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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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NEW METHODS TO PROTECT YEAR-AROUND
OPERATION CANALS FROM SNOW

Abstract. On the canals of year-around operation, severe snowdrifts concentrated on the surface of the ice
cover simultaneously affect both thermal and static loads. When ice melts intensively from the lower surface in areas
of accumulation of snow masses, and also due to an increase in the static load from snow, longitudinal cracks form
on the ice. The snow saturated with water rising up along the cracks, and a gradual sinking of the snow-ice mass
occurs. All this leads to decrease in canal capacity, and in some cases to complete blockage of the flow section by
snow-ice mass. The purpose of the paper is to find new ways to protect the canal drift and create an impervious canal
profile in areas heavily covered in snow. Snow deposition in the canal bed occurs gradually, starting from the edge of
canal closest to the snow collection basin side, followed by an increase in the snowdrift shaft in the direction of the
wind as snow blizzard arrives to the canal. We propose the method of protecting the canals from snowdrifts by
changing the transverse profile of the canal in the sections highly covered by snow. The transverse canal profile is
changed by adding a berm to it with a slope coefficient equal to the coefficient the leeward slope and a height equal
to the depth of the canal from the leeward slope depending on exact establishing the limit position of the surface of
the snowdrifts, at which the canal is blown without snow deposition, regardless of the amount of snow transfer. The
proposed methods can be applied in areas of snow transfer on watering and irrigation canals designed for year-
around operation.

Key words: ice cover, berm, slope coefficient, canal depth, snow deposition.

Introduction. On the canals of year-around operation, powerful snowdrifts concentrated on the
surface of the ice cover simultaneously affect both thermal and static loads. As ice melts intensively from
the lower surface in areas of accumulation of snow masses, and also due to an increase in the static load
from snow, longitudinal cracks form in the ice. The snow is saturated with water rising up along the
cracks, and a gradual sinking of the snow-ice mass occurs. All this leads to a decrease in canal capacity,
and in some cases to complete blockage of the flow section by snow-ice mass.

In such areas, a powerful blockage field is formed, which prevents the flow of water through the
water supply path below this section. Above the ice jam, the water level rises sharply, which leads to
emergency situations. On the Irtysh-Karaganda canal, over the period of its operation, such phenomena
have been repeatedly observed. For example, in the winter of 1971-1972, on canal No. 38 (146-155 km of
the route) as a result of blockage of the flow section of the canal by snow-ice accumulations, a powerful
ice jam with a total length of about 5 km was formed. As a result of this phenomenon, water supply
through the canal was stopped until the end of April. Attempts to eliminate the jammed area with an
explosion or mechanical cleaning by excavators did not produce the expected effect. Firstly, the access
roads to the canal were covered with snow, secondly, the length of the boom of power shovel of the
excavator did not allow to completely clear the canal and, thirdly, the snow jam area was quite long (3830
m). they succeeded in eliminating the snow jam area with a series of dynamic pumping only after the
onset of thaws before the flood (the third decade of April).
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In 1974-1978 VNIIG was engaged in the research of the issue and development of snow protection
measures on the Irtysh-Karaganda canal. In their work, a detailed analysis of the causes of snow-ice
difficulties on canals of year-around operation was given and a set of engineering measures to prevent
them was proposed. The essence of these measures is the construction of contour snow lines in the form of
fences and forest belts. They also proposed a method for arranging a section of a canal not covered by
snow, including the construction of an additional canal passing in a deep excavation for accumulation of
snow [1].

In recent years, scientists of the Kazakh Scientific Research Institute of Water Management and the
Taraz State University named after M.Kh. Dulati have dealt with issues of snow protection of hydraulic
structures, including canals. On the basis of long-term field and laboratory research carried out on existing
canals, as well as analysis and generalization of the experience of snow protection means at other objects of
the national economy, methods of protection of hydraulic structures from snow wreaths are proposed [2-4].

