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EXPERIMENTATION OF AN EVAPORATION-CRYSTALLIZATION
PROCESS OF SOLAR SALT FROM MEROUANE CHOTT
(SOUTH-EAST ALGERIA)

Purpose. To optimize the phenomenon of salt crystallization at Merouane Chott (Algeria) by solar energy using

mirror reflection of solar radiation.

Methodology. In this work, experimental studies were carried using test facilities for evaporating brine equipped
with a mirror and installed near the Merouane Chott. The test results were compared to the data obtained while ap-

plying the same facilities, yet without a mirror.

Findings. According to the test results obtained using test facilities with a mirror, the evaporation rate and the
crystallization thickness of the salt are very significant compared to the control pan, probably due to the surface of the
reflecting mirror; the time of crystallization of the brine by solar energy is proportional to the dimensioning of the

mirrors.

Originality. The study site of the Merouane Chott is located in the region of El Oued (South East of Algeria) which
is characterized by an intense solar flux. To benefit from this renewable energy source, a flat mirror was installed to
accelerate the salt crystallization process and optimize the residence time of salt brine by natural evaporation.

Practical value. The optimization of the salt crystallization process by solar energy with the use of plane mirrors
installed on the salt pans and the presence of a favorable organic environment present sources of sustainable develop-
ment assets of the salt industry based on its evaporation driven by solar energy, as well as the development of a region

rich in fauna, flora and geo-tourism.
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Introduction. Sodium chloride (NaCl) or salt, as it is
generally called, occurs in nature either in solid or liquid
forms: rock salt and brine. Salt is also found in seawater.
Rock salt is extracted from the deposits with classical
mining methods by rock cutting either mechanically or
by blasting. Spoils are delivered to the processing plant
to be subjected to mechanical processing (crushing,
sieving, dedusting and others), followed by enrichment,
depending on the mineral’s designation (e.g. table salt
with potassium iodide, road salt with anti-caking
agents). Brine is collected either from the places of its
natural occurrence or after it is generated by the rock-
mass leaching process. Evaporated salt is obtained
through brine evaporation. Evaporated salt can be en-
riched similarly to rock salt. In the case of seawater, salt
extraction relies on natural evaporation. The process
takes place in special ponds, or salt pans, where seawater
is subjected to sunlight. In high temperature, salt crys-
tallizes with evaporation. Regardless of the salt produc-
tion method, salt can be used for the following purposes:
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- edible salt is designed for the food industry and
used as condiment for consumption (table salt);

- industrial salt is applied e.g. in power engineering,
chemical and paint industries, chemical household
products, or electrolysis processes;

- road salt is used for defrosting and winter road
maintenance [1].

Algeria has considerable salt potential thanks to very
favorable climate conditions for the production of solar
salt in chotts or lakes of the North, chotts or lakes of the
highlands and high plains and chotts or vast depressions
of the Saharan platform. These latter environments
(chott, lake and depression) in Algeria have rarely been
the subject of detailed studies [2].

The brine represents an important source of mineral
salts suitable for domestic and industrial uses. The salts
are composed of mainly halite mixed with other impuri-
ties such as carbonates, bicarbonates, and sulfates of so-
dium and potassium, respectively. Thermodynamic cal-
culations based on Pitzer’s ion interaction model indi-
cate that the lake brine is under-saturated with respect
to the major dissolved mineral salts [3].
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Solar energy is an important energy resource for salt
precipitation from lake [4]; it is one source of free energy
that is inexhaustible in supply and use. Many processes
in the mining and mineral processing industry, such as
fractional crystallization and leaching lend themselves
to solar applications.

This study aims to optimize the crystallization pro-
cess at the Merouane company to meet consumer de-
mand. To achieve these objectives, our study is conduct-
ed on a development of a plane mirror facility which will
be used, firstly, to reflect solar radiation on the surface
of brine in the salt pans and, secondly, to optimize the
crystallization process.

The Merouane Chott is characterized as being from
a hyper-arid to arid region, in which exploitation of salt
is based on solar energy. The method includes pumping
the brine from the chott. The pumped volume decreases
substantially with the evaporation; thus, it is necessary
to maintain the level of brine in salt pans. After crystal-
lization by solar energy and under effect of winds, the
harvest of crystallized layers starts from the month of
June. Salt is transported by trucks to the washing station
to eliminate harmful residues; the purified salt is stored
in camels.

