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ABSTRACT

Purpose. This paper aims to improve the harvesting conditions of the crystallized salt layer of the Salins Merouane
El Meghaier (SME) — South East of Algeria, by creating favorable conditions for means of harvesting (harvesters),
thanks to the acceleration of evaporation-crystallization process of salt by using an installation of flat mirrors, which
reflect solar radiation towards the evaporating surface.

Methods. To achieve the objectives, a stall installation contains pans equipped with different mirror surfaces. Com-
pared with other designs, this test unit is installed near the Chott during the months of December and January.

Findings. The optimization rate of salt evaporation-crystallization process depends on the surface of the reflection
mirror used, which allows obtaining a layer of soft salt easy to harvest during the winter months.

Originality. The use of mirrors reflecting solar radiation in salt pans of the unit in Salins Merouane El Meghaier
enables to improve the salt exploitation conditions in quantitative, qualitative and economic terms, and to minimize
the occupation of agriculture area.

Practical implications. The exploitation of solar energy for salt production at the unit in Salins Merouane El Me-

ghaier represents a free source, which is inexhaustible and produces no harmful impact on the environment.
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1. INTRODUCTION

Solar energy, which is characterized by a lack of pollu-
tion and its availability, has attracted much attention in
recent years. Operating systems that utilize this form of
energy require little maintenance and have a good opera-
ting reliability, increasing autonomy, extreme resistance to
natural conditions (temperature, humidity, wind, corrosion,
etc.), and therefore a long service life. It therefore appears
that solar energy can provide real solutions to the various
problems that currently arise with regard to climate change,
energy crises (Yettou, Malek, Haddadi, & Gamal, 2009).

Kasedde, Lwanyaga, Kirabira, & Bébler, (2015) con-
ducted analysis of literature describing experimental stu-
dies and modeling oriented towards the use of solar energy
to improve evaporation of brine. Abdel-Aal & Al-Naafa
(1993) studied the increased evaporation of salt water in
multi-purpose solar desalination units using flat-plate solar
collectors. Their results showed that the contribution of
concentrated solar energy was estimated to be 3.5 times
that of the direct solar flux allowing the separation of

soluble inorganic salts such as NaCl, MgCl, and the
others. Zhang, Ge, Li, & Li (1993) presented a simulation
model for the evaporation of brine by solar radiation for
salt production where the various parameters involved in
the behavior of the salt table were analyzed. Huang, Shi,
& Ge (1999) studied the effect of a black insulating sheet
on the rate of evaporation from a shallow salting table.
The results proved that the rate of saline table evaporation
increased by 10%. In another attempt, Tamimi &
Rawajfeh (2007) modeled the thermal performance of
solar evaporation basins loaded with the Dead Sea water.
The model demonstrated that the efficiency of a solar
evaporator is limited by the optical absorption capacity
of saline water as the upper limit. Zeng et al. (2011)
develop ed a strategy for improving solar evaporation
using magnetic particles absorbing floating light. In their
survey, evaporation was improved by a factor of 2.3 in
solar evaporation of 3.5% water. Diaz, Stewart, &
Brownson (2012) provide an analysis using concentrated
solar thermal energy systems to assess the increased
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efficiency of sea salt production in southern Spain. The
conclude that the improved system could evaporate water
six to ten times faster than the natural evaporation pro-
cess. More recently, Horri, Nan, Chen, & Wang (2014)
modeled the floating solar evaporation process assisted
by light absorbing materials. The model shows that the
evaporation rate can be improved by approximate factors
of 2.3, 2 and 1.8 when using 0.045, 0.023, and 0.015 g of
light absorbing material, respectively.

The objective of the present study is to optimize the
crystallization process at the lake Merouane unit (Na-
tional company) in El Meghaier, in order to adjust the
quantitative and qualitative plan according to the needs
of the market. It is based on the acceleration of evapora-
tion speed using solar energy harnessed in the installation
of planar mirrors which is designed to capture the solar
radiation and reflect it towards the surface of the brine
(Bounouala, Remli, & Talhi, 2015).