Materials and methods. For a specific section of the canal, considering the volume of snowfall
unlimited, we can determine the state of the maximum filling of the canal bed with snow. But not always
the amount of incoming snow to the canal is sufficient for its filling to the limit position. If the total
volume of snow arriving during the winter period is less than the maximum accumulating capacity of the
canal, then its cross section is not completely filled to the maximum position, but partially. In order to
estimate the parameters of snow wreath during partial drift from the maximum possible, having data on
the volume of snowdrifts and the geometric parameters of the canal cross section, it is necessary to
establish the sequence of filling (dynamics of drift) of the canal with snow as snow mass arrives. The
dynamics of snowdrift is closely related to the occurrence of a blizzard [5].

Snow deposition in the canal bed occurs gradually, starting from the canal edge closest to the snow
collection basin side, followed by an increase in the snowdrift shaft in the direction of the wind as blizzard
snow arrives at the canal. This picture of the sequence of filling the canal bed with snow during blizzards
is fully confirmed by the results of field research performed on existing canals [6]. Figure 1 shows the
profile of snowdrift in the canal named after K.I. Satpayev as it fills during the winter.

in the beginning of January
x in the end of January
f-"' / _in mid-February
_},f’: _},-"'f f in the end of March

Figure 1 — Snowfall profile in canal bed

As can be seen from figure 1, the front edge of the unfinished snow drift is a steep slope with a peak-
like protrusion in the upper part. Incomplete snow drifts are limited during blizzards from above by a
straight flow, in the front edge — by a circulation flow. A peak-like protrusion of snowdrift is formed at the
junction of these two flows.

Significant practical importance in evaluating the maximum snow tolerance of canals, is the exact
establishment of the extreme position of the surface of the snowdrift (snow slope). Snowdrifts in the canal
bed from all sides, except for the upper surface, form a circle around the cross section of the canal and
take its form. Having determined the position of the snow slope and having data on the design parameters
of the canal cross section, with sufficient accuracy we can determine the cross-sectional area or the
volume of snowdrift per unit length of the canal, and estimate the load from the snowdrifts on the ice
cover. As observations have shown, the slopes of snowdrifts fluctuate in rather large limits depending on
various factors. First of all, the slope of the surface of the snowdrift depends on the speed of the incident
flow, at which the drift was formed on the physicomechanical properties of the snow particles involved in
the snowdrift transport.
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Snowdrift transfer begins with the appearance of a critical speed. The condition for the onset of
particle surface transfer is expressed by A.K. Dune [5] (Eq. 1):

v, <a [Sg (%)g8+ % 6]

where v, — wind speed at which particle transfer is not yet occurred; ¢ — dimensionless coefficient
depending on the characteristics of the surface vortex layer and the wind velocity profile; Sy — volume
concentration of particles on the surface of the snow cover; pg, p — accordingly, the mass density of
particles and air, g — gravity acceleration, m/s*; § — particle size, m; T, — adhesion between particles and
the underlying surface.

The purpose of the laboratory test was to study the effect of snowdrift on open reclamation canals.
For this, such instruments and devices were used. Mechanical fan system: tangential helical ventilation
unit YGFC60.183, electric voltage 220V, 50Hz, 0.27A; power 25W, rotation speed 1300 rpm, air flow
140 m*/h, drum diameter 60 mm, drum length 183 mm (figure 2).

Figure 2 — Tangential helical ventilation unit

During the experiments, 4 ventilation units were used. The units were arranged for the S12-MK
research stand. The ventilation unit speed was determined by an electronic anomometer and its maximum
value reached 6.2 m/s. Turning on the tangential ventilation unit, the model was aimed at snow, which was
directed into the opposite open reclamation canal (figure 2). Two types of canal model were made of
penoplex material: a trapezoidal section with a length of 120 cm, a slope of 1:1, a depth of 11 cm and a
width of 16 cm, as well as a canal model passing through a recess.

Results and discussion. According to the results of field observations of various authors, snow
transport begins at wind speeds in the boundary layer of 2-5 m/s [2,5,7-14]. The formula for the initial
snow transfer rate (1) is valid for horizontal terrain. On canals, the surfaces of snowdrifts, depending on
their location, have positive or negative slopes relative to the direction of the wind. If the slope of the
surface of the snowdrift in the direction of the wind is directed downward, then more favorable conditions
are created for the movement of snow particles, which occurs at lower flow rates, compared with
horizontal terrain. In such cases, the snow slope at the extreme position becomes steeper.

