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INVESTIGATION OF CHEMICAL COMPOSITION OF
THE ARAL SEA WATER IN AUTUMN SEASONS OF 2012AND 2013

Abstract. The water level in the Aral Sea started drastically decreasing from the 1960s onward. The reduction
in the volume and area of the sea has led to significant changes in the hydrological, chemical and natural biological
structure of the water. Regular observations of the chemical composition of the Aral Sea stopped in the early 90s.
There were practically no observations of biogenic elements and the oxygen regime of water (the so-called "first
day" analyses).

In September 2012 and October 2013, a complex of hydrochemical observations, including the measurement of
the content of biogenic elements, dissolved oxygen, the concentration of hydrogen sulfide and components of the
carbonate equilibrium, was carried out within the framework of international expeditions. The determinations were
carried out directly on the seashore in a temporary laboratory. The main purpose of the work was to determine the
content of nutrients in the water of the Aral Sea and to develop methods for hydrochemical studies in conditions of
increased salinity (mineralization) of water. In addition, samples were collected to determine the total mineralization
of water and the content of dissolved and suspended forms of metals. It was shown that the small depth of the sea
and the high intensity of the processes of vertical transport of substances allowed that secasonal changes in the
chemical composition affected the entire vertical water. Deeper than 18-30 meters in water, there was hydrogen
sulfide. The presence of anaerobic conditions in the deep part of the sea affected all hydrochemical parameters. Some
research results are given in the article.
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Introduction. After a fairly long break, starting from 2002, the annual complex oceanographic
studies of the Aral Sea was resumed by the Federal state budgetary institution of science of the I0 RAS
(Russia) and Khoja Akhmet Yassawi International Kazakh-Turkish University (Kazakhstan), together
with the Institute of Geology and Geophysics named after Kh. M. Abdullaev (Academy of Sciences of
Uzbekistan), Nukus State Pedagogical Institute named after Azhiniyaz (Uzbekistan) of Karakalpak State
University named after Berdakh [1-3].

The study of the hydrochemical conditions of the reservoirs at such a stage of degradation as now the
Aral Seapresents a unique opportunity for studying the catastrophic consequences of both anthropogenic
impact and climate change. In this case, the Aral Sea can be considered as a unique natural laboratory as it
does not sound cynical.

The correct determination of the content of biogenic elements practically excludes long-term trans-
port of samples. The sooner the tests are performed, the more reliable the results are obtained. The permis-
sible storage time for samples under different manuals is determined from 6 to 12 hours after the selection
[3-5]. The conservation of samples naturally increases the risk of obtaining unreliable results. So, with the
widespread procedure of sample freezing, it is possible to form a sparingly soluble precipitation or
sorption of carbonates on the inner surface with a vial, which is especially manifested under conditions of
increased mineralization. For this reason, analyses of the phosphate, nitrate, nitrite and ammonium
nitrogen, as well as pH values are sometimes called "the first day analyzes". Therefore, in expeditions
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Figure 1 — Scheme of location of stations where hydro-chemical observations were carried out in 2012 and 2013

hydrochemical studies were carried out directly on the seashorein 2012 and 2013. At the meteorological
station Aktumsuk Uzhydromet (figure 1), located 8 km from the modern coastline on the Ustyurt plateau,
a temporary hydrochemical laboratory was deployed.

In 2012-2013, the content of biogenic elements in the water of the Aral Sea was measured and the
methods of hydrochemical studies were tested in conditions of extremely high salinity (mineralization) of
water. Perhapsthe complex of hydrochemical works, including the determination of dissolved oxygen,
hydrogen sulfide, pH values and total alkalinity, the content of dissolved inorganic phosphorus, silicon,
nitrogen in nitrate, nitrite and ammonium forms was performed on the Aral Sea shore for the first time
since the beginning of the 1990s.The filtration and conservation of the samples for the subsequent
determination of metals, suspended substances and general mineralization in stationary laboratories were
also carried out.