2. GEOGRAPHICAL SITUATION AND HYDRO-
GEOLOGY OF THE CHOTT MEROUANE

Chott Melghair (34° 15'N, 06° 17'E) and Chott
Merouane (34 10.63'N, 6° 17.32'E) are the largest salt
lakes in Algeria. These Chotts are located in the nor-
theast of the northern Sahara and are part of the Melghair
Chott basin in south-eastern Algeria covering large area
of 551500 ha to 337700 ha. The altitude of these Chotts
is considered to be the lowest in northern Africa, and in
some places is 31 m below sea level. The Melgair
Merouane Chotts constitute a vast strip that extends from
southern Tunisia to the Atlas Mountain in northern Alge-
ria (Mahowald, Bryant, del Corral, & Steinberger, 2003).

Evaporation of the Chotts, especially during the dry
season, gives rise to salt crystals composed mainly of
sodium chloride, from 0 to 10 cm big, which makes the
zone an important source of salt mineral. Other minerals
identified on the surface of the Chotts include gypsum,
calcite, and clays (Hacini, Kherici, & Oelkers, 2008).

Due to the combined effect of evaporation and in-
coming water, the Merouane Chott experiences annual
cycles of lake filling and complete evaporation. It is fed
by three main water sources, namely the Oued Righ
Canal, which also drains local urban water, groundwater
from the terminal complex aquifer and precipitation
(Fig. 1) (Hacini, Kherici, & Oelkers, 2008).
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Figure 1. Supply source of Chott Merouane (Ballais, 2010)
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The 150 km long canal drains the waters up to Chott
Merouane. The total amount of water drained through
the Oued Righ Canal was estimated at 131.5x10° m? in
1994 (Hacini, Kherici, & Oelkers, 2008). It is fed,
according to Ballais (2010), by collector water from
baths and oases.

The annual share of the groundwater supplying Chott
Merouane was estimated at 62x10°m? (Unesco, 1972).
While the contribution of precipitation, according to
Hacini, Kherici, & Oelkers (2008), to the water supply of
the Chott was estimated by the meteorological station of
Touggourt at 4.9x10° m®.

3. MATERIALS AND METHODS

3.1. Studies of Chott Merouane climatic parameters

Through a series of observations of the climatic
parameters of Chott Merouane (1975 —2010), we can
establish the following patterns of natural physiochemi-
cal conditions impact (Fig. 2):

—average monthly evaporation (Fig.2a) occurs ac-
cording to a simple pattern, showing decrease towards
the winter season and increase approaching the summer
season; this fluctuation of evaporation is governed by the
temperature variation (Enasel, 2011);

— average monthly precipitation (Fig. 2b) shows that
January is the most watered month with 19.14 mm and
July is the driest month with 0.87 mm;

—average monthly temperature (Fig. 2c) shows that
July is the hottest month, with recorded 33.50°C, and
January is the coldest month with average temperature of
10.30°C. The influence of temperature on the brine
chemical quality is felt during the summer period, when
we observed concentration of elements resulting from
evaporation;

—wind speed (Fig. 2d) is stable at about 3 m/s, except
for two months (March, July), when it increased from
3.31t04.13 m/s;

—the humidity of the air (marked by two distinct
periods — Figure 2e). Thus, the period from October to
February is relatively humid, with more than 50%
humidity, growing from 51.69% to a maximum of
65.85% in December. The period from March to Sep-
tember is dry, with humidity decreasing to a minimum
of 34% in August;

— the duration of insolation (the region receives a very
high amount of sunlight during all months of the year
(Fig. 2f), with a maximum of about 358 hours in July and
a minimum of 229 hours in January (Enasel, 2011).

