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Abstract

A distinctive feature of mountain rivers are significant riverbed slopes, alluvial
channels, sometimes composed of boulders and rock fragments, steep banks and the presence
of rapids and rapids. In such conditions, it is sometimes impossible to build ladder fish passages,
the average slope of which is very often less than the slope of the riverbed. Meanwhile, these
rivers are currently the most attractive for the construction of small hydroelectric power plants
of the derivational type. Studies of more than 120 designs of existing fish channels at the water
intakes of small mountain rivers in different countries show that the design solutions and
geometric dimensions of their execution, as a rule, do not ensure the free migration of fish
upstream.

Keywords: river, shut-off system, hydroelectric power station, fish passage,
hydroelectric plant, ecological outlet.

Introduction

The deep valve at the mouth of the right bank channel of the Akhuryan River (Fig. 1) is
designed for hydrotreating the channels at the entrance to the valve system of the basin forming
a retaining level.

Fig. 1. View of the right-bank channel of the Akhuryan River
and the retaining level of the basin

Hydrotreating must be carried out to ensure that the cleanest possible water flows into the
intake channel, which turns into a tunnel and then into dukes, and the presence of a significant
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amount of silt there is undesirable. Hydrotreating has a local (local) territorial impact, since
structures that create a retaining level do not solve the problem of water accumulation. At the
same time, it should be noted that the depth canal cannot be used as a fishing channel for a
number of reasons. In particular.

= the valve is brought to the open state infrequently and for short periods of time in order
to flush the area from splashes.

= during intensive work, there is a hydraulic regime that is not favorable for the passage
of fish

Hydrotreating must be carried out to ensure that the cleanest possible water flows into the

intake channel, which turns into a tunnel and then into dukes, and the presence of a significant
amount of silt there is undesirable. Hydrotreating has a local (local) territorial impact, since
structures that create a retaining level do not solve the problem of water accumulation. At the
same time, it should be noted that the depth canal cannot be used as a fishing channel for a
number of reasons. In particular.

= the valve is brought to the open state infrequently and for short periods of time in order
to flush the area from splashes.

= during intensive work, there is a hydraulic regime that is not favorable for the passage
of fish.

From the point of view of dam safety, there is no urgent need to repair the deep valve.
For the above reason, the need for a valve is essential for the operation of the entire structure:
channel, tunnel, pipe canal. From the point of view of ensuring environmental requirements,
the operation of a deep valve to ensure ecological flow in a river occurs when water does not
move along a concrete dam into the lower reaches, because in this case the water in this area
has no other way. The operation of the waterworks should be carried out in such a way that the
ecological runoff into the lair passes through a concrete dam, which is technically possible to
organize. The capacity of the right-bank channel of the Akhuryan River also depends on the
hydraulic parameters of the tunnel and duker. Judging by the presented images, the hydraulic
system is in a technically unsatisfactory condition (Fig. 2).

Here we mean an integrated, interconnected water system. The answer to this question
can be provided by the study of these structures, which is a laborious and lengthy process. In
order to determine water losses, it is necessary to develop and conduct a hydrological survey of
the waterworks under conditions of maximum flow. It should be noted that the existing
regulatory documentation on the design of fishing vessels is not acceptable for small mountain
rivers. Thus, the proposed depth and width of the fish passage path are often commensurate or
even exceed the size of small mountain rivers, which makes them unacceptable for designing
water intakes on them.

Due to the smallness of the watercourses on such rivers, as a rule, there are no serious
ichthyological studies, and there are discrepancies in the reference and regulatory
documentation, and sometimes there is no necessary information at all about the characteristic
speeds of movement of various fish species, which complicates the design of fishing vessels
according to the classical scheme [1, 2].
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Fig. 2. Structures of the retaining level
of the right-bank channel of the Akhuryan River

Conflict setting

If we take into account the presence of the Lake Arpi reservoir with a volume of 105
million cubic meters in the upper reaches of the Akhuryan River, the need for a fishing channel
is very great here. To do this, it is necessary to develop and build a special facility on the left
bank of the hydroelectric complex. The task is to determine the main approaches to the design
of fish passage at the water intake of small mountain rivers in the absence of ichthyological
studies. The problem at the hydroelectric complex in question is complicated by the fact that
there are two obstacles to the passage of fish: the Akhuryan right-bank canal dam and a small
hydroelectric power station.

