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ABSTRACT

BACKGROUND: The modernized design of the lubrication system with an individual electric-driven oil pump ensures the oil
supply to remote and loaded parts, regardless of the crankshaft speed, starting mode and engine warm-up.

AIM: Study of the main directions for enhancement of the lubrication systems of piston engines in order to assess the option
of using an autonomous electric drive.

METHODS: The design of an adjustable inductor electric drive with microprocessor control is proposed as a drive. The ability
to keep rotation speed of the pump gears accurately is ensured using a controlled inductor electric motor, depending
on the pressure in the lubrication system.

RESULTS: The design and technological implementation of the proposed method of driving an oil pump does not require major
changes to the engine design. The layout of the oil pump at the engine is simplified.

CONCLUSIONS: The proposed design of the lubrication system of an internal combustion engine ensures optimal rotation
speed of the pump shaft regardless of the operating modes of the piston engine, resulting in an increase in engine operating
life.
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ODVII'VIHaJ'IbHOG nccneaposaHme

CoBepwieHcTBOBaHUE CMAa304HOM CUCTEMbI ABUraTens
BHYTPEHHEro cropaHus

C.A. Anues, A.fl. Anmes, 0.M. Ainpemunpos

[larectaHcKuii rocynapcTBeHHbIN arpapHbii yHuBepcuteT uMeHn M.M. [xxambynatoBa, Maxaukana, Poccuitckas ®epepauus

AHHOTALMSA

06ocHoBaHue. MoaepHU3MpoBaHHas KOHCTPYKLMS CUCTEMBI CMasKU C MHAMBMAYANbHBIM 3IEKTPONPUBOAHBIM MaCNSHbIM
HacocoM obecrneynBaeT noJady Macna K yAaneHHbIM 1 HarpyXeHHbIM ieTaNsiM He3aBUCUMO OT YacTOTbl BPaLLIEHMs KoNleHya-
TOro Baia, PeXvuMa nycka 1 nporpesa puratens.

Llenb uccnepoBaHus — npopaboTka OCHOBHbIX HaNpaB/ieHMiA COBEPLLEHCTBOBAHWUS CMa304HbIX CUCTEM MOPLUHEBbIX ABUra-
Tenei ¢ Lenbio onpefieneHns BO3MOXHOCTU NPUMEHEHWUs aBBTOHOMHOIO 3/IEKTPUYECKOro NPUBOJA.

Marepuansl U MeToapl. B KayecTBe NpuBOLA NpeasiaraeTcs KOHCTPYKUMS PerynMpyeMoro MHAYKTOPHOTO 3M1eKTPONpuUBoAa
C MMKPOMpPOLIECCOPHBIM YripaBrieHneM. Bo3MoXHOCTb MoslyydeHns ToYHOM CKOpOCTM BpaLueHus 3ybuatbix Konéc Hacoca obe-
CMeYmBaeTCs NP1 NMOMOLLM YNPaBNISIEMOT0 MHAYKTOPHOO 3/1EKTPOABUraTeNs B 3aBUCMMOCTM OT [JaBNIEHUS B CUCTEME CMa3KM.
Pe3ynbTarbl. KOHCTPYKTMBHOE 1 TEXHONOMMYECKOE UCTIONIHEHWe NpefiaraeMoro crocoba npuBofa MacnsHOro Hacoca He Tpe-
ByeT cepbE3HbIX U3MEHEHMIA KOHCTPYKLMM BUraTens. YNpoLLaeTcs KOMMOHOBKA MacisSHOro Hacoca Ha puratene.
3akntouenue. peanaraeMas KOHCTPYKUMS CMa30YHOM CUCTEMbI JBUraTeNsl BHYTPEHHErO CropaHus obecneyuBaeT OnTU-
MaJlbHyl0 4acToTy BPaLLieHMs Basa Hacoca He3aBUCUMO OT PEXXWUMOB PaboTbl MOPLUHEBOrO [BUraTens, B pesynbrate Yero
noBbILLAETCSA pecypc paboThl ABUraTens.

