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PROTECTION OF CENTRIFUGAL PUMPS FROM ABRASIVE
WEAR USING A VACUUM HYDROCYCLONE

Abstract. The design features of the existing design and technology for the protection of downhole pumps of the
ECV type from abrasive wear during operation are considered and analyzed. Based on the analysis, a new method for
capturing solid impurities on the suction line of a borechole pump of the ECV type using a pressure-vacuum
hydrocyclone is proposed.

It is specified that at field tests of a prototype of new installation technological process is estimated on the
pressure-expense characteristic and technological-operational indicators according to requirements of GOST 6134-81
" pumps dynamic. Test method. " In this case, the flow rate of the base pump on water is determined by means of a
turbine water meter mounted on a water-lifting pipe with a valve. The performance of the hydraulic clevator is
established by the volumetric method, and the head in front of the valve of the pump pressure pipe using an approximate
pressure gauge.

It is established that the flow-pressure characteristics of the base submersible pump ECV are provided in full
(water flow 60-70 m?/h, head - 110-118 m), overload on the electric motor is not detected (ammeter readings are within
the permissible limits-68-71 amperes), the degree of water purification is 95-96%.

It is noted that the implementation of a flexible packer device with slots and the presence on the surface of the
second minihydrocyclone-thickener significantly improves the functioning of the adopted scheme of water treatment.
It turned out that with this technology, the overload of the pump motor is reduced by cooling with water without
mechanical impurities.
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Introduction. The relevance of the topic under consideration is that in most operated water wells on a
global scale, depending on the state of the annulus, sanding of various degrees often takes place [1-5].

For example, in Kazakhstan at present about 60% of wells of municipal services work in the sand mode.
This is due to the violation of the interaction mode of the system "well-pump" in use, the decrease in the
efficiency of'the filter and for other reasons of a hydrogeological nature. Therefore, in some wells, especially
those located in the desert and semi-desert zones of the Republic, the content of solid particles can exceed
the norm of solid particles for centrifugal pumps (less than 0.05 g/1) by 3-5 times [6-8].

As aresult, sanding occurs intensive wear of the working elements of the used pump type ECV (figu-
re 1) and their failure before the service life. Reduces the overhaul period of the well. Restoration of the
base pump requires a lot of costs, because overhaul of the pump type ECB costs 70-80% of its base cost.
Untimely provision of settlements with drinking water due to the pump stop prevents the solution of a social
problem of great importance.
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Figure 1 — Types of wear of impellers (a) and submersible pump bushings (b)

One of the effective solutions to this problem is to supply the submersible pump with a hydrocyclone
receiving chamber (separator) for separating sand from water in the well [6-9]. The captured Sands are
usually not left in the well, but are brought to the surface with the help of ejecting devices bypassing the
working bodies of the pump.

In work [6] methodical instructions on maintenance of normal operation of borehole submersible
pumps that can reduce level of sanding and abrasion of a surface of impellers of the pump by mechanical
impurity are stated.

The main advantage of the LAKOS(R) separator, as in other devices of similar action, is to prevent the
possibility of abrasion of the surfaces of the impellers and bearings of the submersible pump [7]. However,
the presence of it leads to a loss of pressure from 2 to 7 pounds per square inch. The maximum particle size
is 1/4". According to the authors of this work, after installation, the separators do not require daily
maintenance.

The technical result of the invention described in [8] is achieved by the fact that in a downhole
pumping unit, the chamber for collecting mechanical impurities of the hydrocyclone and the ejector are
made together in one volume along the flow of the liquid, and the hydrocyclone is located with the cone
part upwards.

The technical solution according to model No. 108104 [9] is aimed at increasing the efficiency of
separation of mechanical impurities by reducing hydraulic head losses in the flow part of the separating unit.
The dependences of the separator performance characteristics on the granulometric composition of
mechanical impurities contained in the extracted fluid are revealed.

In studies conducted in LLC "PC "Borets" (Russia), it was found that the developed design of the
separator with hydrocyclone separation of mechanical impurities with a density of 2000 mg/l provides
cleaning efficiency in the range of 95-97% [10]. It differs from others in the absence of rotating parts.

