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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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MOTOR WITH EXTERNAL HEAT SUPPLY BASED
ON THERMO-ACOUSTIC EFFECT FOR
AN AUTONOMOUS THERMAL POWER PLANT

Abstract. The problem of efficient power supply has not been fully resolved yet. One way to solve this problem
is to develop a micro thermal power plant that can operate on almost any fuel. Using your own energy source will
reduce the cost of its production. Significantly increase the reliability indicators of power supply and ensure its
uninterrupted supply to the consumer. Our proposed power plant is driven by a heat engine with an external supply
of heat. The goal is to create an alternative cogeneration energy source for remote rural consumers, capable of
operating on almost any type of fuel or waste that has been burned. This will allow the villager to produce locally
without paying for transport losses of electricity, to produce electric and thermal energy in the complex. In our work,
we take into account the positive results, experience and achievements of foreign ones, to create our own design.

The solution to the problem of efficient power supply to rural consumers can be the introduction of micro
thermal power plants. The basis of a micro thermal power plant is an engine with an external supply of heat
operating on the Stirling principle. The analysis of the level of modern achievements in the field of microelectric
power plants. The direction of development of scientific research on the development of an engine with an external
heat supply is established. The task is to ensure that it is able to function on local low-calorie fuel. It is necessary to
completely exclude the use of diesel fuel, coal, fuel oil and other imported fuel, which does not allow to achieve low
cost of energy produced.

There are a number of advantages of the design features of microthermal power plants. Firstly, it is his so-called
omnivorousness, any source of thermal energy from wood to nuclear fuel. Laboratory models worked from the heat
of heated water, the flame of a candle and a gas burner, and we also tested household wastes exposed to burning
various organic fuel mixtures from dried plant residues mixed with animal waste. Secondly, it is possible to make a
simpler design of the heat engine, since it does not have a valve system and gas distribution with a shaft, a high-
voltage ignition system. If the engine is accurately and correctly manufactured, then it will not require adjustment
and adjustment during the entire operation. Thirdly, the simplicity of the design will increase its service life with the
right choice of seals and heat exchanger material will allow it to go through without repair for about 20 thousand
hours, which will ensure its autonomy. Fourth, a few times fewer number of parts will provide a large motor resource
and minimum oil consumption, making its operation inexpensive.

The advantages of using cogeneration micro thermal power plants in rural areas with external combustion
engines using local fuel in the regions of the Republic of Kazakhstan can be identified:

- independence from the price of hydrocarbon fuel, as well as the rejection of the costs of its storage and
transportation.

- multi-fuel and the use of available fuel for a given area, as well as the prospect of creating enterprises for its
processing.

- refusal to lay electric lines and the costs associated with their maintenance.

- the cost of 1 kW / h of generated electricity using a cogeneration plant will be from 3 to 5 tenge, which is
2-3 times cheaper than existing tariffs.

- when burning fuel, the CO content in the exhaust gases is 3 times lower than that of ICE and the content of
NO and CH is much lower, which corresponds to the most stringent world environmental standards.
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- payback period of cogeneration plants of 2 - 3 years.

The article shows the dependence of the developed mechanical power on the number of revolutions of the
crankshaft at various pressure values, as well as the dependence of torque on the pressure in the cylinders at various
values of the crankshaft rotation speed. A conclusion is drawn based on the presented graphs.

Key words: Thermal power station, Stirling engine, cogeneration, electric energy, thermal energy, integrated
production, power supply, heat supply, alternative energy, heat engine.

