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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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A MODEL FOR CALCULATING THE COLLECTION
AND PUMPING OF RAIN AND MELT WATER
IN THE DESIGN OF MULTIFUNCTIONAL BUILDINGS
FOR PUBLIC AND INDUSTRIAL PURPOSES

Abstract. In drainage systems, it is often necessary to raise polluted rain and melt water to a low height. For
example, pumping wastewater from one gravity collector to another, raising wastewater by several meters in order to
reduce the deepening of the collecting sewer collector and, as a result, reduce capital costs for its construction. In
such places, it may be more economically feasible to reduce such deepening. The novelty of the study is that the
development of a drain can be fulfilled only if the filling of the throughput of the collectors is sufficiently ensured.
The study shows that the possibilities of expanding collectors can be achieved based on compensation for energy
consumption. The study outlined the necessity of allocating the device of a high-pressure pumping station with the
subsequent laying of a pressure sewage collector to a common collector, or to the main sewer network, which in turn
supplies rain and melt water to the main collector. The practical significance of the study is the widespread
introduction of intermediate pumps of low pressure in sewerage networks is constrained by the lack of a sufficient
range of reliable and economical low pressure pumps for contaminated liquids.

Key words: pumps, heads, treatment system, rain and melt water.

Introduction. Special purpose-made centrifugal pumps are mainly used for pumping wastewater.
They are distinguished by the fact that they do not require preliminary wastewater treatment [1]. Due to
the complexity of adjustment, the centrifugal blades of the discs operate most of the time with excess
heads, which leads to waste of energy [2]. In order to reduce the likelihood of clogging, centrifugal
impellers are made with fewer blades than pumps for clean water (most often 1-3 blades per disc) [3].
Fewer blades result in lower efficiency [4]. A centrifugal pump with a head up to 10 metres of water
column for certain flow rates is hard to find these days [5]. The need to raise water to this height often
occurs during the operation of sewage collection systems [6-9]. Therefore, these tasks require the use of
pumps operating with excess heads. These excess heads then have to be extinguished by throttling or by
building special extinguishing chambers (additional capital costs). Screw pumps can be used to raise rain
and melt water to low heights (up to 8—10 meters) [10].

At the wastewater system, it becomes necessary to pump sludge from primary sedimentation tanks, as
well as fine-grained sand from secondary sedimentation tanks. The lack of high speeds inside the screw
pumps makes them promising for use as dredging pumps that drain rainwater into the collection network
[11-14]. However, these pumps have not been widely used in the sewer industry [15-19]. This is due to the
fact that traditional designs of screw pumps have a number of disadvantages that hinder their widespread
adoption [20].

Materials and methods. One of the main characteristics of any pump is its flow — the volume of
liquid that the pump lifts per unit of time [21-25]. The main equation for determining the theoretical water
transmission is the following (1)

Qteor = Wan (1
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where W — the volume of water in the interblade space of the pump, m’; @ — number of rotations;
n — rotational velocity of the screw, min™.

A complex task is to determine the volume of water in the interblade space of the screw. It depends
not only on the design of the screw, but also on the operating characteristics of the pump, such as the
rotational speed of the screw, its angle of inclination, and the like. Consider a simplified diagram of a
screw pump, which consists of a hub, on the cylindrical surface of which a tube of infinitely small cross-
section is coiled along the helix. Let us choose two coordinate systems with a common origin at point O,
located on the axis of the screw hub. The first system with traditional coordinate axes x,y, z is tied to the
horizon, the second — &, 5,y (2) is tied to the axis of the screw hub. A line A-A is drawn so that it would
be a line of the horizontal surface of the liquid in the space between turns. The parametric equation of the
helix in coordinates «, 3,y is written as

. h
A =T, COSQ,B =Ty SINQ, Y =-¢ )

where /1 — lead of helix, cm.

Performing the transition from one coordinate system to another, determine the difference between
points lying on this line over the horizontal surface passing through the origin of the coordinate system
x,y, z. This difference is determined by the equation (3)

X = 1y cos A (ptgAtger,; + cos @) 3)

where 1,;; — radius of the cylindrical surface of the hub, cm; ¢ — helical line angle; 4 — angle of the screw
above the horizon; tger,;; — tangent of an angle of helix pitch.