Let’s onsider the condition for the formation of the marginal snowdrift from the windward side of the
spoil band. The wind stream, approaching the spoil band, smoothly goes around it from above. According
to the experimental data from the continuity of flow (Eq. 2) stream jets around a spoil bank change their
direction:

Yoy = J7 vdy, )

The speed at each point of the jet can be divided into horizontal and vertical components v, and v,,.
The steeper the slope, the greater the vertical component. The resultant velocity is (Equation 3):

v= ’v§+ vy 3)

The windward slope of the spoil band can be divided into two zones: the snow deposition zone and
the snow blowing zone. In the deposition zone, the vertical velocity component vy, deflected by the slope,
less than the hydraulic size of snowflakes w. During snowstorms, in case of horizontal terrain, wind
simultaneously acts by force (Eq. 4):
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K 2
o= %0 )

and friction force in the opposite direction to the wind, equal (Eq. 5):
P fr = Gf frs 5

where v — wind speed; G — snowflake weight; ff, — coefficient of friction of snowflakes on the underlying
surface.

When the condition is met P,, < P, snowflake is at rest. With increasing wind force at P, > Py,
snowflake will be transferred. On inclined terrain (both on the ascent and on the descent), the conditions
for equilibrium and transfer of snowflakes are different compared to horizontal terrain. The force of the
wind acting on sloping terrain, taking into account (Eq. 6) equals (Eq. 7):

(@)
)
v cos @ (6)
(p) _ KU?®)?
Py = 2g cos? ¢’ )

where ¢ — the angle of inclination of the underlying surface; U(¥) — horizontal component of wind speed.
The friction force of snowflakes on the underlying surface on an incline is (Eq. 8):

Pf(r(p) = G(cos @ frr L sin (p). ®)

In formula (8), the plus sign corresponds to the ascend, and the minus sign to the descent of the
underlying surface in the direction of the wind. The value of the critical wind speed, respectively, for the
windward and leeward slopes, we find from the condition of equality of forces acting on the snowball (Eq.

9) or horizontal component (Eq. 10):
v = v,y fcosq + T ©)
ffr
UC(;”) = Vg * COS @ /cos<p + S}iﬂ (10)
fr

where v, — critical wind speed corresponding to the beginning of snow transfer, v, =3 — 5 m/s; Uc(;p ) _
horizontal component of speed corresponding to the beginning of snow transfer.

On an inclined surface with a descent, the friction force of a snowflake on the underlying surface
decreases compared to horizontal terrain, while when climbing it increases. Having determined the value
of the initial snow transfer rate, and using the law of a rectilinear increase in the thickness of the boundary
layer, we can find the slope coefficient of the snow drift. The equation of averaged turbulent motion in the
boundary layer by G.N. Abramovich [15] obtained in the form of the formula (Eq. 11):

¢ ¢
Ulo =0.017"% + 0.6623e7 cos (?) ¢ + 0.2282 sin (?) ® (11)

We have filed applications to obtain patents for a utility model for such methods and designs as, a
method of protecting canals from snowdrifts, a method of protecting canals passing in recesses from snow
drifts, a method of protecting canals from snowdrifts and groundwater, a device for accelerating ice
formation on a canal [5,17-19]. A method of protecting canals passing in the recesses from snow drifts
[17]. The proposed method of snow protection is implemented as follows. Cut the ground of the windward

(2) edge at a distance (Eq. 12) from the edge of the recess with a slope m /sin« as shown in Figure 2.
L=m,hsinx (12)

With such transverse profiles, snowdrifts fill only ditch (6) and on the transitional part (1) of the canal
non-accumulative snow transfer during snowstorms is provided. The principle of the method of protecting
the canals passing through the recesses from snow drifts is as follows. The transverse profiles of the canals
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passing through the recesses consist of the transitional part of canal (1), the slope of the recess (2), the line
for cutting the windward edge of the recess (3), the line of limiting snow drift before the cutting of the
windward edge (4), the contour of the soil cut of the windward edge (5) and deposition of snow drift in the
ditches (6) (figure 3).

