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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].
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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 ofup to 80% of energy. The simplicity ofthe 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 ofthermal 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 ofthe 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 1that 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 ofthe 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 ofthe 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.
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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.

Figure 4 - Graph of changes in pressure and speed of a traveling acoustic wave as a function oftime

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
ofthe working fluid, 187 dB 430°C Graph 1and 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 1to 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. . Mextues], A. B. FOpueHko2 B. B. lOraiil A. . AnbknHal Y. C. EceHxonosl

KaparaHgbl MeMNeKeTNK TeXHUKa/bLL, yHUBepcuTeT KaparaHbl, KasakcTaH;
2TOMCK NOUTEXHMKaNbLL, yHUBepcuTeT” ToMck, Peceli

LWANTAALA OPHANACUAH AYbINAATbI T¥ThIHY LWWBIJTAPAbI
SNEKTPMEH ULAMTAMACHI3 ETYTE APHANTAH KOTEHEPALIMOHAbI
MUKPOXbINY SNEKTP CTAHUWACHI

AHHOTauua. BYTiHr "Hre AelwH TWIMAI 3/1eKTPMEH KOPEKTEHAIpY Macesiea 3ani TOMbLL LWeLLifireH oK. byn
macenewl wewyau, 6ip aara - Ke3 KenreH OTbIHMEH )XXYMbIC HOTEA anaTbiH LUarblH XKblly 37eKTp CTaHLMACHIH
naviganaHy. YKeke Kyar Kesl naiifanaHy OHbl eHAIPYALL, e3iHAIK KYHbIH TeMeHAeTel. DNeKTpMeH xadablkTayablH
CEeHIMAINIK KepceTKiWTepiH efayip apTThbIpbIn, OHbl TYTbIHYLUbITA Y34IKCi3 XEeTKi3yi KamMTamachkI3 eTy eTe MaHbI3-
Obl. Bi3fliH YCbIHbIN OTbIPraH MUKPO 3M1EKTP CTaHLUMAMBI3 CbIPTKbI XbIy Kesi 6ap Xbliny KO3raiTKbiWbIMeH 6acka-
pbinagbl. MakcaTbl - Lanraigars! ayblngblK TYThIHYLWbIIap YLUiH Ke3 KenreH Aepill >kaHapMaii TYpiHAeri Hemece
XarbiaraH KanfiblKTapMeH XXyMbIC iCTeil anaTbiH 6anama KoreHepauus sHeprus KesiH Kypy. Byn aybin TyprbiHbiHa
ANEKTP 3HEePrUACbIHbIH AW WbIrbIHAAPLIH TEeNeMeN, XeprinikTi Xepae eHAipyre, KeLleHAe 3MeKTP XK3He Kby
3HepruscblH eHdipyre MYMKIHAIK 6epefi. Bi3 €3 XyMbICbIMbI3fa LUeTENAIK Aun3aliHepnepaiH OH HATUXKenepLu,
TIXKIpn6enepi MeH XETICTIKTEPIH eCKepe OTbIPbIM, €3 AN3aiiHbIMbI3Ab! XXacaiMbi3.

AybIT TYTbIHYLUbINAPbIH TUIMAI 3EKTPMEH >KabAbIKTay M3CeNeciHiH LeliMi MUKPO >Kblfly 3/1eKTp CTaH-
UmsnapbiH eHrisy 60nybl MYMKIH. MWKPOXbITYNbIK 31eKTP CTAHUMACBIHbIH Heridi - 6yn CTUPAUHT NPUHLULLHE
CIKeC CbIPTKbI Xbly Geplua 6ap KO3ranTkbill. MUKPO3NEKTP CTaHLMsANapbl canacbiHAArbl 3amMmaHayu XeTICTIKTep
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JeurelHe Tangay xacangpl. CbIpTKbl Xbl1yMEH KaMTaMachl3 eTLreH Ko3FanTKbIWTbl faMblTy 60ibiHWE FbiibiMu
3epTTeynepaiH gamy 6aFbiTbl aHbiKTangbl. KyMbICTbIH MIHAETI - XKEPrLUKN TEMEH Kanopusnbl OTbIHMEH XXYMbIC
t0Tell anaTbiH MWUKPO 3M1EKTP CTaHUMACBIHBIH MOXeLiH >kacay. [n3enb OTbIHbIH, Kemipgi, MasyTTbl X3He 6acka
MMMOPTTaNaThiH OTbIHAbI MaiiganaHydbl TOMbIFbIMEH abin TacTay KakeT, 6yn eHAipineTiH 3HeprusiHbiH TeMeH
6aFacblHa KoM eTKi3yre MYMKIHAIK 6epmeiigi.