Behavior analysis of hydrogeological, geochemical and
mineralogical features of Merouane Chott. Melghair
Chott (34° 15’ N, 06° 17" E) and Merouane Chott (34°
10.63' N, 6° 17.32" E) are the largest salt lakes in Algeria.
These Chotts are located in the northeast of the north-
ern Sahara and are part of the Melghair chott basin in
southeastern Algeria covering large areas of 551 500 to
337 700 ha. The altitude of these Chotts is considered
the lowest in northern Africa and in some places is 31 m
below sea level. The Melgair and Merouane chotts con-
stitute a vast strip that extends from southern Tunisia to
the Atlas Mountains in northern Algeria. The evapora-
tion of the Chott, especially during the dry season, gives
rise to salt crystals composed mainly of sodium chlo-
ride, which varies from 0 to 10 cm deep, which makes
the zone an important salt mineral. Other minerals
identified on the surface of Chott include gypsum, cal-
cite, and clays. Due to the combined effect of evapora-
tion and incoming water, the Merouane Chott experi-
ences annual cycles of lake filling and complete evapora-
tion. 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. 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
131.5 - 10° m?® during 1994. It is fed by collector water on
baths and oases. The annual share of the groundwater
supplying the Merouane Chott was estimated at
62 - 10° m3. During the contribution of precipitation, the
supply of the Chott was estimated by the meteorological
station of Touggourt to a volume of 4.9 - 106 m? [5].

Further to the water balance assessment study, the
calculation of the mass balance and mineralogical iden-
tification of Merouane Chott precipitated salts in the
geochemical cycle was performed [6]. The results ob-
tained show that the major elements (HCO3", Ca*,
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Mg*, K*, Na*, CI~, SO7) are stable and retain the same
geochemical behavior; the mass balance shows an indig-
enous enrichment salt production through the years.
During complete evaporation of brine waters of Mer-
ouane Chott an evaporation sequence of salt-bearing
minerals in geochemical cycles rush over the whole sur-
face of Chott, depending on their degree of solubility.
According to their mineralogical composition, minerals
are rushing in the following order: calcite, sulfides, an-
traticite, halite, epsomite, blodeite, bichovite and syl-
vite.

The motivation of our study is the saline systems in
Southern Tunisia such us El Jerid Chott, sabkhas El
Melah—Zarzis and Oum EI Khialate [7]. Geological,
hydrogeological and geochemical research showed that
these regions contain very significant natural brine re-
serves. In the case of Oum El Khialate, the total reserves
of mirabilite are about 16 million tons. The deposit con-
tains thenardite (NaSO,) and mirabilite (NaSO,,H,0).
In addition, the results of studying salt lake of Katwe
reveal that the raw materials contain substantial amounts
of salt, which can be commercialized to enable an opti-
mum production. The brines are highly alkaline and
rich in Na*, K*, CI", SO~, CO3~ and HCOj5. Moreover,
they contain trace amounts of Mg?*, Ca**, Br-and F~.
The lake is hydro-chemical of a carbonate type with the
brines showing an intermediate transition between Na—
Cl and Na—HCO; water types. Also, the evaporation-
crystallization is the main mechanism controlling the
lake brine chemistry. These evaporites are composed of
halite mixed with other salts such as hanksite, burkeite,
trona and others, but with a composition that varies
considerably within the same grades. The laboratory
isothermal extraction experiments indicate that various
types of economic salts such as thenardite, anhydrite,
mirabilite, burkeite, hanksite, gypsum, trona, halite,
nahcolite, soda ash, and thermonatrite exist in the brine
of Lake Katwe. In addition, the salts were found to crys-
tallize in the following sequence: sulfates, chlorides, and
carbonates [8].

The solar flux of El Oued region and the hydroclimatic
parameters. The region of El Oued is characterized by a
high level of solar potential. It has an average annual so-
lar flux of 4.85 kWh/m? with a total sunshine period of
3900 h/year. Therefore, the winter has less solar poten-
tial with average daily solar radiation varying between
3.17 and 3.77 kWh/m?. In addition, it becomes very im-
portant between April and September when the average
daily solar radiation varies from 4.93 to 7.54 kWh/m?
[9].