Research Results
It is very important to collect the initial data for designing a fish tank. The main initial
data are determined on the basis of hydrological and topographic surveys, as well as by means
of expeditionary surveys of the riverbed from the mouth of the proposed intake to the mouth of
the river, or at least to the outlet of the return of waste water at the station.
The first section: the small hydroelectric power station (SHEPS) — the dam of the right-
bank canal.
The initial parameters for the design of fishways, in the absence of special ichthyological
observations, are:
1. The average slope of the river at the SHEPS construction site (iev).
The purpose of measurements is the determination of the permissible slopes of the fish passage
path with a uniform slope along its entire length. It is determined by dependence:
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— (Hl_HZ) (1)

l
av Ly '

where: H,— river mark in the alignment of the right bank canal, H, - the mark of the river at the
point of return of the waste water at the SHEPS, L,. - is the length of the riverbed in the section
from the intake to the point of return of the water, taking into account the turns.

2. The maximum slope of the river at the SHEPS construction site (imax). The purpose of
measurements is the determination of the permissible slopes of individual short sections of the
fish passage path when executed in the form of alternating inclined sections with ponds between
them. The section of the river with the maximum slope should be selected on the section of the
river from the intake to the mouth of the river. In this case, the following rules should be
followed:
= The length of the section must be at least 20 m;
= The site should not have pronounced thresholds with a vertical drop;
= In the selected section, the riverbed should not have separate branches and island

formations.

The maximum slope of a river section is determined by the dependence:

lnax = % (2)
where: H,— the river marker at the beginning of the selected section with the maximum slope,
H, - the river marker at the end of the section with the maximum slope, L,_, — the length of the
riverbed in the area with the maximum slope, taking into account the turns of the riverbed.

3. The maximum height of the rapids in the studied section of the river (hy).

The purpose of measurements is to determine of the permissible magnitude of the
fluctuations in the execution of the fish passage path in the form of multi-stage fluctuations.
The site for the study of rapids should be selected on the section of the river from the intake to
the mouth of the river. In this case, the following rules should be followed:
= The planned threshold setting should not exceed the vertical threshold drop;
= There should be no separate sections of the riverbed in the formation of the threshold with

a lower slope than the slope of the threshold itself.

Determination of the permissible magnitude of the fluctuations in the execution of the
fish passage path in the form of multi—stage fluctuations (SHEPS — dam of the right-bank canal
— “Arpi Lich” reservoir). The site for the study of rapids should be selected on the section of
the river from the range of water scoop to the mouth of the river. In this case, the following
rules should be followed:
= The planned threshold setting should not exceed the vertical threshold drop;
= There should be no separate sections of the riverbed in the formation of the threshold with

a lower slope than the slope of the threshold itself.
The height of the threshold is determined by dependence:

he = hy — hy 3)
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where: h,. and h, is the water level in the river directly above and below the threshold.
4. Minimum water depths in the river at the construction site of the SHEPS (hmin).

The purpose of measurements - to determine the minimum allowable depths in the fish
passage.

