue cpedcmea, npuMeHsieMble Ors nod0epxaHusi onmumasbHO20
mennogoz2o pexuma cucmeMbl rnumaHus ousens npu pabome 8 ycrnosusx HuU3Kux memnepamyp. ObocHosaHa
akmyarnbHocmb uccredosaHull, HarnpasneHHbIX Ha coeepuwieHcmeosaHue cucmembl riodozgpesa mornnauea € UCMOflb-
308aHuem ompabomasuwiux 2a3os. [NpednoxeHa memoduka 060CHO8aHUS Mapamempos cucmems! nodoepesa moriusa
8 bake ¢ ucronb3ogaHuem ompabomaswux 2a308 u obopydosaHue, NMPUMEHSEMOe puU 3KCrepuMeHmarbHbIX Uccrie-
0dosaHusix. B GanHOU cmambe onucaHbl 8bi1800bI, MOy4YeHHbIE 8 pe3yrbmame Mmeopemu4yecko20 aHanu3a u rnpak-
MuYecKUx SKCIIepUMEeHMOo8, Ha OCHOB8aHUU KOMOPbIX MpelrioXeHbl cxeMa U payuoHasibHble napamempb 371eMeHmo8s
cucmemsbi nodoepesa mMoruea, npueedeHbl 3a8UCUMOCMU 8peMEHU Hazpesa moruea 8 moraueHom bake om pexuma
pabombi 0gueamernsi, macckl mornnuea e bake u memrepamypbl 8030yxa okpyxaroujeli cpedbl. Viccriedosamernbckumu
ucrbimaHusiMu ycmaHosneHo, 4mo obopydoeaHue asmompakmopHbIx cpedcma ¢ rpednoxeHHoU cucmemol nodozspesa
monnuea rpu 3Kcrilyamayuu 8 XosoOHbIU nepuod eoda criocobcmeyem yegenuyeHuto cpedHeeo KoaghgpuyueHma
2omosHocmu mexHuku om 0,81 0o 0,87. Nony4yeHHble 8b1800b1 Ucciedo8aHull MO2Ym NPUMEHSIMbCS NpuU UCMOo1b308aHUU
asmompakmopHbIX cpedcme ¢ OusesibHbiM dsugamenieM 8 3UMHULU Ce30H C Ueflblo yry4YWeHUs UX MexXHUYeCKUX
Xapakmepucmuk.

Knroyeenie cnosa: asmompakmopHbie cpedcmea, OusesibHoe morniueo, ompabomaswiue 2asbl, cucmema
rnodoepesa, KoaghghuyueHm 20mosHocmu.

Introduction

The use of motor vehicles in agriculture is carried out all year round. Itis also determined by the continuity of various
production processes in all sectors of the economy. At the same time, the volume of transport work carried out in winter
by car and tractors in the Republic of Kazakhstan is up to 20% of the annual volume [1, p.3]. In practice, it has been proven
that the operation of automotive diesel engines at low temperatures (especially below -20°C) is accompanied by an
increase in the number of failures of fuel systems due to the crystallization of free water in the fuel, paraffinization of fuel,
the effect of frost formation in fuel tanks [2, p.3]. As a result of increasing the viscosity of the fuel, its pumpability through
fuel pipelines, fuel filters and injectors deteriorates, which leads to an absolute cessation of fuel supply. At the same time,
the driver's ability to detect and eliminate fuel system failures on the way is limited due to the complexity of the power
supply system and severe temperature conditions. The waste heat generated during the operation of fuel cells can be used
in various ways in the thermal control system of fuel cell vehicles using various system designs [3, p.5]. Even when using
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winter grades of diesel fuel, the possibility of failures of the diesel fuel system in low temperature conditions increases,
which leads to a decrease in the operational performance of motor vehicles, an increase in repair costs and a decrease in
the availability factor of equipment. Although only a small part can be converted into high-quality energy, there is still
potential for further reduction of fuel consumption in diesel engines [4, p.7]. Currently, in order to eliminate cases of freezing
of diesel fuel, various fuel heaters are actively used in the power supply system, the use of which requires additional energy
sources. An analysis of the technical means used for heating fuel shows that not one of the types of heaters (flow,
overhead, built-in) is not able to provide the required fuel temperature in the power supply system in all operating modes
of automotive vehicles: starting and warming up the engine after prolonged parking; the process of moving equipment;
short-term stop of the car or tractor with the engine running (idle mode); short-term stop with the engine not running. So,
when starting the engine after a long parking period, the use of electric heaters of filters and fuel intakes is effective, when
moving equipment, fuel heating in the tank due to exhaust gases, etc. In this regard, the most rational option is the
integrated use of fuel heaters, which will ensure a stable fuel temperature in the power supply system, potential loading on
the on-board electrical network of equipment and effective use of internal thermal reserves of automotive vehicles (exhaust
gas heat).