KnioueBble cioBa: HacoC LIECTEPEHHBIN; CMa304HasA CUCTEMa; NMOPLUHEBOW ABUraTesb; 3IEKTPOABUraTeNb; TPEHUE; pac-
npeLenuTeNbHbIi Ba.
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BACKGROUND

The lubrication system must completely satisfy
the following basic requirements to ensure the durability
of moving joints of internal combustion engine (ICE) parts:
1. Uninterrupted supply of lubricant to all rubbing

surfaces of parts during operation at various speed

and load modes, ascents and descents of up to 35%,

rolls of up to 25%, changes in the ambient temperature

from 323 °K to 223 °K, and as a consequence,
alterations in the viscosity of motor oil;

2. High degree of removal of wear products from friction
surfaces and lubricant, which prevents overheating
and corrosion of the mating parts;

3. Duration of engine operation under load without
overheating the oil, high labor costs for maintenance,
and energy costs for oil pump functioning [1].

To meet these requirements, scholars manufacture
ICE lubrication systems in combination, which offers
lubrication of the crank and connecting rod bearings
of the crankshaft, camshaft bearings, and piston head
bearings of connecting rods under pressure, timing
gears, camshaft cams, pushers, valves, and cylinder
mirrors by splashing.

The study aimed to analyze the main routes leading
to the improvement of lubrication systems of piston
engines for usage in autonomous electric drives.

MATERIALS AND METHODS

Combined lubrication systems comprise a crankshaft-
or camshaft-driven oil pump, pressure-reducing valves,
oil filters, a ventilated crankcase, and an oil pump
running on accumulator batteries for prepumping of oil.

The lubrication systems under consideration, which
are widely used for transport ICEs, fail to meet the
requirements, including a guaranteed uninterrupted
oil circulation and durability of interfaces and energy
consumption for the driving unit of moving parts and
the oil pump [3].

A cold and low-temperature engine start is at a
minimum starting crankshaft speed of 50-100 rpm.
Meanwhile, the warm-up mode commences after
the engine is started at a minimum crankshaft idle
speed of 500-700 rpm. As a result of the decreased
rotation speed of oil pump gears and increased
viscosity, a dissatisfactory pumping of oil occurs
through the system, and oil delivery to peripheral zones
is considerably deteriorated. As a result, maintenance
of the liquid friction characteristic of operating modes
with an adequate layer of oil in the bearings of the
crankshaft and camshaft presents difficulty. Depending
on film thickness, friction can be borderline, namely,
semi-liquid or semi-dry, which substantially increases
the wear of ICE parts. The wear of moving parts interfaces

Tom 91, N2 1, 2024

DAl https://doiorg/10.17816/0321-4443-611106

Tpamopb\ /1 CeNbX03MalUMHbI

is attributed to 75% of cold and low-temperature starts.
The engine warms up after accepting of a full load has
started, and 25% of engine operation at operating modes.
In this regard, ICEs are often equipped with a special
pump for the prestart pumping of oil and an autonomous
prestart of the PZhD-type engine heater.

The reduction of energy costs for driving oil, fuel,
and water pumps and camshafts and fans is very urgent
task.

Existing ICE oil pumps mainly suffers from anincreased
power consumption for their drive and dependence of
their performance and oil supply coefficient on the gear
rotation speed and the state of their end and radial
clearances in the pump housing. Thus, at a high rotation
speed of the gears of a gear pump, the flow coefficient
decreases substantially. The selected feed coefficient,
which is a function of the pump-gear speed, is ranges
with 0.6-0.8. The optimal rotation speed should be no
more than 3000 rpm [4].

In addition, in unsteady operating modes, violation
of the hydrodynamic and boundary conditions
of lubrication in friction units inevitably occurs, and as
a consequence, wear increases, and scuffing becomes
a possibility.

The noted disadvantages should be eliminated through
the development an oil pump, for example, a piston
type with an autonomous drive, that is independent
of the crankshaft or camshaft.

The latter is advisable for use as a starter—generator
device of an ICE, which allows the increase in the on-
board voltage to 42 V and the power of the power supply
system created by the generator to 4 kW [2].

The proposed technical solution allows for the
consideration of other options for the ICE lubrication
system and various oil pump designs.

RESULTS AND DISCUSSION

On the issue of modernization of the ICE lubrication
system, the proposed method of driving an oil pump will
enable setting up a pump-gear rotation speed at which oil
pressure in the system will ensure oil supply to remote
and loaded parts, regardless of the crankshaft speed and
mode of ICE starting and warming up [6].

Figure 1 presents the proposed ICE lubrication
scheme with an electrically driven oil pump located
inside the engine crankcase.