River depth measurements are carried out at water flow rates close to the value of
regulatory environmental passes. In particular, in many countries it is accepted that the
environmental expenditure should correspond to the expenditure of the river 95% of the
provision in the middle row. When measuring the minimum depths of a river, the following
rules should be followed:
= Depth measurements should be carried out in areas of the studied target with maximum

depths,
= The selected water depth should be observed in an area of at least 1-2 m of the measuring
runway,
= The dam location should be selected perpendicular to the flow direction as much as possible.
5. Average water velocities in the river at the construction site of the SHEPS (V).
The purpose of measurements. To determine the speeds traveled by fish over long distances.
Average speeds are measured when river flow rates are close to the estimated environmental
flow rate. Measurements are performed using instrumental methods. The site for measuring
average speeds is selected using the following method:
= A section of the river is selected with a length of at least five times the width of the river,
with a uniform slope equal to the average slope of the river i,,;
= The measuring runway is selected at a distance of 3ls from the upper segment of the selected
river section (ls is the width of the river in the measuring channel);
= The velocity measurement is carried out on the section of the runway, remote from the coast
at a distance of 0.2 Is.
= Measurements are performed according to the procedure given in [3]. With a significant
width of the river, measurements are made on several runways, followed by averaging the
velocities over the section.
6. Maximum water velocities in the river at the SHEPS site.
The purpose of the measurements is to determine the maximum speeds on individual elements
of a short-length runway. The maximum flow rates are measured by instrumental methods in
the rapids of the river at costs close to the value of the regulatory environmental passes. In this
case, the narrowest sections of the river are selected without the presence of lateral sections of
the channel with lower speeds. The length of the measuring section should be equal to 2 Is, but
not less than 10 m. The areas where the river passes between two rocky shores in cramped
conditions are the most suitable for such measurements.
7. Description of the fractional structure of the riverbed with photographing.
The purpose of the measurements is to design the bed of a fish passage of the "natural channel"
type. When performing these works, it is necessary to choose bare sections of the riverbed,
without inclusions of large-block rocks and channel stones of large sizes. When photographing,
you should capture the zoom element in the frame in the form of a small metal ruler.
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The design of the fish passage path in the greatest similarity with the natural riverbed involves
ensuring the roughness of the channel of the fish passage path in accordance with the roughness
of the riverbed itself. The correct choice of the channel roughness coefficient is very important
for designing a fish passage. The roughness of mountain riverbeds is most fully covered in [4].
Based on tabular data on the roughness of mountain rivers, we have obtained the dependence
of the roughness coefficient n on the slope of the i, river, which is acceptable for hydraulic
calculations of the fish passage path.

n = 0.1526i,,"**"® (4)

To obtain the specified roughness, the channel of the fish passage path must be laid out
of channel alluvium with chaotic filling.

In addition to these parameters, it is necessary to collect possible information about the
species of fish living in this section of the river. At a minimum, it is advisable to collect
information about the length and height of adult fish carcasses, which can be obtained from
various printed and electronic sources, as well as by interviewing the local population.

The design of the fish passage should begin with the enclosing wall in the upper reaches.
The height of the hole in the wall is determined from the height of the carcass of the largest of
the spawning fish. In the absence of data, the height of the hole should be assumed to be at least
0.2 m. The calculation begins at the water level of the upper stream at the level of the normal
supported level. Assuming that the water velocity in the hole corresponds to the maximum
velocity measured on a 10 m long river segment, we determine the width of the hole based on:

b:Qf/a Vmax, (5)

where: Qs is the estimated flow rate of the fish-pass (usually ecological passes), a is the height
of the hole, Vimax is the maximum speed measured in the river.

Substituting the value V =Q/A into the well-known formula for the outflow of water
from a single rectangular hole in the conditions of the two-dimensional problem [5], and taking
the velocity of water in the passage equal to Vmax, We determine the water level drop on the
enclosing wall according to the dependence:

2gu?

where u is jet compression ratio.
In case of imperfect compression, the coefficient is determined by the dependence [5]:

£=057 +22 (7)
1-n

where n is the ratio of the passage area in the enclosing wall to the cross-sectional area of the
flow in front of the passage opening in the upper stream.
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As noted above, environmental releases from the intake are usually carried out through
the fish passage. Therefore, it is proposed to install a small pool with a measuring spillway at
the end directly after the enclosing wall of the fish passage, which, in addition to ensuring
normal hydraulic working conditions of the fish passage, will allow for operational monitoring
of ongoing environmental releases.

