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Purpose. To determine the heavy metal content in abiotic components (water and bottom
sediments of tanks), feeds, organs and tissues of rainbow trout in the conditions of industrial
aquaculture.

Methodology. The materials for the study were 1+ rainbow trout cultivated in 2011-2012,
which were produced from brood rainbow trout reared in the tank aquaculture farm “Ishkhan”.
Experimental fish were collected from rearing tanks NeNe 3-4. Mean fish weight was 466 g with
mean fork length of 36 cm. Fish stocking density at the final stage of rearing was 50 kg/m? or 100
fish/m?. Fish were kept according to standard salmon culture methods. Quantitative determination of
heavy metal concentrations in water, bottom sediments and fish were performed by direct suction of
solution in propane-butane-air flame with the aid of absorption spectrophotometer S-115-M1.

Findings. The results of the performed studies include the determined ecological state of rearing
tanks and quality of marketable rainbow trout of the fish farm “Ishkhan” by the above-mentioned
characteristics.

Main hydrochemical parameters, which characterized water quality, complied with aquaculture
norms. However, a tendency for an increase in heavy metal content was noted in bottom sediments.
In particular, an increased content of copper, nickel as well as toxic elements — lead and cadmium
was observed.

Originality. First study of the ecological state of rearing tanks of the fish farm “Ishkhan”.

Practical value. The obtained results of the ecological state of rearing tanks of the fish farm
“Ishkhan” will allow crating optimum condlitions for fish rearing.

Keywords: hydrochemistry, heavy metals, bottom sediments, rainbow trout.

PROBLEM STATEMENT AND ANALYSIS OF LAST
ACHIEVEMENTS AND PUBLICATIONS

To assess the ecological-toxicological situation in water bodies, to determine the
quantities of toxic substances, which migrate in aquatic medium, and the degree of their
effect and aquatic organisms, it is important to know the levels of their contents and
accumulation in abiotic and biotic components of an aquatic ecosystem as well as the
processes of the transfer of these substances through the trophic chain. The latter
aggravates the ecological risk of water pollution for both restoration of biological
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resources in water bodies and human health when consuming fish. Among toxic
substances in the environment, heavy metals pose a special risk. In the majority, metals
are an essential component for normal living of aquatic organisms (excluding mercury,
lead, and cadmium) but their excessive accumulation in organs and tissues including in
fish can be toxic [1-3].

Fish farm “Ishkhan” is located in vil. Banyliv of Chernivtsi region and currently is
one of leading fish farm in the field of production of marketable trout. This fact is
explained by the use of a wide assortment of trout forms including autumn spawning
kamloops, spring spawning rainbow trout and “Adler amber” strain [5]. Water supply of
the fish farm is ensured by wells and aquifers, the total debit of which is about
300 dm?/sec. For maximum use of the available amounts of water, a semi-closed cycle
of water consumption is applied, which is ensured by three airlifts with a power of 300,
200, 300 dm?/sec. Average annual temperature is within 12 °C, in summer is can raise
to 17 °C, while in winter is within 5 °C. Fish stocking density depends on age group
and is 20-50 kg/m’. The dissolved oxygen content is incoming water is 85%, which
drops to 55% in the outlet. The total water area is 5600 m>. The aquaculture facility of
the fish farm “Ishkhan” consists of the following tanks: brood stock — 1 (area of
200 m?), replacement — 2 (300 m?), nursery for fingerlings — 15 (57 m?), nursery for
yearlings — 7 (1400 m?), fattening — 12 (3724 m?).

HIGHLIGHT OF THE EARLIER UNRESOLVED PARTS
OF THE GENERAL PROBLEM. AIM OF THE STUDY

The aim of this work was to determine heavy metal contents in abiotic components
(concentration in water and their content in bottom sediments of tanks), feeds, organs
and tissues of rainbow trout of the fish farm “Ishkhan” in the conditions of industrial
aquaculture.

MATERIALS AND METHODS

Sampling was performed in the summer of 2012. The material for the study were
1+ rainbow trout reared in 2011-2012 and obtained from brood rainbow trout kept in
the fish farm “Ishkhan”. Fish were collected from rearing tanks NeNe 3—4. Mean fish
weight was 466 g with mean fork length of 36 cm. Fish stocking density was 50 kg/m’
or 100 fish/m?. Fish rearing was performed according to standard trout culture methods
[4-6].

Heavy metal contents (iron, zinc, manganese, copper, nickel, cobalt, lead,
cadmium) in water, bottom sediments, organs and tissues (muscles, gills, liver, kidneys,
heart, spleen, skin) of rainbow trout were measured according to standard methods. The
determinations were performed with the aid of atomic-absorption spectrophotometer
S-115-M 1 at the laboratory of the Institute of Fisheries NAAS of Ukraine, Kyiv. All
hydrochemical parameters were determined based on standard methods at the
laboratory of ecological studies.

STUDY RESULTS AND THEIR DISCUSSION

By chemical composition based on O.A. Al’okhin classification, water in the
experimental tanks of the fish farm “Ishkhan” belongs to hydrocarbonate class of
calcium group, type I. the content of major anion (hydrocarbonate) was 256.3—
268.5 mg/dm?, major cation (calcium) — 68.1-70.9 mg/dm?>. The examined water had
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average mineralization, where the total content of ions was 383.7-411.9 mg/dm’® with
pH 7.5. i.e. the medium of rearing tanks was weakly alkaline (Tables 1, 2).

The technological measures performed when rearing rainbow trout have effect on
water quality in tanks. Feeding of fish and their metabolites increase biogenic load and
result in an increase of nitrogen containing compounds in water, such as ammonium —
by 5.6, nitrites — by 4.5, nitrates — by 1.3 times that is observed in the outlets from the
tanks (Table 2).