3.2. The solar radiation of El Oued region

El Oued region is characterized by a high level of so-
lar potential. As shown in Figure 3, this region receives
an average amount of annual solar radiation at
4.85 kWh/m? with a total insolation period of 3900 h/year.

It can be seen that in winter the region obtains less
solar energy with the average daily solar radiation va-
rying between 3.17 and 3.77 kW h/m?. Solar energy
amount becomes very high between April and Septem-
ber, when the average daily solar radiation varies from
493 to 7.54kWh/m> (Hadj Ammar, Benhaouaet, &
Balghouthi, 2015).
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Figure 2. Observations of Chott Merouane climatic parameters (1975 —2010): (a) evaporation; (b) precipitation of water;
(c) temperature; (d) wind speed; (e) air humidity; (f) duration of insolation
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Figure 3. Solar radiation throughout the year 2015 in EI
Oued region
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3.3. Experimentation

In the present study, the test was conducted during
December and January of 2016 —2017.This period
represents the first filling of the Chott by the brine. The
test started on 12.12.2016 and lasted to 01.02.2017.
The five plastic pans under observation (Fig. 4) were
buried in the ground to avoid heating of their external
walls by solar radiation.

They were installed near the Chott Merouane and
filled by brine with a thickness of 120 mm each. Two
pans P1 and P2 were equipped with flat simple mirrors
(31.49% of the brine surface for SM and 77% of the
brine surface for GM1), while the third was a control
pan PO, with installed mirrors capturing the sun rays
and reflecting them towards the surface of the brine.
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Figure 4. Photograph of the experimental brine pans on
Chott Merouane-El Oued

From 09:00 in the morning until 16:00 in the evening,
the mirrors followed the movement of the sun by manual
adjustment of their angles to the sun position (azimuth
and elevation) Figure 5.

During the test period, we conducted daily measure-
ments of wind speed, humidity and especially evapora-
tion in mm, which was done using the ruler fixed in the
wall of each pan (Evaporation =the thickness of the
brine yesterday — the thickness of today’s brine).
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Figure 5. Projection of solar radiation towards the pan

In this work, we present the results for the control pan
PO, and those with large and small mirrors — P1 and P2.
The other results for B3 and B4 pans will be studied later
(Table 1).

Table 1. Pans equipment

With With With With black
Brine Pan la-rge srpall black body +
mirror mirror body large mirror
GM1 SM BB1 BB2 + GM2
PO (Control)

Pl

P2

P3

P4

Measurement equipment: densimeter, hygrometer,
rain gauge, anemometer, thermometer. Sizing of the used
equipment is shown in Table 2.

Table 2. Sizing of the equipment used

Designation Dimension, m Area, m?
PO, P1, P2, P3, P4 0.55-0.34 0.1870
SM 0.31:0.19 0.0589
GM1, GM2 0.48-0.30 0.1440
BB1, BB2 0.46:0.26 0.1190
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Chemical analysis of the brine taken from Chott
Merouane showed that the concentration of the halite is
important when it reaches 313.304 g/1 (Table 3).

Table 3. Brine chemical analysis

Place of Density Ca*> Mg™ Sos2 HCO;~ ClI° NaCl”
sampling (B&) (g/) (¢/) (/) (g) (g (gD

Chott 23.6 1.252 8.36 18.727 7.625 190.812313.304
Merouane

4. RESULTS AND DISCUSSION

Daily monitoring of the test yielded the results
presented in Table 4. The thickness curves of the brine
and crystallized salt in the mirror pans suggest that
there is a relatively small difference between them, with
respect to the difference in the surfaces between the
mirrors Figure 6.
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Figure 6. Layer thickness curves (salt + brine) of P0, P1 and P2

The spacing of these curves in comparison with the
brine and crystallized salt curve of the control pan
increases with time until the final crystallization of
salt (formation of a crystallized layer 40 mm thick).
We also observed an increase in thicknesses of 2 mm
during the day 11.01.2017 caused by precipitation of
rain (2.5 mm).

