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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

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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TESTING OF THE PROTOTYPE OF MINI-HYDRO POWER PLANTS
OF HYDROCYCLONE TYPE IN PRODUCTION CONDITIONS

Abstract. The aim of the project is to develop and test a new technical solution to improve the technological
scheme of mini hydroelectric power plants using the hydrocyclone effect of water treatment.

Method of research. Computer simulation of the process was carried out by SolidWorks (flow simulation).
Additional software "Autodesk Simulation CFD" was used to verify the calculations. Initial industrial experiments
were carried out with the water flow in the hydrocyclone through the pipe with diameter of 100mm., and then the
pipe was disconnected and supplied with water through a quadrangular inlet size 240 x 167 mm. The Third variant of
the experiments was conducted in the combined form, i.e. in the presence of a quadrangular pipe and the inlet pipe.

Research result. 1t is established that the manufactured sample is quite workable in production conditions. The
range of tested and confirmed parameters is within the following limits: head H= 1.5-2.5 m, water flow-Q =
= 45-120L/c. at the same time, power generation is provided within N = 0.5-2.0 kW. The obtained parameters on a
specific test object require approbation in a wider range and testing them in order to establish a rational mode of
operation of the mini HPP of the proposed design.

Key words: mini hydroelectric power station, hydro turbine, generator, computer simulation, experimental
sample, production test.

Introduction. To calculate the expected energy parameters and computer modeling of the process in
the manufactured experimental sample, according to the prepared technical documentation, their tasks and
methods were adopted based on the size of the installation, possible technological parameters of the test
and taking into account the experience of development and operation of small and mini HPPs [1-17].

At the same time, the entry of water with mechanical
impurities into the hydrocyclone body (figure 1) was
carried out in two versions: through a pipe with a
diameter of 124mm (mm) and through a quadrangular
hole with a size of 240mm x 167mm. In the cone part,
sediment removal through a sand hole with a diameter
varying within 50-200mm (mm) by means of a valve was
provided. The cleaned part of the flow is carried out
through the drain pipe (diameter 200mm (mm), located at
the end of the hydrocyclone. The total length of the
hydrocyclone body to the gate of the sand hole is 1480mm.
The diameter of the cylindrical part is 700mm [5].

In the calculations, two options were considered for
the operation of the hydraulic turbine at pressures H=1,

Figure 1 —
General design scheme of mini hydroelectric ] . ;
power station of hydrocyclone type H=1.5 m, which can be provided at the selected site (range)

of the branched part of the Turgen river.

—— 48 ——
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Computer computational modeling [18,19] implemented by SolidWorks (flow simulation). Additional
software "Autodesk Simulation CFD" was used to verify the calculations. When comparing these
programs, errors were made in the range of 10-12%.

Result of calculation. In computer simulation according to the first variant, i.e. at a head H= 1.0 m,
the speed of the generator rotor was within n=395 rpm. And in the next variant, i.e. at H=1.5 m, the speed
was equal to n=490 rpm.

Calculations show that when the heads are opened, the torque generated by the water flow on the
blades is M1=8.2 N*m and M2=12N*m.

Then, the generator power according to the variant - 1

M1=0,339 kW =339w, and according to the variant -2 M2 = 0.616 kW = 616w. Figure 2 shows a
graph of the power dependence on the rotation of the hydraulic unit N=f (n)

n, 00/MHH
700
600
H¥l.5 M
Figure 2 — 400 Mg—
Graph of power dependence 0.5 |
S - 300
on hydraulic unit speed N=f (n)
200 /
100
0 N, kBt
J
0 0.15 0.3 0.45 0.6 0.65

There is some increase in unit power with increasing shaft speed of the turbine corresponding to the
pressure of the incoming water.

Verification of the obtained data of the calculation program was carried out in an analytical way using
well-known formulas.