The scientific papers of Khalturin D.V., Udler E.I. and others are devoted to the issues of ensuring the optimal
thermal regime of the power supply system for automotive vehicles [5, p.3, 6, p.47]. Most of the research is aimed at
studying the processes of heating fuel in the filter and main part of the fuel system, where electric current from the on-
board network is used as an energy source. At the same time, in the works of Kurnosov A.F., Ivannikov A.B., Krokhta G.M.
and others. Studies confirming the effectiveness of the use of exhaust gases (which account for up to 35% of the heat of
the fuel burned in the engine) for heating components and assemblies of machines are presented [7, p.4, 8, p.28]. At the
same time, the issues of using exhaust gases as a coolant when heating fuel in the fuel system of a car and tractors,
substantiating the rational parameters of the heating system, and the influence of external factors on fuel temperature
remain insufficiently studied. Well-known heaters of fuel tanks of automotive vehicles, operating on the basis of exhaust
gases, do not always meet safety requirements, are complex and require changes in the tank design, which reduces their
capacity [9, p.1].

In this regard, research aimed at improving the fuel heating system and the development of technical means to
ensure the stable operation of the diesel engine power supply system for automotive vehicles when operating in low
temperature conditions is relevant.

The purpose of the work. Improving the performance of diesel-powered motor vehicles when used at low
temperatures by improving the fuel heating system.

Tasks. Justify the parameters of the fuel heating system in the tank using exhaust gases. Establish the relationship
between the fuel heating time in the tank and the engine operating modes, fuel mass and ambient temperature.

Materials and methods

An important parameter determining the possibility of using diesel fuel at low temperatures is its characteristics at
low temperatures. Of particular importance is the flash point of the fuel — this is the minimum temperature at which fuel
vapors heated in a closed vessel and forming a combustible mixture with the surrounding air begin to burn when a flame
is brought to them. For diesel fuel intended for use in summer, this parameter must be at least 40 °C, for winter fuel — at
least 35°C, and for Arctic fuel — at least 30 °C. The higher the flash point, the lower the risk of fuel ignition.

Figure 1 shows a device designed to measure the flash point of petroleum products in a closed vessel. The following
elements are located on the upper lid of the vessel: a lever with a mechanism for moving it, an ignition initiator, a tube for
a thermometer and an agitator with a flexible shaft. There are cutouts in the lid. In the inactive state, they are closed by a
lever with two holes. When the lever is turned, the side cutouts in the lid open, and the protrusion rests against the lower
part of the ignition initiator, tilting it towards the cutout in the lid. The lever and initiator return to the initial position occurs
under the influence of a spring located in the rod of the lever movement mechanism.

A special device known as an agitator is used to mix petroleum products with air and its vapors. It consists of a rod
with two pairs of blades fixed on it. The lower pair of blades mixes the oil product, while the upper pair mixes vapors with
air. The rotation of the blades is carried out either manually or with the help of an electric motor, which provides a rotation
speed in the range of 90-120 revolutions per minute.

a — general view, b — scheme
1 — body; 2 — crucible; 3 — heating element; 4 — incendiary device; 5 — handle; 6 — flap; 7 — thermometer; 8 — agitator
Figure 1 — Flash point detection device
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Studies to assess the efficiency of using exhaust gases to heat fuel in a fuel storage tank were conducted on the
basis of an automotive diesel engine for a KamAZ-53215 truck with an engine power of 176 kW and a tank with a capacity
of 350 liters.

Based on the theory of engines and the theory of heat transfer, the amount of exhaust gases and their temperature,
the potential amount of heat from the exhaust gases, the value of the heat flux used to heat the fuel from the heat transfer
condition, and the time to heat the fuel were determined. The exhaust gas supply circuit into the subcortical space of the
car includes a muffler, tee and fuel tank casing (Figure 2).

muffler

EG from the
engine

Figure 2 — Diagram of the movement of exhaust gases in the fuel tank heating mode

Exhaust gases from the engine pass through the muffler and enter the tee, where they are directed into the space
between the casing and the tank (Figure 2). By washing the bottom of the tank and the side walls, the exhaust gases give
off heat and go outside. When operating in normal mode, the valve in the tee is set to a position where gases are removed
through it into the atmosphere.