3 3 ; 7
/ 1/_\\_\[ .

D0 570 ot
>

L= m, hesinat I

Figure 3 — The protection scheme of the canals passing on the recesses from snowdrifts

The snow shaft is formed in the recesses with a certain slope, called the natural slope of the snow
drift m,, numerically equal to 8-12, depending on the wind speed and the initial snow transfer speed. In
oblique winds, due to the preservation of the slope in the direction of the wind, the coefficient of natural
slope of the snowdrift, taken along the normal to the recess, is equal to myh sin a, where a — is the angle of
attack of the wind. In this case, when the slopes of the underlying surface are corresponding to myh sina,
snow deposits during snowstorms will not occur.

The method to protect the canal from snowdrifts and groundwater [18] by placing forest belts along
the canal differs from other methods in a way that placed along the irrigation and watering canals
plantings of well-blown forest strips without shrubs protects from the prevailing wind, preventing the
accumulation of snowdrifts and snow and rise in groundwater possible from this. Such conditions are
created when the forest belts protect the canals well from snow drifts and a significant part of the vertical
filtration flow from the canals supplying groundwater will be intercepted by the roots of the trees and the
harmful effects of irrigation water will be suspended.

Larger canals of year-around operation, designed to transport water in the early spring, suffer, as a
rule, from snowdrifts. Smaller canals, operating only during the growing season, usually suffer from drifts
by products of wind erosion — soil, saltwort plants, garbage [1]. The characteristics of the canal network
are considered from the perspective of their influence on the wind flow. Having estimated the nature of the
wind flow around the canal cross sections, we can predict the canal insertion. In areas of recesses with an
intermediate berm, a decrease in the wind velocity in the boundary layer occurs at a certain distance from
the canal, depending on which side the central bogie passes, that is, a wide intermediate berm. The widths
of the intermediate berm are 1.0 and 8.0 respectively.

At the zero marks, the “dip” of the wind flow into the recess occurs directly from the edge of the
recess of the canal. In the latter case, the width of the recess at the top is small, it is equal, respectively, to
the width of the canal at the top, whereas in the previous case (with an intermediate berm), the decrease
begins at some distances from the canal bed. In the sections of the cut-and-fill-embankment and
embankment, the canal bed is raised above the level of the adjacent terrain. Therefore, the wind stream
before flowing around the recess of the canal, narrows vertically, due to heap in bulk. The narrowing of
the flow in turn causes a corresponding local increase in flow rate. The unevenness of the relief and the
non-compliance of the general slope of the site with a longitudinal slope of the canal bottom is primarily
the reason for such a wide variety of types of canal sections according to the conditions of the canal's
location relative to the earth's surface. For this reason, even over the length of one canal, several types of
sections can be found, according to the location of their canal relative to the mark of the adjacent territory.

Conclusions. The aim of the research was to create an uncoverable canal profile in areas heavy snow
coverage. Snow deposition in the canal bed occurs gradually, starting from the edge of canal closest to the
snow collection basin side, followed by an increase in the snowdrift shaft in the direction of the wind as
blizzard snow arrives to the canal. This picture of the sequence of filling the canal bed with snow during
blizzards is fully confirmed by the results of field tests performed on existing canals. Having established

— 106 ——




ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2020

the patterns of snowdrift formation, having information about the amount of snow entering the canal, the
speed of winter winds and the state of the snow cover for a specific area, we can calculate the snowdrift
parameters with sufficient accuracy for any date and at any stage of snow removal.

The paper gives the theory, methods, research results, new methods and designs of patents for a
utility model for such methods and designs as, a way to protect canals from snowdrifts, a way to protect
canals passing through recesses from snowdrifts, a way to protect canals from snowdrifts and
groundwater, a device to accelerate ice formation on the canal. These designs of the proposed devices are
quite possible using available technical means based on the current level of technology and knowledge,
because its design is quite simple, and the implementation of such devices has long been well mastered by
relevant enterprises at various levels.