With a relative humidity ranging from 30 to 65 %,
wind regimes are very intermittent with speeds up to 2.5 at
4 m/s, annual rainfall of 0 to 20 mm, evaporation rate go-
ing to a minimum in the winter period of 100 mm/month
and going to a maximum of 400 mm/month in the sum-
mer period, the ambient temperatures ranging from 10
to 35 °C coupled with an insolation of 230 hours/month
to 350 hours/month, which is 3900 hours/year. With an
average annual solar flux of 4.85 kW h/m?, the place is
hot and dry unlike other equatorial climates which are
hot and humid. The chott is at an altitude of =31 m, with
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an area of 337700 km?. With a depth of mineralization
ranging from 0 to 10 cm [10].

Materials and Methods. Solar energy does not need
advanced technology for its use; it is clean rather than
polluting, available across the globe, though, obviously
with different intensity, sustainable and inexhaustible.
In this study, two (02) tests in situ were carried out near
the Merouane Chott during the months of May and
June 2015. This period was chosen due to the existence
of brine in the lake and very stable climatic conditions
with clear skies.

Equipment for measuring. Densimeter: The accuracy
of measure is £0.001 g/ml. Weather station (anemome-
ter, hygrometer, and thermometer): The accuracy of the
integrated sensor suite of the weather station for mea-
suring each climatic variable was =6 % for wind speed,
+4 % for relative humidity, and 0.5 °C for ambient tem-
perature.

Test 1: brine pan with a mirror. In situ the tests carried
out were programmed for the period from 10/05/2015 to
31/05/2015. Brine pans with size of Im*1m (a surface of
1 m? each) are used; they are made of stainless steel, the
pan bottom consists of two layers, the lower layer is in
clay and the other is against salt, its external walls of an-
ticorrosive material are covered by the timber to prevent
heating by solar radiation (Fig. 1). These test benches
are installed near the chott which is filled with brine, its
salt concentration is 400 g/l and the brine thickness in
pans is 200 mm each. The first pan has a flat mirror with
a surface of 30 cm height and 35 cm width that to say
0.12 m? (3.3 % of the pan area), the second is the witness
pan, the mirror installed captures solar radiation and is
reflected towards the surface of the brine. During the
test period, sampling measurements of air temperature
and evaporation of the brine were taken for two pans.

Test 2: brine pan expansion with mirror surface. Dur-
ing the second test in situ, measures were taken as those
of the first test but with an increase in the mirror surface
70 cm*70 that is 0.49 m? (the mirror surface represents
49 % of that of the pan). Samples and measurements are
made during the period from 25/05/2015 to 12/06/2015.

Solid-liquid equilibrium calculations. According to
thermodynamic principles [8], the solubility of a hy-
drated salt in a concentrated electrolyte solution at a
given temperature and pressure can be calculated if the

Fig. 1. Photography of two Brine pans
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solubility equilibrium constant k, of the salt is known
and if the activity coefficients of the electrolytes can be
conveniently obtained. Considering a hydrated salt
MvyXvy - voH,O(s), the equilibrium constant at the def-
inite temperature and pressure for the dissolution reac-
tion is

My Xvy - voH,0(s) = VMM + VXX + VoH,0. (1)

It can be expressed by the following relationship
InK, =V, ln(mMyM ) +Vy ln(meM ) +v,Inv, lnaHzo, 2)

where m; and y; represent the concentration (mol/kg)
and the activity coefficient of the hydrated ions in the
solution, respectively.

The activity of water is related to the osmotic coeffi-
cient ¢ by the equation

M
Inay o =0 —2 | M,
naHZO (P[ 100 JZ i (3)

where M,, is the molar mass of water with the sum that
covers all solute species. The activity coefficients, y; and
the osmotic coefficients, ¢ can be calculated using
Pitzer’s ion-interaction model (Pitzer, 1973; Harvie et
al., 1984). Hence, the solubility of any mineral of inter-
est can be determined.