To substantiate the parameters of the casing, experimental studies were conducted, where the optimization criterion
was the distance from the inner surface of the tank to the outer surface of the shell. the casing r, which determines the
parameters of the casing, taking into account the overall dimensions of the fuel tank. The following restrictions are
accepted: the minimum value r =0.02 m (limited by the permissible exhaust resistance) and the maximum r=0.08 m (limited
by the vehicle clearance). The experimental procedure provided for determining the time for heating diesel fuel tH in the
fuel tank to a temperature of 10°C at a distance from the tank wall to the casing wall r = 0.02; 0.04; 0.06; 0.08 m. Each
experiment was carried out in 3-fold repetition. The conditions for conducting experimental studies are as follows: diesel
fuel grade DT-Z — minus 25-K2 according to GOST 305-2013, initial fuel temperature in the tank to= -14 °C, fuel mass in
the tank Mrwel = 100 kg, fuel tank heating area Sp.b= 2.6 m2, engine crankshaft speed n=1600 min! The instruments and
equipment used in experimental studies are shown in Figure 3.

a — laboratory thermometer TL-2 No. 1; b — tachometer PM10-R; ¢ — stopwatch SDSPR-1-2.000

Figure 3 — Instruments and equipment

For an experimental assessment of the efficiency of the spent gas fuel heating system, the time for heating the fuel
in the tank tn (to a temperature of 10 °C) was taken as a criterion, its determining factors were established — the mass of
fuel in the Mrel tank, the heating area of the fuel tank Sy, the initial temperature of the fuel in the tank t0, the operating
mode of the engine n. Experimental studies were conducted according to the plan of a one-factor experiment. The variable
factors were the mass of fuel in the tank Mrel = 50; 150; 250 kg, engine operating mode n = 600; 1100; 1600; 2100 min-1,
the initial fuel temperature determined by environmental conditions (air temperature) to= — 29; — 21; — 15; — 9 °C. The value
of the heating area of the fuel tank was assumed to be the maximum Sp. = 2.6 m? based on the geometric dimensions of
the bottom and side walls of the fuel tank. A fuel level sensor DTU was used to record the temperature and amount of fuel
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in the fuel tank during the movement of the DTU-2-06-410 with a measurement error of fuel level + 0.25% and temperature
+1°C.

For a comparative assessment of a technical means equipped with a fuel heating system and a basic technical
means with a diesel engine, when operating at low temperatures, an operational indicator was used — an average indicator
of readiness for work, which was determined in accordance with GOST R27.010-2019 [10, p.22]. The time indicators of
the operable and inoperable condition of the compared cars during the 3 winter months were determined by timing, taking
into account the same amount of work performed by the cars.

Result of work

The amount of exhaust gases sent to heat the fuel tank varies depending on the operating mode of the engine. As
the crankshaft speed increases, the amount of exhaust gases increases and, accordingly, the total amount of heat from
them. Thus, when changing the crankshaft speed from 1000 to 2200 min™!, the thermal power of the exhaust gases
increases from 27.0 to 71.3 kW (under conditions of ambient air temperature -30 °C and exhaust gas temperature 200 °C).
At the same time, only a part of the heat from the gases can be used to form a heat flow for heating the fuel, since it is
limited by the heat transfer coefficient and the heating area (Figure 4).

Q, kW

30 " //
Kp.maxy /
~

” //l /<NHOM

10

1,0 1,5 2,0 Spp, m?

Figure 4 — Dependence of the heat flow power for fuel heating Q on the heating area
of the fuel tank Spb and the operating mode of the engine n

It can be seen from the graph in Figure 4 that with an increase in the heating area from 1.0 to 2.5 m?, the power of
the heat flow that can be used to heat fuel increases 2.5 times. In the case of an internal combustion engine operating at
maximum torque of Mkr.max, the exhaust gas temperature is 50 °C higher, which provides an increase in the heat flow power
for heating fuel up to 18% compared with the rated power mode (Figure 4).

Thus, in order to ensure the highest value of the heat flow power for fuel heating, it is necessary to take the maximum
heating area determined by the design of the fuel tank.