From the measurements taken during the test, the
average wind speed is 1.13 m/s and the average humidi-
ty is 36%. The excess temperature generated by the
reflection of the solar rays thanks to the plane mirrors
directed towards the brine surface in the two pans ap-
peared in the curves (Fig. 7) due to the increase in the
evaporation rate of about 1 mm/day compared to that of
the control pan.

The amount of water in the brine of P1 and P2 is suf-
ficient to stop evaporation on 21.01.2017 and
23.01.2017, on the other hand, evaporation in the control
pan PO continues until 01.02.2017.

Thus, formation of a crystallized salt layer suitable for
harvesting with a thickness of 40 mm in each pan took
52 days for PO and 41, 43 days for P1, P2 respectively.
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Table 4. Daily monitoring of the layer thickness (brine +
evaporation, precipitation and

crystallized salt),

meteorological observation
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Figure 7. Evaporation curves for brines in P0, P1 and P2

Therefore, we received a gain of 9 days thanks to the
SM, and 11 days thanks to the GM1, hence a rate of the
crystallization process optimization was about 17% for
the P2 and 21% for the P1.

During this test, we conducted hourly monitoring of
the air and brine temperatures from 09:00 to 16:00 on
28.12.2016. The results are shown in Table 5.

Table 5. Hourly monitoring of brines and air temperatures

Air  Tempera- Tempera- Tempera- Meteorolo-
Time tempera- ture of PO, ture of P1, ture of P2, gical obser-

ture, °C °C °C °C vation
9:00 25.5 11.5 11.5 11.5 Clear sky
10:00 31.0 12.0 13.5 13.0 Clear sky
11:00 32.5 17.0 18.0 17.0 Cloudy
12:00 335 17.5 19.5 18.5 Clear sky
13:00 35.5 18.5 20.0 19.5 Clear sky

14:00 335 19.0 21.0 21.0 Clear sky
15:00 32.0 19.5 21.0 21.0 Clear sky
16:00  28.5 19.0 20.0 20.5 Clear sky

The curves of the brine temperatures in P1, P2 in
comparison with the brine in PO (Fig. 8) suggest that
there is a gap symmetrically from 1 to 3 C° caused by the
influence of the solar rays reflection thanks to the plane
mirror. Their increase is based on the elevation of the air
temperature curve.
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Figure 8. Temperature curves for brines and air
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4.1. Chemical analysis of crystallized salt

The crystallized salt samples obtained from the test
pans were analyzed at the laboratory of unit SME and
recorded in the following summary Table 6. It is found
that almost all chemical analyzes of salt in the pans are
identical where the halite content is between 95.80% and
95.97%. So it can be said that solar radiation has no in-
fluence on the quality of the salt.

Table 6. Chemical analysis of crystallized salt in PO, P1 and P2

. . Chemical Analysis Results %
Designation
Formula P2 P1 PO

Insoluble residue RI 0.4850 0.4956  0.385
Calcium Ca®? 0.0754 0.0674 0.07000
Magnesium Mg* 0.7941 0.8306 0.7800
Sulphate SOs2  0.4820 0.5226 0.4800
Carbonate COs 0.0000  0.0000 0.0000
Bicarbonate HCOs;  0.0000 0.0000 0.0000
Calcium Sulfate CaSOs  0.2560 0.2288 0.2377
Magnesium sulphate MgSOs  0.6310  0.706  0.6488
Sodium sulphate NaSOs+  0.0000 0.0000 0.0000
Calcium Chloride CaCL2  0.0000 0.0000 0.0000
Magnesium chloride MgCL2  0.8204 0.9041 0.7543
Sodium chloride NaCL  95.8075 95.6655 95.9783
5. CONCLUSIONS

With low humidity and favorable wind speed, the test
conducted on Chott Merouane suggests that there is an
influence of excess temperature generated by the concen-
tration of solar rays on the surface of brine in the pans,
accelerated evaporation rate due to the reduced length of
exposure compared to the control pan. Then, optimiza-
tion of salt crystallization by solar energy comprises:

—17%, if the mirror surface represents 31.49% of the
brine surface in the pan;

—21%, if the mirror surface represents 77% of the
brine surface in the pan.

