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Abstract. Paper shows that infiltration basins, served as regulating and filtering facilities in
rainwater drainage systems, can operate in both flooded and submerged modes. As a result of
experimental studies of an infiltration basin fragment with a typical vegetative top layer, it was
established that the pressure loss almost completely falls on the upper base layer during the basins
filling and emptying. At the same way the duration of their emptying depends on the parameters of
basins base and the conditions of their emptying. The mathematical model of the operation of
infiltration basins in the flooded mode has been refined and the ranges of changes in its additional
parameters have been determined.
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Introduction. One of the effective controlling methods the flooding of urban areas is the
regulation of rainwater runoff. Analysis of rainwater controlling methods showed that the most
practical in urban conditions are filtration methods based on rain water retention directly in the
places of precipitation [9-11], filtering in infiltration facilities, in particular infiltration basins with
connection to drainage systems [8].

Analysis of previous studies. In Ukraine, the research of the rainwater accumulation in the
bases for the rainwater regulation was carried out by such scientists Zhuk V.M. [1], Kachmar 1.Z. [2],
Popadyuk 1.Yu. [3], Tkachuk O.A., Shevchuk O.V. [4-7] and others. However, none of these
studies were conducted taking into account the work of these structures at their flood.

Previous studies of Shevchuk O.V. [7] showed that flooding of the improved infiltration area’s
pavement occurs at the rainwater intensity flow more than iz =9 mm/min. However, the flooding
process such a facility for pressure filtration has not been investigated. Such working conditions
require clarification of the method of arrangement and calculation of rainwater drainage systems.
Therefore, further research was oriented towards ensuring the rainwater intensity iz >10 mm/min.

The purpose of the study is a study of the processes of filling, flooding and emptying of the
infiltration basin with a typical upper vegetation layer on a pilot rig with flooding of the filling base
layer and the pressure mode of rainwater filtration.

Method of the research. To study the filtration and accumulation processes of rainwater
drains in the infiltration basins, an experimental installation (Fig. 1) was constructed, which is a
fragment of an infiltration basin. Model sizes are 400x600 mm, a base height is h; = 398 mm, and
the whole installation is h = 1000 mm.

To provide vertical rainwater filtration through base course and its flow to drainage tube a
small hydraulic resistant drainage at the bottom of the rig was constructed. It is arranged with gravel
aggregate fractions of 20-25 mm, with an average height of 20 mm, covered with a mesh net. The
drain tube is made of a 16 mm diameter metal-plastic pipe with slotted pores 1 mm wide by 1/3 of
the diameter of the tube per 10 mm. Slits are turned towards drainage layer.
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The filling base of the installation is arranged in three layers: accumulative — from rubble
fractions 10-25 mm, height 196 mm; main sub-base course — gravel fractions 2.5-25 mm, height
145 mm; the bedding layer of sand with a fraction of 0.1-2 mm in thickness of 25 mm, and soil-
vegetable layer (taken from the city roadsides) in a thickness of 28 mm. All layers are separated
with geotextiles with a density of 200 g/m? in thickness of 2 mm. In the upper part of each base
layer, piezometric tubes are installed to measure pressure losses and levels of water in in layers.
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Fig.1. Scheme of experimental installation:

1 — frame of installation; 2 — drainage layer; 3 — drainage tube; 4 — control scale; 5 — accumulating
layer; 6 — geotextiles; 7 — bearing layer; 8 — a layer of sand; 9 — soil-vegetation layer; 10 — grass;
11 — overflow; 12 — water supply; 13 — regulatory capacity; 14 — fixed water level; 15 — supply
of water to the installation; 16 — rain simulation container; 17 — removable frame; 18 — removable
pallet; 19 — shield of piezometers; 20 — piezometric tubes

To provide the process of flooding the infiltration basin surface, a model solution of rainwater
with a flow g > 80 ml/s, corresponding to the intensity of iy >20 mm/min and Qg > 80 ml/s
(4,8 1/min), was supplied to the unit. Their indication was made before the experiment beginning,
during beginning, in the middle and at the end of each experiment.
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The container 16 with holes 1 mm in diameter, located in a 30 mm step, 630x430x200 mm in
size, provided simulation of the rainfall on installation. The water supply to the installation was
carried out through the tube 15, and the constant level 14 was provided in the capacity of
controlling the flow rates 13 with the overflow tube 11. Between the container 16 and the surface of
the cover there is a removable tray 18 to provide the required rain intensity to the water supply for
loading the plant. Water level marks were fixed on a scale 19 with piezometric tubes 20. Drainage
water was discharged via a tube 3 where a crane was installed to adjust the required flow. Starting
from the sond minute of the experiment, a layer of runoff was formed on the surface of the site. It
indicates the beginning of the flooding process, and the formation of drainage.