To substantiate the design parameters of the fuel tank casing, an experimental dependence of the fuel heating time
in the fuel tank t» on the distance between the walls of the fuel tank and the casing r was obtained (Figure 5).

tn, h
0,4 S

o

0,3 /
—TTTP

0.04 0.06 r, m

0,2

0,1

0.02

Figure 5 — Dependence of fuel heating time tn on the distance between the walls of the fuel tank and the casing r

From the graph, it can be seen that with an increase in the distance between the walls of the fuel tank and the
casing r from 0.02 to 0.08 m, the heating time of the fuel t, increases by 2.0 times (Figure 5). With a rational value of r =
0.02-0.04 m, the following design parameters of the casing are accepted: length — 1.19-1.23 m, height — 0.69-0.73 m, width
—0.57-0.61 m.
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The study of the effects of variables that determine the time interval for heating diesel fuel in the car tank was
conducted on the basis of experimental studies, which resulted in the dependences tn = f (Mrwel, to, n) (Figure 6).

tn, tn/
J\&"?" =250 kg
0’4 g\
0,3

—_

\
> M, =150kg Y ) S
0,3 L — 3
@\4 Myuon=50 kg N o Y
0,2 7
0,2
0,1 0,1
600 1100 1600 . n min? 600 1100 1600 n, n, min?
a b

a—atto =—29; b — at Mwe = 150 kg;
1 —to=-29°C; 2 — to=—21°C; 3 —to=—15°C; 4 — to=—9°C

Figure 6 — Dependences of the fuel heating time tn on the operating mode of the engine n,
the mass of fuel in the Mrel tank and the ambient air temperature to

It can be seen from the graph (Figure 6a) that with an increase in the mass of fuel in the tank from 50 to 250 kg,
the time for heating the fuel increases by 1.7-1.8 times. When the ambient temperature decreases from t0 from -9°C to -
29°C, the period required to heat the fuel in the fuel tank to a temperature of 10°C increases by 40.0-44.1% (Figure 6 b).
With an increase in crankshaft speed n from 600 to 2100 min-1, there is a decrease in fuel heating time by 24.2-34.4%
(Figure 6 a, b).

As a result of a comparative assessment, it was found that the average readiness coefficient of a truck equipped
with the proposed fuel heating system during operation in the cold season was 0.87, and the base car was 0.81.

Discussion

The possibility of using exhaust gases to heat fuel in the tank arises when the car engine is running during cargo
transportation, or in idle mode during parking and stops. The potential thermal power of the exhaust gases is quite sufficient
to effectively heat the fuel in the fuel tank of an automotive vehicle, but its use is limited by the coefficient and area of heat
transfer, as a result, only a part of the thermal power of the exhaust gases is used to heat the fuel. The power of the heat
flow used to heat the fuel depends on two main factors — the heating area of the fuel tank and the temperature of the
exhaust gases (Figure 4). The first factor is determined by the geometric dimensions of the fuel tank of the car with a
capacity of 350 liters, where it is possible to use the bottom and side walls of the tank for heat transfer, the total area of
which is the maximum heating area Sp.b = 2.6 m?, the second factor is the operating mode of the engine. With an increase
in the speed of the crankshaft of the internal combustion engine, the number of exhaust gases increases and, accordingly,
the flow rate of gases blowing over the heat transfer surfaces, which leads to a more stable temperature regime of gases
in the contact zone with the tank walls. This statement corresponds to the results of experimental studies, so with an
increase in rpm n from 600 to 2100 min-, the time for heating fuel in the tank with exhaust gases t» decreases by 25-35%
(Figure 5, a, b). During operation of the internal combustion engine at maximum torque speeds, the exhaust gas
temperature increases due to more intensive fuel combustion.

The use of a casing in the proposed fuel heating system with parameters justified by the criterion of minimum time
spent on heating diesel fuel tn creates conditions for effective heat transfer without significant loss of coolant temperature.

As a result of an experimental assessment of the factors determining the time for heating fuel in the car tank, it was
found that the main effect on this parameter is the volume of fuel in the tank, so reducing the mass of fuel in the tank by
50 kg reduces the time for heating fuel by an average of 25%. With a decrease in the temperature regime of atmospheric
conditions and, accordingly, the initial temperature of the fuel in the tank by 6-8 ° C, the time required for heating the fuel
increases by an average of 18%.

In general, the developed diesel fuel heating system using exhaust gases allows for 0.5 hours to provide fuel heating
in the tank of the KamAZ-53215 truck automotive diesel to positive temperature values in the cold season and maintain
the required fuel temperature of 10-20 °C during operation of the car.