As displayed in the diagram, the driving unit
of an oil pump considered in the proposed method
does not require major changes in engine parts. For
such a purpose, the drive shaft of the oil pump can be
connected to the shaft of an electric motor, which is
powered by a generator and installed depending on the
oil pump’s location and design solution (on the pallet,
side, or front of the crankcase block).
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Fig. 1. Diagram of the ICE lubrication system with an electrically driven pump: 7 — an oil header; 2 — a suction part; 3 — an oil pump;

4 — an electric engine for driving the oil pump; 5 — a pressure part.

Puc. 1. CxeMa cMazouHom cucteMbl [IBC ¢ aneKTponpruBoaHbIM HAacOCOM: | — MacNoNpUEMHMK; 2 — BCaCbIBalOLLas YacTb; 3 — MacsHbIi
Hacoc; 4 — 3neKTpoaBUraTeNb NPMBOAA MACcNAHOMO HACOC; 5 — HarHeTaTesbHas 4acTb.

The precise speed of pump-gear rotation can be
guaranteed using a controlled inductor electric motor,
namely, a reversible noncontact synchronous-type
electric machine (Fig. 2). This machine offers various
advantages, including a laminated star rotor 1 without
a winding, which has minimal losses, and a multiphase
stator winding 2, made in the form of separate
concentric coils 3 without crossing the frontal parts,
which simplifies the design and production technology
and increases reliability during operation [3].

Fig. 2. Design of the active area of an inductive electric motor:
I — arotor; 2 — a stator; 3 — a concentric coil.

Puc. 2. YcTpoicTBO aKTMBHOM 30HBI MHAYKTOPHOTO 3MIEKTPOABUra-
Tens: | — potop, 2 — c1atop, 3 — KaTyLUKa KOHLEHTPUYecKas.
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In addition to the above benefits, the proposed oil
pump drive system offers other advantages, namely,
the simplified design of the oil pump itself due
to the reduced length of its drive shaft and the need
to manufacture a skew gear on it; simplified camshaft
design due to the absence of the need to manufacture
a skew gear on it; reduced load on the camshaft.

A functioning electric drive pump of the lubrication
system creates conditions for the regulation of the oil
pressure in the system, which depends on the operating
modes of the engine.

Different from the classical system, during
calculations of the ICE lubrication system with
an individual drive pump, the electric motor that drives
the oil pump must be selected and the power from
the vehicle generator be determined.

The calculation usually starts with determining
the heat amount Q, removed by the lubrication system
to the environment [5]:

0,=(0,02+0,03)-0,,,,

where O, denotes the heat introduced with the fuel
at a given engine power.

The following equation can be used to determine
the amount of volume of oil required to remove a given
amount of heat from lubricated surfaces :

V1: Qo
e 1)

where p refers to the oil density, kg/m3 C, denotes
the heat capacity of oil leaving the friction unit




TEOPUA, KOHCTPYNPOBAHVE, CTTBITAHA

kJ/(kg°C); £'—t. means the difference in oil
temperature at the inlet and outlet of the lubrication
system, in °C.

Weight flow rate of oil considering leakage
and other inevitable losses, including oil bypass
through the pressure-reducing valve, is computed
as follows:

n()
where K indicates a coefficient in consideration of leaks;
n, refers to the coefficient of oil supply by the
pump, V. presents the productivity of lubrication
pumps, m3/s.
The power required to drive the oil pump is determined
using the following equation:

where V! indicates the operating oil volume; 1, ..,

refers to the mechanical efficiency of the pump.

The obtained value N, an electric motor was
selected to operate the lubrication system pump, and
the power it obtains from the motor vehicle generator
is determined.

Calculation of power requirement for driving the oil
pump:

1. The amount of heat removed from the engine by oil
was calculated, given that in modern automobile
engines, 1.5%-3% (assuming 2.2%) of the total
amount of heat introduced into the engine with fuel
is removed:

0, =0,022G,H, = 0,02 x %44000 =4,61 kJ/s.