It was determined that air is in the open-graded sub-base pores of the infiltration basin, and
the flooding of the surface of the basin with water prevents free aeration. There was a need to study
the infiltration of rainwater into the basin with different deaerating options (under the same input
conditions and preparatory stages):

a) with the forced removal of air through the tubes 2 and 3 of the piezometers shield (removal
of air bubbles from U-shaped bends of tubes with rubber pear);

b) with free aeration of the 2 and 3 tubes of the piezometers shield;

¢) without removing air («pushing» air bubbles from the U-shaped bends of tubes 2 and 3 in
the middle of sub-base of the experiment rig with a rubber pear filled with water).

The results of the research. The obtained results of the filling process of the basin
correspond to the previously obtained analytical dependence [7, ¢. (3.15)]:

er = kmeas ’ Iar ) Far ) (1_ eigit) ! (1)
where Kmeas — coefficient, which takes into account units of measurement of output
parameters;

iar — Intensity of rainwater inflow to cover infiltration basin (areas);

Far — the area of coverage of the infiltration area;

t — duration of infiltration;

¢ — the degree of power that is calculated with the formula:

_ koK 2)
p-H

where ke, — a coefficient of equivalence taking into account the conditions and parameters of
drainage (determined experimentally);

Ks, p 1 H — a filtration coefficient, porosity and height base.

Graphs of changes in drainage discharges from the infiltrate duration obtained by
experimentally and according to formula (3) is shown in Fig. 2, and it takes into account the water
infiltration features during flooding of the infiltration basin:

er — kmeaS . kpr . qup . (1_ efg.(tftd )) , (3)
where kyr — a coefficient that takes into account the proportion of water filtered through the
basin to water flew on surface and is determined with the formula (4);
Qsup —a water discharge to the experimental rig;
tq — duration of drainage water outflow from the beginning of infiltration.
K = Qi | (4)
Quup
ne Qins — an infiltration discharge through the base course (in fact, it is the expense of Q, in
formula (6)) (Fig. 6).
The numerical values of the obtained coefficients and other parameters are given in the Table 1.
So, as in formula (3) the measurements of water flow Qs and Qqr are the same, ml/s, coefficient
Kmeas = 1.0. Coefficient k,, was determined with the formula (4), and k. and parameter ty — were
calculated by calculating the maximum approximation of theoretical curves to experimental data.

&
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Fig. 2. Graph of drainage discharges change from the duration of infiltration when filling the
infiltration basin:
1 — experimental data with forced aeration removal process from the base;
2 — also, with natural aeration removal; 3 — also, non-aeration process; 4 — theoretical curves

Table 1 — Values of coefficients and dependency parameters (3) for different air removal

options
Coefficients and Forced aeration a’\é?;l':i?rl] Non-aeration

parameters removal process removal process
Kmeas 1.0 1,0 1.0
Ke 0.18 0.19 0.21
Ki, mm/s 1.27 1.15 1.21
g st 0.00169 0.00161 0.00189
ty, s 150 150 150
Qsup, mlis 86.34 86.42 86.46
Qinf, mls 66.54 66.09 55.56
Kpr 0.77 0.765 0.64

The data of Fig. 2 show that in the cases of forced aeration removal process and free aeration
removal from the base of installation, experimental data and theoretical curves coincide. If the air
was not removed from sub-base layers, drainage water discharges were lower than when air was
removed (under the same conditions of supply and water diversion). This can be explained with the
fact that in the latter case, jammed in the sub-base air went through the upper layer of the base and
appeared additional resistance of water infiltration.