C. M. Koiioakos, M. Mauaikraiiyisl, C. K. ZKoagacos, I'. A. CapbacoBa, 7K. Eckepmecon
M. X. Jlynatu ateianarel Tapas MemiIeKeTTiK yHuBepcuTeTi, Tapas, Kasakcran

KB BOIBI KOJIIAHBICTAFBI KAHAJIJIAP/IBI
KAP BACKBIHBIHAH KOPFAY/IbIH )KAHA 9JICTEPI

Annortanus. JKeur 60ibI KOJIIaHBICTAFEl KaHAIIAFEl MY3 KaMBUIFBICHIHBIH O€TIHIETi KaTThl OMOBI Kap JKBLTY-
JBIK JKOHE CTaTHUKAIBIK calMakka Oip yakeITTa ocep ereni. Kap kuHanmraH xepaeri 0eTki KabaTTBHIH acThIHIA MY3
KapKbIH/BI epireH/ie jkoHe KapAaH CTATHKAJBIK CaJIMAaKThIH YJIFAIObIHA OaillaHBICTEI My3 O€TiH/E CO3BUIFaH JKapbIK-
Tap naiiga 6omagel. CymanFaH Kap JKapblK OOWBIMEH KOFaphl KOTEPLIil, Kap MEH My3 Maccachl JKailylan ToMeH Tyce
Oacraiinbl. My3 OeriHzeri Kap OaCKbIHBIHBIH YJIKEH KOJeM/CT KOHIICHTPAIMICHI dCEPIHEH MY3 KeNTenicTepi naiaa
OouIbII, KaHAIBIH OTKI3TIIITIK KalineTi TeMeHneii i, ain keioip »kariaiiiapaa TinTeH Tokran Kaiaiasl. KexreM yakbi-
TBIH/Ia OMITbI KapblH KapKbIHABI €pyi aFbIH/IbI CY/bIH KOCBIMILIA MOJLIEPiHiH Naiaa 00JyblHa BIKIIAN eTeii, ain Oy
ipl KaHajmapaa CynIblH TeNe-TeHAIriH CakTayla MaHbI3[bl pesl OWHAaWAbl KOHE OJ1 KOKTEMIl YaKbITTa CyMEH
KaMTaMachI3 €Tyl Xocrapiay Ke3inae eckepinyi Tvic. COHBIMEH KaTap KYPTIK Kap epireH Kes3ze Kap CybIHaH >Kep
KaHaJ1apbl Oepmiepi MEH eHICTepiHiH OeJICeHI MUKPOHMIHTIPEKTI 3po3usichl Oalikanaabl. bacTel FuMapaTTan cysl
aiy Ke3iHJe epireH Kap arbIHbI KOJIEMiHIH a3afobl KOKTEM/IE alaTTHIK JKaFaaiiFa oKelyli MyMKiH. ATalfaH Macenenep
MaKaJaHBIH ©3eKTUTriH Kepceteni. COHFBI XbUTHApl Kas3ak Cy mapyamsUIbIFbl FRUIBIMA-3€PTTEY HHCTUTYTHI MEH
M.X. lynatu ateiHmarsl Tapa3 MeMIICKETTIK YHUBEPCUTETIHIH FalbIMAApbl THIPOTEXHUKAJIBIK KYPBUIBIMIAP/IEL,
COHBIH 1IIIH/Ee KaHaJIIap/bl KapJlaH KOpFay MaceelepiMeH aifHabIChin Kenei. [c xy3inaeri kaHanapaa xyri3iiren
KOIDKBUIIBIK JalaJIbIK JKOHE JIa00PAaTOPUSUIBIK 3€PTTEYJEPAiH, COHBIMEH KaTap XaJBIK LIapyallbUIBIFBIHBIH ©3T¢
00BbeKTIIEpiHIe KapAaH KOpFay TOCUIAEPIH KOJaHy TOKIpHOECiH jKalllbulay MEH Tajjay Heri3iHiae Kap OacKbIHbI-
HaH TUAPOTEXHUKANIBIK KYPhUIBIMIAPAbl KOPFAY/IbIH TACIIEP] YCHIHBUIBII OTHIP.