Our goal is to create an alternative cogeneration energy source for remote consumers in rural areas,
able to work on virtually any kind of fuel or waste that has been burned. This will allow the villager to
produce on site without paying transport losses of electricity, to produce electrical and thermal energy in
the complex. The high cost of energy leads to significant costs in the production of agricultural products
and makes it expensive, that is, it decreases its competitiveness. In all regions of Kazakhstan, an annual
increase in tariffs is observed, not only for electricity, but also for heat. About 300 small rural settlements
do not have a centralized energy supply at all. To build a system of its own autonomous power supply,
modern industry can offer, besides gasoline and diesel electric power stations, the cogeneration sources of
which are based on the Stirling cycle engine with external heat supply. There are foreign developments of
micro thermal power plants (MTES) using engines with external heat supply, with economic indicators
and technical characteristics superior to internal combustion engines (ICE) and gas-turbine installations
(PG). A preliminary scientific analysis showed that in the last century, many modifications were
developed with external heat supply engines operating according to the Stirling cycle with the
participation of foreign firms Philips, STM Inc., Daimier Benz, Solo, United Stirling, and serial samples
operated in transport, household and agriculture, but these MTES are not adapted to the fuel available in
rural regions of Kazakhstan [1-3]. The engine with external heat supply DVPT was improved and patented
by Pastor Stirling in 1817. There are examples of certain successes, the Philips company producing
compact electric generators used DVPT, this type of engine was also used together with a solar
concentrator, its efficiency was about 40%, which is not yet achievable for modern solar modules [4-5]. It
is also necessary to take into account the experience of modern manufacturers: Ecopower, WhisperGen,
Microgen, Lion-Powerblock, Honda, EcoGen using similar technologies. The samples developed by them
allow the complex production of electric and thermal energy for an autonomous energy supply system,
while 5 kW of thermal energy is produced for 1 kW of electric energy for a heating system [6]. Modern
foreign samples have high efficiency and cost per 1 kW of power, while working mainly on natural gas.
For example, WhisperGen with a power of 1 kW costs about 6 million tenge. We completely reject the
copying of sample data and set ourselves the task of developing an engine of a high-temperature
combustion engine of our own design and is able to work effectively on almost any kind of fuel available
in rural areas or waste burned, and also to be easy to operate. The second point is to solve the problem of
its further production at the lowest possible price using materials and technologies that have Kazakhstan
content. The maximum exclusion of imported components and the designed DVPT greatly complicates the
task at the initial stage, but future scientific and experimental design should serve as the basis for the
successful implementation of the project and the relevance of our development. To do this, we will make a
number of changes to the typical known structures of the high-temperature structural element, including
the mechanical and electrical parts. It is necessary to work out its design of the heater, regenerator, cooler
and seals, to achieve the highest possible efficiency. The cooling system will be a liquid cooler with a
blown radiator [7-8].

As it was said earlier, the basis of our development is DVPT working according to the Stirling cycle,
but on a completely different principle in contrast to classical structures and this difference is the use of
the thermoacoustic effect [9]. This is a well-known method of exciting sound with the help of heat,
described in 1877 by Relem in the book Theory of Sound. In the mid-20th century, scientists worked to
study thermo-acoustic oscillations in combustion chambers of installations with large temperature
differences, and in the 70s of the last century N. Rott discovered that a sound field can create a
unidirectional heat flow. Using the above theoretical and practical achievements, we have developed
various laboratory samples, on which we perform the testing of our future thermo-acoustic DVPT, for a
cogeneration thermal power plant of super low power. The advantage of thermo-acoustic DVPT in
relation to the classic variants of the Stirling engine "Alpha", "Beta" and "Gamma", as well as freely
piston, is a higher efficiency and a resource of more than 100 000 hours [10-11].

— (4 ——
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An analysis of world experience showed that in various years of the past and the present century,
scientists worked on the creation and improvement of a thermo-acoustic engine (TAE) with an external
supply of heat. For example, PH Ceperley for the first time described the effect of a traveling sound wave,
T Yazaki demonstrated his sample TAE, S Backhaus and GW Swift developed a thermoacoustic engine
with a reversed Stirling cycle in the regenerator [12]. A more complex TAE design than Yazaki allowed to
achieve higher thermal efficiency - 30%, which corresponds to 41% Carnot efficiency. Recently, for the
same engine type, Tijani and Spoelstra set a new record at 49% Carnot efficiency. Using the accumulated
world experience in this field of science, we conducted a number of studies to develop our own design of a
thermo-acoustic engine with an external supply of heat. For this calculation, the DeltaEC computer
program (Design Environment for Low-amplitude Thermo-Acoustic Energy Conversation - developed by
Los Alamos National Laboratory, USA, free license) was used [13-15].

The scientific novelty of our work is to obtain new dependences of the parameters of the thermo-
acoustic engine with structural differences from their analogues. The difference is the presence of an
additional regenerator from the side of the hot heat exchanger, this allows you to increase the efficiency
from 4 to 6%. A steam-air mixture is used as a working fluid, this allows to increase engine power without
increasing its mass by 12-15%, which is the scientific and practical novelty of this work. From a practical
point of view, foreign authors consider a thermo-acoustic engine only as an electric generator or cryogenic
installation, but do not consider it as a cogeneration source capable of complex production of electric and
thermal energy with a total efficiency of up to 80% of energy. The simplicity of the design ensures reliable
operation and low cost of production, therefore, it is possible to use these sources for power supply of low-
power remote autonomous consumers of thermal and electric energy [16-18].