Materials and methods. In 2012 selection of samples was conducted during outages at sea: 26, 27,
28 September. In 2013, it was carried out on 30, 31 October and 2 November. The sampling was con-
ducted by a S-liter plastic bottle of Niskinwith the help of a hand winch mounted on an inflatable boat.
The selection was preceded by sounding with an STD probe (SBE19plus). On the board after selecting,
the samples were fixed for oxygen, hydrogen sulfideand ammonium nitrogen. The samples were taken in
plastic bottles. Considering the need for conducting methodological work, a significant number of parallel
determinations were performed by the use of various methods of analysis and sample preparation. The
determination of biogenic elements was carried out in filtered water. The filtration was conducted through
nuclear filters with a diameter of47 mm with a pore size of 0.4 mm. The determination of hydrochemical
parameters was carried out according to generally accepted methods [4-7].

With the onset of the sea level drop in the 1960s, the mineralization (the salinity) of the Aral Sea
increased from about 10 to 100 g/kg or more in the western basin, while in the eastern basin, according to
the data of the year 2008, the mineralization exceeded 200 g/kg [1]. Naturally, as for other hyperha-line-
reservoirs, the adaptation of existing methods to the conditions of increased salinity was a serious problem
[2,8].

As mentioned above, the question of the applicability of standard methods of hydrochemical work
under conditions of high mineralization and the specific ionic composition of the Aral Sea waters was one
of the basic for the hydrochemical group. The simplest reliable solution to this problem in the temporary
laboratory was the dilution of samples. A part of the samples with colorimetric determinations was
measured, both in natural samples and with varying degrees of dilution with distilled water.

The samples were diluted in a proportion of 1:4 and 1:3, which approximated their mineralization to
the ocean salinity. Each series of samples included the determination of the content of this component in
distilled water in order to take into account the degree of its contamination by the component being tested.
In the diluted samples, the content was calculated by the following formula:
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C=K- ((DS_DO)_(DdW_Do) ' (1 - St))/St

Where C is the concentration of the determined characteristic; D; is the optical density of the sample
with the appropriate wavelength method; K and D,are the coefficient of recalculation and blank correction
for reagents, which was determined in a stationary laboratory when the method was calibrated; Dy, is the
optical density of distilled water with reagents, which is determined simultancously with a series of
samples; St is the proportion of the Aral water in a colorimetric sample.

Results of methodical work. It was found that in the undiluted samples, methods for determining
nitrite and nitrate nitrogen with a "single color reagent" and determination of phosphates by the Morphy-
Riley method are not applicable. At high concentrations of phosphates and nitrite nitrogen (more than 1.5
and 0.1 uM, respectively) in undiluted samples, discoloration practically ceases.

The method for the determination of the Silicon Queen in undiluted samples gave underestimated
results, in comparison with the diluted ones, by an average of 9%, but this may be due to the fact that the
empirical formula for the salinity correction [4] is not sufficiently correct for such a high mineralization of
water. The determination of ammonium nitrogen by the phenol-hypochloride method is applicable only
for dilution of samples, at least 4 times, the dilution of the sample with distilled water should be carried
out when sampling from the bathometer before fixation.

The method for determining dissolved hydrogen sulfide as well as the Winkler method for deter-
mining oxygen normally works in undiluted samples. To determine the total titrated alkalinity by the
method of direct titration by Bruyevich, the dilution of the sample is not required, the procedure has no
limitation on the value of salinity. But for the convenience of the analysis (too large was the natural value
of total alkalinity, up to 17 mg-eq/l) and the reduction in the analysis time, we applied the dilution of
samples 2-3 times immediately before the titration.

The processing of the collected samples was continued in the Institute of Oceanology Russian
Academy of Science. In the laboratory conditions, the content of total dissolved nitrogen and phosphorus
was determined and the weight determination of salinity (mineralization) was conducted. A reliable
determination of the mineralization value is extremely important for correcting STD sounding data. The
latest published data on the ion-salt composition of the Aral waters refer to 2009 [1]. To obtain reliable
results on the mineralization of water, the works were carried out to determine the so-called dry residue
[9-11]. A separate article will be devoted to the methodological work on determining the general minera-
lization of the Aral Sea waters and discussing the results of these definitions.