Then, the power of the hydraulic unit

N=Q%*g*H*h,em (D
where Q — water consumption at the inlet of the unit, m’/s.
Q=V*F=3,13*%0,012=0,037 m’/s; 2)
where V — water speed, m/ s
V=N(2%g*H)=N(2*9.81%0.5)=3.13 m/s 3)

F — area cross-section of the inlet, m.

When the diameter of the inlet pipe D=0.124 m then F=0. 012m”
g — acceleration of free fall, 9.81 m/s.

h=0.65-efficiency for two multiples (Crossfair) and simple active hydroturbines'.

Then, under the first option

N=0,037%9,81%0,5%0.65=0.118 kW=118 W @)

Computational modeling and verification calculation showed minor errors of the results (121 W and
118 W). In other cases, the test calculations almost coincided with the original data.

Figure 3 shows a graph of the dependence of the flow rate on the power, which changes similarly to
the previous case.

Q, n/c
70
H=1.5M o]
60 H=1.0 //
=1.UM
50
. H=0.5
Figure 3 -A 40 -
graph of flow rate from power 30

0 //
10
N, kBt

0 0.15 0.3 0.45 0.6 0.65
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To check the maximum possible capacity of the unit under consideration, the inlet section of the
pipeline was increased to 240 x 167 mm, and the cross-section area F=0.04 m®. Water pressure H=1.5 m.

Then, the speed and flow rate at the inlet of the pipeline

V=N(2*g*H) =N(2%9.81%1.5) =5.42m /s (5)
0=5.42%0.04=0.217 m’ / s
The generated power
N =0,217*%9,81%1,5%0,65=2,076 kW= 2076 W;

If we take into account that for household and economic needs of a separate residential building, the
required power on average is within 1200 W-1500 W, then we can consider the obtained power value to be
quite sufficient for normal provision. If necessary, you can increase the power by increasing the initial
pressure of the incoming water. For example, at a head of 3 m, the power of the hydraulic unit will
increase to 5.87 kW.

For general clarity of the process under consideration, below are the isometries of velocities and
pressure in a hydrocyclone with a hydraulic turbine at different pressures.

1) at the pressure (head) of the inlet flow H= 1.0 m.

In this case, there is a slight increase in the water velocity at the inlet to VVC =4.5-5.5 m / s, and the
pressure rvx = 8000-8500 PA (figure 4).

2) at the pressure (head) of the inlet flow H= 1.5 m.

As can be seen from the following figure, the required (working) speed and pressure to ensure normal
operation of the hydraulic turbine and removal of impurities through the sand hole is achieved at H= 1.5 m.

In this case, the speed is equal to VVC = 5.5 — 6.5 m/s, and the inlet pressure rises to
rvx = 10000-11000 PA.

Methods and results of production tests. The prototype of the hydrocyclone hull for processing the
technological process was designed by the executors of project No. 7 and manufactured by the forces of IP
"Originative" (Esik) [3-5].

The purpose of the test was to check the performance of the manufactured new sample of mini HPP
in real conditions and to establish the expected technological parameters.

The tests were carried out on a branched section (fast current) of the Turgen river with a
corresponding pressure-flow characteristic.

According to the results of R&D for 2019, the test considered the issues of establishing changes in
the pressure-flow characteristics and the effect of these changes on the generated power is mainly when
working on water without taking into account the degree of its purification in the hydrocyclone [1,2].

eminHa coop
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Figure 4 — Isometry of velocities in a hydrocyclone at H= 1.0 m
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Figure 5 — Isometry of velocities (a) and pressure (b) in hydrocyclone at H= 1.5 m

The mode of operation on the alluvial mode, i.e. at different concentrations of sand in the water used,
will be considered in 2020.

In order to study the changes in the main technological parameters of the mini hydroelectric power
station (head, speed and flow rate, shaft speed, power) under different operating conditions of the
installation, a water supply regulator in the form of a gate installed at the outlet of the camera was used.
And the pressure of the supplied and used water in the three discharge holes (inlet, drain and sand hole)
were determined by pressure gauges (accuracy class-2.5).