Thermo-acoustic motor with a traveling wave, converts thermal energy into acoustic energy, due to
the completion of the thermodynamic cycle closest to the Stirling cycle. Acoustic energy obtained by
heating its heat exchanger is converted into electrical energy, which is produced using a linear permanent
magnet alternator or a bi-directional turbine by a synchronous generator. Thermal energy is removed from
the cooling circuit and can be directed to the heating system of an autonomous object. Structurally, a
DVPT is obtained with a minimum number of moving parts and an electrical efficiency of 30-50% of the
Carnot cycle efficiency, while it lacks a piston and a displacer, without which the Alpha, Beta and Gamma
DVTT cannot work [19]. Accordingly, a number of difficult problems with seals and piston friction
simply do not exist, there are simply no friction parts in the engine. After analyzing the materials of the
study and the design of engines with an external heat supply, we developed a laboratory sample, which is
shown in figure 1.

Figure 1 — The current model of thermo-acoustic engine with an external heat supply
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As stated earlier, one of the advantages of this type of DVPT is the absence of pistons and propellant
with seals, a massive flywheel and other rotating parts. Its metal consumption is orders of magnitude
smaller than that of the Alpha, Beta and Gamma DVPTs, this allows competing in weight / size / power
parameters to any even a turbocharged diesel engine. At the same time, the simplicity of the design makes
it possible to make available materials and, in contrast to a free piston DVPT, high-precision fitting of
parts and adjustment of elastic elements are not required. As the main parts, it is possible to single out a
linear generator 1 that has a coil wound on a frame with a copper enameled double wire with a diameter of
0.4 mm and three 5 x 30 mm podomovy magnets. The coil is wound by hand in bulk, without strictly
observing the sequence of a series of approximately 2500 turns. The material is stainless steel AISI310,
which is not the best thermal conductivity of the heat exchanger wall. Heating is carried out using an open
flame of a gas burner or a dry fuel in the heating zone 2. The wire regenerator is located in area 3, made of
steel wire with a diameter of 1 mm, its length is about 7 cm. Cooling the working fluid (air) is carried out
in area 4.

A cotton cloth moistened with water is used as a cooler. The design of the ring resonator is attached
to a wooden board 9, 5 cm thick, with the help of 4 screws and a flange 5. Without rigid attachment of the
flange to the baseboard 9, normal operation of the resonator 8 is not possible. The resonator is made of a
steel tube 25 mm in diameter 10 to the outlet is 450 mm. In the experiments, we used resonators 250 and
350 mm long, but the best performance was shown by a 450 mm long resonator. The resonator is welded
to two tubes with a diameter of 63 mm. The main working element is two membranes 6, made of gley
balloons or you can use medical gloves. As a load, 160 LEDs with a power of 0.06 W are used. Linear
generator consisting and two parallel coils produces a total electric power of alternating current of about
10 W, with this voltage reaches 12 volts, frequency up to 58 Hz, depending on the heating intensity of the
working fluid in the heat exchanger in region 2. The engine has the ability to self-start (self-start) , unlike
the classic Stirling engines.

The principle of action of our engine is based on the effect of acoustic waves that are generated when
the regenerator is heated and transmitted through a resonator with two membranes that create a resonance.
Three permanent magnets are fixed on the upper membrane, which vibrate with the frequency of the
acoustic wave. The magnetic field intersects the winding of the inductor and alternating current is
generated [20]. The second membrane 7 is necessary to prevent circular circulation of the working fluid
(air) in the resonator 8. The important point is good sealing by the joint where the membranes and the
resonator are installed, for this we use a clamp 10 with a screw clamp and seals. Most of the resonator
does not heat up and remains cold (ambient temperature of the room), so it can also be performed with
ABC plastic or polypropylene, which can significantly simplify the design and reduce the cost.

Main working areas resonators: cooling zone; heating zone; regenerator zone. The working fluid
performs an alternate movement from the heater to the cooler and back passing through the regenerator,
giving partial heat to the air flow (working fluid) and then taking it as it moves to the cooling zone. The
plate heat exchanger must be installed in the region of 1-16 the length of the resonator tube from its
beginning of the membrane 6, while the end of the resonator is awakened by the membrane 7.

Using the well-known effect, Rayleigh, which leads to the excitation of sound vibrations described as
far back as 1877 when the wire regenerator is heated, and also opened in 1859 by P. L. Rijke, professor of
physics at the University of Leidon in the Netherlands. Subsequently, this design was called the Rijke
tube, we made a resonator operating on these effects. Figure 3 shows the movement of the working fluid
inside the resonator. The working medium, the air circulates in a confined space, going through a heating
and cooling cycle. Circulating air drives the membrane. There is a permanent magnet on the upper
membrane, under the weight of which it bends and to be in the lower position when the resonator is
inoperative. With heating and expansion of the working fluid, the membrane rises to the top. After cooling
air in the cooling zone, the working fluid is compressed, and the membrane is drawn into the cavity tube.
This DVPT works according to the Stirling principle.




ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2020

Magnet Membrane movement Lamellar Copper

e Lamellar Copper
Heat Exchanger
. Cociiy zone

Wire Regenerator

S emad-

e BEE—
Membrane Working heat movement
rnQ\{enjent ‘
; Heat source
Nimriini ﬁ
I p——
Working heat movement

Figure 3 — The movement of the working fluid inside the resonator

Figure 4 shows a graph of pressure and speed of the traveling acoustic wave as a function of time.
When heated inside the resonator, noise with a wide frequency spectrum is generated. The resonator
amplifies exactly that sound frequency of sound vibrations, the wavelength of which is equal to the length
of the tube and the engine starts to work. Minor initial sound vibrations are amplified to the maximum
possible value. The maximum sound volume inside the engine occurs when the sound amplification power
using heat exchangers is equal to the power loss, i.e. the sound attenuation power. The maximum value
reaches a value of about 160 dB. This is more than the sound of a jet taking off, such sound pressure can
cause injury to the human ear, but the sound is not able to go beyond the resonator, which is airtight. The
warmed DVPT is practically not heard. Sound amplification occurs in the regenerator.

The change in pressure
of the working fluid in
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Figure 4 — Graph of changes in pressure and speed of a traveling acoustic wave as a function of time

Figure 5 shows some of the results of our experiments, the results were processed using a third-
degree polynomial approximation with a certain regressive value of the reliability of the experimental
results. Graph 1 was built in the experiment with the heating temperature of the working fluid up to
430°C, allowed to reach a sound pressure of 187 dB, graph 2 was built in the experiment with the heating
temperature of the working fluid to 390°C, allowed to reach the sound pressure of 173 dB. Increasing the
pressure and temperature allows you to increase the power of the thermo-acoustic engine with an external
heat supply, also reduces the time of self-starting and the beginning of its work.
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Figure 5 — Graph of growth of pressure and sound pressure at a temperature
of the working fluid, 187 dB 430°C Graph 1 and 173 dB at 390°C Graph 2.

The conclusion is, the engine without moving parts and theoretically capable of achieving the
efficiency of the Stirling cycle, and hence Carnot. In reality, the best performance is 40-50% of the
efficiency of the Carnot cycle. The use of an engine with an external heat supply based on a
thermoacoustic effect will make it possible to develop an autonomous thermal power plant of cogeneration
type with high efficiency indicators (Efficiency) and environmental friendliness compared to ICE. MTES
is capable of comprehensively generating electrical energy using a linear generator and thermal energy
through a cooling circuit approximately in the ratio of 1 to 5. The constructive simplicity of the engine,
and the absence of rubbing and rotating parts will ensure a high resource of more than 100 000 hours of
continuous work, and can also compete in relation to the weight / size / power parameters for any
turbocharged diesel engine. The only problem is the resource of the membranes, which in the process of
testing were often out of order.

A . MeXTneB', A.B. IOpquKOZ, B. B. IOraii', A . AJIbKI/IHal, V. C. Ecensxoios'

lKapafaHm)I MEMIICKETTIK TEXHUKAJIBIK yHUBepcuTeTi, Kaparausl, Kazakcras;
*TOMCK MOJNUTEXHUKATBIK yuuBepcureTi, Tomck, Peceit

IIAJIFAMIA OPHAJIACKAH AYBLIJIAFBI TYTHIHY LIBLIAPJIbI
IJIEKTPMEH KAMTAMACBI3 ETYT'E APHAJIFAH KOI'EHEPAITMOH/IbI
MUKPOXBLITY JIEKTP CTAHIUSICBI

AnHoTanus. ByriHTi KyHre NediH THIMAI AIeKTPMEH KOPEeKTEHAIPY MaceJeci oIl TOJBIK MISHIUTeH XKOK. by
MocelieH] memryaiH Oip omici — Ke3 KelNTeH OTHIHMEH JKYMBIC iCTeH alaThlH MIaFbIH JKBUTY JIEKTP CTAHIUSCHIH
naiinanany. JKeke Kyar Ke3iH naiganany OHbI OHIIPYAIH ©3IHIIK KYHBIH TOMEHAETEl. DIEKTPMEH jKal IbIKTay IbIH
CeHIMALTIK KOPCETKIIITEPIiH eIoyip apTThIPbIM, OHbI TYTHIHYIIbIFA Y3/IKCI3 XKETKI3y/ll KAMTaMachl3 €Ty 6T€ MaHbI3-
Jbl. Bi3/1iH YCBIHBIN OTBIPFAH MHUKPO DJIEKTP CTAHLUSIMBI3 CBIPTKBI XKbUTYy K031 0ap jKbLIy KO3FaJTKBIIIBIMEH Oacka-
pbutaabl. MakcaThl — aiFaiiiarel aybUIIBIK TYTHIHYIIBIIAP YIIiH Ke3 KeJIreH AEpJliK jkaHapMmaill TypiHzeri Hemece
KarbUIFaH KaJJIBIKTapMeH JKYMBIC 1CTel anaThlH OajlamMa KOTeHepalusi SHeprus Ke3iH Kypy. byjl aybul TyprbIHBIHA
9JIEKTP SHEPTUSCHIHBIH KOJIK MIBIFBIHIAPBIH TeJeMeH, JKepriIiKTi jKeple OHIIpyre, KeUIeHAe 3JIEKTP JKOHE JKBLILY
SHEPTHSICHIH OHAIpYre MYMKiHIIK Oepeni. bi3 e3 >KyMmbICHIMBI3Na MIETENAIK IU3aiHEpIepIiH OH HOTHXKEJEpiH,
TOXKIpHOesepi MeH KEeTICTIKTepiH eCKepe OTHIPBII, 63 AU3aHHBIMBI3/IbI )KacalMbI3.