19 _rl_
1l

| I

]

Figure 1 — Typical drawing of a screw pump

On a tube of infinitely small diameter, forming a helical line, there are two points B; and B,, which
have the same ordinates x; and x, of sections with the horizon line A-A. The point B; is determined by
the helical line angle ¢, point B, — by the rotational angle ¢,. Let there be a certain volume of liquid
between these points. The point B is the top bend point of the tube. In the case when the horizon line A-A
rises above the point By, the liquid will begin to flow into the lower annular space. Therefore, this point is
decisive for the liquid level when the maximum filling of the interblade space is observed. Since the point
B; is a knick point, its coordinate x; has a maximum value over a certain interval. Taking this into
account, from formula (3), the helical line angle ¢, can be determined by equating the derivative (3) to
zero (5-6)

dx = 1, cos A (ptgAtgery; + cos @) =0 4)

— 7Yy ——
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From which
tgAtger,; — singp, = 0, sinp, = tgAtgery,, (&)
In order for the angle ¢, to take positive values, it is necessary that the condition was met (6—7)
tgAtger,; <1 (6)
or
A+ ery; <90° (7)

Equation (7) determines the maximum tilt angle of the screw pump, at which it can work. When the
angle is exceeded, the liquid will completely flow from the upper interblade space to the lower one. At the
same time, the bigger the angle of elevation of the helical line er,;;, the smaller should be the angle of
installation of the auger to the horizon A. Let us find the angle ¢,. The coordinates of the points B; and B,
along the axis x are expressed by the equations (8-9)

X1 = T3y €05 A (p1tgAtgery + cos ;) (8)
X = T3i1 €0S A (@2tgALgeryy + cos @) )
Taking into account their congruence (10)
7411 €COS A (Q1tgAtgeryy + cos @1) = 145 cos A (@ tgAtger, + cos @3) (10)
from which (11)

P1=P2

The length of the arc holding water in the interblade space can be expressed by the equation (12)
S = rzil(P1-92) (12)

cos A
In order to find the volume of liquid that is placed in the coil of the helical tube, it is necessary to
multiply the length of the arc by the cross-sectional area of the tube. In a real pump, the pitch angles of the
helical line at the inner and outer radius of the helical blade are different. The relationship between them
can be expressed by the equation (13)

Ar _ T
i arctg - (13)

where r — inner radius of the helical blade, cm; R — outer radius of the helical blade, cm. It can be seen
that the angle of ascent of the blade along the inner radius is greater than along the outer one.
Calculating the volume of liquid in the interturn space, using the equation (14)

V = TTAyrzﬂdrzﬂdgo + TTAyrzﬂdrzﬂd(o + TTAV”zud”zﬂd(ﬁ
ne nr o (14)

where 11,1, — rotation angles of the helical line of the outer contour of the screw blade to the points of
intersection with the horizon line A-A; r,; — function (15) which can be found from equation (13), taking
Ay =0

=2 (2 tgg) (15)

cos @ \sin

Tzil

Results and Discussion. Conventional screw pumps are single or multi-sided screws that rotate at
low frequency in a specially designed open tray, or in a closed tube. The screw pump has the following
performance characteristics: Q — feed; H — height of liquid rise (water head); N — power consumption;
n — efficiency. The design and operating characteristics of the pump: D — screw diameter (outer diameter
of the blades); d — diameter of the screw shaft (screw hub); S — helix pitch distance of screw; L — length of
the screw; a — number of rotations; a — angle of inclination to the horizon; § — the gap between screw and
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tray; ¢ — distance along the axis of the screw between two adjacent blades [26-28]. Based on the calculated
data, the study proposes the following model for installing a screw pump. It is proposed to manufacture
two screws with external diameters D = 0.39m and 0.5m and the length L = 4.6m, and the ratio of
diameters d/D = 0.5 each. The installation will make possible to change the angle of inclination of the
screw a, its rotation frequency n, water level in the channel in front of the screw, as well as the gap
between the screw and the tray in which it rotates §. It is known that the total pump efficiency
Hpown consists of its mechanical #y.r, hydraulic #gq- and volumetric efficiency #opemn and is determined by
the equation (16)

npovn = nmexngidrnobemn (16)