The graphs of changes in the water levels in the sub-base layers and over them show that they
are almost straightforward and are sufficiently accurately approximated by linear regression
equations (Fig. 3). The same dependencies of changes in water levels of time during basin filling
and surface flooding are relative in the case of absence of drainage water diversion and their
different values.
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Fig. 3. Graphs of changes in water levels in the sub-base layers with natural aeration removal when
filling of infiltration basin:
1 — experimental data on changes in water level above the loading surface; 2, 31 4 —also, under the
upper (plant), holding and accumulating layers

A similar situation of water levels changes in the sub-base layers and over it occurs when the
infiltration basin is emptied (Fig. 4). As with its filling there are two zones: flooding (partial water
filling of sub-base) and flooding (with full water filling and its accumulation over the surface of the
basin).
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Fig. 4. Graphs of changes in water levels in the sub-base layers from the beginning of emptying
of the infiltration basin:
1 — experimental data on changes in water level above the loading surface; 2, 3 and 4 — also,
under the upper (plant), holding and accumulating layers
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In both cases (filling and emptying of the basin) in the flood zone, the water levels between
the sub-base layers (in the 2, 3 and 4 tubes of the piezometers shield) were practically the same.
This means that during water filtration through the basin, the pressure loss almost completely falls
on the top layer of the charge and depends on its water permeability and filtration ability.

Changes in drainage discharges of the duration of filtration during emptying of the infiltration
basin in each of the zones (flooding and logging) are sufficiently accurately approximated by linear
regressive dependencies (Fig. 5). In this case drainage water consumption depends both on the
filtration properties of the upper layer and on the hydraulic resistance of the drainage system,
including the resistance of the control element at the outlet.
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Fig. 5. Graphs of changes in drainage water discharges at the beginning of the infiltration basin
fragment emptying:
1 — experimental data for the basin flood zone; 2 — the same for the flood zone (empty sub-base);
3 — theoretical dependences of formulas (5) i (6)

In the filling zone drainage water discharges depend mainly on the hydraulic resistance of the
drainage system, especially the resistance of the control element at the outlet of the drainage tube.
The dependence of these discharges on the duration of drainage corresponds to the previously
obtained analytical dependence [7, ¢. (3.23)]:

er :Qo.f '(1_bf '(t_tﬂ))’ ©)

where Qo — initial a water discharge at time ty (for conditions of process of the infiltration

basin in the flooded state — the start of emptying, i.e the end of the flood zone and the beginning of
the fill zone);

bt — parameter depending on the conditions of emptying (determined experimentally).

For the conditions shown in Fig. 5 received: Qo = 47.73 ml/s; ty = 1369 s (3671 — 2302);
according to calculations — bs = 0.000625 (is calculated for the theoretical duration of complete
emptying of the sub-base Temp = 1600 s — bs = 1/ Temp [7]).

By analogy with formula (5) for the flood zone for the time from the beginning of emptying:

er.ﬂ :Qo.fl '(1_bf| 't) ! (6)
where Qo5 — initial drainage flow at the time of the end of the arrival storm water on the
surface of the infiltration basin and the beginning of its emptying in the flood zone;
by — parameter depending on the conditions of emptying in the flood zone.
The initial drainage flow Qo during emptying the infiltration basin (installation rig) is equal to
its maximum drainage flow Qqr max Which is calculated with the formula (3) at the time of the rainwater
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end t,,, of drainage flow to the surface of the basin (installation rig). For the conditions shown in Fig. 5,
there is obtained: Q,s = 66.08 ml/s; b, = 0.00021 (calculated for the theoretical duration of complete
emptying of the infiltration basin Temp = 4760 s — by = 1/Temp). Based on the experimental data the
process of the infiltration basin emptying can be illustrated with a graph (Fig. 6).
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Fig. 6. Schematic graph of changes in drainage water consumption when emptying of infiltration
basin

Taking into account the volumes of water located in the Wy flood zones and the W filling at
the beginning emptying of the basin , at value Qo= Qqrn from the formula (6) at t =ty and Qyeng =
Qur from the formula (5) at t = temp, dependencies are obtained to determine the parameters by and tq
for the flooding zone; b and t; — for the fill zone:

" Qu.fl +Qo.f _\7ﬂ f Qu.f +Qf.K \7f

2 2
bﬂ _ Vr).fl ‘ 1_ Va.f , bf _ Vo_f . 1_ Vf.end , (8)
2'hW Vo.fl Z.H. p Vo'f

where \Tﬂ , Vosi 1 Vos — water penetration rates, respectively, average, at the beginning and at

the end of the flood zone (the beginning of the fill zone);
V, Vor i Viend — Water penetration rates, respectively, average, at the beginning and at the end

of the flood zone;

Qon 1 Qos — Initial drainage a water discharge at the beginning of flooding and filling zones
(see formulas (5) and (6) and fig. 6);

hy — height of the water layer above the load (in the flood zone);

F, Hip —area, height and porosity of basin sub-base.