Hydraulic studies of measuring spillways of various designs have shown that triangular-
shaped spillways are most suitable for installation in fish passage paths (Fig.3). Numerous
calculations show that the threshold of the spillway when used at the water intakes of small
rivers usually has a low height (within 0.5 m), and the slope of the lower edge of the spillway
(5P) makes them easily surmountable for fish.

— — —

Fig.3 Schematic section of a dimensional spillway wall with a triangular profile

The height of the overflow layer above the spillway should be chosen, just as the height
of the hole in the enclosing wall. In the absence of information about the geometric dimensions
of spawning fish, the height of the overflow layer should be set at least 0.2 m.

H>02wMm (8)
The height of the spillway threshold is set depending on:
P>a 9)

where a is the height of the hole in the enclosing wall.
This approach to setting the threshold height is based on ensuring that the water inlet is
flooded through the enclosing wall.
According to the values obtained from dependencies (6), (8) and (9), it is possible to
determine the threshold marks of the measuring spillway and the bottom of the basin.
The width of the measuring spillway is determined from the condition of passing
through it the environmental flow rate according to the dependence [6]:

Qf

B = 3
1.96C,H2

(10)
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where Cy is the coefficient that takes into account the speed of water approach to the spillway,
and depends on the ratio H/(H+P).

The values of the Cy coefficient are determined from [6], or calculated by a polynomial
of the 5th degree, the coefficients of which are given in tab. 1.

Table 1
Coefficients of a 5th degree polynomial for calculating C,
K"5 K"4 K"3 K"2 K Free member
3.2239 -4.3542 2.3318 -0.1941 0.0336 1

Next, the operation of the inlet is checked at the forced retaining level (FRL) by equating
the water flow through the hole in the enclosing wall with the water flow through the triangular
profile spillway.

Next, the operation of the inlet is checked at the FRL level by equating the water flow
through the hole in the enclosing wall with the water flow through the triangular profile
spillway.:

uba(29Zp)®s = 1.96C,B(Zp — Hy)3/? (11)

where Zr is the drop in the water level on the enclosing wall at a forced retaining level. Equation
(11) is solved graphically, or by the approximation method, given by the value of Zg.

After determining Zr, we determine the water velocity in the hole of the enclosing wall
according to the dependence:

Vere, = Uy (29ZF) (12)

After the calculations, the working conditions of the fish way head are checked as a
measuring spillway according to the dependencies:

Bmin=0.3 m; H/P<=3; B/H>=2; NRL >=H+a. (13)

where NRL - normal retaining level
In addition to conditions (13), it is necessary to ensure that the triangular-shaped
spillway does not flood. To do this, follow the condition:

n=hy/H <0.75 (14)

where hp is the water level in the lower reaches of the triangular threshold.

Studies by a number of experts in the field of ichthyology have shown that the throwing
speeds of fish movement largely depend on the swimming time. So, for a swimming time of 1
sec, Bainbridge indicates a speed of about 10-12 L/sec for trout, crucian carp and spruce, and
for a time of 10 sec. - only 3.7 L/sec (L is the length of mature fish) [7].
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Other experts have come to similar results by studying different types of fish, the speed
of movement of the fish for 1 sec. They are often referred to as "speed limits". Based on this, it
can be assumed that fish that have overcome the maximum current speeds measured in the
rapids of a 10 m long section, when overcoming the hole in the enclosing wall (travel time less
than 1 second), will be able to overcome the current 2.7-3.2 times higher than the maximum
speeds measured in the rapids of the river (Vmax).

It follows from this that the maximum allowable water velocity through the enclosure
wall can be determined from:

VFRL < 2-7Vmax (15)

If condition (15) is met, it can be argued that the passage of fish to spawn through the

hole in the barrier wall of the fish passage is ensured under all leveled conditions in the spill

way basin of the intake.