This optimization was carried out during December
and January. It means that in winter, the coldest season in
Algeria, the sky at times is covered with clouds which
hinders the performance of mirrors in comparison with
the spring and summer seasons.
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OINTHUMI3ALIS IPOLECY KPUCTAJI3ALIL COJII 3A PAXYHOK
COHSTYHOI EHEPTIi 13 BAKOPUCTAHHSIM BIIBUBAIOYUX J3EPKAJI
(HA TIPUKJIAJII LIOTT-MEPYAH, EJIb-KYEJ], TIBAEHHO-CXITHU AJIXKAP)

C. Pemini, M. boyHoyana, 1. Poyaiiryiia, A. bencenxy6

MeTta. Ontumizailiss yMOB 300py IIapy KPUCTaIi30BaHOI COMi HA COJIOHYaKax o3ep MepyaH 1 Menbrup y miBIecHHO-
CXiZTHOMY AJDKHMpI Ha OCHOBI NMPUCKOPEHHsI MPOIECiB 1I BUIIAPOBYBAaHHS i KpHcTalli3alii i3 BUKOPUCTAHHSM CHCTEMH
IUIOCKUX A3€pKall, BiTOMBAIOYMX COHSYHY Pajiallilo Ha IOBEPXHIO, 110 BUIIAPOBYETHCS.

Metoauka. [y JOCSATHEHHS MMOCTABJICHOT METH OyJI0 BHKOHAHO MOHITOPHHT 3MiH KIIIMATHYHUX Tapamerpis 3 1975
o 2010 poxu. Po3po0iieHo tociiHy ycTaHOBKY 1o0imn3y o3epa MepyaH, 10 CKJIIa€ThCs 3 YaHiB, 3aIlIOBHEHUX PO3CO-
JIOM TOBIIMHOIO 120 MM KOXEH, PO3MIMIEHNX Yy 3eMJIi Ta OCHAICHUX IUIOCKUMHU MPOCTUMH JI3€PKATaMH 1 J3epKaIaMH,
0 3aXOIUTIOIOTH COHAYHI MMPOMeEHi i BiIOMBArOTH iX A0 MOBEpXHi po3cony. BumpoOyBaHHS TpOBOIIIIUCS B Tepiof 3
12.12.2016 mo 1.02.2017. 3 09:00 parky mo 16:00 Bedopa A3epkaia pyxallich 3a COHIIEM 3a JOIIOMOTO PETYIIFOBaHHS
KYTiB 10 TIOJIO>KEHHS COHIA (a3uMyT i Bucota). llogHs peecTpyBanacs MIBHAKICTH BITPY, BOJIOTICTh 1 OCOOIMBO BHUIIA-
POBYBaHHS, 10 0YJI0 3p0OJIECHO 3 BUKOPUCTAHHAM JIHIMKY, 3aKPIMJICHO] Y CTIHIII KOKHOTO YaHYy.