Mechanical efficiency depends on the design of the pump. In the experimental setup, an electric drive
with a single-stage reduction unit is used. For this design, the mechanical efficiency is determined at the
level of #mex = 0.85. The author does not recommend determining the volumetric and hydraulic efficiency
separately, considering it a difficult task. It is proposed to find experimentally the product of the
volumetric and hydraulic efficiency (23), calling it the general hydraulic efficiency.

Npovn = NgidrNzag.gidr (17)

Then the total efficiency can be determined by the equation (18)

Npovn = NgidrNzag.gidr (18)

The value #.4¢ 4iar is found by determining the power developed by the pump and the power consumed
by it minus mechanical losses (determined by the mechanical efficiency). At high speeds, splashing losses
become significant. It is proposed to theoretically determine the amount of overflows through the gaps
according to known equations. Partly as the flow rate during the outflow through a small hole in a thin
wall at a constant pressure, and partly as the flow rate when flowing out through a large rectangular hole.
For this, another method is proposed for determining the flows through the gaps, as well as another
method for determining #gi4- and #7opemn Of the pumps, then comparing it with the experimental Q4 under
the same conditions, that was determined experimentally. The pump lifts the liquid in portions, the volume
of which is equal to the volume of the section between adjacent blades of the screw. The section can be
considered as a cylinder with a generatrix and oblique, but parallel to each other, bases [29-31].

Then the volume of liquid in one section of the pump, subject to its maximum filling, can be
determined by the formula (19)

W = W1 - WZ (19)

where W, — volume forming a cylindrical tray in which the auger and adjacent auger blades rotate, cm’;
W, — volume forming the submerged part of the inner shaft (hub) of the screw, cm®.
These volumes can be determined by the equations (20-21)

Wy =212 (20)

wy, =1 1)

where F;,F> — the area of the wetted surface of the lower and upper blades, respectively, cm?, f;,/> — area of
the conditionally wetted surfaces of the screw hub sections in the lower and upper parts of the section,
2
cm”.
Let us express the area F and f; through the filling of the screw section in its lower part of A, and 4.
Taking into account the fact that at the maximum filling of the pump section we will obtain the ratio (22—

23),

D+d
Hpax = > (22)

hinax = d (23)

where Hpax, imer — maximum filling of the section along the screw diameter and the diameter of the hub,
respectively; D,d — screw and hub diameters, cm.
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Taking into account equation (23) obtain (24-25)

2Hmax _ 4 _ 2(0+d) _ d
D 2D D

—2"3‘“" —1=1 (25)

24

Let us express the areas included in equations (20—21) through the diameters of the screw and hub, as
a result obtain (26-27), the areas F, and f, are expressed by equations (30-31)

F, = %2 [27T — 2arccos (ZDi - 1)] + %zsin [Zarccos (% - 1)] (26)

fi= %2 [Zn — 2arccos (Zdﬂ — 1)] + %:sin [Zarccos (ZThl — 1)] (27)

Considering that the functional connections between the fillings in the upper and lower parts of the
screw section have the form (28-29),

H, = H —ctga (28)
h, =h; —ctga (29)
F, = %2 [27T — 2arccos (M - 1)] + %zsin [Zarccos (w - 1)] (30)
fo= %2 [Zn — 2arccos (M - 1)] + %Zsin [Zarccos (Z(h%mm - 1)] (31)

The theoretical pump feed Qror, defined as the product of the volume of one section at its maximum
filling W, by the number of sections N (32-33), raising water per unit of time

Qteor = WnaxN (32)
N = an’ (33)

where a — number of blades in the screw, n’ — its rotation frequency (c™).
Then the losses of the pumped liquid, for overflow through the gaps between the screw blades and the
cylindrical tray, as well as overflow over the edge of the screw, will be determined by the equation (34)