2. Calculation of the circulating oil flow rate. Mass
circulation oil flow rate is computed as follows:

P R X
° ¢, AT, 2,094-8

=0,275 kg/s,

- _ _ kJ
At a specific heat capacity of oil ¢, = 2,094 kg R

3. Calculation of the stabilization oil consumption:
G =2-G,=2-0,275=0,55 kg/s.

4. Determination of the estimated performance
of the pump, in consideration of oil leaks through
the radial and end clearances:

_2-G, 2-0,275
n, 0,7

G

c

=0,786 kg/s.
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5. Calculation of the power expended to drive the oil
pump:

N]’ :GCHO 1 :GC,])Z _})l : 1 =
nmech po nmech
P
=V, .—2—-10"=8,73-10"* .%.103 =0,426 kW,
nmech ’

where P, =P, — P, =0,4 MPa represents the excess oil
pressure in the system (P, and P, are the oil pressure

in front of and behind the pump, respectively); H, — Lo
Po

0’7?)6 =8,73-10" my/s

C

) G
is pressure head; V. =p—=

indicates volumetric oil consumption.

CONCLUSIONS

The following conclusion was drawn based
on the above information. The proposed scheme
for a lubrication system of an ICE ensures rotation
of the pump shaft at optimal speeds, regardless
of the operating modes of the piston engines, resulting
in increased engine service life.
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KOHLENLMKW, NpOBEflIEHWE WCCNef0BaHWUA W NOAroTOB-
Ky cTaTbW, NpPo4YnM M 040bpunn dUHaNbHYI0 BEPCUID
nepen nybnukaumen).

KoHdnukT wuHTepecoB. ABTOpbl AeKniapupywT oT-
CYTCTBME SIBHbIX W MOTEHUMANbHBIX KOHGOIIMKTOB

REFERENCES

1. Khovakh MS, Maslov GS. Avtotraktornye dvigateli Moscow:
Mashinostroenie; 1971.

2. Aliev AYa, Rednov FA. Starter-generatornoe ustroystvo
dlya perspektivnykh legkovykh avtomobiley. In: Avtomobilnoe
elektrooborudovanie, konstruktsii, materialy, tekhnologiya,
problemy perevoda ATE na napryazhenie pitaniya 42 V. Tez. Dokl
Mezhdunarodnogo simpoziuma. Suzdabx 2001. C. 24-25.

3. Lukanin VN, Shatrov MG. Dvigateli vnutrennego sgoraniya.
Moscow: Vysshaya shkola; 2005.

CMUCOK JINTEPATYPbI

1. XoBax M.C, MacnoB I.C. ABToTpaKTOpHble nBuratenn. M.:
MalumHocTpoeHue, 1971.

2. Anves ASfl., PegHos ®.A. CTapTep-reHepaTopHOe YCTPOWCTBO
L5 NEPCNEeKTVBHBIX NIErKOBbIX aBToMobunent. B kH.: ABTomMobusb-
Hoe 3N1eKTPo0obopyAoBaHWe, KOHCTPYKLMM, MaTepuranbl, TEXHONOrvs,
npobnembl nepeBoaa AT3 Ha HanpsiKeHWe NuTaHua 42 B. Tes. [Jokn.
MexxayHapoaHoro cumnosuyma. Cysaans, 2001. C. 24-25.

3. JlykauwH B.H., Watpos M.I. [IBuraTenn BHYTPEHHErO CropaHus.
M.: Beicwas wkona, 2005.

AUTHORS’ INFO

* Sabir A. Aliev,

Associate Professor, Cand. Sci. (Engineering),

Associate Professor of the Automotive Transport Department;
address: 91 imam Shamil avenue, 367030 Makhachkala,
Russian Federation;

ORCID: 0009-0007-6340-8627;

eLibrary SPIN: 5461-5012;

e-mail: aliev.777@mail.ru

Ali Y. Aliev,

Associate Professor, Cand. Sci. (Engineering),

Associate Professor of the Automotive Transport Department;
ORCID: 0009-0005-8970-5369;

eLibrary SPIN: 3758-3014;

e-mail: aliev-47@mail.ru

Omar M. Aidemirov,

Associate Professor, Cand. Sci. (Engineering),

Associate Professor of the Automotive Transport Department;
ORCID: 0009-0009-4057-6489;

eLibrary SPIN: 6333-7895;

e-mail: omar1963@yandex.ru

* Corresponding author / ABTop, 0TBETCTBEHHbIW 3a NEPenucKy

Vol 91 (1) 2024

DOl https://doi.org/10.17816/0321-4443-611106

Tractors and Agricultural Machinery

MHTEPECOB, CBA3aHHbIX C MybnuKauuen HacTosLen
CTaTby.