Results of the work

In 2012 and 2013, hydrochemical work was carried out, mainly on a section passing through the
Western basin (figure 1). A significant difference was that in 2012 observations were made in the autumn
period, and in 2013 later, in the conditions of transition from autumn to winter. Naturally, seasonal
changes strongly affected the content of biogenic elements and other hydrochemical parameters (table 1).

Table 1 — Hydro-chemical characteristics of the surface water of the Aral Sea according to the results of the surveys

in 2012 and 2013
Average Limits Average Limits
Parameter £ | 002 £ 2 0|1 3

Oxygen (ml/1) 3.28 0-3.38 2.22 0-3.51
Oxygen (%) 111.3 0-115.8 58.8 0-92.8
pH, NBS 8.11 8.05-8.16 8.11 8.01-8.15
Alk, mEq/L 11.260 11.109-11.448 11.49 11.16 - 12.78
P-PO4ug-at/l 1.80 0.24 -8.96 6.92 0.79 - 14.59
Pioapig-at/l 3.55 143-17.1
N-NO,ug-at/l 0.09 0-0.24 0.53 0.23-0.98
N-NO;ug-at/l 6.35 1.27-11.34 1.26 0.00-2.70
N-NH,ug-at/l 70.93 12.70 -255.6
Nosu.1g-at/l 276.6 209.1 -424.0 516.1 317.1 -651.7
Si - SiO,ug-at/l 43.44 3942 - 46.39 33.59 17.27-120.27
H,S, 22.78 0.00 - 48.19
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In addition to the seasonal course, a significant effect on the distribution of hydrochemical parameters was
apparently also due to a change in the salinity profile observed in recent years. The smoothing of the verti-
cal profile of mineralization caused a weakening of the stratification of waters and an increase in vertical
exchange. The presence of anacrobic conditions in deep waters also has a significant effect on the hydro-
chemical regime. According to the literature [1], hydrogen sulfide in the deep waters of the Aral Sea was
discovered in 2002, but, possibly, hydrogen sulfide contamination of water was presented even earlier,
data on water chemistry between 1991 and 2002 are absent. The evidence, relating to the begin-ning of the
twenticth century, about the presence of a smell of hydrogen sulfide in sediments and in the bottom layer
of waterwas mentioned in the book by L. K. Blinov [12]. In the middle of the XX century, it was believed
that the Aral waters were well acrated, due to vertical mixing and the development of photosynthetic
processes throughout the water column [12-15].

The depth of occurrence of hydrogen sulfide from 2002 to 2010 varied from 15 to 35 m. According to
the data of work [1], the highest content of hydrogen sulfide (80 mg/l) was observed in 2003. In 2012, in
samples with 30 m and deeper, the smell of hydrogen sulfide was distinctly felt and oxygen was comple-
tely absent. The reason for the occurrence of hydrogen sulfide contamination, firstly, is the existence of a
stable density stratification of water, and secondly, the low oxygen contents (the solubility of oxygen
decreases significantly with increasing salinity) with a high content of organic matter. In 2013, the upper
limit of the detection of hydrogen sulfide rose higher, up to 18 m.

Considering the distribution of hydrochemical parameters on the section passing through the western
basin at about 58 ounces, it can be said that the hydrochemical composition of surface waters (up to 15-
20 m) is fairly uniform across the vertical, but considerable variation in the composition of the waters was
observed from the east to the west shore. In 2012, for the period of observations, the processes of pro-
duction of organic substances were actively going on, the intensity of oxidative processes, on the contrary,
was very weak. The relative content of oxygen in surface waters was high. The degree of saturation of
water on the surface is on average above 110%. In 2013, the work, on the contrary, was at a decline in
biological activity; the saturation of water with oxygen on the surface did not exceed 90%, and in some
cases decreased to 60% or less. In 2013, the content of dissolved oxygen and the degree of its saturation
increased, from the western to the eastern shore. An increase in the absolute and relative oxygen content
of the western shore was observed in the entire upper layer (figure 2).