Calculated values of the parameters by, tq, br and t; determined from experimental data are
shown in the Table. 2. They confirm the admissibility of the application of formulas (7) and (8) for
practical engineering calculations. The verification of the parameters calculated values
correspondence experimentally showed that these formulas are quite suitable for practical
engineering calculations. Based on the analysis of the experimental data obtained for practical
engineering calculations, the following additional dependencies between the parameters of formulas
(5) and (6) can be recommended:

V,; 208V, bf ;be/ P ©)
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Table 2 — Results of calculations of the parameters of formulas (5) - (8) according to
experimental data

Exp Water penetration rates,

. Parameters
erim mm/s hw,
ent mm
NoO Vo Voi Viend by tr by s

0.000479 456 0.001544 486
0.000410 499 0.001701 439
0.000346 750 0.001064 638
0.000319 772 0.001133 596
0.000168 1380 0.000553 1201
0.000172 1484 0.000622 1063
0.000218 723 0.000553 984
0.000216 680 0.000706 766
0.000210 1320 0.000603 880
0.000201 1214 0,000586 901

Note: The numerator is given values obtained by experimental data, and in the denominator — by
formulas (7) and (8).

1 0.601 0.488 0.122 272

2 0.447 0.340 0.109 304

3 0.248 0.189 0.063 324

4 0.277 0.240 0.110 176

5 0.275 0.202 0.095 290

The obtained data show that the velocity rates, as well as the filtration coefficients, the sub-
base of infiltration basins with the typical upper plant layer depend not only on their structural
dimensions (height of the layers of sub-base, types of soils and their open-graded composition, etc.)
They also depend on the state of surface pavement (development of the plants root system, the
degree of clogging). As a result of experimental studies, it was found that the penetration rates of
infiltration basins with a typical vegetative top layer were V, = 0.1 — 0.5 mm/s, and the filtration
coefficients of this upper layer were Kty = 0.16 — 0.36 mm/s.

Conclusion. As a result of experimental studies of a fragment of an infiltration basin with a
typical vegetative upper layer, a mathematical model of its filling and emptying processes for a
flooded state has been specified. The ranges of the main parameters of the refined model are
determined and the analytical dependences for their calculations are obtained. It has been
established that the operating modes of such basins depend on the filtration properties of the upper
layer of loading, the method of removing the air from the loading and the conditions for the
selection of drainage water. Experimentally it was found that the velocity rates of the vegetation top
layer are 0.1 — 0.5 mm/s, and the filtration coefficients are 0.16 — 0.36 mm/s.

The obtained experimental results show that the duration of infiltration basins emptying
depends on the parameters of sub-base of basins and conditions of emptying, on which the value of
drainage discharge depends on the beginning of its emptying. The value of this discharge is
important not only for determining the parameters and operating modes of each infiltration basin,
but also for hydraulic calculations of the joint operation of the structures of rainwater drainage. The
values of these discharges depend on both the parameters of the infiltration basins and the
conditions for controlling drainage discharges. Therefore, further research is focused on the
evaluation of these parameters and their interconnections.
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Hayionanvnuii ynigepcumem 600H020 20cnooapcmea ma npupoooKOpUCmy8ants