The length of the basin in front of the spillway of the triangular profile Ly is determined
according to the recommendation [6] by the dependence:

L6 > 2Hgg,, (16)

The fish passage path should be designed as a pressure-free channel of rectangular,

trapezoidal, or trough-shaped section.
The normal depth of water in the channel (ho) is determined from the equation [5]:

Q = ACoy/Riiy (17)

where Ao s the area of the living section, Co is the Shezi coefficient, Ro is the hydraulic radius.
The Shezi coefficient is determined by the formula of G.V. Zheleznyakov:

1{1_£1 19 )} H% Ao 1gRT J_[ +f1gR] (18)

2n 0.13 0.13

where the channel roughness coefficient is determined from the equation (4).

When designing a tract in the form of a channel with a constant slope along its entire
length, the slope of the riverbed is assumed to be equal to the average slope of the river (iav)
along the entire length of the HPP construction site, determined by (1).

Equation (20) is solved by iteration. For the trapezoidal channel, equation (20) is
reduced to the form:

{ Qm_+b2_b] (19)
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To a first approximation, we set the value of the water depth in the channel equal to the
height of the hole in the enclosing wall, and use the method of iterations to determine the final
value of the normal depth. If the value obtained is less than the measured minimum depth of
the river, then the channel should be recalculated, reducing its cross-sectional area. In the
absence of measurements of the minimum depth of the river for small mountain rivers, its value
should be set at least 0.2 m. These calculations are performed for the case of the water level in
the upper reaches equal to the normal retaining level (NRL), i.e. for the calculated flow rate of
the channel equal to Q+.

Next, the hydraulic calculation of the fish passage channel is repeated at the flow rate
of the fish passage at the water level in the upper reaches equal to the forced retaining level
(Qrru).

The design of the fish passage channel begins with determining the making of the
channel bottom (Hc) in its initial section.

In most cases, the sides of small mountain rivers are composed of alluvial-deluvial
deposits with high water permeability.

Conclusion

The developed concept of designing a fish passage is based on ensuring the maximum
similarity of the projected fish passage path to the natural conditions of the river, in the area
below the intake. The slope of the river in the intake construction area often exceeds the average
slope of the river. In such cases, the fish passage has to be designed with a greater bias than the
lev. In such cases, the tract should be designed in the form of alternating sections with a constant
slope not exceeding the slope measured on the rapids (imax), Separated by ponds for fish
recreation. The lengths of the sections with a high slope are selected no more than the length of
the section of the rapid where the maximum slopes of the riverbed were measured. The
dimensions of the soothing pools should be at least two widths of the fish passage channel at
the top.

When designing a fish tank, it should be ensured that it is waterproof. The
waterproofness of the channel can be ensured by installing a concrete channel, or, shielding the
channel, soil with polymer-mineral material (PMM), loam or geomembrane. In all cases, the
channel must be lined from the inside with stones selected directly from the riverbed.
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.U, Swpuwywt?, Ed. UJwibuywu?, L.4d. @npdwgyut®, <. Uwpwmhpnuyywt!, +.4. Uwnnjui’

Whwnbdplynu b.d. inpwqupndh wtidwt opuyghls bhduwhwpgbph U hhnpripbfutihiugh ptivigphginen
2Ruwpmpuwnuwiwbpnipiuts b shtiunwpniput <wjwugpwbh wqquihl hwduguwput