er. Ne Al A2 A3 A4 AS

0

-
o

depth
e
o

L
=]
|

15 ik
35 40 45 50 55 60

Longitude (degrees east)

Figure2 — Distribution of the water saturation with dissolved oxygen (%) in the section on 58.5°%.min October 2013

In both 2012 and 2013,the pH value varies not so much as dissolved oxygen, but falls from the west
coast to the east, although the dynamics of these quantities are usually similar. In 2012, this may be due to
an increase in the surface water temperature at the eastern shore, but the entire pH change cannot be
explained solely by the difference in surface water temperature at the ecastern and western shores. The
range of surface water temperature changes was 1.26 °C, which is equivalent to a change in the pH value
by 0.01-0.02 units of NBS [16, 17].
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In 2013, the surface water temperature was practically the same in the section; the changes were only
0.47°C. Perhaps the pH increase in the western coast is related to the features of the functioning of aquatic
biota, in particular, photosynthetic algae. The maximum pH value in the section in 2013 was noted in the
15-20 m layer near the western shore (figure 3). Such a distribution of the pH value is quite unexpected,
since in this layer the oxidative conditions change to reducing ones, which, as a rule, is accompanied by a
decrease in this value. In 2013, the pH value at the surface was slightly higher than in 2012, which is
associated with a seasonal decrease in water temperature.
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Figure 3 — Distribution of the magnitudepH(NBS) on 58.5°%.min October 2013

For the total titrated alkalinity (Alk), a weak maximum in the central part of the sea was observed on
the surface. In 2013, the value of Alk on the surface increased compared to 2012 by approximately 0.10 -
0.15 mg-eq/l. This is due to an increase in salinity from 105 to 114 g/l (Table 1). With depth, an increase
in Alk, especially in anaerobic waters, is observed. According to the results of both surveys, a maximum
of Alk was observed in the bottom waters of the deepest station A2 (figure 4).
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Figure 4 —Distribution of the magnitudeoftotal titrated alkalinity(mg-at/l) on 58.5%.min October 2013

In 2012, the phosphate content in surface waters rarely exceeded 1 mg-at/l. A significant increase in
surface waters once noted at station A2 in 2012 may be due to the contamination of the sample, either
during the selection process or during the transportation of samples to the onshore laboratory. In deep
waters, below the layer of occurrence of hydrogen sulfide, the phosphate content increased to 8.96 mg-at/l.
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In 2013, there was an increase in the phosphate content throughout the profile. The most growth was in the
castern, shallow part of the section. In the bottom waters, the phosphate content in 2013 also increased to
14.59 mg-at/l (figure 5).
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Figure 5 — Distribution of the dissolved inorganic phosphorus content(mg-at/l) on 58.5°.min October 2013

For dissolved silicon on the surface, a small decrease in the silicon content in coastal waters can be
noted in 2012, especially near the western shore. This may be due to the consumption of silicon by diatom
algae, widely distributed in the sea waters [18]. The silicon content in surface waters varies little from the
results of both surveys, from 21 to 26 mg-at/l. With depth, the silicon content increases, especially after
the hydrogen sulfide occurrence boundary (figure 6). The maximum content of silicon reaches in the
bottom waters.
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Figure 6 — Distribution of the dissolved inorganic siliconcontent(mg-at/1) 58.5°%.min October 2013

For nitrogen compounds in nitrate and nitrite forms in surface waters, a general drop in nitrate
nitrogen to the eastern shore can be noted. The low content of nitrite nitrogen in 2012 indicates a weak
intensity of the oxidation processes of organic substances, predominates synthesis processes that proclaim
about the high saturation of water with oxygen. In 2013, on the contrary, the content of nitrite nitrogen on
the surface is much higher than in 2013, and the content of nitrate nitrogen is much lower.