MWKPOXbINYNbIK 3MEKTP CTaHUMANAPbIHbIH AW3aliH  epeKLUenikTepiHiy, 6ipkatap apTbIKWbIIbIKTapbl 6ap.
BipiHwigeH, 6yn oHbiH 63piHe TaHbiMas, aFawTaH 6actan AApONbIK OTbIHFA feliiHri ke3 KefireH OTbIH KesiH
naiiganaHa any MYMKIHAIrIHAE. 3epTxaHanblik Moge/baep XblibITbIIFaH CyfaH, LaMHaH X3HEe OTTbIKTbIH XaslblHbl-
HaH >KYMbIC rcTefa, COHbIMEH KaTap »aHyapnapAblH KanfiblKTapbIMeH apasiacTbipbliFaH KenTipinreH eciMaik Kaiabik-
TapblHaH 3pTYpPNi OpraHuKanbiKk OTbIH KocnanapblH >kaFyFa apHanFaH TypMbICTbIK KangblKTapAbl TEKCepAik.
EKiHLLIEH, Xbiny KO3FaNTKbILbIHBIL KapanaiibiM ausaiiHbIH xacayFa 60nagbl, eiiTkeHi oHfa knanaH XYVleci xaHe
BLIKNEH ra3 TapaTy, »oFapbl BONbTTbI TyTaHy Y/leci oK. Erep Ko3FanTKbIlL A3/ XaHe Aypbic xacanFaH 6onca,
OHfa on 6ym >XymbIC Ke3wge TY3eTyfi X3He peTTeyai KakeT etneig” YLWiHWiAeH, An3aiiHHbIH Kapanaibiv-
ObINbITbl OHbIH KbI3MET €Ty Mep3iMiH Yyraitagbl, Thirbl34arbill MeH XXblAy anMacTproill MaTepuasibiH Lypbic
TaHfay OHbl 20 MbIH caFaTka XXeHfeyci3 eTkisyre MYMKiHAIK 6epegi, 6yn OHbIH fep6ecTlH kamTamachI3 eTeji.
TepTiHWigeH, 6enwekTepaiH 6ipHeLle ece a3 601ybl Y/IKEH MOTOP PECYPChIH XX3HE MaiifblH MUHMMa/Ab! WbITbIHbIH
KaMTaMachI3 eTefi, OHbIH >KYMbICbIH ap3aH eTefj.

KasakcTaH Pecny6nuKacbiHbIH ayblnbl aiMakTapblHAa CbIPTKbI KO3raiTKbILbl 6ap >bly 3MeKTP CTaHLMsAMa-
pblH NaiganaHyabiH GipHeLle apTbIKWbIILIKTapbiH 6enin kapacT ipyra 6onagpi:

- KeMmipcyTeri OTbIHbIHbIH 6aFacblHaH Tayenasfll, COHAai-aK OHbl CaKTay MeH TacbiMasifay LUbIrbIHAAPbIHAH
6ac Tapty;

- Ke3-Ke/ireH OTbIH TYPIiH naiiganaHa any Kabwien. XXeprifikTi WwoirapbiatbiH OTbIHAbI €HAIPY €HEPK3CibiH
caJly nepcreKTMBachl;

- 3MIeKTp XeninepiH canygaH 6ac TapTy XX3He onapabl ycrayra 6ainaHbICTbl WhIrbIHAAPAbIH 601MaybI.