UcTounnk duHaHcupoBaHua. ABTopbl 3asBIAKT 06 OT-
CYTCTBMM BHELUHEr0o (QUHAHCUPOBaHWUA NpU NPOBEAEHWUM
nccnenoBaHus.

4. Efimov SI, lvashchenko NA, Ivin VI, et al. Dvigatel vnutrennego
sgoraniya. Sistemy porshnevykh i kombinirovannykh dvigateley.
Moscow: Mashinostroenie; 1985.

5. Kolchin Al, Demidov VP. Raschet avtomobilnykh i traktornykh
dvigateley. Moscow: Vysshaya shkola; 2002.

6. Patent RUS 91108 / 27.01.2010. Fataliev NG, Aliev AYa.
Cistema smazki DVS s elek-troprivodnym maslyanym nasosom.
[cited: 07.10.2023] Available from: https://elibrary.ru/download/
elibrary_38378023_18408334.pdf EDN: PENYJI

4. Edwmmos CI., MBawwerko HA, VBuH B, v ap. [Buratens BHy-
TPEHHEro cropaHus. CCTEMbI MOPLUHEBBIX M KOMOWUHMPOBAHHbIX
apuratenei. M.: MawwHocTpoeHme, 1985.

5. Konuwn AW, Oemmnpaos B.M. Pacyet aBTOMObUIbHBIX M TpaKTOp-
HbIX ABuratenen. M: Beicluas wxona, 2002.

6. Marent PO 91108 / 27.01.2010. ®aranves H.I., Anves A4
CucteMa cMaskm [1BC ¢ 3neKTponpuBOAHBIM MacisHBIM HaCOCOM.
[ata obpatuenms: 07.10.2023. Pexxum poctyna: https://elibrary.ru/
download/elibrary_38378023_18408334.pdf EDN: PENYJI

0b ABTOPAX

* Anues Cabup AnueBuu,

[OLEHT, KaH,. TeXH. Hayk,

LOLEHT Kadepbl «ABTOMOBUILHbIA TPAHCMOPT»;
appec: Poccuitckas ®epnepaums, 367030, Maxauxana,
npocnekT nMama Wamung, . 91;

ORCID: 0009-0007-6340-8627;

eLibrary SPIN: 5461-5012;

e-mail: aliev.777@mail.ru

Anues Anu AMyauHoBKY,

LOLLEHT, KaHA,. TEXH. HayK,

AOLEHT Kadeapbl «ABTOMOBMIIbHBIA TPAHCMOPT;
ORCID: 0009-0005-8970-5369;

eLibrary SPIN: 3758-3014;

e-mail: aliev-47@mail.ru

Ainpemupos OMap MaromepoBuy,

LOLLEHT, KaHA. TEXH. HayK,

AOLEHT Kadeapsl «ABTOMOBMIIbHBIM TPAHCMOPT;
ORCID: 0009-0009-4057-6489;

eLibrary SPIN: 6333-7895;

e-mail: omar1963@yandex.ru



https://elibrary.ru/penyji
https://orcid.org/0009-0007-6340-8627
https://www.elibrary.ru/author_profile.asp?spin=5461-5012
mailto:aliev.777@mail.ru
https://orcid.org/0009-0005-8970-5369
https://www.elibrary.ru/author_profile.asp?spin=3758-3014
mailto:aliev-47@mail.ru
https://orcid.org/0009-0009-4057-6489
https://www.elibrary.ru/author_profile.asp?spin=6333-7895
mailto:omar1963@yandex.ru
https://orcid.org/0009-0007-6340-8627
https://www.elibrary.ru/author_profile.asp?spin=5461-5012
mailto:aliev.777@mail.ru
https://orcid.org/0009-0005-8970-5369
https://www.elibrary.ru/author_profile.asp?spin=3758-3014
mailto:aliev-47@mail.ru
https://orcid.org/0009-0009-4057-6489
https://www.elibrary.ru/author_profile.asp?spin=6333-7895
mailto:omar1963@yandex.ru
https://elibrary.ru/download/elibrary_38378023_18408334.pdf
https://elibrary.ru/download/elibrary_38378023_18408334.pdf
https://elibrary.ru/penyji

	Simulation of alternative fuel combustion process in internal combustion engines
	Abstract
	To cite this article:

	Моделирование процесса сгорания альтернативного топлива в двигателях внутреннего сгорания
	Аннотация
	Как цитировать:
	Introduction
	Materials, methods  and research results
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	The individual tubular low-toxic combustion chamber
	Abstract
	To cite this article:

	Трубчатая индивидуальная малотоксичная камера сгорания
	Аннотация
	Как цитировать:
	Background
	Aims and objectives
	Study object
	Processing the test results
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	Conceptual directions for the development of driverless agricultural mobile power units
	Abstract
	To cite this article:

	Концептуальные направления развития беспилотных мобильных энергетических средств сельскохозяйственного назначения
	Аннотация
	Как цитировать:
	Background
	Methods
	Results
	Discussion
	Conclusion
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	Improving the technical device  for washing root-and-tuber crops
	Abstract
	To cite this article:

	Совершенствование технического устройства для мойки корнеклубнеплодов
	Аннотация
	Как цитировать:
	Background
	Study aim
	Materials and methods
	Research results
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	Principles of adaptive control of roll stability of reconfigurable chassis with planetary-wheeled propulsion system
	Abstract
	To cite this article:

	Принципы адаптивного управления устойчивостью реконфигурируемого шасси с планетарно-колёсным движителем
	Аннотация
	Как цитировать:
	Background
	Study aim
	Materials and methods
	Results and discussion
	Lateral stability when turning on a slope
	Lateral stability when turning  on a superelevation
	Principles of lateral stability control

	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	Justification of usability of the heat accumulator of phase transition in vehicles’ engines pre-start warming-up procedure
	Abstract
	To cite this article:

	Обоснование применимости теплового аккумулятора фазового перехода в тепловой подготовке двигателей автотранспортных средств
	Аннотация
	Как цитировать:
	Background
	Problem formulation
	Experiment
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	Study of methods of energy efficiency improvement considering operation modes of traction electric drive with use of the methods of virtual mathematical modelling
	Abstract
	To cite this article:

	Исследование методов повышения энергоэффективности с учётом режимов работы тягового электропривода методами виртуального математического моделирования
	Аннотация
	Как цитировать:
	Background
	Approaches to the creation of energy-efficient wheeled vehicles
	Determination of the most probable operating modes of a tractional electric drive
	Determination of the optimal type of electric traction motor
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Author’s info
	Об авторе

	Enhancement of the lubrication system of an internal combustion engine
	Abstract
	To cite this article:

	Совершенствование смазочной системы двигателя внутреннего сгорания
	Аннотация
	Как цитировать:
	Background
	Materials and methods
	Results and discussion
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	Justification of range limits of root spray angle of an adaptive spraying device
	Abstract
	To cite this article:

	Обоснование пределов изменения корневых углов распыла адаптивного распылителя опрыскивателя
	Аннотация
	Как цитировать:
	Background
	Materials and methods
	Results and discussion
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	Mathematical model of the cross-section of wheat grain
	Abstract
	To cite this article:

	Математическая модель поперечного сечения зерна пшеницы
	Аннотация
	Как цитировать:
	Background
	Study aim
	Materials and methods
	Results and discussion
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	The efficiency of thermal protection of ICE pistons with the micro-arc oxidation
	Abstract
	To cite this article:

	Эффективность тепловой защиты поршней ДВС покрытием, сформированным микродуговым оксидированием
	Аннотация
	Как цитировать:
	Background
	Study aim
	Study methods and design
	Eligibility criteria
	Conditions
	Study procedures
	Main research outcome
	Additional research outcomes
	Analysis in subgroups
	Methods of outcome registration
	Statistical analysis
	Results
	Objects (participants) of the study
	Main research results
	Additional research results

	Discussion
	Summary of main research results
	Discussion of the main research result
	Study limitations

	Conclusion
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	Microwave device for heat treatment  of meat by-products and waste
	Abstract
	To cite this article:

	СВЧ установка для термообработки вторичного мясного сырья
	Аннотация
	Как цитировать:
	Background
	Methods and tools of research
	Research results  and discussion
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors’ info
	Об авторах

	Agrotechnical performance indicators of the asymmetric working body of a fallow cultivator
	Abstract
	To cite this article:

	Агротехнические показатели работы асимметричного рабочего органа парового культиватора
	Аннотация
	Как цитировать:
	Background
	Method
	Results
	Conclusions
	Additional information
	Дополнительная информация
	References
	Cписок литературы
	Authors’ info
	Об авторах