Results and discussion. The influence of temperature
during the month of May, generated by the reflection of
solar rays on the plane mirror onto the surface of the brine
in the pan witch has the daily average of the evaporated
water 8.888 mm +2.541, shows an increase in the evapo-
ration rate of 1.61 mm compared with the witness pan,
which also has the daily average of the evaporated water
7.272 mm +3.149. A similarity between the curves in the
period from 15/05/2015 until 17/05/2015 is probably due
to the cloudy weather (hidden solar radiation). The
amount of water in the brine of the pan with a mirror fin-
ishes its evaporation on 27/05/2015; on the contrary, the
witness pan continues its evaporation until 31/05/2015.

Formation of a layer of crystallized salt prepared to
harvest took about 21 days from 10/05/2015 to
31/06/2015 for brine directly exposed to solar radiation
(the witness pan) and 18 days for the brine exposed to
rays reflected by the plane mirror resulting in a profit of
4 days, a rate of crystallization optimization process
22 %. The test results are shown in curves (Fig. 2).

Measurements of the second test are performed in
the same way as in the first test except for the fact that in
this test the surface of the plane mirror is 4 times larger
than the surface of the mirror in the first test. This geo-
metric enlargement of the mirror reveals significant re-
sults of one part by an evaporation difference of 3.41 mm
(Fig. 3) between the evaporation curve of the pan with a
mirror, which has the daily average 12.307 mm +3.544
of the evaporated water, and that of the witness pan,
witch also has the daily average 8.888 mm +2.517 of the
evaporated water; on the other hand, the time of the fi-
nal crystallization of salt took 19 days (25/05/2015 to
10/06/2015) as the total duration of the test; 5 days
gained makes an optimization of rate by 38 %. The low-
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Fig. 3. Effect of the evaporation period (25 May to 10 June, 2015) on the crystallization of the brine by solar energy

Table 1
The hourly monitoring of brine and air temperatures, humidity, and wind speed and meteorological observation
(houn | ofthe panwith mitron °C | of the witnewspan.C | e | Humidity, % | Wind, mys | MG RE
7:00 20 20 30 30 6 Clear sky
8:00 23 22 30 41 4 Clear sky
9:00 27 24 33 42 2 Clear sky
10: 00 30 27 37 29 5 Clear sky
11:00 32 29 38 31 1 Clear sky
12:00 33 31 40 30 2 Clear sky
13:00 34 32 43 32 3 Clear sky
14 : 00 36 34 42 33 2 Clear sky
15:00 36 34 42 30 2 Clear sky
16: 00 36 34 42 29 2 Clear sky
17 : 00 35 33 41 32 7 Clear sky
18:00 33 31 40 29 4 Clear sky
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er curves for the two tests to the lowest values of 2 to
1 mm is due to the evaporation rate which regresses as it
approaches the final crystallization of the salt [7]. Ac-
cording to the study, the average evaporation flux from
the traditional system [4] is about 0.02 kg/m>-hr while
that of the enhanced system is about 1.68 kg/m?-hr, cor-
responding to a brine temperature increment from 30 to
50 °C. The results show that the evaporation of the brine
is increased with the implementation of parabolic solar
concentrator as compared to the natural process. The
increment in the evaporation flux implies a decrease in
the number of days for the crystallization process thus
improving the productivity.

In the second test, during the day of 29/05/2015, we
conducted measurements of meteorological parameters

every hour from 07 : 00 am to 18 : 00 pm; the results are
shown in Table 1. With a maximum humidity of 42 %
and an average wind speed of 3.33 m/s (Fig. 4), it turns
out that this day represents a favorable climate for evap-
oration. Temperatures of the brine pan with a mirror
and that of the witness pan reveal a gap with an average
of 2 °C, this increase is caused by the influence of the
solar radiation that the flat mirror reflects towards the
surface of brine, this elevation is according to an in-
crease in the air temperature.

Conclusion. Near the Merouane Chott, preliminary
tests are carried out in May and June on brine pans with
and without a mirror (witness pan) and show promising
results in time of crystallization of the brine by solar en-
ergy. The geochemical evolution of evaporating chott
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Fig. 4. Effect of climate conditions (temperature, wind speed and air humidity) on the crystallization of brine by solar

energy
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systems is directly related to the climatological parame-
ters, especially the evaporation, relative humidity, air
temperature and wind speed.