AVBUI TYTHIHYIIBUIAPBIH THIMII 3JIEKTPMEH KaOABIKTay MOCEJECiHIH MICNIiMi MHKPO XBUTy 3JEKTp CTaH-
MUSUTApBIH €HTi3y OO0Jysl MYMKiH. MUKpPOXXBUTYJIBIK AJIEKTP CTAHIMACHIHBIH HeTi3i — Oy CTHUPIMHT MpUHIHAIIIHE
ColfKec CBIPTKBI KBUTYy Oepiiici 6ap KO3FanTKBIII. MHUKPOIIEKTP CTAHIUSIIAPH! CATaChIHIAFEl 3aMaHAyH JKETICTIKTEp
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JeHreiine Tangay skacanipl. CBIPTKBI )KBUTYMEH KaMTaMachl3 €TUITeH KO3FAITKBIIITHl JaMBITY OONBIHIIA FHIIBIMU
3epTTeyNepaiH AaMy OaFbIThI aHBIKTANABL. JKYMBICTBIH MIHAETI — XKEPTUTIKTI TOMEH KaJOPHSUIBI OTBIHMEH >KYMBIC
icTe amaThlH MHKpPO DJIEKTP CTAHIWSACHIHBIH MOXEIiH kacay. J[u3enmb OTBHIHBIH, KOMipAi, Ma3yTTHl jkoHE Oacka
MMIIOPTTANATBIH OTBIHABI MalJanaHyIsl TONBIFBIMEH ajblll TacTay KaKeT, OyJl eHAIPIJIeTiH SHEepPrusHbIH TOMEH
OarachlHa KOJI )KETKI3yre MyMKIHJIIK OepMeiii.

MHUKpOXBUTYJIBIK JJIEKTP CTAHIMSUIAPBIHBIH JM3aiH epeKIIeNiKTepiHiH OipKarap apThIKUIBUIBIKTAphl Oap.
BipinmigeH, Oyl OHBIH OopiHE TaHBIMAJ, afaliTaH OacTam sAPOJILIK OThIHFA NEHIHII Ke3 KEJITeH OThIH Ke3iH
naijjanana aixy MYMKIHAITIHIE. 3epTXaHalblK MOJEJbEP KbUIBITBUIFAH CY/aH, IIaMHAH )KOHE OTTHIKTHIH JKaJbIHbI-
HaH )KYMBIC iCT€Ii, COHBIMEH KaTap >KaHyapJiapbIH KaJJbIKTapbIMEH apajacThlpPbUIFaH KENTipiIreH eCiMIIK KaJJIbIK-
TapblHAaH OPTYPJi OpPraHUKAJIBIK OTBHIH KOCHAJapblH JKaryFa apHaJFaH TYPMBICTHIK KaJJbIKTap/Abl TEKCEpHiK.
ExiHmrinen, sxplTy KO3FITKBIIIBIHBIH KapanaiblM TU3alHBIH XKacayFa 0oJa/ibl, ©MTKEHI OHJa KianaH jKyHeci xoHe
OlTiKIeH ra3 Tapary, )KOFapbl BOJBTTHI TYTaHY JKyHeci >koK. Erep Ko3FanTKpII a1 ’KoHE TyphIC XkacainraH Oolca,
OHIA 0N OYKIT XYMBIC Ke3iHAe TY3CTYAl JKOHE PeTTeyli KaKeT eTmeini. YIIiHIIiIeH, AU3aliHHBIH KapamaibiM-
JBUIBIFBl OHBIH KBI3MET €Ty MEp3iMiH YIFailTajibl, THIFBI3AAFBINI [CH JKBUTY aJIMaCTBIPFBINI MaTEPHAJbIH ITYPBIC
Tagnay oHbl 20 MBIH caFaTKa XOHAEYCi3 OTKi3yre MyMKiHOIK Oepeni, Oy OHBIH JepOECTiriH KaMTaMachl3 eTei.
TeprinmrineH, Oenmekrepaiy 6ipHee ece a3 00Iybl YIKEH MOTOP PECYPCHIH JKOHE MalIbIH MUHUMAJIIBI ITBIFBIHBIH
KaMTaMachI3 €Te/li, OHbIH KYMBICHIH ap3aH eTe/i.