Qperetik = Qteor — Qdost (34)
The volumetric efficiency is determined by the equation (35)
Q 0S
Nobemn = Qd : (35
teor

The proposed model makes possible to determine the flow rate of the screw pump QJ,s; With the

following parameters: screw diameter D' = 0.39m, crew hub diameter d’ = 0.195m, screw filling
1

% = 0.75, angle of inclination to the horizon a' = 30°, gap between the screw and the tray
8 = 5.2 mm. The screw rotation frequency was changed in the range n = 75 <+ 120 rpm (min™1).
Calculating the volumetric #opems and hydraulic 74 efficiency of this pump at different speeds, using
equations (25-41) and the experimental values of its delivery. The calculation will be carried out for all
flow rates in litres per second for speeds from 75 to 120 min~?! at 5 min~! intervals (table 1).

First, express the screw speed in rotations per second n'(c™!). The number of emptying
sections during the operation of the screw in one second for a speed of 75min~! will be

N(390)75 = 3 X 1.25 = 3.75pc. For other speeds, look at the value N34y in the table 1.
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Table 1 — Components of the efficiency of a screw pump with a screw diameter of 390 mm

n "o N Q i
(min~1) n(s™h) (sekz/s) ((zlt/esos ?ld/zs)l I(J;;;t)[k Nobemn Ngiar Nzag gidr Npovn
75 1.25 3.75 28.12 15.0 13.12 0.53 0.96 0.51 0.43
80 1.33 3.99 29.93 17.0 12.93 0.57 0.93 0.53 0.45
85 1.42 4.26 31.95 19.0 12.95 0.59 0.92 0.54 0.46
90 1.5 4.5 33.75 20.0 13.75 0.59 0.93 0.55 0.47
95 1.58 4.74 35.55 21.5 14.05 0.60 0.88 0.53 0.45
100 1.67 5.01 37.58 22.5 15.08 0.60 0.85 0.51 0.43
105 1.75 5.25 39.38 24.0 15.38 0.61 0.82 0.50 0.42
110 1.83 5.49 41.18 25.5 15.68 0.62 0.76 0.47 0.40
115 1.92 5.76 43.2 27.0 16.2 0.63 0.68 0.43 0.37
120 2.0 6.0 45.0 28.0 17.0 0.62 0.61 0.38 0.32

To determine the volume of one section of the pump, calculate the necessary areas of the wetted walls
of the section using equations (32-37):

0.392

Fa@on) = —5— [2 x 3.14 — 2arccos (Zx(0.2925—0.13t930°

0.39 B 1)]+

— )| = 0.0684(m?) (36)

2X(2925-0.13tg30°)
D

0392
+—5 sin [Zarccos (

0.1952
f1(390) = 3

2 x 0.195 )]

[2 X 3.14 — 2arccos ( 0.195

0.1952 2%0.195

+ sin [Zarccos (
0.195

—1)] = 0.0298(m?) (37)
0.1952

2(390) =

2 x (0.195 — 0.13tg30°)
2 X 3.14 — 2arccos -1+

0.195

0.1952 2x(0.195-0.13tg30°)

0.195

sin [2arccos ( 1)| = 0.0192(m?) (38)

Determine the volume of one section, subject to the maximum filling by the equations (20-21):

Wy (z90) = 2 20%20.13 = 0.0107(m?) 9)
Wasony = 2222200 .13 = 0,0032(m?) o)
Winax(ze0) = 0.0107 — 0.0032 = 0.0075(m?) @n

Determine the theoretical pump flow for a speed of 75 min~'by the equation (32)
Qteor(390)75 = 7,5 X 3,75 = 28,12(1/5) (42)

The value of overflows through the gaps for the screw rotation frequency of 75 min™!, determined
by the equation (34), will be (Table 1):

Qperetik(390)75 = 28.12 — 15 = 13.12(1/s) (43)
The volumetric efficiency determined by equation (35), will be:
15
Nobemn(390)75 = 2812 0.53 (44)

The obtained data and the overall hydraulic efficiency are written in the Table 1, that is, #obemn X Hgidr,
from where the hydraulic efficiency from the equation (17) is determined:
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Nzag gidr(390)7s _ 051 _ y g¢ (45)

ngdr(390)75 Nobemn(390)75 0.53

The total pump efficiency, calculated by equation (22), will be:
Npovn(390)75 = Nobemn(390)75 X Ngidr(390)75 X Nmex = 0.53x0.96 X 0.85 =10.43 (46)

At high rotational speeds (more than 115 min~1) the amount of liquid increases, the filling of the
pump sections is splattered and decreases through the dynamic curvature of the free surface of the liquid,
and the volumetric efficiency decreases. The hydraulic efficiency is sufficiently high at the low speeds.