Taking into account the low saturation of water with oxygen, we can say that the processes of oxi-
dation of organic substance prevailed in the upper, active layer of the water. The presence of anaerobic
waters in the lower part of the profile led to the disappearance of oxidized forms of nitrogen. Because of
this, a nitrate peak was formed in the 10-20 m layer, similar to what we observe in the aerobic waters of
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the Black Sea [19]. A considerable part of the mineral dissolved nitrogen was contained in the form of an
ammonium ion (up to 255.6 mg-at/l). The total content of dissolved nitrogen reached 434 and 652 mg-at/l
(in 2012 and 2013, respectively). Such a large difference in the content of total dissolved nitrogen is most
likely due to the fact that the position of the bottom bathometer was determined by the contact of the end
load, and the depth of selection was fixed on the block of the counter. Technically, it was difficult to keep
the boat in one place, and under these conditions, a change in the depth of selection of several meters
could have a strong effect on the results of the analysis.

According to the data of2013, it can be assumed that there was a "slip" of water along the western
slope, caused by active cooling of the waters in the shallow part. This could be facilitated by the
weakening of the stratification of waters. The descent of the waters along the slope is indicated by the
bending of the is olines of the content of dissolved inorganic phosphorus and silicon, as well as the pH
values (Figure. Perhaps this is due to the unusually high content of nitrate nitrogen and high pH values at
the upper boundary of anacrobic waters.

Conclusions. Hydrochemical regime of the Aral Sea is characterized by sila variability in time.
Seasonal changes in the chemical composition affect the entire vertical water. This contributes to the small
depth of the sea and, probably, the high intensity of the processes of vertical transport of substances. But
at the same time, vertical stratification of water was sufficient to preserve hydrogen sulfide contamination
of the water. Despite the severe degradation of the marine ecosystem of the sea, the changes associated
with the seasonal course of activity of aquatic biota remain significant. One cannot deny the existence of
interannual changes associated with the continuing decline in the sea level and the penetration of waters
from the ecastern basin [20].

The presence of anaerobic waters in the lower part of the profile affected all hydrochemical para-
meters. In 2012, a sharp increase in the content of phosphorus and silicon was observed in a layer deeper
than 30 m. Oxidized forms of nitrogen, on the contrary, disappeared. This led to the formation of a nitrate
peak in the layer of 10-20 m. In 2013, the appearance of hydrogen sulfide was observed in the layer 18-
19 m at all stations of the section. Deeper than 20 m, a significant increase in the content of dissolved
phosphorus, silicon and ammonium nitrogen, the total alkalinity was observed.

An interesting and vet unexplained was the existence of a second maximum of the content of nitrate
and nitrite nitrogen directly above the layer of hydrogen sulfide appearance. An increase in pH was obser-
ved in the upper part of the anacrobic layer. Perhaps this is due to the weakening of stratification and
seasonal cooling of waters in coastal areas.

The smoothing of the vertical distribution profile of the mineralization of water during the transition
from 2012 to 2013, naturally, caused a weakening of the stratification of waters and an increase in vertical
exchange. But the hydrogen sulfide contamination of the water, in spite of this, remained, that is, even
during the winter mixing of water, the bottom layer was not ventilated, despite a relatively small depth.
And even a rise in the hydrogen sulfide occurrence limit was observed from 30 to 18 m. The latter, howe-
ver, may be associated with a seasonal decrease in oxygen production in water.

Summarizing the results of the methodological work, it can be said that the determination of biogenic
elements (phosphorus, silicon, nitrogen forms) must be preceded by filtration and dilution of samples with
distilled water to salinity values comparable to the average oceanic (about 4 to 5 times). The method for
determining the dissolved oxygen content (Winkler method) and the titrometric determination of hydrogen
sulfide and total alkalinity is quite applicable for the Aral waters. Accuracy in these conditions is not
worse than 2-3%. To clarify the magnitude of the error, additional methodological work is required.