Kazakcran PecryGiuKachIHbIH aybUlbl aiMaKTapblHAa CHIPTKBI KO3FAITKBIIIEI Oap JKbLTY 3JEKTP CTAaHLHsIA-
PBIH Naiiganany ey OipHele apTHIKIIBUIBIKTApBIH 06l KapacTeipyFa 0onajpl:

— KeMIpCyTeri OThIHBIHBIH OarachlHaH TOYENCI3/IK, COHJali-aK OHBI CaKTay MEH TachIMaijay IIbIFbIHIapbIHAH
Oac Tapry;

— Ke3-KeJNTr'eH OTHIH TYPIH Hainanana any kabineri. JKeprilikTi mbFapblIaTelH OTHIHIBI OHAIPY OHEPKCIOiH
caJly IepCIIeKTHBACHI;

— DJIEKTp JKEJJIEpiH camyaaH 0ac TapTy KoOHE OJapAbl YCTayFa OaiIaHbICTHI IIBIFBIHIAPABIH O0IMAaYHI.

— KOICHEepaUWsUIbIK KOHIBIPFBIHBI KOJIIaHA OTBHIPBIN OHIIPUIreH SJIEKTP SHEPruschbiHbH 1 KBT / car KyHBI
3-TeH 5 TeHrere aeiin Oonaabl, Oy KONJAHBICTAFBI TApUQTEpre Kaparanaa 2-3 ece ap3aH.

— OTBIHJbBI XKaFy Ke3iHJe naiijananpuiFan razgapaarel CO Mesepi KapanaibiM jkariaiaad 3 ece TOMeH, a
NO xone CH memnmepi annekaiina ToMeH, OyJ1 €H KaTaH XalbIKapasblK SKOJIOTHUIBIK CTaHAapTTapFa ColKec Kelesi.

— KOT€HepalusUIbIK KOHBIPFBUIAPABIH 6Telly Mep3imi — 2-3 KbLI.

Makanaga JaMblFaH MEXaHHKaJbIK KyaTThIH OpPTYpJl KbICHIM MOHAEpiHAEri WiHAiI OLTIKTIH aiHaly caHbIHA
TOYEJALIIri, COHAal-aK MOMEHTTIH IMJIHHIPJCPACT] KbICHIMFA HiHI OUTIKTIH alHATy >KbULAAMIBIFBIHBIH OPTYPIIi
MOHJIEPIHJIET] TOYEJIIIri KepceTiireH. ¥ ChIHBIUIFaH IrpaUKTepAiH HeTi31He KOPBITHIHIIBI )KacajFaH.

Tyiiin ce3mep: >Xbuly 271eKTp cTaHIUACH, CTHPIMHT KO3FAITKBIIIBI, KOT€HEepanusl, SJIEKTP SHEPTHSCH, JKbLTY
SHEPTHSICHI, XKBUIYMEH KaMTaMachl3 €Ty, 3JbTEPHATHUBTI 3HEPIreTHKa, XKbUTYy KO3FAITKBILIBI, 3JIEKTPKOPEKTEHIIPY,
KOMILIEKCTI OHIipiC.

A . MeXTneB', A.B. IOpquKOZ, B. B. IOraii', A. . AJIbKI/IHal, V. C. Ecenzxosios'

'KaparasauHckuii rocy1apcTBeHHbII TeXHHUecKuil yHuBepeuret, Kaparanza, Kasaxcran;
ToMck nmonuTexXHUKaJbIK yHUBepcuTeTi, ToMmck, Peceit

MHUKPOTEIIIOBAS 3JIEKTPOCTAHIUSI KOTEHEPAIIUOHHOT'O THITA J1JIS1
SHEPI'OOBECHHEYEHMUSA YIAJEHHBIX CEJIbBCKUX IOTPEBUTEJIEN