As a result of the integrated use of fuel heaters (an overhead fuel filter heater and the use of exhaust gases to heat
the fuel tank), a stable start of the car engine is ensured at low temperatures and the optimal fuel temperature in the fuel
design system, preventing the likelihood of "snagging" fuel in fuel lines during the operation of the car. The use of an
integrated option for heating the fuel of an automotive diesel engine on a KamAZ-53215 car in the cold season contributes
to an increase in the average equipment availability coefficient from 0.81 to 0.87.

Conclusion

Based on theoretical studies, the dependences of the heat flow power for fuel heating Q on the heating area of the
fuel tank Spb and the engine operating mode n have been established.

A scheme for supplying exhaust gases to the undercarriage of the car, which includes a muffler, tee and fuel tank
casing, has been proposed. As a result of experimental studies, rational design parameters of the fuel tank casing were
substantiated: length — 1.19-1.23 m, height — 0.69-0.73 m, width — 0.57-0.61 m.
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The dependences of the heating time of fuel t, in the car tank on the operating mode of the engine n, the mass of
fuel in the Mrwel tank and the ambient air temperature t0 are established.

A system for the integrated use of fuel heaters (overhead fuel filter heater and spent gas fuel tank heating) on an
automotive diesel engine for a truck is proposed, the use of which in the cold season provides an increase in the average
equipment availability coefficient in comparison with the base from 0.81 to 0.87.

The obtained research results can be used in the operation of automotive diesel engines in the cold season in order
to improve their operational technical and operational efficiency.

REFERENCES:

1. Opredelenie otraslevy'h pokazatelej, istochnikov danny'h i organizaciya ucheta na transporte. [Definition
of industry indicators, data sources and organization of accounting in transport]. Informatsionny'j list Ne1 za 1 kvartal 2022
goda, available at: https://kazlogistics.kz/ru/research/ (15 February 2024). (In Russian)

2. Alekseenko E.V., Zolotuhin E.A., Kravchenko R.l., Amantaev M.A. Issledovanie vliyaniya parametrov
uglevodorodnogo sostava topliva na moschnostny'e pokazateli dvigatelej gruzovy'h avtomobilej, primenyaemy'h
v selskom hozyajstve [Study of the influence of hydrocarbon composition parameters of fuel on the power performance
of agricultural truck engines]. 3i: intellect, idea, innovation, Kostanaj, KRU im. A.Bajtursynova, 2023, no. 2, pp. 73-79. (In
Russian)

3. Donghai Hu., Wenshuo, Hou., Chenjie, Xiang., Dagang, Lu., Qingqing, Yang., Jianwei, Li., Jing, Wang.
Waste heat utilization performance verification of Heat Exchanger Only Thermal Management System for fuel cell
vehicle. Journal of Cleaner Production, 2023, vol. 428, 139479 p.

4. Can Yang, Yuhang Li. Fuel-saving performance and main losses of an organic-Rankine-cycle-based
exhaust heat recovery system in heavy truck application scenarios. Applied Thermal Engineering, 2021, vol. 193,
117025 p.

5. Halturin D.V. Podogrev i ochistka topliva v usloviyah nizkih temperatur s cel'yu povy'sheniia
rabotosposobnosti selskohozyajstvenny'h dizelny'h traktorov [Heating and cleaning fuel in low temperature
conditions to improve the performance of agricultural diesel tractors]. Abstract of PhD thesis, Novosibirsk, 2015, 19 p. (In
Russian)

6. Udler E.l. Predvaritel'naya ochistka topliva s podogrevom v toplivny'h sistemah mashin [Pre-cleaning of
fuel with heating in vehicle fuel systems]. Traktory' i selskohozyajstvenny'e mashiny’, 2013, Ne7, p.47-49. (In Russian).

7. Kurnosov A.F. Podogrev mehanicheskoj korobki peredach transportny'h sredstv
selskohozyajstvennogo naznacheniya v usloviyah Sibiri [Heating of mechanical gearbox of agricultural vehicles in
Siberian conditions]. Abstract of PhD thesis, Novosibirsk, 2016, 20 p. (In Russian)

8. Ivannikov A.B. Vtorichnoe ispolzovanie teploty' vy'hlopny'h gazov dvigatelia dlya povy'sheniya
e'ffektivnosti funkcionirovaniya agregatov na primere korobki peredach traktora [Recycling of engine exhaust heat
to improve the efficiency of units using the example of a tractor gearbox]. PhD thesis, Novosibirsk, 2017, 181 p. (In Russian)

9. Ustrojstvo avtomobilya [Car structure]. Podogrev topliva, shema ustrojstva dlya obogreva toplivny'h bakov
dizelny'h avtomobilej, available at: https: //https://ustroistvo-avtomobilya.ru/bez-rubriki/podogrev-topliva/ (25 March 2024).
(In Russian)

10. Nadezhnost v tehnike. Matematicheskie vy'razheniia dlya pokazatelej bezotkaznosti, gotovnosti,
remontoprigodnosti. [Technical robustness. Mathematical expressions for calculating indicators of failure-free operation,
availability, maintainability]. GOST R27.010-2019, Moscow, Standartinform, 2019, 85 p. (In Russian).