MakasiaHblH MakcaThl — KaHaJJIbl Kap OacynaH KOpFay/bIH KoHE KaTThl Kap 0ackaH y4yackenep/eri KaHaIblH
OTKI30CHTIH MINIHIH KYPY/AbIH jXaHa daicTepiH TaOy. ATaJMBIII MOCeJeHi 3epTTeyeri 6acTbl djic ic xy3iHge 6ap
KaHaJIIapJa KYpri3iuireH HaTypaiblK ChIHAKTap OOJNBIN caHamansl. by OopaHma KaHAIIBIH Kapra TONY Ti30eriHiH
Kenecizieil OeliHeciH aHbIKTayFa MyMKiHIIK Oepai. KaHanm apHacklHa Kap/bIH TOJIybl Ke3€H-KE3€HMEH OpBIH ajlaJibl,
SFHU Kap >KHHAyFa apHaIFaH OacCeHIHIETi €H JXKaKblH OpHANACKaH KAaHAIIBIH IICTiHEH OacTaibll, KYPTIK Kap
KaJIBIH/IBIFBI JKell OaFbITHIHA cail KoHe Kapiibl O0paHHBIH KaHaJFa )KaKbIHIaybIHa OalIaHbICTH OipTe-0ipTe oceni.

OKcIiepuMeHTTepre Kapad OTBIPBIN Kelecilmell KOPBITHIHABI JkKacayFa Ooiamgsl: KaHAmgapAbl Kap OacymaH
KOPFalThIH KOHCTPYKIMsIFa OEpUIreH MaTeHT THIMALIITIH KepHeKi Typae nanenaeni. Hotmkecinae karTel Kap Oackan
yuackeJiep/ieri KaHaJOblH KeJJCHEeH MiIIiHIH e3TrepTy apKbUIbl KaHAJIAApAbl KYPTIK KapaH KOpFayAblH oici
YCBIHBUIBIT OTBIP. KaHaNn IbIH KeJJIeHe  MilliHI Kap KOILIKiHI KeJieMiHe ToyesCi3, Kapchl3 Ja YPJICHEeTiH KaHai OoJFaH
Karjaiga KypTik Kap OeTiHIH INeKTIK KalIlblH J9J aHbIKTayFa OaiJIaHBICTBI BIK OOJIaTBIH Kara eHici Kod(pdu-
IUCHTIHE TEeH CHICTIK KOA(PPHUIIMEHTIMEH KOHE BIK 00JIaThIH XKaFa CHiCIHEH 0acTajIaThlH KaHAI TEPEHJIriHe TeH OUiK-
TiKKe call YHIHJIHI KOCY apKbUIbl ©3T€PTLIreH.

Y CHIHBUIBIN OTBIPFaH SAicTep KbUI OOMBI NMalaagaHyFa eCeNTeNreH cyapy jKoHe CyJIaHABIPY KaHAIIapbIHIaFbl
Kap OackaH ydackeyiepiie KOJJaHblla anajabl. TeXHWKAJbIK KyH, KYpbUIBIM MaTepHaJIAapbl MEH >KaOIbIKTapIbIH
JKETKLUTIKTI OOJyBI, COHBIMEH KaTap 3aMaHayH TEXHOJIOTHsUIap MEH OiIiM YCBIHFaH 9JicTi KYPTIK Kap TapajiFaH ydac-
KeJepze ic Xy3iHae KongaHyFa MyMKiHAIK O0epeni. OCbIFaH yKcac KOHCTPYKIMSIIAPIBI CHAIPY/Ii OpTYpIl AeHreiaeri
colikec KociNophIHAap AICKAILIAH JKaKChl HI'ePreH.