- KOTeHepauWA/blK KOHAbIPPbIHBI KO/MA4AaHA OTbIPbIN eHAIPINreH 3M1eKTP 3HepruacbiHbiH 1 KBT / caF KyHbl
3-TeH 5 TeHrere feliiH 6onagpl, 6yn KongaHbicTaEbl TapudTepre kapaEaHga 2-3 ece ap3aH.

- OTbiHAbI Xaly Ke3Bae MaliganaHbinEaH rasgapgabEbl CO Menwwepi Kapanalibim »xaFgaiigaH 3 ece TeMeH, an
NO »3He CH menwepi angekaiifa TeMeH, 6yn eH kaTaH xabikapasiblK 3KONOrUANbIK CTaHgapTTapFa calikec kenegr

- KOreHepauusnblK KOHAbIPFbINApAbIH eTeny Mep3iMi - 2-3 bl

Makanaga fambllliaH MexaHWKa/lblK KyaTTblH 3pTYP/i KbiCbIM M3HAepluaen MWiHAi GifikTiH aiiHany caHbiHa
TayengLwn, COHAain-ak MOMEHTTIH LUAMHAPNEpPAEri KbicbiMFa WiHAI GINIKTIH aiHany XbingamablFbIHbIH 3pTYpi
M3HAepLUAen Tayenawn mpcenw . ¥coiHbinFaH rpadmkTepaiH Hensuw,ae KOopbITbIHAbI XacanFaH.

TYViiH ce3fep: biny aneKTp CTaHUMACH, CTUPIMHE KO3FaNTKbILLbI, KOFeHepaLys, 3N1eKTP 3HEpruAChl, Xbily
3HEPryAChl, XXbITYMEH KamTaMacbl3 €Ty, 3MbTePHATUBM 3HEPreTVKa, Xbliy KO3FaITKbILbI, 31eKTPKOPEKTEHAIPY,
KOMM/EKCTi eHgipic.

A. [I. Mextunesl A. B. OpueHko2 B. B. FOraiil A. . AnbkuHal, Y. C. EceHxonosl

1KaparaHAuHCKWIA rocyfapCTBEHHbI TEXHUYECKWI YHBEpCUTET, KaparaHga, KasaxcTak;
ZTOMCK NOMMTEXHUKASTbIK YHUBEpCUTETI, TOMCK, Pecel

MWKPOTEMJ/IOBAA SNIEKTPOCTAHUWA KOFEHEPALLMOHHOTO TUMA A1
OHEPITOOBECIMEYEHNA YOANEHHbBIX CEJTIbCKUX MOTPEBUTEJIEN

AHHoTauus. MNMpobnema aheKTUBHOTO 31EKTPOCHABXKEHUS He peLLeHa B MO/IHOM 06beme A0 cux nop. OfHUM
M3 nyTeli pelleHWs [aHHOW npobneMbl ABASETCA pa3paboTKa MUKPOTENIOBOW 3MEKTPOCTaHUMM, CMOCOGHON
(hYHKLMOHMPOBATb MPaKTUYeCKy Ha NoboM TonamBee. Vicnonb3oBaHMe COGCTBEHHOrO UCTOYHMKA 3HEPrX NO3BOAUT
CHU3WTb 3aTpaTbl Ha ee NPou3BOACTBO. CyLLEeCTBEHHO MOBbLILLAKTCA MOKAa3aTe M HALeXHOCTU 3N1EKTPOCHAOXKEHUA 1
obecneymBaeTcs ee 6ecnepeboiiHad MocTaBka NOTpedbuTeNnto. MpeanoXKeHHass HaMK 3M1EKTPOCTaHLMA NPUBOAUTCA B
[elicTBMe Ten/oBbIM ABUraTeNnem C BHELUHWM MOABOAOM TennoTbl. Llenbto sBnseTcs co3gaHue albTepHaTUBHOIO
KOreHepaLMOHHOIO UCTOYHMKA 3HEPruv 41 yaanéHHbIX NoTpebuTeneli cenbckoi MecTHOCTU, CNOCOBHOro paboTaTh
NPaKTUYeckn Ha Nt060M BUAE TOMIMBA WU OTXOAAX, NMOABEPXKEHHbLIX FOPEHNI0. ITO MO3BOMUT CENbCKOMY XUTENHO
MpoV3BOAUTL Ha MecTe 6e3 onnaTbl TPAHCMOPTHLIX NOTEPb 3MIEKTPOIHEPTMIO, MPOM3BOAUTL 3INEKTPUYUECKYIO U
TENNOBYIO 3HEPIN0 B KOMMnekce. B cBoeli paboTe Mbl yuMTbiBaeM MONOXKWTENbHbIE PE3yNbTaTbl, OMbIT U
[OCTVKEHNS 3apY6eXXHbIX CTPaH AN CO3L4aHNA COOCTBEHHOM KOHCTPYKLMM.