Conclusion. The expediency of using screw pumps for pumping rain and melt water and recircu-
lating activated sludge at treatment facilities has been substantiated, which ensures operation without
significant excess heads, as well as without significant dynamic loads. A mathematical model of the pump
operation has been developed and an improved method for calculating the components of the efficiency of
screw pumps has been proposed, on the basis of which the structure of energy forms is shown. The
constructive improvements to increase the overall efficiency of the pump have been developed. Based on
predictive calculations, it is shown that it is possible to pump rain and melt water, and activated sludge
with an efficiency that exceeds existing analogues by 30% without reducing the pump's performance.

C. SxoBJeBc
JlaTBus aybUTIIapYaIIBUTBIFEl YHUBEpCUTETI, EnraBa, JlatBus

KOFAM/IBIK KOHE OHJIPICTIK MAKCATTATBI KOII®YHKIIMOHAJI/IbI
FUMAPATTAP/IbI /KOBAJIAY KE3IHJEI'T J)KAYBIH )KOHE EPIT'EH CY /bl )KUHAY MEH
COPY bl ECENITEYT'E APHAJIFAH YJIT'T

Annoranusi. Cy TapTy XKyiiejepiHje JlacTaHFaH >kaHOBIp MEH epireH CyJibl IaMaibl OUIKTIKKE KOTepy KaXKeT.
MplIcasbl peTiHlie aFbIH CyJIbl ©3/IrHEH araThiH Oip pe3epByap/aH 0ackachlHa alijay, pesepByap TEPEHJIIriH a3aluTy
JKOHE COHBIH CalJapblHAH KYPBUIBICHIHA KETETiH IIBIFBIHIBI a3aiTy MaKCaThIHAA aFbIHABI Cy[Abl OipHelIe MeTpre
KeTepyni artanm eryre Oosaapl. MyHnmail aymaHaapia TEpPEeHMAIKTI a3aiiTy SKOHOMHKA TYPFBICBIHAH THIMAI OOIyBI
MYMKiH. 3epTTeyaiH FHUIBIMH KaHAJBIFBI CYy KOWMAapbiH JKETKUTIKTI ACHICHIe TONTBIPY apKbUIbl KAIBINTACTBIPYFa
OOJAaTHIHABFBIMEH aNKBIHIANAABI. 3€PTTEy KYMBICHI KOJUICKTOPIApAbl KEHEUTYy MYMKIHIIri 2HEprus KOMIICHCa-
IUSCHl HETI31HAE KODKETIMIi OONATHIHABIFEIH KOPCETTi. 3epTTey KBICHIMIBI COPFBI CTAHIMSCHIHBIH JKaJIIbl KOJUICK-
TOpMEH HEMece HETI3Ti Kopi3 JKeliciHe KOpi3 KICHIMBIH TOCEY apKbUIBI Tapaldy KaXXEeTTIriH KOpPCeTTi opi OyIT skaHOBIp
MEH epireH Cybl HeTi3ri KOJJIEeKTOpFa aiilayibl KaMTaMachI3 eTefli. 3epTTeyAiH NPaKTUKAIbIK MaHbI3IbUIBIFEl KOpPi3
JKeJIsiepiHe TOMEH KbhICBIMJIbI apajiblK COPFbLIAPbI KEHIHEH €HTri3y OOJbIN ecenTese/i, Oyl JacTaHFaH CYHBIKTHIK
YILIH CEHIM/I1 KOHE YHEM/II TOMEH KbICHIM/IbI COPFBUIAP/IBIH JKETKUTIKTI aCCOPTUMEHTIHIH 00NIMaybIMEH IIEKTEIe 1.