The ENASEL Company has eleven salt pans of
250 m width and 275 m in length or an area of 68 750 m?
each, the mirror surface used in the second test is 49 %
of the pan surface. To apply the idea of this work, to ac-
celerate the crystallization process in situ, it is, there-
fore, necessary to develop a system of plane mirrors re-
flecting solar radiation to a total area of 30.937 m?, which
is difficult to achieve on an industrial scale. For this rea-
son, research studies will be done later always based on
the optimization of the crystallization process of the salt
by the solar energy in order to achieve the realization on
the ground.

The variations of chemical elements in the brine dur-
ing the lifetime of Merouane chott are fairly good due to
a salt quality; however, thanks to the mirror reflection
during the selected months of the solar radiation to-
wards the evaporating surface of brine in the salting table
rich in Halite and low in undesirable salts especially the
Mg, we were able to obtain a good quality of salt. Also,
it gave us an early crystallization of the layer of salt; on
the one hand, the latter represents a favorable climate
for the harvest (a layer of soft salt for the harvesters); on
the other hand, there is a possibility to multiply produc-
tion by a different operation (from pumping to harves-
ting).

References.
1. Andrusikiewicz, W. and Tora, B., 2016, Recycling of
Rock-Salt Dust and Brine after Rock Salt Production,
Inzynieria Mineralna. Journal of the Polish Mineral En-
gineering Society, January-June, pp. 135—142.
2. Haddane, A., Hacini, M. and Bellaoueur, A., 2015.
Hydrochimie et facies geochimiques des saumures du
chott baghdad (sud algerien). In: Troisieme Colloque In-
ternational sur La Géologie du Sahara Ressources mi-
nérales, Energétiques, hydrocarbures et eaux Ouargla,
09—10 Décembre 2015, pp. 81—85. Available at:
<https://dspace.univouargla.dz/jspui/bitstream/
123456789/12542/1/HADDANE-ABDENNOUR.
pdf> [Accessed 10 October 2017].
3. Kasedde, H., Kirabira, J. B., Babler, M. U., Tillian-
der, A. and Jonsson, S., 2014, Characterization of brines
and evaporites of Lake Katwe, Uganda. Journal of Afri-
can Earth Sciences, 91, pp. 55—65.
4. Kasedde, H., Lwanyaga, J.D., Kirabira, J.B. and
Bébler, M. U., 2015. Optimization of solar energy for
salt extraction from lake Katwe, Uganda. Global NEST
Journal, 16(6), pp. 1152—1160.
5. Demnati, F., 2013. Biodiversité et Enjeux Socio-
économiques des lacs salés (Chotts et Sebkhas)
d’Algérie. Cas du Chott Merouane et Melghir. Universite
Mohamed Khider-Biskra. Available at: <http://thesis.
univ-biskra.dz/51/1/agro_dl.pdf> [Accessed 17 Octo-
ber 2017].
6. Kadri, M. M., Hacini, M. and Saker, L., 2013. Com-
parative geochemistry study in two geochemistry cycle
in the wasteland area (example of Chott Merouane). Int.
J. Environment & Water, 2(2), pp. 32—37.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6

7. Nasri, N., Bouhli, R., Saaltink, M.W. and Gama-
zo, P., 2015. Modeling the hydrogeochemical evolution
of brine in saline systems: case study of the Sebkha of
Oum EI Khialate in South East Tunisia. Applied Geo-
chemistry, 55, pp. 160—169.

8. Kasedde, H., 2016. Towards the Improvement of Salt
Extraction from Lake Katwe Raw Materials in Uganda.
KTH, Royal Institute of Technology.

9. Hadj Ammar, M.A., Benhaoua, B. and Balgh-
outhi, M., 2015. Simulation of tubular adsorber for ad-
sorption refrigeration system powered by solar energy in
sub-Sahara region of Algeria. Energy Conversion and
Management, 106, pp. 31—40.

10. ENASEL, 2014. Rapport inédit, Entreprise
d’Exploitation du sel, plan d’exploitation et production
du sel. Chott Merouane El- Oued, Ministére de L’Energie
et des Mines, Algérie.