The hydrocyclone separator described in [11,12] differs from the existing ones in that it has an inner
diameter, which decreases as the fluid moves along the inner perimeter of the hydrocyclone. The design
includes a pressure reducing device located near the inlet end of the discharge pipe to facilitate the movement
of solid particles through the discharge pipe.

In General, the analysis of the above technical solutions and other submersible pumps with
hydrocyclone separators used in practice shows the effectiveness of this technology for protecting the base
pumps from abrasive wear.

Hydrocyclone method of fight against wear is justified also at water purification from mechanical
impurity in systems of renewable energy sources, in particular at improvement of the technological scheme
of mini hydroelectric power station [13-15].

However, further improvements are still required, taking into account the wide variety of construc-tion
and operation of water wells.

Based on this, we set the task of improving the action of the packer device for separating the hydro-
cyclone from the pump during its operation. This is necessary to force water with mechanical impurities
into the hydrocyclone device and prevent sand from entering directly into the submersible pump. Another
task was to obtain the maximum thickening of the ¢jected pulp after cleaning on the surface by additional
installation of a minihydrocyclone. This significantly reduces the loss of water when the condensed mass is
gjected into the dump.
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Description of the essence of development and testing methods. The essence of the developed water
intake technology, designed to improve the performance of a submersible pump with a hydro-cyclone-
seperator, is as follows [16-18].

The unit, unlike the existing ones, on the suction line is equipped with a vacuum hydrocyclone He with
a packer device Pp in the form of an ¢lastic cuff (figure 2). Next to the submersible pump Ps, lowered into
the well W1, there is a pulp suction pipe Pt, hydraulically connected to the hydraulic Elevator He, located at
the pump outlet.
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Figure 2 — A structural diagram (a) and the prototype pump of the ECW is provided with a vacuum hydrocyclone

Principle of operation. When starting the pump Ps liquid with mechanical impurities enters through
the holes in the hydrocyclone He, because the wellbore W blocked packer device Pp. In the hydro-cyclone,
the absorbed liquid, due to the strong rotational movement, is divided into liquid and solid phases. Solid
particles are thrown to the top of the cone and accumulate in the condensation chamber.

The clarified part of the water through the drain neck of the hydrocyclone is sucked off by a sub-
mersible pump and fed to the surface to the consumer. In this case, a small part of the water, seeping through
the slots of the flexible cuff, keeps it in a balanced state.

The condensed mass from the chamber is ¢jected through the pulp suction pipe Pt by the hydro-elevator
He to the surface, bypassing the working bodies of the pump. On the surface of the pulp enters minimization
and undergoes a secondary treatment.

To conduct the test, the base submersible pump installed in the well was first pulled out of the well.
Then a hydrocyclone chamber and a hydraulic Elevator were connected to the pump. The finished instal-
lation with the help of a crane was lowered back into the well to a depth of 25-30 m and the water-lifting
pipe was rigidly fixed with a special clamp on the head. The upper end of the water-lifting pipe was directed
to the discharge tray for water removal, and the pulp-removing hose was directed to the mini-hydrocyclone.
The static water level in the well was 3-4 m, and the dynamic decrease ranged from 10-13 m.

In order to more accurately determine the head at nominal supply, the analytical characteristic of the
pump for the working section of the characteristic was calculated by the method of least squares.

During field tests of the plant, the technological process was evaluated by the pressure-flow
characteristics and technological-operational indicators. The timing of the working time of the shift was
considered by lifting (extraction) of the operated pump unit to the surface, assembling and mounting the
hydrocyclone with a hydraulic Elevator, installing the unit in the well, starting the pump and pumping out
the pulp.

The tests were carried out in accordance with the requirements of GOST 6134-81 "dynamic Pumps.
Test method.".
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The flow rate of the base pump on water was determined by means of a turbine water meter mounted
on a water-lifting pipe with a valve. The performance of the hydraulic Elevator on the pulp was set by the
volumetric method, and the head before the valve of the pressure pipe of the pump with the help of an
exemplary pressure gauge. The characteristic of the installation was removed during crane operation.