On the basis of the manometer reading, the speed was calculated by the formula, and then the flow
rate of the supplied water-KV, m’/s. The frequency of rotation of the shafts of the hydraulic turbine and
generator was measured using a tachometer.

With the use of these experimental data, the power generated by the generator of the mini HPP was
established.

If necessary, the water flow through the drain pipe QSL. and the sand hole Qpes were measured by
volume method using a metal container with a volume of 20L, to establish the reliability of the
measurement reading, they were compared with preliminary calculated data.

The first experiments were carried out when water was supplied to the hydrocyclone through a pipe
with a diameter of 100 mm., and then the pipe was disconnected and water was supplied through a
quadrangular inlet pipe with a size of 240 x 167 mm. The third version of the experiments was carried out
with a combined version, i.e. in the presence of a pipe and a quadrangular inlet pipe.

In case of impossibility of direct measurement of the flow-pressure characteristic the pre-prepared
curves of calibration of these indicators were used.

In General, the results of the test show that the developed design is quite workable and it allows to
achieve the realization of the goal.

Confirming this conclusion, the operating mode of mini hydroelectric power station (figure 6) is
achieved by using the combined version of the experiments, when the water supply to the hydrocyclone
housing (DC = 700mm) is carried out through the pipe and partially through the inlet pipe (figure 6). In this
case, the flow rate of the supplied water through the pipe from the camera was regulated by a paddle gate.

Based on this, the following is only the data obtained in the combined version, i.e. in the presence of
a pipe and a quadrangular inlet pipe (table 2).
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Figure 6 — Types of mini HPP when water is supplied
to the hydrocyclone housing through the pipe and partially through the inlet pipe

Table 2 — Technological parameters of the prototype mini hydroelectric power station
of hydrocyclone type obtained during the production test

Total area Pressure Speed Expenditure Frequency Torsional Power
inlet, water on water on water on rotations, moment, hydraulic
F, m input, input, input, 11, turn/min M,H*m unit,
Hs, m VB, m Q, m’/s Na, kWt
0,05 1,5 0,90 0,045 80 59,6 0,500
0,05 1,6 1,24 0,062 100 66,8 0,700
0,05 1,7 1,68 0,084 120 79,5 1,000
0,05 1,8 1,90 0,095 150 76,4 1,200
0,05 2,0 2,14 0,107 200 71,6 1,500
0,05 2,5 2,30 0,114 300 63,7 2,000

As can be seen from the table, with an increase in the water pressure at the inlet-HB increases the
flow rate of the supplied water-QB. The maximum flow rate of the hydrocyclone is provided at a head of
HB = 2.5 m. In this case, the shutter of the camera is open to the full cross-section.

It should be noted that the change in torque is not proportional to the straight line, but to the
parabola, although in modeling its dependence on the speed was inversely proportional.

The achieved capacity of the hydraulic unit within the range of N = 0.5-2.0 kW is quite sufficient
parameter for the selected test object, which is characterized by a low head of water flow due to the small
difference in the river bed. This means that the considered mini hydroelectric power plant has additional
opportunities to increase the power characteristics when using it in areas with a significant slope.

On the basis of the results of the tests and analysis of the data obtained, an act and a test report were
drawn up, which indicated the proposals and conclusions of the Commission. In them, in particular, it is
noted that the presence of a pulley of a significant diameter (d=0.4 m) contributes to steady rotation and its
frequency increases to a certain extent due to the inertia force up to 300 rpm or more.

The act specifies the efficiency of directed water supply to the surface of the blades of the hydraulic
turbine with the help of a pipe (nozzles) than the use for this purpose of 4 coal nozzles located relative to
the outer surface of the hydrocyclone.

It was noted that in the future it is necessary to make the following improvements of a constructive
nature:

- the conical part of the hydrocyclone body should be performed in a shortened form and provide for
the removal of trapped solids from the side with a significant diameter (about 200-250mm).