PesyabTaTH. BeTaHOBIIEHO, 110 U1 YTBOPEHHS KPHCTAII30BAaHOTO COBOBOTO MIApy 3aBTOBIIKH 40 MM, IO MiIXo0-
IUTh JUIs 300py, B 4aHax P1 i P2, ocHameHnx miockumu npoctumu azepkanamu (SM), nmorpioHo 52 fui, a B yaHax 3
n3epkanamu PO, 1110 3aXOIUTIOIOTH COHSYHI IPOMEHI i BiIOMBAIOTH iX 10 nmoBepxHi po3cony (GM1) — 41 i 43 nus Biamo-
BigHO. [IpupicT y 9 nHiB oTpumanwmii 3aBisiku BukopuctanHio SM i 11 quiB — GM1, a mwBHIKICTh onTUMI3aLil poLecy
KpucTtanizamii ckiana 17%, Ko moBepxHs a3epkana ctaHoBUTH 31.49% moBepxHi po3cony B 4aHi (P2) i 21%, skimo
TIOBEPXHS J[3epKaja CTaHOBUTH 77% moBepxHi po3coiny B yaHi (P2). BusnaueHo, mo mMaibke BCl XIMI4HI aHATI3H cOJli B
YaHax iICHTUYHI, BMICT rajiTy ctaHoBUTh 95.80 — 95.97%, ToOTO COHsYHA pajiallis He BIUIMBAE HA SKIiCTh COJIL.

HaykoBa HoBHu3Ha. J[oBeeHO, IO MPOIleC BUIIAPOBYBAHHS Ta KPHUCTAII3aIlil COJIi 3aJIe)KaTh Bil po3Mipy HOBEpXHi
BiIOMBArOUOTO J3epKaa, 0 JO3BOJIE OTPHMATH IIap M’ AKOI COJi, JISTKOBUIOOYBHOI ¥ 3UMOBHI ITEPio.

IpakTHyHa 3HaYNMicTh. BUKkopucTaHHS Q3epKal, M0 BiIOMBAIOTh COHAYHY padialilo B coie30ipHAX YaHaX ycTa-
HOBKH Ha COJIOHYaKax o3ep MepyaH i Menbrip, moKparye KiIbKiCHI, SIKICHI Ta €KOHOMI4HI TOKa3HUKH, a TAKOX JT03BO-
JISi€ 3BECTHU JI0 MiHIMYMY 3a/isIHiI CUTBCBKOTOCIIOIAPCHKI TEPUTOPIi.

Knwuoei cnosa: Env-Kyeo, ozepo Mepyan, consiuna enepeis, onmumizayis, 6Uunapo8ysanus, KpUcmanizayis coni

OIITUMU3ALNUA ITPOHECCA KPUCTAJIVIM3AIIUN COJIA 3A CHET
COJIHEYHOM SHEPI'MM C UCITIOJIb30BAHUEM OTPAXKAIOIIUX 3EPKAJI
(HA IPUMEPE HIOTT-MEPYAH, 3JIb-KY3/I, FOT O-BOCTOYHBII AJIXKAP)

C. Pemun, M. boynoyamna, 1. Poyaiiryiia, A. beacenxy0o

Heab. Ontumuzanus yciaoBHid cOopa Ciiosi KpUCTAIM30BAaHHOW COJIM Ha coJloHYakax o3ep MepyaH u Menbrup B
IOr0-BOCTOYHOM AJDKHMpe Ha OCHOBE YCKOPEHHS IPOIIECCOB €€ MUCIMAPEHHs M KPUCTAJUIM3ALUHU C UCIOJIb30BAHUEM CHU-
CTEMBI IJIOCKUX 3€PKaJl, OTPAXKAIOMUX COTHEUHYIO PaJHALUIO HA UCHIAPSIOIIYIOCS TIOBEPXHOCTD.