Test results and discussion. The purpose of the test is to clarify the pressure-flow characteristics of
the submersible pump ECV10-65-110 when supplying it with a hydrocyclone and determine the degree of
water purification.

The geometrical parameters of the unit with a hanging hydrocyclone and a cuff were as follows: the
diameter of the cylindrical part of the hydrocyclone chamber was 300 mm (the diameter of the elastic cuff
was taken on the basis of the inner diameter of the well), the diameters of the drain pipe and the sand hole
were 240 mm and 50 mm. The dimensions of the last variant — 30x220 mm. the Specified parameters of the
hydrocyclone apparatus were determined according to the method of calculation of centrifugal action units,
based on the features of their application [19,20].

The results of the acceptance test in conjunction with the operated facility are shown in table 1.

Table 1 — Results of acceptance test of the pump with a hydrocyclone

Pressure at the outlet of the well (before the valve), NN, m 121.0 1180 115,0 110,0 95,0
Flow rate of the base pump ECV10-65-110, Q,m3 /h 55,0 60,0 65,0 70,0 75,0
Water flow through the mini-Elevator, q,1/s 0,60 0,55 0,50 0,45 0,40
The degree of purification of water (by pump),C,% 95,0 96,0 96,0 95,0 96,0

As can be seen from table 1, the developed installation fully corresponds to the initial parameters for
raising water from sand wells. The achieved degree of water purification allows to preserve the passport
service life and to carry out preliminary cleaning of the well from mechanical impurities.

Analysis of the composition of the removed part of the sand deposits shows that the degree of capture
of mechanical impurities using hydrocyclone-thickener at the required level. The flow of water through
minihydropower equal to 0,45-0,65 I/s.

After operation for 5500 hours and external inspection and removal of some basic parameters
submersible pump with hydrocyclone was re-lowered into the well with the help of a crane for further testing
and testing of the process of raising water from the sand wells.

At the same time, in order to more accurately determine the head H at the nominal supply Q, the
analytical characteristic of the pump for the working section of the operating mode by the method of least
squares was calculated, which was equal to:

H=9783+5524*0-0275] *Q/2 @)

Computing deviation values of the pressure of Hwic from experienced Had was calculated by the
formula:

Ho = (Hwic - Had ) / Had * 100% 2)

The calculated pressure of the pump made:

1) with a minimum feed (13.48 I/s) - 121.24 m;

2) at nominal feed (18.63 I/s) - 106.18 m;

3) at maximum feed (22.25 1/s) - 90.41 m.

The achieved values of deviations within the permissible limits (2-3,5%) indicates a high accuracy of
measurements during the test of the pump.

The second stage of tests was carried out on the rise oversanded water with a significant concen-tration
of sand (1.23-1.30 m’/t), ie, in the mode of cleaning the well with the help of the basic pump.

The technological process was worked out using the installation on the basis of the pump ECV
10-160-35G with the following main dimensions: the diameter of the cylindrical part of the hydrocyclone
245mm, the diameters of the drain pipe and the sand hole, respectively, 165mm and 36 mm. the Total height
of the hydrocyclone was 610mm. The test results are shown in table 2.

As can be seen from the table, the presence of a hydrocyclone does not lead to a special deviation of
the parameters of the base pump and they vary within acceptable limits.

— ) —/
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Table 2 — Test results of the installation for raising water from sand wells on the basis of the pump ECV 10-63-110G

The time of filing water, | Pressure gauge reading, Pump flow, Q, The pump head,
T,s R,m 1/s H m Note
0 138 0,00 138,45 The valve is closed

942 129 9,59 130,02

69,5 121 13,28 120,38

57,6 108 18,05 109,00

57,6 108 18,26 108,25

52,5 99.8 19,32 100,02

45,1 91 20,27 91,05

42,5 79 21,95 80,10

396 67 2341 68,25 The valve is open
39.9 67 2325 68,26

41,6 73 21,42 74,10

434 83 21,00 84,11

47,1 92 19,17 93,12

51,7 103 17,25 104,23

62,0 113 14,62 114,25

79,1 122 12,52 123,30

135,1 133 7,55 134,75

0 138 0,00 138,15 The valve is closed

It was found that the performance of the minihydroelevator on the ground varies within
0.75...1.08 m’/h. the Volume concentration of the raised pulp (14.3...15.0 %) is within the permissible limits
for transportation, which allowed to ensure uninterrupted supply of the mixture to the surface. This once
again confirms the need for a hydrocyclone-thickener (figure 3).