ExcnepumeHTalibhe JOCHIKEHHS npouecy
BUNAPOBYBaHHA-KpucTadizanii coui i3 Ilorr
Mepyan (IliBnenno-Cxinuuii Akup)
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Meta. OnTuMi3yBaTH sIBUILIE KpUCTali3allii cojiei y
[otT MepyaH (AJKUp) COHSTYHOIO EHEprielo 3a N0Io-
MOTOI0 J3epKaJbHOrO BiTOMBAHHSI COHSIYHOI pafialtii.

Metoauka. Y naHiit podoTi Oy MpoBeAeHi eKcIie-
PUMEHTAJIbHI TOCTIIKEeHHS 3 BUKOPUCTAHHSIM BUIIPO-
OyBaJIbHMX YCTAHOBOK IS BUITAPOBYBAHHS PO3COJY
COJIi, OCHAIIICHNX I3¢PKAJIOM i BCTAHOBJICHUX HeJae-
ko Bin Illort MepyaH. Pe3yabraTu TecTyBaHHS HOPiB-
HIOBAJIMCS 3 JAHUMU, OTPUMaHUMM TTpYU BUKOPUCTaHHI
TaKMX CaMUX YCTAaHOBOK, ajie 0e3 n3epkaJa.

Pe3ynbTaTu. 3rigHO 3 pe3yabTaTaMu TeCTYBaHHS,
OTPUMAaHUM 3a JOMOMOIOI0 BUMTPOOYBAIBHUX YCTaHO-
BOK i3 JI3¢pKajioM, IIBUIKICTh BUIAPOBYBAHHSI i1 TOB-
IIMHA I1apy KPUCTai30BaHOI COJIi 3HAYHi B TOPiBHSIH-
Hi 3 KOHTPOJIbHOIO EMHICTIO, IMOBIpHO, 3aBASIKU T10-
BEPXHi A3epKaia, 1110 BiadUBa€; yac KpucTanizalii po3-
COJy 32 PaxyHOK COHSIYHOI €Hepril MpomnopLiliHUiA
po3MipaM I3epKail.

HaykoBa noBusna. [ocnigHuibkuii ueHtp Llotr
MepyaH po3sramosanuii B oonacti Enp Yen (ITiBoeH-
HO-CXigHMiT AJDKUp), 10 XapaKTepU3yeETbCS iHTEH-
CUBHUM TTOTOKOM COHsTUHOI eHeprii. [1{o6 Bukopucro-
ByBaTW TIIepeBaru AaHOIO Jkepeja MOHOBIIOBAHOI
eHeprii, 0yJIo BCTAaHOBJIEHO IIacKe A3epKaJjo, 10 Mpu-
CKOPIOE Mpoliec KpUcTajizallii coli Ta ONTUMI3y€e yac
BHUIIaPOBYBaHHSI PO3YMHY COJIi TPUPOTHUM IIUISIXOM.

IIpakTyna 3HaumMmicTh. OrnTMMI3Zallisg Tpolecy
KpUCTasi3allii coJli 3a paXyHOK COHSI'YHOI €Heprii i3 3a-
CTOCYBaHHSIM IUTACKUX I3¢pKaJl, BCTAHOBJICHUX Ha CO-
JILOBUX MiAA0HAX, i HASBHICTh CIIPUSTIMBOIO OpTaHiu-
HOTO CepeoBUINA SBISIOTh COOO0I0 IKepesa CTIMKOTo
€KO0JIOT00e3MeYHOr0 PO3BUTKY MPOMUCIOBOCTI OTPHU-
MaHHSI COJIi, 3aCHOBaHOI Ha BUIIAPOBYBAaHHI ii Mig COH-
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IIeM, a TaKOXX PO3BUTOK pErioHy 3 Oaratoio ¢ayHOIo,
(1oporo Ta reoTypuzMoMm.