The work was supported by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan withinthe framework of the scientific project 2439/GF4.
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2012 /K9HE 2013 XKbLIIJAPJATBI KY3 ME3T'LIIHAEI'T
APAJI TEHI3I CYBIHBIH XUMHUAJIBIK KYPAMBIH 3EPTEY

Annotamust. 1960 >xpurapiH OackiHaH Oacram Apan TeHi3iHIH AcHreHi Tyce Oacraxsl. TeHI3AiH KerneMi MEH
ayJaHBIHBIH KBICKAPYHI CYABIH THAPOIOTHSUIBIK, XUMIIIBIK YKOHE 910eTTe, OMOMOTHSIBIK KYPIBIMBIHBIH AWKBIH 63-
TepyiHe anbml Keimi. Apas CYBIHBIH XHMISUIBIK KYPAMBIH THIHFBUIBIKTEI OakpLtay 90-IOblI »KbUIAAPIBIH OachIHIA
TOKTAThUTABL. CyaBIH OHOTCHII 3JICMCHTTEPI MCH OTTCTi PSKHMIH OAKBLIAY TOKIPHOC >KY3IHAC TOJBIK JOFAPBLIIBI
(amFamkel KYHHIH Tammamanapsel). 2012 >KeUIAbIH KBIPKYHETiHAC >KoHCE 2013 KBIIIBIH KA3AHBIHIA XATBIKAPAITBIK
SKCTICANIUS ASCHIHAA OWOTCHAI 3JICMEHTTEP/IH, EPITUITEH OTTETiHIH KYPaMAAPHIH, KYKIPTCYTETl KOHICHTPALMCHIH
JKOHE KapOOHATTHIK TEIHE-TCHAIK KOMIIOHCHTTEPIH OJIICHTIH KEICHl THIPOXUMISUIBIK OaKbUIay »KYprizinmai. 3epr-
TEYIICp TCHI3 >KAFACHIHAA YAKBITIIA JTa0opaTopusana eTkizimai. JKyMbICTBIH 0aCThl MaKcatbl Apan TCHi31I CYBIHBIH
OMOTECH ] 3EMEHTTEP KYPaMbIH AHBIKTAY KOHE CYIBIH KOFAPBI TY3ABIIBIFEI (MHHEPATH3AINS) >KaFTaHbIHIA THAPO-
XHMISUTBIK 3E€PTTEYJIEP dAICTEPIH JKYpri3y Oomnbin Tadbuiaasl. COHBIMEH KaTap, CYABIH KAl MHHEPAIU3ALHChIH
JKOHC MCTAITAPABIH CPITLITCH KOHE ONIMICHICH KYPAMBIHAHBIKTAY VINIH YITUICPl >KHHAKTAY Kyprisinmi. TeHi3miH
a37aFaH TEPEHAIrI MCH 3aTTapabl BEPTHUKAIABI AyBICTBIPY IPOLECTEPIHIH >KOFAPHI MHTCHCHUBTINITI AHBIKTAJIBL.
XUMIATIBIK KYPAMBIHBIH MAayChIM/BIK ©3TepicTepi CybIH OapibIK BEPTHKANBIHA dcep eTTi. 18-30 MeTp TepeHaikTe
CyJIa KYKIpTCYTCK aHBIKTAIIBL. TCHI3MIH TCPCH O6MIriHACTI aHA3POOTHI KaFAAHIBIH 00Ty B OAPITBIK THIPOXHMHISIIBIK
mapaMeTpiaepae aiKpIHaanapl. Makaixaaa 3epTTeyiep HOTIKEICP] YChIHBIIA L.

Tyiiin ce3aep: Apan TeHi3i, OMOTCH1 3IEMEHTTED, OTTETI.
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HCCIEJOBAHMA XUMHYECKOI'O COCTABA BO/I
APAJIBCKOI'O MOPsA OCEHBIO 2012 1 2013 1.