Figure 3 — The types of the end walls of the well with minimization — thickener (a) and work well with purified water (b)

The continuity of pulp transportation, which is associated with the unhindered suction of solid partic-
les from the mouth of the hydrocyclone, contributed to an increase in the degree of water purification on the
suction line of the pump. Due to this, only dusty Sands with dimensions of 0.005...0.05 mm, having the least
abrasiveness, pass through the working body of the pump. The main components and parts of the pump unit
are practically not subjected to mechanical wear.

Increasing the pressure head after the displacement chamber of the minihydroelevator is achieved by
overlapping the water-lifting pipe of the pump with the help of a valve. Then the flow rate of the base pump
for clean water is reduced by the volume of pulp transported through the sand hole of the minihydroelevator
(5.5...6.0 m°/h). Reduction of the pump flow rate on water during cleaning does not affect the mode of
10
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pumping groundwater from wells, because it is short-term and is restored after the completion of cleaning
works.

During the tests, it was found that there is also a decrease in the overload of the motor. The specific
consumption of electricity per 1 m® of water ranged from 0.11 ... 0.12 kW/m>, which does not exceed the
indicator of the pump unit without a hydrocyclone.

No less important point is also the fact that the additional supply of pumping units with hydro-cyclones
does not prevent their connection to the scheme of contactless automatic control of the PUMP.

The granulometric composition of the sand deposits brought to the surface by the hydraulic Elevator
from the well consists of medium-grained (31.2 %) and coarse-grained (48.6 %) Sands.

During the testing period, due to the improvement of working conditions (protection against mecha-
nical impurities, removal of overload of the electric motor), there was an improvement in the operation of
submersible pumps.

During operation, the base pump was not subjected to noticeable overload, because it operates on
purified water. Readings of the ammeter and voltmeter corresponded to the nominal values of the motor
current and operating voltage specified in the passport.

It turned out that during the cleaning of the well, the installation can be serviced by two people — the
operator and the driver of the crane. After cleaning, the unit is operated as a submersible water lifting unit.

Experiments in production conditions generally confirmed the possibility and feasibility of using
submersible water-lifting pumps of the ECV type. The economic effect of the use of a new submersible
pump unit with a hydrocyclone is achieved by reducing operating costs and increasing the service life of the
pump while maintaining its quality characteristics (annual operating time, durability, etc.).
Commercialization of the project results at this stage is carried out by the developers and Technopark.

Conclusion:

1. Flow and pressure characteristics of the basic submersible pump ECV provided in full (the water
flow rate is 60-70 m’/h, head — 110-118 M.);

2. Overload on the electric motor is not detected (ammeter readings are within the permissible limits -
68-71 amperes);

3. The degree of water purification is 95-96%. Undetectable parts in the form of clay particles (less
than 50.0 microns) do not cause abrasive wear of pump clements;

4. The presence of a rubber packer on the cylindrical part of the hydrocyclone allows to reduce vibration
especially at the time of starting the submersible pump in operation.

5. The pump head in the entire working area of the pump corresponds to GOST 10428-89E "downhole
electric pump Units for water".