Tyiiin ce3aep: My3 )KaMBUIFBICHL, OepMa, eHiCTIK KO3 PHUINEHTI, KaHAT TEPEHMIIT, Kap TYHIBIPY.
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HOBBIE CIIOCOBbBI 3AIUTBI 3AHOCUMOCTH
KAHAJIOB KPYTIJIOT'OJJMYHOIO TEMCTBUS

Annotanusi. CHiIbHBIE CYrpoObl Ha KaHalaxX KpPYIJIOroJWYHON 3KCIUTyaTallld, COCPEAOTOUYEHHbIE Ha MOBEPX-
HOCTH JIEITHOTO TIOKPOBA, OJIHOBPEMEHHO BIMSIOT KaK Ha TEIJIOBbIE, TaK U Ha CTaTHUYECKHe Harpy3ku. [Ipu nHTEeH-
CUBHOM TasHUM JIbJa C HIDKHEHW MOBEPXHOCTH B MECTaX CKOILJICHUS CHEXKHBIX MAcC, a TAKXKE U3-3a yBEIHUEHHs CTa-
THUYECKON HAarpy3KH OT CHera Ha JIbJy 00pa3yloTcsl IPOAOJIbHEIE TpelnHbl. CHEr, HachIEHHBIH BOJOH, NOJHUMAET-
sl BBEpX 110 TPEIIMHAM M IPOUCXOUT IOCTEIIEHHOE OIyCKaHNWe CHEXHO-JIESTHOW Macchl. KoHueHTpanus 60IbImx
00BEMOB 3aHOCOB Ha IMOBEPXHOCTH JIEASHOTO MOKPOBA MPUBOJHUT K CHIDKEHHUIO MPOIYCKHOM CIIOCOOHOCTH KaHAIOB
n3-3a 00pa30BaHMs JEISIHBIX 3aTOPOB, & B HEKOTOPBIX CIy4asX M K MX MOJHOW OCTAaHOBKE. VIHTEHCHBHOE TasiHHE
Cyrpo0OB B BECEHHHUI NEpHOJ] MPUBOIUT K 00Pa30BAHUIO JIOMOIHUTEIHHOTO 00bEMa CTOKA, KOTOPBIH MIPaeT BaXK-
HYIO pOJIb B BOZHOM OajlaHCe KPYITHBIX KaHAJIOB M KOTOPHIH HEOOXOANMO YUUTHIBATh IPH IUIAHUPOBAHUH BOJOCHA0-
KEHUsI B BECCHHUM nepuo. Taxke npu TassHUM cyrpo0OB HaOMI0JaeTCsl aKTUBHAS MUKPOPBIUaXKHASI PO3HsI OTKOCOB
u O0epM 3eMIIIHBIX KaHAJOB OT Tajoil BOABL. A 3aHI)KeHHE 00beMa CTOKa OT TaJIoro CHera NpH 3a0ope BOIbI M3
TOJIOBHOTO COOPY)KEHHSI MOXKET MPUBECTH K aBapUIHBIM CUTyalusiM BecHOM. [lepeunciieHHbie poOIeMbl U JefaeT
JTAaHHYIO CTaThi0 aKTyajabHOH. B mocneanue roasl ydensle Ka3axckoro Hay4yHO-HCCIEIOBATEIBCKOTO MHCTUTYTA
BOJIHOI'O XO3sicTBa M Tapazckoro rocy1apcTBEHHOro yHuBepcutera uMeHu M.X. JlynaTtu 3aHMManuch BOIPOCaMU
CHET03aIIUTHI THAPOTEXHUUECKHX COOPYKEHUH, B TOM 4HCiIe KaHaioB. Ha ocHOBe MHOTOJIETHHUX TTOJIEBBIX U Jlabopa-
TOPHBIX HCCIIEIOBaHHUH, IPOBEJCHHBIX Ha CYIIECTBYIOIINX KaHalaX, a TAKXKe aHaIn3a U 0000IIEHHs ONbITa TpUMe-
HEHUS CHETO3aIUTHBIX CPEACTB HA APYTHX 0OBEKTAaX HAPOJHOTO XO3AHCTBA, MPEUIOKEHBI CIIOCOOBI 3alIUThI THAPO-
TEXHHUYECKUX COOPYKECHUH OT CHE)KHBIX BEHIIOB.