This is due to the fact that the delay of the swirling liquid in the hydrocyclone creates resistance in
the body and thereby slows down the rotation of the hydro turbine.
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Conclusion. 1. The manufactured sample is quite workable and can be used in production conditions.
The range of tested and confirmed parameters is within the following limits: head H = 1.5-2.5 m, water
flow-Q = 45-120L/c. At the same time, power generation is provided within N = 0.5-2.0 kW.

2. The achieved capacity of the hydraulic unit within the range of N = 0.5-2.0 kW is quite sufficient
parameter for the selected test object, which is characterized by a low head of water flow due to the small
difference in the river bed. This means that the mini HPP under consideration has an additional
technological opportunity to increase the power characteristics when used in areas with a significant slope.

3. The obtained parameters on a specific test object require approbation in a wider range and testing
them in order to establish a rational mode of operation of the mini HPP of the proposed design and
protection of the hydraulic unit from abrasive wear, based on our experience [20-22].

The specified design of mini hydroelectric power station of hydrocyclone type is developed under the
target program "Creation of bases of serial production of the Kazakhstan sources of renewable energy of
the world level” (BR05236263, NAS RK, 2018-2020).
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T'UIPOLIAKJIOHIBIK TUTITEL'T
MUHM C-tin TOKIPUBEIK YJIIICIH
OHJUIPICTIK JKAFJIAIJA CBIHAKTAH OTKI3Y

AnHOTanmsi. ['MaposnekTpcTanysiIapia EKTP SHEPrHsAChIH OHAIpyre OaillaHbICThl MIBIFBIHAAPABIH aca Te-
MeH OOJTybl MEH OHBIH Oocekere KalineTTi OarachlHa call aTKapbUIybl HHBECTOPJIAP YILiH TapThIMABI OM3HEC eKeHIr]
Oenrii.

CoHpIMeH Karap, marblH HeMece MUHN ['DC-Tepai canFaH allMakTHl aca Cy Oacmaipl KoHE JKBITY AJIEKTPO-
CTaHLUsIApbIMEH calbicThIprana ayara CO2 Tapaybl MYJIAEM OPBIH alMaiibl.

TuicTi aKmaparThIK JkOHE NMATEHTTIK i3AeyJaep HOTHKECIHAE, OHBIH TEeXHUKAJBIK-9KOHOMHKAIIBIK HETi3IeMeCiH
eckepe oTbIpbI, KP ¥ATTHIK FRUIBIM aKaleMUSChIHA MMIHHAPII-KOHYCTHI THIPOLUKIOHMEH XKa0IbIKTAIFaH THAPO-
3JIEKTPCTAHIMACHIHBIH IAFbIH (MUKPO) HYCKACHI JKacayabl. BysT TeXHUKaNbIK IIEnTiM eKe FUMapaT NeH TYPFbIH Y-
Kalnap/pl e3 ajjbiHa JepOec Typle JJIEKTp SHEPIUsiChIMEH KaO/bIKTayFa JKoOHE KONTEel 3aybITTaH IIbIFapyFa MyM-
KIHJIK TYFbI3a/IbI.

Coinakman emxepyoiy maxcamol — *acajaraH jkaHa MuHH ['DC MOIENiHIH OHMIIPIC KaFAalbIHIAFbl KYMBIC
KaOIJIEeTTUITIH TeKCepy jKoHE KYTUICTIH TEXHOJIOTUSUIBIK ITapaMeTpIiIepi aHbIKTaY.

CeiHaK OapbIChIHZA aFbIH TETEyPiHIHIH CHMarTamMajapblHIa OOJIATBIH e3repicTeplli aHBIKTay Karxaiaapsl
KapacTHIPBUIABI KOHE THUAPOIUKIOHAAFEI Cy aifHaIBIMBI OaphICBIHAA OYJI ©3repiCTepHAiH eHAIpLIeTIiH KyaTka acepi
KapacTBIPBUIIBL.