K. K. Kacemmbexon!, O. B. Aramanosa?, K. K. Ammvonal, T, K. Kaceimbexosn?

!Cor6aes Yuusepcuterti (K. Y. CorGaeB aTermarsl Ka3ax YITTBIK TEXHHKAJIBIK 3€PTTEY YHHBEPCHTETI),
Ammatsl, Kazakcran,
210. A. Tarapun ateiagarer CapaToB MEMIIEKETTIK TEXHUKANBIK yHEBEpCHTETI, Capatos, Poccus;
3«Kasrumpo» KIIC, Amvarsr, Kazakctan

BAKYYMJBIK THAPOIIUKJIOH KOMETIMEH OPTATAH TEIIKIIII
COPATITEI ABPA3HBTI KAJKAJTYTAH CAKTAY

Annoranusa, Makanaga LB TunTec YHFBIMA COpPANTaphiH a0pa3HBTI KAXKAAyAaH CAKTAyIbIH OCITiM KypbLI-
FBUIAPHI MCH TEXHOJIOTHSJIAPBIHBIH, KYPBUIBIMABIK EPEKIICTIKTEP] KAPACTHIPBLIBII, TAIAAHFAH.

Mymnna#i sxkarmaiira Oactel ceben — Kazakcran PecryOnmKachIHBIH CYMEH »XaOJbIKTAy HBICAHIAPBIHAA HKbLI
CaifblH Cy YHFBIMAJAPHIHBIH KYMIAHYbIHA OailIaHBICTHI, OHAA opHaTelFaH JLIB-6 xome JL[B-8 mapkamer copan-
TapaeiH 40-50%-Ha nCHiH ICTCH IMIBIFAABL, ajd OMAPABIH 4 MBIHFA KYBIFBI JKAHAMAPHIHA Ay BICTHIPHLIAABI KOHE OCHI
maMana »eHzaeyre Oepineni. By3purraH YHFBIMAHBI JKOHE Cy KOTEPETIH KOHIBIPFBLIAPABI KANIBIHA KEATIPY aca Ker
IOBFBIHAAPARL Taman erexi. Meicamsr, DB THOTI YHFBIMA COPAOBIH KYPACITI >KOHICYACH 6TKCPY OHBIH OA3aITBIK
KyHbIHBIH 70-80%-bIH KypaiIbL.

Ocsl TanmayaapablH HETI31HAEC BAKyyMIbl THAPOUHKIOHIB KOJITaHa OTHIPHIL, DB TunTec YHFBIMAMBIK COpat-
TBIH COPY JKETICIHE KATThl KOCTAXap/IbI YCTAIl KAy IbIH KaHA O/IC1 YCHIHBLIFAH.

JKana KOHABIPFBIHBIH TOKIPHOCTIK YJTICIH OHIIPICTIK »KarmaiJa ChIHAY KE31HAC TCXHOJOTHSIBIK IPOIECCTIH
TETEYPiHi >KoHE Cy Oepy MYMKIHIIKTEPi, TEXHOJIOTHSUIBIK JKOHE MadganaHy Kepcerkimrepi kenripiareH skone [[OCT
6134-81 «/lmrammkansik copanrap. ChIHAK omicTepi» TanamrapbiHa coiikec OaramanraH. Ochl Xarmaiiga 0a3amibIk
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COPANTHIH CY MIBIFBIHBI TYPOMHAIBI CY CCENTETIINTIH KOMETIMEH ecenTereH. I Hapo3neBaTopaAblH KOHBIPTIAK KOTEPY
OHIMILTIT KOJICMIIK AHBIKTAY 9MICIMCH, aJI KBICHIM — CHIHAKTAH 6TKCH MAHOMCTP KOMCTIMCH AHBIKTAJIFAH.

ChIHAKTAH 6TKEPY HOTIYKECIH/IE 0a3aJIbIK COPANTHIH aFIH/IBI — KBICHIM CHIIATTAMAIAPHI TOJIBIK CAKTATIATHIH-IBIFbI
(cy erimi 60-70 »/car, Tereypin 110-118 M apajibIFBIHAA), SIEKTP KO3FANTKBIIBIHA APTHIK KYKTEME OOIMaii-
THIHABIFBI (AMIIEPMETP KOPCETKIIITEPI PYKCaT €TUITEH AuanasoHaa 68-71) ammep), cyapl Ta3apty aeHreni  95-96%
KypaiTeiHbel aHbIKTANFaH. COpan KO3FANTKBIIBIHBIH INAMAIAH THIC JKYKTEMECIH a3aiiTy HETI3iHGH OHBIH HETi3ri
O6IKTEpiH MEXaHUKAJIBIK KOCIIACHI3 CYMCH CAJIKBIHIATYFa OAWIaHBICThI EKCH/ITI KOPCETLITCH.