Information about the authors:

Kravchenko Ruslan Ivanovich — PhD, acting Head of the Department of agricultural technology and transport,
Akhmet Baitursynuly Kostanay Regional University NLC, Republic of Kazakhstan, 110000, Kostanay, 28 Abai Ave., bld. 3,
tel.: +7-702-929-85-76, e-mail: ruslan_kravchenko_15@mail.ru.

Amantayev Maksat Amantayevich — PhD, acting Associate Professor of the Department of agricultural technology
and transport, Akhmet Baitursynuly Kostanay Regional University NLC, Republic of Kazakhstan, 110000, Kostanay, Airport
micro district, bld. 39, tel.: +7-775-142-99-21, e-mail: amantaevmaxat.kz@mail.ru.

Zolotukhin Yevgeniy Aleksandrovich* — PhD, acting Associate Professor of the Department of agricultural
technology and transport, Akhmet Baitursynuly Kostanay Regional University NLC, Republic of Kazakhstan, 110000,
Kostanay, Airport micro district, bld. 45, tel.: +7-777-139-07-47, e-mail: zolotukhine17@mail.ru.

Turgyn Daniyar Nurbekuly — Agromashholding KZ JSC, quality inspector of materials, metals, semi-finished
products and products, Republic of Kazakhstan, 110000, Kostanay, 41/2 Promyshlennaya Str., tel.: +7-707-627-20-00,
e-mail: turgynd@list.ru.

KpasueHko PycnaH WeaHosu4 — ¢bunocogpuss 0okmopsi (PhD), aspapribiK mexHuka xeHe Kerik kaghedpachl
MeHeepywiciHiH M.a., «Axmem balimypcbiHyibl ambiHOarbl KocmaHal eHipnik yHusepcumemi» KEAK, Kasakcmad
Pecnybnukacsl, 110000, KocmaHal K., Ab6al OaHfbinbl, 28, 3 rfumapam, men.: +7-702-929-85-76, e-mail:
ruslan_kravchenko_15@mail.ru.

AmaHmaee Makcam AmaHmadlynbl — ¢punocogpusi dokmopsl! (PhD), azpapribik mexHuka xoHe Kerik kaghedpach!
MeHeepyuwiiciHiH M.a.., «Axmem baltmypcbiHynbl ambiHOarbl KocmaHali eHipnik yHusepcumemi» KEAK, KasakcmaH
Pecnybnukacbl, 110000, KocmaHal K., Asporiopm warbiH ayd, 39, men.. +7-775-142-99-21, e-mail:
amantaevmaxat.kz@mail.ru.

BonomyxuH EseeHuli AnekcaHOposuy® — ¢bunocogbusi dokmopb! (PhD), azpaprbik mexHuKa XoHe KeliK
KagheOpacbi KaybiMOacmbipbiiiFaH MPOgeCccopbiHbIH M.a., «Axmem bBbalmypcbiHyrbl ambiHOaFbl KocmaHal eHiprik
yHusepcumemi» KEAK, Kasakcma+ Pecriybrniukacsl, 110000, Kocmanali K., Asporiopm warblH ayd, 45 men.: +7-777-139-
07-47, e-mail: zolotukhine17@mail.ru.

113


mailto:ruslan_kravchenko_15@mail.ru
mailto:amantaevmaxat.kz@mail.ru
mailto:zolotukhine17@mail.ru
mailto:turgynd@list.ru
mailto:ruslan_kravchenko_15@mail.ru
mailto:amantaevmaxat.kz@mail.ru
mailto:zolotukhine17@mail.ru

AYblJ1 LWAPYALLBUIbIFbI FbINIbIMOAPDI CEJIbCKOXO3ANUCTBEHHbIE HAYKU

TyproiH HaHusp Hypbekynsi — Mamepuandap, memandap, xapmbinal ¢abpukammap meH OylbimOapdbi
bakbinaywsi, «AepomatuxondurHe KZ» AK, KaszakcmaH Pecniybnukacsi, 110000, KocmaHal K., [NpombiwneHHas k-ci, 41/2,
men.: +7-707-627-20-00, e-mail: turgynd@list.ru.