Tyiiin ce3aep: coprbl, TereypiH, Ta3apTy JKYyHeci, JKayblH-LIaLIbIH )KOHE Kap CYBI.

C. SIxoBaeBc
JlaTBuiicKuil CENbCKOXO035MCTBEHHBINM YHUBEPCUTET, Enrasa, JlaTBus

MOJEJIb PACYETA CbOPA U ITEPEKAYKU JOKAEBBIX U TAJIBIX BOJI
PHA ITPOEKTUPOBAHUHA MHOT'O®YHKIIMOHAJIBHBIX 3TIAHNA
OBINECTBEHHOI'O 1 ITPOMBIINJIEHHOI'O HASBHAYEHNHU

AHHOTaHI/Iﬂ. B )lpeHa)KHle CUCTEMaX 4acTo le/IXOHl/ITCﬂ IIoOAHUMATh Ha He60ﬂ])]lly10 B])ICOTy 3an}13HeHHI)Ie
JOXICBbIC U TaJIbIC BOJBI. Haan/IMep, HepeKa‘il/lBaHI/le CTOYHBIX BOA M3 OOAHOI'O FpaBl/ITaLIl/IOHHOFO KOﬂHeKTOpa B
JIPYTOii, MObEM CTOYHBIX BOJ Ha HECKOJBKO METPOB C IIEIbI0 YMEHbBIICHHS YTIyOJICHHS KOJUIEKTOPa KOJUICKTOPHOM
KaHAIM3ALUH U, KaK CIICJICTBUE, CHIDKCHHS KAIIUTAIBHBIX 3aTPaT Ha €0 CTPOUTEIHCTBO. B TakWx MecTax SKOHOMH-
gecku Ooiiee IesiecooOpa3HO YMEHBIIUTh Takoe yriryOneHue. HOBH3HA HCCIICOBaHUS 3aKIFOYACTCS B TOM, YTO
pa3paboTka JpeHaka MOXET OBITh BBIOJHCHA TOJBKO IMPH YCJIOBUH JOCTATOYHOTO OOCCIICYCHUS 3alOTHECHUS
MPOIYCKHOW CHIOCOOHOCTH KOJUIEKTOPOB. VccnenoBaHre MoKa3bIBaeT, YTO BO3MOKHOCTH PACIIUPEHHUST KOJUIEKTOPOB
MOTYT OBITh JOCTHTHYTHI Ha OCHOBE KOMIICHCAIIMW SHEPromnoTpedieHms. B mcciaemoBannu o003HaYeHa HEOOXOIH-
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MOCTb BBIJCJIEHUSI YCTPOWCTBA HACOCHOM CTAaHLMM BBICOKOIO IABJIEHMS C IOCIEAYIOLIEH MPOKIALKON HAIOPHOIO
KaHAIM3alMOHHOTO KOJJIEKTOpa K 00ImeMy KOJUIEKTOPY WM K MarduCTPajJbHON KaHAJTU3aIlMOHHON CETH, KOTopas B
CBOIO Ouepe/ib MoJaeT J0XKACBYIO U TAIyI0 BOJIY B MaruCTpajbHBIA KOJUIEKTOp. IIpakTHueckas 3HAaUMMOCTh HCCIIe-
JOBaHHUA 3aKJIKHO4YaCTCA B TOM, YTO LlII/IpOKOC BHeleeHl/Ie HpOMe)KyTO‘lH])IX HACOCOB HU3KOI'O OAaBJICHUA B KaHaJIU-
3aI[MOHHBIE CETU CAECPKUBAETCS OTCYTCTBHEM JOCTATOUYHOTO ACCOPTHMMEHTA HAJEKHBIX U IKOHOMHUYHBIX HACOCOB
HU3KOTO JABJICHHMS [Vl 3arPSI3BHEHHBIX KUJIKOCTEH.

KutroueBble cj10Ba: HACOCHI, HAIOPBI, CUCTEMA OUUCTKH, JOXKAEBas U Tanasi Boja.
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