3epmmey adicmepi. TlponeccopapH KoMmbroTepaik Momensaeyi SolidWorks (areiMasl Momenbaey) Oarmapiia-
MachblHa coiikec *kyprizinai. Ecenteynepai tekcepy ymin «Autodesk Simulation CFD» kocbimia OargapiamaibiK
)KacaKTaMachl alilalaHbLIFaH.

bactankpl eHIIpICTIK ChIHAK THAPOLHKIOHFA cy auamerpi 100 MM GosiaThiH KYOBIp apKbUIbI JKETKI3UIreH, ai
cozaH KeliH KyObIp OekiTiin, KaxerTi cy Memmepi 240x167 MM TepTOYpHIITH KYObIp apKbUIbl OepijireH. DKcrepu-
MEHTTIH YLIIHIII HYCKAachl €Ki KYObIp/IbIH Oipre icTereH »arnaiiblHaa aTKapbUIFaH.

3epmmey nomuorcenepi. CoiHakran etkepiared ['DC-TiH TOXIpUOETiK HYCKACHIHBIH OHIIPICTIK JKaraaiga To-
JIBIKTaM KYMBIC iCTeHTiHI aHbIKTadFaH. ChIHAK Ke31HJe KapacThIPbUIFaH apaMeTpIiep JHana3oHbl Kelec emeMaep-
MeH aHbIKTanaael: tereypin H = 1,5-2,5 m Gepinren cy erimi — Q = 45-120 n/c. Ocbl napameTpiep >karaaibiHIa
aJBIHATBIH TUAPOTYpOUHA KyaThIHBIH mamackl N = 0,5-2,0 kBt apaceiHga KaMTaMackl3 €TiUITCH.

Ochl ChIHaKTap Ke3iHIe aHBIKTAJIFaH MapaMeTpliep aJIarbl YaKbITTa HEFYPJbIM KEH AWana3oHa ChIHAJIATHIH
0oaIel )KoHE Cy aFbIHAAPHI Tereypinai e3ernepae Muau [ DC-TiH YTHIMIBI pEKAMI KaIbIITACTHPHLIAIEL.

Tyiiin ce3nep: munu ['IC, ruapoTypOrHa, reHepaTop, KOMITBIOTEPIIIK MOJEIACY, THKIPUOCTIK YIITi, OHIIPICTIK
CBIHAK.
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HNCIBITAHUE OIIBITHOI'O OBPA3LHA MUHU I'2C
I'NIPOLHUK/JIOHHOI'O TUIIA B TIPOU3BOACTBEHHbBIX YCJIOBUAX

Annoranusi. O01en3BecTHO, YTO, Onarofapst OTHOCUTENBHO HU3KMM AKCIUTyaTallMOHHBIM 3aTparaM M KOHKY-
PEHTOCTIOCOOHOW IIeHe 3a AIEKTPOIHEpruio, BeipaboraHHOH Ha ['DC, OHM TpeAcCTaBIAIOT coOOW OYEeHB TpPHUBIE-
KaTeNbHBIN OM3HEC 111 MHBECTOpoB. KpoMe Toro, mpu crponTenbcTBe MaIbIX 1 MUHE ['DC He MPOMCXOXUT 3aTOoI-
JICHUS TPWICTAOIINX TEePPUTOpUH, cokpamatoTcss BeIOpockl CO2 3a cyeT 3aMemIeHHs TeIUIOAIEKTPOICHTPAJICH,
paboTarOLINX Ha HCKOTIAEMOM TOILTHBE.

Ha ocHoBe nHGOPMaNMOHHOIO M MATEHTHOTO MOMCKa B MUPOBOM MacIuTabe M C y4eTOM IEeIeCo00pa3sHOCTH, B
AH PK paspaboran muau (Mukpo) Bapuant ['9C, cHabXkeHHas MUITHHAPOKOHUIECKAM THAPOIIMKIOHOM. DTO MO3BO-
JsieT 00eCHeunTh JOKAbHOE YHEProoOecreyeHne OTACIbHBIX 3AaHUi M KHUJIBIX TOMEIIEHHWH, a Takke obieryaer
OpraHHU3aLMI0 X CEPUIHOTO MTPOU3BOJICTBA.