KpasueHko PycnaH WeaHosu4 — dokmop ¢puriocogpuu (PhD), u.o. 3agedyrowie2o kagheOpbl azpapHOU MexHUKU U
mpaHcnopma, HAO «KocmaHalickuli peauoHarnbHbil yHUsepcumem umeHu Axmem balmypceiHynbl», Pecnybnuka
KasaxcmaHn, 110000, e. KocmaHal, np. Abas, 28,  kopnyc 3, men. +7-702-929-85-76, e-mail:
ruslan_kravchenko_15@mail.ru.

AmaHmaee Makcam AmaHmaesuyd — dokmop ¢pumnocogpuu (PhD), u.o. accoyuuposaHo20 npogheccopa kaghedpsbl
aspapHol mexHuku u mpaHcrnopma, HAO «KocmaHalickuli peauoHarnbHbIl yHuUgepcumem umeHu Axmem
BatimypcbiHynbi», Pecriybnuka KasaxcmaH, 110000, e. Kocmanrat, MkpH. Asporiopm, dom 39, men.: +7-775-142-99-21,
e-mail: amantaevmaxat.kz@mail.ru.

BonomyxuHn Eezeruli AnekcaHOposu4® — Adokmop ¢punocogpuu (PhD), u.o. accoyuuposaHHoz20 npogheccopa
Kkaghedpbl aspapHoU mexHuku u mpaHcriopma, HAO «KocmaHalickul peauoHarbHbIU yHUsepcumem umMeHU Axmem
BatimypcbiHynbl», Pecnybniuka KazaxcmaH, 110000, 2. KocmaHad, Mkp. Asporiopm, 0om 45, men.: +7-777-139-07-47,
e-mail: zolotukhine17@mail.ru.

Typrbin HaHusp Hypbekynbl — AO «AgpomawxonduHe KZ», KOHmMpoep Mamepuarnos, Memarsos, rnosnygpabpu-
kamoe u u3denud, Pecriybnuka KasaxcmaH, 110000, e. Kocmanad, yn. lNpombiwneHHas 41/2, men.: +7-707-627-20-00,
e-mail: turgynd@list.ru.

MPHTU: 68.47.94:
Y[IK 574.031.623.22(574)(045)
https://doi.org/10.52269/22266070_2024 4 114

ALOANTUBHBIE MOP®OJIOM'MYECKUE PEAKLIUA UBbI BEJION (SALIXALBA L.),
NMPOU3PACTAIOLLEN B NMOUME PEKU BYXTAPMA KATOH-KAPATAMNCKOI'O IrHmnnmn

KypmareoxuHos AJK.* — PhD Ookmop ecmecmeeHHbIX HayK, U.0. accouuupogaHHbIl npogheccop kaghedpsbl
lecHble pecypcbl U flecHoe xossiticmeo, «Kasaxckull asgpomexHuyeckull uccriedosamenbckull yHusepcumem UM.
C. CeligpynnuHar, e. AcmaHa, Pecnybnuka Kasaxcman.

XKymadunos b.3. — kaHOuGam 6uonoau4eckux Hayk, cmapuwul npernodasamerib kagheopbi 3konoauu, «Kasaxckuli
aspomexHudeckul uccnedosamernbckuli yHueepcumem um. C. CeligpynnuHa», e. AcmaHa, Pecriybnuka KazaxcmaH.

Fomep B.A. — maesucmpaHm, «Kasaxckuli aspomexHudeckul uccriedoeamerisCKull yHusepcumem UM.
C. CeligpynnuHa», 2. AcmaHa, Pecnybnuka Kaszaxcman.