Canpuay OEKITETIH MAKEPAiIH Maiaa TECIKTEPMEH >KACATFAHBI )KOHE YKOFAPFBI KAKTA CKIHIM MHHHUTHAPOIHKIOH
TOPI31 KOIONATKBIITHIH KOCHIMIIIA OPHATHLUIYBI CY Ta3apTy CYJIOACHIHBIH >KYMBICHIH €AJYip KAKCAPTKAH.

OHAIpic >KaFJaWbIHAAFbl CBIHAK HOTIDKETICPI, HETI3IHEH, IMAPONUKIOHIB KAOBLIIAy KaMEpPachIMEH >KaOmbIK-
tasraH JLB TunTeri copanTapabIH KyMBIC CHIIATTAMATAPBIHEIH, KAKCAPATHIHABIFBIH PACTAHIBL.

JKana copar KOHIBIPFBICHIHBIH SKOHOMUKAIBIK THIMIUTIITIHE, TAWAANaHy IIBFBIHAAPBIH a3aUTY sKOHE COPANTHIH
CamajblK CHITATTaMANAPBIH (PKBUIIBIK JKYMBIC YaKBITHI, Y3AKTBUIBIFBI KOHE T.0.) CaKTay »KaFTaHbIHIA, OHBIH KBI3MET
€Ty MEpP3iMiH apTTHIPY aPKbLIBI KO YKETKI3UIC L.

Tyiiin ce3aep: yHFBIMA,KyMAAHY,YHFbIMA COpaObl, adpa3wBTI KAKATy, BAKyYMIbl THIPOIMKIOH, CHIHAKTAH
OTKEPY, Ta3ajay JCHICHI.
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SAIIIMTA CKBA’KHHHBIX HEHTPOBE KHBIX HACOCOB
OT ABPAZUBHOI'O H3HOCA
C IOMOIBIO BAKYYMHOI'O THAPOIIUKJIOHA

AnHoTanmust. PaccMOTPEHBI M POAHATM3UPOBAHBI KOHCTPYKTHBHBIC OCOOCHHOCTH CYIICCTBYIOMNX KOHCTPYK-
UK ¥ TEXHOJIOTHH IO 3AIMUTE CKBAKMHHBIX HACOCOB THIA DB 0T abpa3uBHOTO M3HOCA MPH IKCILIY ATAIUH.

3TO CBSI3aHO C TEM, YTO Ha 00BeKkTax BomocHaOxkeHUI PK mo nmpuymHe mecKOBAHWS BOT03A00PHBIX CKBAKHUH
©KETOTHO BRIXOAAT U3 cTpos A0 40...50% ycranoBneHHBIX Hac0c0oB DLIB-6 u JL[B-8, u3 K0TOpPHIX 10 4 THIC. IITYK
3aMCHACTCS HA HOBBIC M NMPUMEPHO TAKOE KE KOIMUYESCTBO PEMOHTHPYETCS BoccTaHOBICHHE pabOTOCIIOCOOHOCTH
CKBAKHHBI H BOJOTOIBCMHOTO YCTPOMCTBA CBA3AHO C OOJIBIIHMH 3aTPATaMH HA PEMOHTHBIC padoThl. Hampumep,
KaIlUTaTbHBIH PEMOHT MOTPYKHOTO Hacoca Tuna LB odxoautca 70...80% ero 6a30B0# CTOMMOCTH.

Ha ocHOBe mpoBeICHHOTO aHAIM3a MPEII0KEH HOBBIM CIIOCO0 YIABIMBAHUS TBEPABIX IIPHMECECH HAa BCACHIBAIO-
micH THHUY CKBAKHHHOTO Hacoca Tumna DB ¢ moMOIIbi0 rHAPONMKIOHA HATIOPHO-BAKYYMHOTO ICHCTBHL.