Ienpto craTbu SIBISIETCS] TTOMCK HOBBIX CIIOCOOOB 3aIIMTHI KaHalla OT 3aHOCA M CO3MAaHHs HENPOHHIAEMOTO
npoduis KaHala Ha y4acTKaX, CHIBHO MOKPBITHIX CHErOM. BenymuM MeTomoM K MCIIeIOBaHMIO aHOW NpoOieMbl
CTaJM HaTyPHBIC UCTBITAHWA, IIPOBEJCHHBIC HAa CYIIECTBYIOIMX KaHanmax. OHU MO3BOJNMIN BBISBUTH CIIEAYIOLIYIO
KapTUHY IOCJIEI0BATEIILHOCTH 3aIl0OIHEHMSI KaHalla CHEroM BO BpeMmsi Merenu. OTi0o)XeHHe CHera B pycie KaHaia
MPOMCXOJUT MOCTENIEHHO, HaYMHAasl ¢ Kpas KaHalia, OJbKaiiiero K kparo OacceiiHa [uisi cOopa cHera, ¢ Ioclenyo-
MM YBEJIMUSHUEM BaJla cyrpo0a 1o HarpaBJIeHHIO BETpa [0 Mepe NPUOIMKEHHsI CHEXKHOM METENN K KaHaly.

W3 3KCcrIepuMEHTOB MOKHO CIeNaTh BBIBOJ, YTO MOJYYEHHBIH MATEHT Ha KOHCTPYKLHUIO MPOTHB CHEXHOIO
MOKPOBa KaHAJIOB, HAIVIAHO J0Ka3asl cBorO 3ddekTrBHOCTE. B pesynbrare npesaraetcsi ciocod 3alluThl KaHAJIOB
0T Ccyrpo0OB ITyTeM M3MEHEHHs IOIEePEeYHOro Nnpoduisl KaHala Ha CHJIBHO 3aCHEKEHHBIX y4acTkax. [lomepednsii
npoduiIb KaHana N3MEHEH IyTeM 100aBlIeHUsI K HEMY HACBIIH ¢ KOA(Q(QHUIMEHTOM YKIJIOHA, PaBHBIM KOI(QQHUIIUECHTY
MIOJIBETPEHHOTO YKJIOHA, U BBICOTOH, PaBHOH ITyOMHE KaHaIa OT MOABETPEHHOTO OTKOCA, B 3aBUCHMOCTH OT TOYHOTO
YCTAQHOBJICHHS TPEEIBHOTO ITOJIOKEHUSI MOBEPXHOCTH CYrpo0OB, IpH KOTOPOM KaHall MpoXyBaercs Oe3 cHera,
HE3aBHCUMO OT KOJIMYECTBA CHETOIIEPEHOCa.

[Npemnaraemsle cioco0b! MOT'YT IIPUMEHATHCS Ha y4acTKaX CHErolaJia Ha MOJIMBHBIX U OPOCHTEIIBHBIX KaHaJIax,
pacCcUNTaHHBIX HAa KPYIJIOTOJUYHYIO JKCILIyaTaluio. TeXHHUECKOe COCTOSHHE, HATMYUE JOCTAaTOYHOTO KOJIMYECTBa
CTPOUTEJBHBIX MaTEPHAIOB M 00OPY/I0OBAaHUs, a TaK )K€ COBPEMEHHBIE TEXHOJOI'MU M 3HAHHUS TO3BOJLIIOT Peasin3o-
BaTh MPEAJIOKEHHBIH CIIOCOO Ha ydyacTKaxX paclpocTpaHeHHs: cyrpoba. BHeapenne moqoOHBIX KOHCTPYKIMH JTaBHO
XOPOIIIO OCBOEHO COOTBETCTBYIOIUMHU MPEANPUATHIMHU Pa3IMYHOIO YPOBHS.

KioueBbie ciioBa: nieisiHOI OKpPOB, OepMa, KOI(QPUIMEHT YKIIOHA, ITyOHHa KaHalla, OCAKICHUE CHEera.
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