Annoranus. [Tpobnema 3¢ dhexTuBHOTO AMeKTpOCHAOKEHUS HE PEIIeHa B MTOTHOM o0BbeMe o cuX mop. OgHuM
W3 TyTed peIIeHHs NaHHOH MpoOJeMBbl SBISETCS pa3paboTKa MHUKPOTEIDIOBOH AIIEKTPOCTAHINH, CIIOCOOHOM
(YHKIMOHHPOBATH MPAKTHYECKH Ha 1000M Toruse. Mcnons3oBanne coOCTBEHHOTO HCTOYHUKA SHEPTHHU TTO3BOJIUT
CHU3UTH 3aTPaThl Ha ee MPOU3BOJACTBO. CyIECTBEHHO IOBBIMIAIOTCS OKA3aTeNH HaIeKHOCTH IEKTPOCHAOKEHUS 1
obecrieunBaercs ee OecriepeOoiinas mocTaBka notpedurento. [IpennoxkeHHass HaMH dJIEKTPOCTAHIMS TIPUBOAUTCS B
ﬂeﬁCTBHe TCIUIOBBIM JBHUIaTCJICM C BHCHIHUM IIOJBOJOM TCIIJIOTHI. ]_le.l'lblO SABJIACTCA CO3JaHUC AJIBTCPHATHBHOI'O
KOT€HEepalMOHHOTO0 NCTOYHHUKA YHEPTHH IS YAAIEHHBIX TTOTpeOUTENel CelnbCKOW MECTHOCTH, CIIOCOOHOT0 padoTaTh
MPaKTHYECKH Ha JIF00OM BHJE TOIUIMBA WJIM OTXO/aX, ITOJBEP)KEHHBIX TOPEHHIO. DTO MO3BOJIUT CEITLCKOMY KHUTEITIO
NIPOM3BO/INTh Ha MecTe Oe3 OIUIaThl TPAHCIIOPTHBHIX IOTEPh JJIEKTPOIHEPTHIO, MPOU3BOIUTH JJIEKTPUYECKYIO U
TEIUIOBYIO SHEPrUI0 B KOMIUIEKce. B cBoeil paboTe MBI y4YMTBIBAEM IOJIOXKUTEIbHBIE DPE3yJbTaThl, ONBIT U
JOCTHIKEHUSI 3apyOeKHBIX CTPAH M CO3/IaHUs COOCTBEHHONW KOHCTPYKILIMH.

Pemennem mpoOieMsl 3QGEKTHBHOTO 3JICKTPOCHAOKEHHUS CEIBCKUX MOTpeOuTeNneil MokeT OBITH BHEIpEHHE
MHKPOTEIUIOBBIX JIEKTpOCTaHIMA. OCHOBOH MHUKpPOTEIUIOBOW SJICKTPOCTAHIMU SIBIISICTCS IIBHIaTellb C BHEIIHUM
HOABOJOM TEIUIOTHI, paboTaronuii no npuHuuIy CTHpIMHTa. BEIONHEH aHanu3 ypOBHS COBPEMEHHBIX OCTHKEHUH
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B O0JIACTH MHKPOJJIEKTPOCTAHINH. YCTaHOBICHO HANPABJICHHE PAa3BUTHS HAYYHBIX MCCIEIOBAHHUU MO pa3paboTke
JIBUTATEIS C BHEITHUM TIOJIBOJIOM TeIlIa. 3ajada CBOAUTCS K TOMY, YTOOBI OHa OblIa criocoOHa PYHKIIMOHUPOBATH Ha
MECTHOM HH3KOKaJOPHHHOM TOIUIHBE. HEeoOXO0IMMO MONHOCTRIO UCKIIIOYNTD UCIIONB30BAaHUE JH3EFHOTO TOIUIHBA,
YIJIs1, Ma3yTa B JpyTroro MPUBO3HOTO TOIUIMBA, KOTOPOE HE TI03BOJISIET JOOUTHCS HU3KOW CTOMMOCTH HPOHU3BENEHHON
SHEPIHUN.