Kmouosi cinoBa: Arxcup, Illomm Mepyan, kpucmani-
3auis, eKcnepumMeHmansri 0ocaioxicents, 03epKano, cinb,
COHAYHA eHepaisl

DKcnepuMeHTA/IbHOE MCCJIeIoBaHue Mpolecca
ucnapeHus-kpuctamzanuua coam u3 Ilorr
Mepyan (IOro-BocTounblii Akup)
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Heab. ONTUMU3MPOBATH SIBJICHUE KPUCTAUIM3AIIUKU
coneit B lllorT MepyaH (AJXup) COJTHEUHOM SHepruei
C TIOMOIIBIO 3ePKAJIbHOTO OTPaXeHUsI COJTHEUHOM pa-
ALY,

Metoauka. B nanHoil pabore ObLIA MPOBEIEHBI
AKCITEPUMEHTAIbHBIE NCCIIeTOBAHUS C UCTIOJIb30BAHU -
€M HCITBITaTeIbHBIX YCTAHOBOK JIJISI BEITTAPUBAHMS pac-
COJIa COJIM, OCHAIIIEHHBIX 3€PKAJIOM U YCTAaHOBJIEHHBIX
Henasieko oT Ilort MepyaH. Pe3ynbTarsl TecTUpOBa-
HUs CPaBHUBAJIUCH C JaHHBIMU, TOJYYSHHBIMM TIPU
HCITOIb30BaHUM TaKMX XK€ YCTAaHOBOK, HO 0e3 3epKaJa.

PesynbTatel. CoracHo pesyjabTaTaM TeCTHPOBa-
HUSI, TIOJYYEHHBIM C TTIOMOIIBIO UCITBITATEIbHBIX YCTa-
HOBOK C 3€pKaJIOM, CKOPOCTb MCHapeHusl U TOJIIMHA
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CJ0SI KPUCTAJUIM30BAHHOUW COJIM 3HAYUTEIBHBI TIO
CPaBHEHUIO C KOHTPOJHHOW €MKOCTHbIO, BEPOSITHO,
Oylarofapsi TOBEPXHOCTU OTPAXKAIOIIETO 3epKajia; Bpe-
Ms KPUCTAJUTM3AllMM paccojia 3a CYET COJTHEYHOU
SHEPrUU MPOMOPIMUOHATBHO pa3MepaM 3epKall.

Hayynasi noBu3Ha. VccienoBaTenbCKUN ULEHTpP
ot Mepyan pacrniofioxkeH B objactu Db Yo (FOro-
BocTouHblit Akup), XapaKTepu3yroneincss MHTEHCUB-
HBIM ITOTOKOM COJTHEYHOI 3Hepruu. YTOOBI UCTOIB30-
BaTh MPEUMYIIECTBO JAHHOTO MCTOYHUKA BO30OHOB-
JIIeMOI 9HEepPTUM, OBIJIO YCTAHOBJIEHO TIJIOCKOE 3epKa-
JIO, YCKOPSIIOlee TMPOIECC KPUCTALTU3AINN COMU U
ONITUMU3UPYIOIIEe BPeMsI UCIIAPEHUsI pacTBOpa COJIN
€CTECTBEHHBIM TTyTEeM.

IIpakTnyeckas 3HauumocTb. OnTUMMU3ALUS TIPO-
1iecca KpUCTAJUTU3a1IM U COJIU 32 CUET COJIHEUHOM DHEp-
TMU C TPUMEHEHUEM TUIOCKUX 3epKaJl, YCTAHOBIEHHBIX
Ha COJIEBBIX MOJIOHAX, U HAJIMYME OJ1aronpusiTHOMN op-
TaHWYECKON Cpellbl TPEICTABISIIOT COOON MCTOUHUKU
YCTOMUMBOIO 3KOJOro0e30MacHOro pa3BUTHUS TPO-
MBIILIJIEHHOCTH TOJYYeHUS COJIU, OCHOBAHHON Ha BbI-
MapyuBaHUU €€ MO COJHLIEM, a TAKXKE Pa3BUTUE PETUO-
Ha ¢ 6oraToil hayHO, (hI0pO¥i U TEOTYPU3MOM.

KimoueBbie caosa: Anocup, Illlomm Mepyan, kpu-
cmanau3ayus, JKCnepumMenmanbible Uccaedo8aus, 3ep-
Kano, conb, CONHeYHAst IHepeUsl

Pekxomendosano 0o nybaikayii Aicca bBenceneyo.
Jlama naodxodxucenns pykonucy 24.10.17.
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