Anortanis. [lokazano, mo iHOIbTpaniiHi 6aceliHu, sIKi BUKOHYIOTh POJIb PETYIIOBAIBHO-
GUTBTPYBAIBHUX CIIOPY B CHUCTEMax [OMIOBOTO BOJOBIIBEACHHS, MOXYTh IpAIIOBaTH SK B
HiATOIVIEHOMY, TaK 1 3aTOIJIEHOMY pekuMmax. B pe3ynbTaTi eKCHepUMEHTalIbHUX JOCIHIKEHb
¢bparMeHTa 1HQUIbTpALIiHOTO OaceiiHy 3 TUIIOBUM POCIMHHUM BEPXHIM IIapOM BCTAHOBJIEHO, 1110
IIPU 3alIOBHEHHI Ta CIIOPOKHEHHs OacelHiB BTpaTH HANOPY NMPaKTHYHO MOBHICTIO MPHUMAJAl0Th Ha
BEPXHIM IIap 3aBaHTaXEHHs, a TPUBAIICTb iX CIIOPOXKHEHHS 3aJIeXUTh Bl MNapaMeTpiB
3aBaHTa)K€HHs OacelHiB 1 yMOB iX criopokHeHHs. OTpuMaHO rpadiky 3MiHM PIBHIB BOJIM B LIapax
3aBaHTAXEHHS 1 BU3HAYEHO, 1110 BOHHU 3aJI&XKAaTh BiJl COCOOY BUAAJIECHHS MOBITPS 3 3aBaHTAKEHHS
Ta yMOB BiIOOpY JpEeHaXHMX BOJA. YTOYHEHAa MaTeMaTW4yHa MOJeNb IPOLECiB HANOBHEHHS 1
CIIOpOKHEHHS 1H(UIbTpalIfHIX OaceiHIB B 3aTOTUICHOMY PEXKHMIi, BU3HAUCHI J1alla30HU 3MIH il
JOJATKOBUX MapaMeTpiB 1 OTPUMAHO aHAJITHYHI 3aJIe)KHOCTI A iX po3paxyHKiB. BcraHnoBieHo,
10 PEKUMU HAIOBHEHHS 1 CIIOPOKHEHHS 1H(UIBTpaliifHuX OaceiiHIB, B OCHOBHOMY, 3aJIeKaTh BiJ
¢binbTpaniiHUX BIACTUBOCTEH BEPXHHOTO IIAPy 3aBAaHTAXEHHA, CIOCOO0Y BUAAJICHHS MOBITPS 3
3aBaHTAXEHHS Ta YMOB BiI0OOpY ApeHaXHUX BoA. Jns iH(iAbTpamiiiHUX OaceiHIB 3 THUIIOBUM
POCIIMHHUM BEpPXHIM LIApOM EKCIEPUMEHTAJIbHO OTPUMaHO, IO Horo koedimieHTH ¢uibTpanii
cranoBisATh 0,16-0,36 Mmm/c, a mBHAKICTH BogonpoHukHeHHs — 0,1-0,5 mm/c.

ExcniepumeHTanbHi pe3ybTaTH MOKa3yIOTh, 10 TPUBATICTh CHOPOXKHEHHS 1HQUIBTpALIHHIX
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IHXXEHEPHI MEPEXI TA OBJIAJJHAHHA

OaceiiHIB 3aJeXUTh BiJ MapaMeTpiB 3aBaHTAKEHHS OacelHIB 1 yMOB iX CHOPOXHEHHS, fKi
BU3HAYAIOTHCS OTPUMaHUMH MTapaMeTpaMH, 30KpeMa, BETHYNHOI MOYaTKOBOI IPEHAKHOT BUTPATH
Ha TOYaTKy WOro CHOpOXKHEHHA. BoHa 3alnexuTh BiJ YMOB BiZOOpY IpEHAXHUX BUTpPAT
KOHKPETHOTO 1H(QIIbTpamiiiHoro OaceiiHy. 3HAaYeHHs IIi€l BUTpPATH BAXKIIMBE HE TUIBKH IS
BU3HAYCHHS MapaMeTpiB 1 PEeXUMIB POOOTH KOXHOTO iH(QUIbTpauiiiHoro Oaceifny, a U s
TiApaBIIYHUX PO3PaXyHKIB CyMiCHOI poOOTH CIIOPY/[ IOIIOBOTO BOJOBiABEACHHS. ToMYy, IMOJaNbII
JOCIIKEHHSI OPIEHTOBAHI Ha 111 HapaMeTpH 1 iX B3a€EMO3B'A30K.

KirouoBi ci1oBa: BOJOBINBEACHHS, PETYJIOBAHHS JIOIIOBOTO CTOKY, 1H(UIBTpAIHHII
Oaceiin, 3aTOMJICHHS, MATOIICHHS, (PLIbTpaLlis.
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Hayuonanvnulii ynusepcumem 6001020 X0351cmea u npupooonoib3068aHuUs