PewieHvem npobnembl 3(PEKTVBHOIO 31EKTPOCHAOXEHNSA CEMbCKUX MOTPebuTenein MoXxeT ObiTb BHEAPEeHWe
MWKPOTENNOBbIX 3/1eKTpOCcTaHUuiA. OCHOBOW MWKPOTENOBOW 3MEKTPOCTaHLMWN ABNSETCA ABUraTe/lb C BHELLHWUM
NoJBOAOM TEN/O0TbI, PAGOTAOLLMIA MO NPUHLMNY CTUP/MHIA. BbIMNOMHEH aHaIM3 YPOBHS COBPEMEHHbIX LOCTUKEHUI
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B 0611aCTM MMKPO3NEKTPOCTaHLMIA. Y CTaHOBNEHO HampaB/ieHWe PasBUTUSA Hay4YHbIX UCCMefoBaHUA MO pa3paboTke
[BUraTens ¢ BHELLUHWM NOABOAOM Ternna. 3ajada CBOAMTCA K TOMY, Y4T0ObI OHa Bblia cnocobHa PyHKLMOHMPOBATb Ha
MECTHOM HM3KOKaNnopuinHoM Tonnmee. Heo6Xo4yMo MOMHOCTLIO UCKMOUMTL UCMOMb30BaHME A13eMbHOr0 TON/MBa,
YIS, Mas3yTa u Apyroro NpUBO3HOMO TOM/NBA, KOTOPOe He MO3BOJISET A0OUTHLCS HU3KOW CTOMMOCTM NPOU3BELEHHOM
3Heprum.

MOXHO BbILeNWTb PSS NPENMYLLECTB KOHCTPYKTVBHBIX OCOBGEHHOCTEN MUKPOTENOBBIX 3MeKTpocTaHLuit. Bo -
MepBblX, 3TO €ro Tak HasblBaemas BCesAHOCTb, /060 UCTOUHWK TEMAOBOM 3HEPruM OT ApeBeCUHbl 40 SAepPHOro
Tonnvea. JlabopaTopHbie MoAenn paboTanu OT Tensia HarpeTol BOAbl, MAMEHW CBEYN U Fa30BOW FOPesKY, a Takke
Hamn 0npo60oBaHbl ObITOBble OTXOAbl MOABEPKEHHbIE TOPEHWUIO Pa3/MYHbIE OpraHWYecKkue TOM/MBHbIE CMECU W3
BbICYLLEHHbIX OCTaTKOB PAacTeHWi, CMeLUaHHbIX C OTXO4AMU >KMBOTHOBOLCTBA. B0O-BTOpPbIX, €CTb BO3MOXHOCTb
M3roToBuUTbL 60NEe MPOCTYH) KOHCTPYKUMIO TEM/I0BOr0 [BWratens, Tak Kak B HEM HET CMCTeMbl KiarnaHoB K
rasopacrnpefiefleHis C BaJloM, CUCTEMAa BbICOKOBO/MbTHOTO 3aXwWraHua. ECAM TOYHO W MpaBWibHO W3rOTOBUTb
fBuratenib, T0 OH He GydeT TpeboBaTb HACTPOMKWM W PErysMPOBKM B TEYEHUW BCEM 3KCMayaTaumn. B TpeTbux,
MPOCTOTa KOHCTPYKLMM MO3BOMIUT MOBbLICUTb CPOK €r0 3KCryaTtauuy npy npaBUNbHOM BblIGOpe YMMOTHEHWIA 1
matepuana TernnoobMeHHUKa MO3BONAT NPOWTU eMy 6e3 pemoHTa O0Kono 20 ThiC. 4acoB, YTO 06ecneumT ero
aBTOHOMHOCTb. B - 4eTBepTbIX, MeHbLLIEE B HECKO/bKO Pa3 KOMNYECTBO feTanein o6ecrneunT 60MbLUIOK MOTOpecypc v
MUHUMa/bHBIV pacxod mMacna, AenaeT Hefloporoi ero akcnayaTauuio.