Lenvio ucnvimanus sBISIIACH MPOBEpKa pabOTOCIIOCOOHOCTH M3TOTOBICHHOTO HOBOTO oOpasna muuHu ['DC B
peabHBIX YCIOBHUSX M yCTAHOBJICHUE MTPEAIIOIAraeMbIX TEXHOJIOINYECKUX IIapaMeTpOB.

[Ipy ucnbITaHUKM pacCcMaTPUBAINCH BOIPOCHI 110 YCTAHOBJICHHUIO M3MEHEHUsI HallOPHO-PACXOAHON XapaKTepuc-
TUKU W BIMSHUE 3TUX M3MEHEHWH Ha BhIPa0aTHIBAEMYIO MOIIHOCThH IIPEMMYINECTBEHHO Npu pabore Ha Boae 0Oe3
ydeTa CTENEeHU €€ OYUCTKU B THAPONUKIIOHE.

Memoout uccredosanus. KoMnproTepHOE pacuyeTHOE MOAEINPOBAHNE MTPOIIECCa OCYIIECTBIIIOCH IO IPOrpamMMe
SolidWorks (flow simulation). J[iist mpoBepkH MPOM3BEACHHBIX PACYCTOB OBLIO HCIIOJB30BAHO IOMOJHHTEIBHOE
nporpammuoe obecneueHne «Autodesk Simulation CFD».

IlepBoHauanbHBIE MPOU3BOICTBEHHBIE OINBITHI MPOBOIMINCH IIPU MOAAYe BOIBI B T'MIPOLUKIOH IO Tpyde ¢
muamerpoM 100 MM, a 3atem TpyOa OblIa OTKJIFOYEHA M oOecrieueHa 1oja4a Boibl Uepe3 YeThIPEeXYTroIbHbIH BXOAHOM
narpybok pasmepom 240x167 mm. TpeTuii BapuaHT ONBITOB HPOBOAMIICS NPU COBMEIIEHHOM BapHaHTe, T.€. MpU
HAJIMYUH TPYOBI M YETHIPEXYTOIBHOIO BXOJHOTO TaTpyOKa.

Pesynvmamer uccnedoéanuii. YCTaHOBICHO, YTO M3TOTOBJIECHHBIN oOpaser Muau ['OC BnonHe padoTtocrnocodeH
JUISl BBIPAOOTKH 3JIEKTPOIHEPT U B IPOU3BOJCTBEHHBIX YCIOBUSIX.

Juana3oH anpoOMPOBaHHBIX W TOATBEPKAECHHBIX MapaMEeTPOB COCTABIAIOT B CIEAYIOIIUX IIpelesiax: Harop
H = 1,5-2,5 M, pacxox Bomer — Q = 45-120 n/c. IIpm sTOoM obecrieunBaeTcs BBIpaOOTKa MOIHOCTH B Ipeneiax
N = 0,5-2,0 xBr. IlonydeHHple mapaMeTpbl B XOA€ 3THUX HCIBITAHWH OyoyT ampoOWpoBaHBI B Ooliee MIMPOKOM
QUara3oHe W OTpadOTaHBl palMOHATIBHBIE PEXUMBI paboTel MuHH ['JC mpemmaraeMoll KOHCTPYKIHUU B YCIOBHAX
9KCIUTyaTallud B PEKaxX CO 3HAUUTENIbHBIM IIEPEMNAIoM TEICHHE BOABIL.

Kawuesbie cinoBa: munu ['9C, ruapoTypOMHa, reHepaTop, KOMIIBIOTEPHOE MOJIEIUPOBaHKe, OIBITHBIA 00pa-
3ell, IPOU3BOJCTBEHHOE UCIIBITAHHE.
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