SCuywuipuitif wiqquyhli wnipippbubhliulpwt hwdwuwpwb

Ayuwugwpwuubph twhwgddwu Ytpwpbpjw; wnlw unpdwunpy thwuwnmwpnetpu
punniubih sbu [inuwjhtu thnpp gbiwnbiph hwdwp: Unwowplynn dyuwugwpwup funpnipjniut
nL jwjunienup hwéwh hwdwswih Gu Yuwd unyuhuly gbpwquugnd Gu thnpp (Gnuwihu
gbwinbph swihbpp, husp upwug wupunnwubih £ nupdund npwiug ypw 9pwnh bwuwgddwu
hwdwp: Ldwu gbliwmbph ybpwpbipjw) opwihtu hnupbiph thnppnigjwt ywwbwnny, npwbiu
Ywunu, slwu [pipg dyuwpwuwlwu nuniduwuhpnieniuubn:

LGnuwjhu gbwbph opwhwywpubpnd, a&ayubph  wugdwt  Gpyne  funspunnunp
wwjdwuubpnud U dYuwpndwlwu  hbwnmwgnunieniuubph  pugwwnuyejwt  nbwypnid,
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dyuwugwpwuubph wpwlnh hwadwpyp wuhpwdbon b Yuwmwpb opwnh hwnwdphg Jun
gbwunh ptwlwt ywjdwuubph wnwybugnyu tdwunyejwt ywhwywudwdp:

Aquuugwpwuh  twjuwgddwu  hwdwp  Jupunp £ Guwybwwht - ndjuiubpp
hwwpwgpnuip: <hduwywt wnpnipph - wdjuiubpp npnadnd Gu - hhnpninghwywu W
inbnugpwlwu  hGwnwgnunnieniuubph hpdwt  Jpw, pusybu  twle  gbinp  hnuph
hbunwgnwnieniuubph  dhongnd'  9pwnh  Ybwnhg, dhusk gbwnwpbpwu, LJwd  dhusk
hhnpnyuwjwunwd ogunwgnpdywd oph Ybpwnwndh nbnwdwu: Qquwugwpwuh npwlnnud
wbinp £ (hup 9pwupwihwugbih: tw Yupbih E wywhndby ptinnub opwugph fuwnnigdw
Ywd opwugph wwwnbpu nt hwwnwlyp wynhdbpwhwupw)hu unebpnd (PMM), Yuynd Yud
gbndbdppwuny wwuwbint dhgngny: Pninp nbwpbipnid 9pwugpp ubipuhg wbwp £ swpdwd
(hup wudhowwbu gbitnh hniuhg punpywd pupbipny:

Ayuwprnyniuwpbpnyejwt twywwwynd unnpbpypw opwnh Yypw wuhwpdbon L
Yppwnt] pwqdwyh opogunnwgnpddwu dbfuwuhgqdubp, nphg hbunn wndwywlwjwuubph
dhongny npwup ninnbp dnnwlw 9pwdpwpubpp’ nnngdwt hwdwn ogunwgnpdtint hwdwp:

Pwbwih punbp qbun, hwlwuwiht hwdwlwpg, hhnpnbGlunpwuywu, ayuninp,
hhnpnhwugnyg, LYninghwywu bp:

IMPOBJIEMBI TIOBBIINEHUA D®@PEKTUBHOCTHU SKCINVIYATAIIUN
ITPABOBEPEXHOI'O KAHAJIA PEKHN AXYPSH

I'.C. Ta6asn!, D.B. ABanecan?, JI.B. Tokmaxxsan®, I'.A. Maptupocsinl, JI.B. Magosin®
Ynemumym eoonvix npobnem u 2udpomexnuxu um. axademuxa M.B.Ezuazaposa