MO>KHO BBIIEUTH PSAA MPEUMYIIECTB KOHCTPYKTUBHBIX OCOOCHHOCTEH MUKPOTEIUIOBBIX 3JIeKTpocTaHIui. Bo —
TNEPBLIX, 3TO €Ir0 TaK Ha3bIBacMasl BCCAOHOCTD, HIO60ﬁ WCTOYHUK TEIIOBOM OHEPIrun OT APEBCCUHBLI 0 SAACPHOIO
torumBa. JlaboparopHble Mosien paboTa Iy OT TeIlla HarpeTor BOJIbI, INIAMEHH CBEYHM M Ta30BOM TOPEJIKH, a TaKXkKe
HaMHu OHpO6OBaHbI 6bITOBI)Ie OTXOAbl MOABEPIKCHHBIC TOPCHUIO PA3JIMYHBIC OPraHUYCCKUC TOIUIMBHBLIE CMCCU U3
BBICYIIICHHBIX OCTATKOB PACTEHUH, CMCIIAHHBIX C OTXOJaMHU J>KUBOTHOBOJCTBA. BO-BTOPBIX, €CTh BO3MOXKHOCTh
M3TOTOBHUTH 0OJiee TPOCTYH0 KOHCTPYKIIUIO TEIUIOBOTO IBHraTels, TaK Kak B HEM HET CHCTEMBl KIAIlaHOB U
ra3opacrpe/ieicHusl ¢ BaJIOM, CHCTEMa BBICOKOBOJBTHOTO 3a)KHTaHWsA. ECIM TOYHO W TPaBUIILHO W3TOTOBUTH
JIBUTATENb, TO OH He OymeT TpeOoBaTh HACTPOWKH M PETYIMPOBKHA B TEUCHHWH BCEH SKCIDIyaTanud. B TpeThux,
MPOCTOTa KOHCTPYKIIMH TIO3BOJIUT IMOBBICHUTH CPOK €r0 JKCIUTyaTallud IPH MPABHIIEHOM BBIOOpE YIUIOTHEHHH H
MaTepHalia TeIIOOOMEHHHMKA II03BOJAT MPOHTH eMy 0e3 pemoHTa okoimo 20 THIC. YacoB, YTO OOECIIEYHUT €ro
aBTOHOMHOCTb. B — 4eTBepTHIX, MEHBIIEE B HECKOJIBKO Pa3 KOJIMYECTBO JAeTalieil oOecrednT OOIbIIoN MOTOpecype U
MUHIMAJIBHBIN pacxo] Macia, IelaeT HeJOPOTrOi ero IKCIUTyaTaIHIo.

[IpenmymiecTBa NCHOIB30BAHUS B CEITBCKOW MECTHOCTH KoreHepanuoHHBIX MTOC ¢ nBHratensiMu BHEIIHETO
CropaHus Ha MECTHOM TOIUIMBE B PErUOHax Pecny6n1/u<1/1 KaSaXCTaH MOKHO BBIACIIUTD:

— HE3aBHCHUMOCTb OT IIEHbl Ha YIJICBOAOPOJIHOE TOILIMBO, a TAKXKE OTKa3 OT 3aTpaT Ha €ro XpaHeHHe U
TPaHCIIOPTHPOBKY;

— MHOTOTOIUIMBHOCTh W MCIOJB30BAHUE JOCTYITHOTO TOILTUBA JJIsl JAHHON MECTHOCTH, a TAK)KE MEePCIIEKTHBA
CO3/IaHUs MPEANPHUATHI IO €ro IepepadoTKe;

— OTKa3 OT MPOKJIAJKH SJICKTPUIECKUX JTHHUHN U 3aTPaT, CBSI3aHHBIX C UX 00CITy)KHBaHUEM;

— crouMocTh | KBT/94 mpoW3BOAMMON AIIEKTPOIHEPTHH C TIOMOIIBI0 KOTCHEPAIMOHHOW YCTAaHOBKH OyaeT
COCTaBJIATH OT 3 0 5 TeHre, 4To B 2—3 pasa ACIIeBIIe CYIIeCTBYIONIX Tapr(OB;

— 1pu cropanuu TorinuBa coaepxanue CO B oTpaboTaHHBIX Ta3ax B 3 pasa Hinke, yeM y JIBC u 3HauuTeNnbHO
Hwke cogepskanne NO u CH, 9To COOTBETCTBYET CaMbIM KECTKHM MHPOBBIM SKOJIOTHIECKAM CTaHAAPTAM.

— CPOK OKYIaeMOCTH KOT€HEPAllMOHHBIX YCTaHOBOK 2 - 3 roja.

B crarpe mpuBeseHa 3aBUCHMOCTbh Pa3BHMBAEMON MEXaHHMYECKOH MOIIHOCTH OT YHCJIa 00OPOTOB KOJIEHYATOrO
BaJla IpU PA3JIMYHBIX 3HAYCHUAX HABJICHHUSA, TAKXKC 3aBUCUMOCTH KPYTAIIEr0O MOMCHTA OT JAaBJICHUA B HUJIMHIApPAX
MU Pa3IMYHBIX 3HAYCHUSX YacTOTHI BpaIICHUS KoJieHYaToro Bayia. CaenaH BBIBOJ Ha OCHOBE NPEACTABICHHBIX
rpaguKoB.

KiroueBbie ci10Ba: TEIIOBast 3JICKTPOCTaHINSA, ABUraTeh CTUPIHMHTA, KOTCHEPaIUs, JCKTPUIeCKast YHSPTHs,
TEIUIOBas DJHEPrus, KOMIUIEKCHOE IIPOU3BOACTBO, JJIEKTPOCHAOKEHHE, TeIIOCHAOKeHne, albTepHATHBHAS
SHEPreTHKa, TEIIOBOH IBUTATEINb.
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