B cmambe paccmompeHbl adanmueHble Mopghosioaudeckue peakyuu uebl benol (Salix alba L.), npouspacmato-
wel 8 KamoH-Kapaezatickom 2ocy0apcmeeHHOM HayuoHallbHOM rpupodHomM napke. B KamoH-Kapaezatickom eocydapcm-
B8EHHOM HauyuoHarbHoM rpupodHom napke (FHIM), 6binu nposedeHbl uccriedo8aHuUs NECHbIX 3KOcUCMeM Ha MpPObHbIX
nnowadsax obwel nnowadsto 5,9 2a. B cocmae 0Opesocmosi nepeozo sipyca exo0sim uea benas (Salix alba L.) u bepésa
b6opodasuamas (Betula pendula), co cpedHum duamempom cmeorna 16,1 cm u cpedHeli ebicomol 4,3 m. Uea 6enas 8
OaHHOM palioHe ouyeHusaemcs Kak "30oposas” ¢ UHOEKCOM OMHOCUMENIbHO20 XUu3HeHHo20 cocmosiHusi (OXKC) 87,5%.
CodepixaHue xnopogpurnna, a 8 nucmesx eapbupyem om 0,55 do 0,6 ma/2 ceipoli macchl, xropocgunna b —om 0,11 do
0,14 me/2, kapomuHoudos — om 0,13 do 0,14 me/e. [lo4yseHHbIE yCOBUSI XapaKmepu3ymcs 8bICOKUM COOepxaHUuem
M008UXHBIX 3MIEMEHMO8 NuUMaHusi 8 20pu3oHme. A: weno4yHoaudponusyemoeo azoma 99,13 me/ke, nod8uxHbIx coedu-
HeHull ¢hochopa 22,7 me/ke u obmeHHozo kanusi 160,8 me/ke. Peakyus no4YyeeHHOU cpedbl npeumMyuecmaeHHo
HelmparnbHas pH 6,76, codepxaHue 2ymyca 8 sepxHem 2opu3zoHme 5,41 %. [aHHbie uccriedosaHusi noomeepxdoarom
8bICOKOE bUO3KOI02UHECKOE COCMOSsIHUE Opesocmoes U rno4s 8 rnolive peku byxmapma, ymo sensemcs 8axHbiM Onsi
OanbHeliezo MOHUMOPUH2a U COXPaHEHUS 3MuX 3KOCUCMEM.

Knroueenie cnosa: noliveHHble neca, Mlea benasi, Xu3HeHHoe cocmosiHue, xnopoghusnn, KamoH-Kapazatickuli
FHIC.

KATOH-KAPAFAN M¥TC B¥KTbIPMA ©3EHIHIH )KAV[bIJ'IMACbIH,EIA OCETIH AK TANAbIH
(SALIX ALBA L.) MOP®OJNOInAnNbIK BEMIMOENY PEAKLUUANAPDI

KypmaHaoxuHog A.JK.* — xapambinbicmaHy fblnibiMOapbiHbiH PhD 0okmopbl, opMaH pecypcmapbl XeHe opMaH
wapyauwnblnblfbl  Kaghedpachbl KaybiMOacmblpbiiFaH npogeccopbiHbiH  M.a., «C.CeligynnuH ambiHOarbl Kasak
aspomexHuUKarsbIK 3epmmey yHugepcumemi», Acmana K., KazakcmaH Pecriybrniukacsi.

XKymadunos b.3. — 6uonozusi fbinbiMOapbiHbIH KaHOUdambl, 3Kosio2usi Kagedpacbl ara OKbImyuwibl,
«C.CelgpynnuH ambiHOarbl Kadak azpomexHukarbiK 3epmmey yHugepcumemi», AcmaHa K., Kasakcmax Pecrybrnukacsi.

Fomep B.A. — masucmpaHm, C. CelgynnuH ambiHOarbl Kasak azpomexHuKkasbiK 3epmmey yHusepcumemi,
AcmakHa K., KasakcmaH Pecnybnukacbi.

Makanada KamoH-Kaparal memnekemmik ynmmbik maburu casibarbl aymarbIHOarbl ecemiH aKk manobiH (Salix alba
L.) 6elimdenziw mopghonozusnbiK peakyusinapbl KapacmsipbinraH. KamoH-Kaparal memnekemmik ynmmbik maburu
casibarbiHOa (M¥TC), xannbl aydaHbl 5,9 2a 6onambsiH cbiHaK anaHOapbiHOa OpMaH 3KOXyleriepiHe 3epmmeyrnep
XKypei3indi. bipiHwi kabammarbl arall XaMbliiFbICbIHbIH KypaMbiHa ak mas (Salix alba L.) xoHe ineek xanbipakmbl KalibiH
(Betula pendula) kipedi, onapdbiH opmawa 0iH duamempi 16,1 cm, opmawa 6uikmiei 4,3 M. AmanraH alimakmarbl aK
marnodblH emipweHJiK xardalibl «cay» den baranaHalsbi, canbicmbipmarbl emipweHOik uHOekci (COU) 87,5%-0b1 Kypaliobi.
XKanbipakmapdarbl a xnopogpunn menwepi 0,55-meH 0,6 me/2 wuki maccara deliH, b xnopogusnn — 0,11-0eH 0,14 me/2
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