Metoauka. {11 JOCTM)KEHHS TIOCTABIEHHOM €N ObUT BBIIIOJIHEH MOHUTOPHHT 32 M3MEHEHUSIMH KIMMaTHYECKUX
napametpoB ¢ 1975 mo 2010 roaer. CMoHTHpOBaHa OIBITHAsE ycTaHoBKa BOsm3u Chott Merouane, cocrosimast U3 4aHOB,
3a0JHEHHBIX PAcCOJIOM TOJIMHON 120 MM Ka)KIblid, pa3MELIEHHBIX B 36MJIE, OCHALLEHHBIX MIIOCKUMH IPOCTBIMU 3€p-
KaJaMH W 3epKajlaMH, 3aXBaThIBAIOLIMMHU COJHEYHBIC JY4YH M OTPAKAIOIIMMHU MX K IOBEPXHOCTH paccoia. VcrblTaHue
poBOAMIOCH B mepuox ¢ 12.12.2016 mo 1.02.2017. C 09:00 ytpa mo 16:00 Bedepa 3epkaja CleZOBANN 3a ABIKCHHEM
COJIHIIA C TIOMOILBIO PErYJIUPOBKH YITIOB K IOJIOKEHHUIO COJIHIA (a3UMYT M BBICOTA). EXXEIHEBHO pPEerncTpHpOBanach
CKOPOCTB BETpa, BIAXKHOCTb U OCOOEHHO MCIAapeHHe, YTO ObLIO CAETAaHO C UCIOIb30BAaHUEM JIMHEHKH, 3aKPETIICHHON B
CTEHKE KaX/10TO YaHa.

Pe3yabTaThl. YcTaHOBIEHO, YTO AJIs1 00pa30BaHMs KPHCTAUIM30BAHHOTO COJIEBOTO CJIOS TOJIIUHOM 40 MM, 1OJX0-
JsIero it coopa, B wanax P1 u P2, ocHaleHHBIX MJIOCKAMH IPOCTHIMU 3epkasiamu (SM), motpeboBasioch 52 aHs, a B
yaHax ¢ 3epkanamu PO, 3aXBaThIBaIOIIMMH COJHEYHBIE JIyYd M OTPAKAIOLIMMHU UX K MOBEpXHOCTH paccona (GM1) — 41
n 43 nHs coorBercTBeHHO. [IpupocT B 9 nHei nomyven 6maronapst ucnonb3oBanuto SM u 11 gueit — GMI, a ckopocts
ONTUMU3AIMU TIPOIecca KPUCTAIUIM3AIUK cocTaBmia 17%, eciii MOBEPXHOCTh 3epKaya mpencTtaBisieT coboi 31.49%
noBepxHocTH paccona B yaHe (P2) u 21%, eciim moBepXHOCTH 3epKajia COCTaBiIAeT 77% MOBEPXHOCTH paccolia B YaHe
(P2). Onpeneneno, 4ro moYTH BCe XMMHUYECKHE aHAIM3BI COJM B YaHaX MACHTHYHBI, COJACP)KAaHUE TAINTA COCTABISET
95.80 — 95.97%, TO ecTh, UTO YTO COHEUHAS PaaHanys He BIHSIECT Ha KAYeCTBO COIIH.

Hayunas HoBH3HA. [l0Ka3aHO, YTO MIPOLIECC UCTIAPEHHS U KPUCTAJUIN3AIMN COJIM 3aBUCHUT OT pa3Mepa MOBEPXHOCTH
OTPaKaIoOIIETo 3epKajia, YTO MO3BOJISET MOTYYUTh CIOM MATKOW COJH, JISTKOJOOBIBAEMBIi B 3UMHUI TEPHOI.

IIpakTHyeckass 3HAYNMOCTb. VICTIONB30BaHNE 3€pKall, OTPAKAIOIINX COJTHEYHYIO PaJHallfio B CONECOOPHBIX Ha-
HaX yCTAHOBKM Ha COJIOHYakax o3ep MepyaH u Memnbrup, yiay4iaeT KOJIMYECTBEHHbIE, KAaUeCTBEHHbIE U 3KOHOMUYE-
CKHe MOKa3aTelH, a TaKkKe T03BONIAET CBECTH K MUHUMYMY 33/1€1ICTBOBaHHBIE CEIbCKOXO035IICTBEHHBIE TEPPUTOPHU.

Knrwoueswie cnosa: Inv-Kys0, 0zepo Mepyan, conneunas suepaust, OnmuMu3ayus, ucCnapenue, KpUcmauiuzayus couu
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