MpenmyLLecTBa MCNOb30BaHWSA B CENIbCKOM MECTHOCTU KOreHepaumoHHbIX MTIC ¢ gBuratensMu BHELLHEro
CropaHus Ha MeCTHOM TOM/IMBe B permoHax Pecny6iunkm KasaxcTaH MOXHO BblAennTb:

- HEe3aBMCMMOCTb OT LieHbl Ha YrNeBOAOPOLHOE TOMAMBO, & Takke OTKa3 OT 3aTpaTr Ha ero XpaHeHue u
TPaHCMNOPTUPOBKY;

- MHOrOTOMIMBHOCTb W UCNO/b30BaHWE JOCTYMHOrO TOM/MBA AN AAHHON MECTHOCTY, a Takke NepcnekTuBa
CO34aHns MPeANPUATUIA MO ero NepepaboTkKe;

- OTKa3 OT NPOK/IALKN 3NEKTPUYECKUX IMHUI W 3aTPaT, CBA3aHHbLIX C UX 0BCNYXMBaHVEM;

- cTommocTb 1 KBT/4 NpoM3BOAMMON 3MEKTPOSHEPTM C MOMOLLbIO KOreHepauMoHHOW YCTaHOBKM OyaeT
COCTaBNATbL OT 3 10 5 TeHre, UTo B 2-3 pasa [eLleBne CYLLeCTBYIOLLMX Tapudos;

- Mpw cropaHum Tonsmea cogepxkanme CO B 0TpaboTaHHbIX rasax B 3 pasa Hmke, yem y [1BC v 3HauMTeNbHO
Huxke cogepxaHne NO 1 CH, 4To COOTBETCTBYET CambIM XXECTKMM MUPOBbIM 3KONOTMYECKMM CTaHAapTaMm.

- CPOK OKYMNaeMOCTU KOreHepaLyOHHbIX YCTaHOBOK 2 - 3 rofa.

B cTaTbe npuBefeHa 3aBUCMMOCTb Pa3BMBaEMON MeXaHWYECKOM MOLLHOCTM OT umcnia 060pOTOB KOMEHYaToro
Bana Npv pasnuyHbIX 3HAYEHWSX OABNEHMS, Takke 3aBUCMMOCTb KPYTSLLEro MOMEHTA OT AaBfeHus B LMIMHAPAX
MpW pasfnyHbIX 3HAYEHUAX YaCTOTbl BpalleHWs KoneHuyaToro Bana. CaenaH BbiBOS Ha OCHOBE MPeACTaBeHHbIX
rpacrkos.

KntoueBble cnoBa: TeM/0Bas 3eKTpocTaHUmA, Asuratesb CTUPANHIA, KOreHepaums, 3neKTpuyeckas sHeprus,
TENnoBas 3HEPrns, KOMM/EKCHOe MPOW3BOACTBO, 3NEKTPOCHabXeHWe, TennocHabXeHwe, anbTepHaTWBHAA
3HepreTVKa, Ten/a0BON ABUraTesb.
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