AnHoTanus. IlokasaHo, yTO MHQWIBTPALMOHHBIE 0AaCCEHHBI, KOTOpbIE BBINOJHAIOT POJIb
PEryIupOBOYHO-(PHIBTPOBAIGHBIX COOPY)KEHHH B CHCTEMax [OXAEBOTO BOJOOTBONA, MOTYT
paloTaTh Kak B IOATOIJIEHHOM, TaK M 3aTOIJIEHHOM peXuMax. B pe3ynbTare skcriepuMeHTaIbHbIX
UCCIIeIOBaHMH (parMeHTa WHQUIBTPALIMOHHOTO 0acceiiHa C TUMMYHBIM PACTUTEILHBIM BEPXHHUM
CJIOEM YCTAHOBJIEHO, 4YTO HpPU 3alOJIHEHMM M ONOPOXKHEHUH OacceHOB MOTepH Hamopa
MPAKTUYECKH TOJHOCTBHIO TPHIIAJaeT HAa BEPXHHH CIIOW 3arpy3Kd, a MPOJODKUTEIBHOCTh HX
ONOPOKHEHMsI 3aBUCUT OT MApaMEeTpOB 3arpy3kd OaccCeHOB M YCIOBUH HMX ONOPOXKHEHUS.
[Tomy4ens! rpadiKu M3MEHEHHS YPOBHEH BOJIBI B CIIOSIX 3arPY3KH M OINPENEICHO, YTO OHU 3aBUCST
OT crocoba yaajaeHWs BO3/AyXa W3 3arpy3Kd M YCIOBHH OTOOpa IpeHaXHbIX BOJ. YTOYHEHa
MaTeMaTHYecKasi MOJIENb MPOIECCOB HAIIOJHEHUS M OMOPOKHEHUST HHPMIBTPAIMOHHBIX 0aCCEHHOB
B 3aTOIUICHHOM PEXHUMeE, OIpe/esieHbl Mana30Hbl N3MEHEHUH ee JJOMOJHUTEIbHBIX apaMeTpoB U
MOJTyYeHbl aHAIWTHUYECKHE 3aBUCHMOCTH JUII HMX pPacdyeToB. YCTAHOBIEHO, YTO PEKUMBI
HarOJHEHUS W ONOPOXXHEHHS HH(QUIBTPAlMOHHBIX OacceiHOB, B OCHOBHOM, 3aBHUCST OT
(GUIBTPAlMOHHBIX CBOMCTB BEPXHETO CIIOSI 3arpy3KH, CIIOco0a yHajaeHHs BO3AyXa M3 3arpy3Kd H
yciaoBUi oTOOpa JpeHaXHbIX BoA. s HMHQUIBTpAMOHHBIX OaccefHOB ¢ THIMHUYHBIM
pPacTUTENFHBIM BEPXHUM CJIOEM OKCIEPUMEHTAIBHO IOJYy4eHO, YTO €ro KOd(QHUIMEHTHI
¢unbTpanuu cocrasistoT 0,16-0,36 mm/c, a ckopocT BogonpoHukHoBeHus — 0,1-0,5 mm/c.

DKCcIepUMEHTAIbHBIE PE3YNbTaThl IMOKA3bIBAIOT, YTO MPOJOJDKHTEIBHOCTH OMOPOKHEHUS
MHOWIBTPALMOHHBIX 0acceifHOB 3aBUCUT OT MapaMEeTpPOB 3arpy3ku OaccelHOB W YCIOBHH HX
OTIOPOKHEHHSI, KOTOPBIE OMPEAEISIOTCS TOJTYYEHHBIMU TMapaMeTpaMH, B YaCTHOCTH, BEINYHHOM
HAyYaJIbHOTO JIPEHAXXHOT'O Pacxoja B Hayaje ero onopoxkHeHus. OHa 3aBUCUT OT YCJIOBHUI oTOOpa
JIPEHAXKHBIX PACXOJ0B KOHKPETHOTO WHOWIBTPAIMOHHOTO OacceliHa. 3HadueHHE JTOTO pacxoja
BXHO HE TOJNBKO JJS ONpeAe]eHUs TMapaMeTpoB U  PEKUMOB  PabOThl  KaKJOro
MHQUIBTPAMOHHOTO OacceiiHa, HO M MJis TUAPABIMYECKUX pPacueTOB COBMECTHOM paboThI
COOpYKEHHH J0XKJIeBOro BoJOOTBOAA. [loaToMy, nanmpHeine uccienoBaHUs OPHUEHTUPOBAHBI Ha
3TH MTApaMETPBI U UX B3aUMOCBSI3H.

KiroueBble cj10Ba: BOJOOTBEACHUE, PETYIMPOBAHUS J0XKIEBOTO CTOKA, MH(UIBTPALIMOHHBIH
OacceiiH, 3aTOTUICHHUS], TOATOIIEHNE, (DUITBTPAIIHS.
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