Annoramus. C Havana 1960-x ro10 HAYANOCh MAACHUC YPOBHA ApambCkoro Mopsa. CokparieHue o0BeMa H
maomaau MOpPA IMPHBCIO K 3HAYUTCIBHBIM H3MCHCHHAM FHZ[pOJIOFH‘IGCKOfI, XHMHYCCKOH H, CCTCCTBCHHO, Onoo-
THYCCKOH CTPYKTYPHI BOA. PeryaapHbIc HAOMFOACHHUS 32 XHMHUCCKHM COCTABOM BOJX Apaia MPeKPATHINCh B HAYAC
90-x TOO0B. HpaKTI/I‘{eCKI/I HNOJHOCTBHO OTCYTCTBOBAJIH Ha6J'lIO£[eHI/I}I 3a OMOTEHHBIMH JJIEMEHTAMH U KHCJIOPOTHBIM
PSKEMOM BOJ (TaK HA3BIBACMEBIC AHATTH3BI KIICPBOTO THI»).B cerradpe 2012-ro u okradpe 2013-10 TOI0B B paMKax
MCIKIYHAPOIHBIX SKCIICAHIIAX OBLT MPOBCICH KOMIUICKC THAPOXHMHYUCCKHX HAOTFOACHWH, BKITFOYABIIHH H3MEpPe-
HHC CONCPKAHNA OHOTCHHBIX 3JICMCHTOB, PACTBOPCHHOTO KHCIOPOAA, KOHICHTPALIHH CCPOBOIOPOAA H KOMIIOHCHTOB
KapOOHATHOTO paBHOBECHSA. ONpeACICHHA MPOBOIUIINCH HCMTOCPSACTBCHHO HA OCpPEery MOpPsS BO BPECMCHHOH Tadopa-
Topud. OCHOBHOM LEIBI0 PA0OT OBLIO OMPEACTICHHS COACPKAHM I OHOTCHHBIX 3]ICMCHTOB B BOJC APaTbCKOTO MOPS H
0TpadOTKa METOIOB THAPOXHMHUYCCKUX HCCIACAOBAHHN B YCIOBHAX IMOBBIICHHOH COJNCHOCTH (MIHCPATH3AIINH)
Boabl. Kpome Toro ObLT ipoBeacH cOOp mpod M OMPEACICHIS O0IICH MUHCPATH3AIMH BOA M COIACPKAHHS PACTBO-
PCHHBIX U B3BCIICHHBIX (I)OpM MeTaIoB. bermo MMOKA3dHO, YTO HeOOoIpIIAs LIy OmHa MOPA U BBICOKAA HHTCHCHBHOCTDH
MPOLECCCOB BEPTHKAIBHOTO MEPECHOCA BCIICCTBA, ACTANH BO3MOKHBIM, YTO CC30HHBIC H3MCHCHHUS XHMHUYCCKOTO CO-
CTaBa CKa3BIBAIHCH MO BCCH Beprukamm Bod. [nmyOxke 18-30 M B BOAC MPHCYTCTBOBAN CEepoBOxopox. Hammume
aHA3POOHBIX YCIOBHH B TIyOOKOH YACTH MOPS OTPA3sHIOCh HA BCCX THAPOXHMHYUCCKUX MapaMeTpax. B craree mpu-
BOJATCSA HCKOTOPBIC PE3YIBTATHI HCCIICAOBAHMIA.

KmoueBnie ciioBa: ApanbCckoe MOpe, OMOTCHHBIC 3JICMCHTHI, KUCIIOPO,.

Caeaenus 00 aBTopax:

Kyp6anmszos A K. — K.I.H., AOIICHT, AUPEKTOP HHCTUTYTA HEMPEPHIBHOTO 00pa30BaHms, Ty PKECTaH.

Makxkasees [1.H. — nokrop reorpadudeckux Hayk, 3aBeayromuii Jlabopatopuer duornapoxmmun MuCTHTYTA
oxeanonornun PAH

3aBpsios I1.0. — 3amecrurens nupekropa MuacturyTa okeanonoruun um. I1. I1. [lIupmosa Poccuiickoit akane-
mun Hayk (MO PAH), nokTop reorpadmieckux HayK, mpodeccop, wieH-koppecnonaeHr PAH