Yka3aHo, 4TO IPH MOJEBIX HCIIBITAHAUAX OIBITHOTO 00pa3Ia HOBOH YCTAHOBKH TEXHOJIOTHICSCKHI MPOLIECC OIie-
HCH ITIO HanopHo-pacxo;[Hoﬁ XAPAKTCPUCTHKE U TCXHOJIOTHICCKO-OKCILTY TATHOHHBIMH NMOKA3ATCIIMA B COOTBCTCTBUH
¢ Tpedosanmavu ['OCT 6134-81 "Hacocs! auHAMIYCCKHE. METOIbI HCIBITAHAN".

ITpu 3TOM pacxox 6a30BOTO HACOCA IO BOZC ONPEACICH MPH MOMOIIU TYPOHHHOTO BOJIOMEPA, YCTAHOBICHHOTO
HA BOAOIIOABEMHOHN TPyOeE € 3aaBIKKON. [IpOn3BOAMTENIFHOCTD THIPO3ICBATOPA MO My JIBIIE OMPEACIcHa OO BEMHBIM
CrocoO0M, a HaImop MEPE 3aABIKKON HATIOPHOTO MaTpyOKa HAcOoca — C MOMOMIBIO 00PA3OBOT0 MAHOMETPA.

YCTaHOBJIEHO, UTO PACcCXOJHO-HAMOPHBIC XapAaKTCPUCTHUKH HCIBITYEMOTO 0a30BOTO HOTPY KHOTO Hacoca JLIB
00eCTIEYHBAOTCS B TOJTHOM Mepe (pacxo Boawr 60-70 v>/u, Hanop — 110-118 M), meperpy3ku HA 3IEKTOPOABHTATETH
HC OOHAPY KCHBI (TIOKA3aHUS AMIICPMETPA HAXOIATCSA B JOMYCTUMBIX PEACax - 68-71 aMrep), CTCTICHb OMHUCTKH BOABI
coctaBaeT 95-96%. CHIKCHHC TCPETPY3KH JIICKTPOIBHTATCIA HACOCA MPCHMYINCCTBEHHO MPOMCXOTUT 34 CUCT
OXJIAKJCHHUS €T0 OCHOBHBIX YACTCH BOJOH 0€3 MEXaHMICCKUX IMPUMECEH.

OTMCUCHO, YTO BBHIOTHCHAC THOKOTO MAKCPHOTO YCTPOHCTBA C MPOPE3aMH H HATHYHC HA IOBCPXHOCTH BTOPOTO
MUHHTHAPOLHUKIIOHA — CTYCTHTCILI 3HAYUTCIBHO Y Iy 1IIACT (I)YHKI.[I/IOHI/IPOB&IHI/I}I HpI/IH}ITOI\/'I CXCMBI BOAOIIOATOTOBKH.

Pe3ybTaTs! HCIIBITAHHH B POM3BOACTBCHHBIX YCIOBHSX B IIETIOM HOATBEPKAAFOT BO3MOXKHOCTbD H IIEIECO00pas-
HOCTb HCTIOJIB30BAHMS IOTPY KHBIX BOJOMOABEMHBIX HACOCOB THIA DB ¢ THAPOIMKIOHHOH TPHEMHONH KaMEPO1i.

OKOHOMHYCCKHH 3()(EKT OT MPHUMCHCHHA HOBOTO MOTPY>KHOTO HACOCHOTO arperara ¢ THAPOIUKIOHOM JOCTH-
TaeTcs 3a CYET CHILKCHHMS IKCIULYaTAIMOHHBIX 3aTPAT M YBEIMYCHHSA CPOKA CIy)KOBI HACOCA C COXPAHECHHEM CETO
KAYeCTBCHHBIX XapaKTEPUCTHUK (I00Basi HAPAOOTKA, TOITOBEIHOCTH H T.1.).

KimoueBbie c0Ba: CKBaO)KWHA, NECKOBAHWE, MOTPYKHOHM HAcOC, aOpa3WBHBIN HM3HOC, HAMOPHO-BAKYYMHbIH
THAPOUHUKIIOH, HCTIBITAHUC, CTCTICHD OYHCTKH.
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