2ApmancKuil HAYUOHATLHBILL YHUBEPCUMEN! APXUMEKMYPbL U CIMPOUMETbCMEa

SHayuonanvnoiii nonumexnuveckuil ynusepcumem Apmenuu

OTnnunTensHONH 0COOEHHOCTHIO TOPHBIX PEK SIBIISIOTCS 3HAYUTENbHBIE YKIOHBI pycla,
QJTIOBUAJIBHBIE PYCJa, CIOXKEHHbIE MOPOH U3 TIJIBIOOBBIX KaMHEH M CKaJbHBIX OOJIOMKOB,
KpyThle Oepera U HaJu4ue Moporos M ObICTPUH. B MOJOOHBIX YCIOBUSAX NOPOH HEBO3MOKHO
CTPOUTENLCTBO JIECTHUYHBIX PBHIOOXOJIOB, CPEIHUI YKJIOH KOTOPBIX, OYEHb YaCTO, MEHBIIIE
YKJIOHA pyciia peKd. MexIly TeM 3TH PEKH CEeTOJHS SBISIOTCS HanboJiee MpUBJIeKaTeIbHBIMU
i crpoutenbctBa Manbix ['DC nepuBanmonHoro tuma. MccnemoBanust Gonee uem 120
KOHCTPYKLHMH CYIIECTBYIOIIMX PBHIOOXOA0B Ha BOA03a00pax MalibIX TOPHBIX PEK B Pa3HbIX
CTpaHaX IIOKa3bIBAIOT, YTO KOHCTPYKTHUBHBIC DELIEHHS W TE€OMETPHUECKUE pa3Mepbl HX
WCIIOJIHEHUS KaK MPaBUIJIO He 00ecreunBaloT CBOOOAHON MUTpALlUH PhIO BBEPX IO TEUEHHUIO.

Pa3zpaboTanHas KOHLEMIMS MPOSKTUPOBAHMS PHIOOX0Ja OCHOBaHA Ha OOECIICYCHUU
MaKCUMAaJIBHOTO TIOAO0OMS MPOEKTUPYEMOIr0 TpakTa pblO0X0/la K €CTECTBEHHBIM YCIOBHSIM
pEeKH, Ha ydacTKe HMXKE CTBOpa BoJ03abopa. YacTo YKIOH pPEeKHM B 30HE CTPOUTENILCTBA
B0J103a00pa MPEBBILIAET €€ CPEIHUM YKIOH. B Takux ciydasx TpakT pplOOX0Ja MPUXOAUTCS
MIPOEKTUPOBATh C OOJIBUIMM YKJIOHOM, YE€M lcp., MPOEKTUPOBATH B BUJIE UEPEAYIOLIMXCS
YYaCTKOB C MOCTOSIHHBIM YKJIOHOM, HE MPEBBIIAIONIMM YKJIOH, H3MEPEHHBIH Ha ObICTpHHAX
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(Ivaxe), Pa3OETCHHBIX NMPYAKAMH JUISL OTAbIXa pbIO. J[IMHBI yY4acTKOB C BBICOKHM YKJIOHOM
BbIOMpaloTcss He Oosee JUIMHBI ydacTKa OBICTPUHBI, TIJl€ HIPOU3BOIWINCH H3MEPEHUS
MaKCUMAaJIbHBIX YKJIOHOB pycia. Pa3Mmepsl yCIOKOMTENIbHBIX OAacCEHHOB IOJKHBI OBITH HE
MEHee YeM B JBa pa3a IIUpe KaHalla pbI00Xo/a MoBepXy.

[Tpu mpoexTHpoBaHUHU PHIOOXOAA CIIEAYET 00ECTIEYUTh €r0 BOJOHENPOHUIIAEMOCTb, UTO
MOKHO 00€ecCneuuTh IyTeM yCTPOHCTBA OETOHHOrO KaHaia, 1100, SKpaHMPOBaHHE KaHaja,
IpyHTa € MOJIMMEpPHO-MUHEepanbHOro Marepuana (IIMM), cyrinuakom uinu reomemopanoii. Bo
BCEX Cly4asX KaHaJl M3HYTPU JODKEH OBbITh BBUIOKEH KaMHSMH, BBIOpaHHBIMU
HETOCPEICTBEHHO U3 PYCIa PEKH.

Knrwouegvie cnosa: pexa, 3anopHas CHCTEMa, THAPOIICKTPOCTAHIHS, PHIOOXO/, THAPOY3eI,
SKOJIOTUYECKUI BBIXO.
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