Table 1. Salt regime in tanks of the fish farm “Ishkhan”, summer 2012

Major ions, mg/dm3 .
Total Minera-

Sampling site Cations Anions hardness, lization,
mg-eq/dm3 mg/dm?3

Ca>* | Mg* | Na*+K*' | HCOs cr S04*

Water inlet 70.9 7.3 213 256.3 12.0 646 4.1 389.6
Water outlet 68.1 6.1 335 268.5 135 66.7 3.9 411.9
Pump house 68.1 9.7 18.3 256.3 10.7 60.1 4.2 383.7

Table 2. Gas regime, biogenic elements and organic substances in tank water
of the fish farm “Ishkhan”, summer 2012

Oxygen demand,

mg0/dm? Biogenic elements

NHSI

mg/dm* | perman | Bichro-
ganate | mate

Sampling site | pH NH.*, | NOy, | NOs, | PO, | Fe?+3,

mgN/ | mgN/ | mgN/ | mgP/ | mgFe/

dm3 dm? dm3 dm3 dm?
Water inlet 7.5 0.002 2.1 5.2 0.22 0.02 0.49 0.05 0,48
Water outlet 7.4 0.006 1.7 4.4 1.24 0.09 0.62 0.04 0,43
Pump house 7.5 0.002 1.7 4.4 0.21 0.01 0.57 0.02 0,26
7.0— nomore
Normed values 75 than 0.07 10.0 - 1.0 0.05 0.1 - -
Maximum 65- 01 15.0 - 15 01 10 - -

allowable limits 8.0

Thus, the hydrochemical regime of the investigated tanks by the examined
parameters complied essentially with normative values. Water in rearing tanks was
loaded with organic substances and biological load did not result in significant
consequences of changes in water quality.

The toxicological state of tanks of the fish farm “Ishkhan” was assessed based on
heavy metal content in following components of the aquaculture hydroecosystem —
water, bottom sediments, organs and tissues (muscles, gills, liver, kidneys, heart, spleen,
skin) of rainbow trout and in the combined feed.

It was found that heavy metal concentration in water (Table 3) of the fish farm was
within following limits: iron — 27.3-87.6 pg/dm?®; zink — 3.0-4.5; manganese — 1.8—
6.3; copper — 1.2-1.8; nickel — 4.5-18.6; cobalt — 4.2-4.8; lead — 7.2-9.3;
cadmium — 0.18-0.42 pg/dm’. An exceeding of fish culture norms was recorded for
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the determined concentrations of copper in all examined samples, and an exceeding of
nickel was observed in water sample from the pump house.

Table 3. Heavy metal concentrations in water of the fish farm “Ishkhan”,
summer 2012

Heavy metals, pg/dm3

Sampling site
Fe Zn Mn Cu Ni Co Pb Cd
Water inlet 87.6 4.5 6.3 1.5 4.5 4.8 9.3 0.33
Water outlet 27.3 33 3.0 1.2 4.8 4.2 7.2 0.18
Pump house 47.1 3.0 1.8 1.8 18.6 4.5 7.2 0.42
Maximum
1000 10 10 1,0 10 10 10 5

allowable limits

In the bottom sediments (remains of fish vital activity and suspended materials
from the water supply source, Table 4), an exceeding of normative values was observed
for following heavy metals: manganese, copper, nickel, cobalt.

Table 4. Heavy metal content in bottom sediments of the fish farm “Ishkhan”,
summer 2012

Heavy metals, pg/dm?3
Sampling site

Fe Zn Mn Cu Ni Co Pb cd
Water outlet 1909.2 30.8 2279.9 4.3 27.5 7.5 17.7 1.73
Normative value - 230.0 1500.0 3.0 4.0 5.0 32.0 5.0

Significant levels of copper, nickel as well as toxic elements: lead and cadmium
were detected In the specialized feed manufactured by “Aller Aqua” as a result of the
performed study (Table 5).

Table 5. Heavy metal contents in the combined feed fed to rainbow trout of the
fish farm “Ishkhan”, summer 2012

Heavy metals Fe Zn Mn Cu Ni Co Pb Cd
Values, mg/kg 268.1 66.5 7.95 16.73 5.70 1.80 3.68 0.51
MAL * - 50.0 - 10.0 - - 0.50 0.10

* Maximum allowable concentrations for cereals and flour

When comparing the obtained results (Table 5) with the maximum allowable
content of heavy metals for cereals and flour [13], we detected an insignificant
exceeding of zinc and copper values and significant exceeding of lead and cadmium. In
our opinion, these combined feeds can be potential pollutants of water and consequently
fish in the fish farm “Ishkhan”.

Heavy metal content in organs and tissues of rainbow trout of the fish farm
“Ishkhan” is shown in the Tables 6, 7.
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Table 6. The content of iron, zinc, manganese, copper in organs and tissues of
rainbow trout of the fish farm “Ishkhan”, summer 2012, mg/kg of wet weight

Organs and tissues
Ne Metal
muscles gills liver kidneys heart spleen skin
1 6.2 28.1 20.4 32.7 59.7 230.8 15,5
2 13.6 31.0 75.0 38.4 59.3 160.3 13,1
Iron
3 9.2 33.7 31.7 31.9 68.7 173.7 19,5
MAL - absent
4 7.7 43.8 46.8 41.6 100.1 145.5 23,2
5 7.4 38.3 86.6 44.1 120.0 148.9 25,7
M+ m 8.8+ 35.0+% 52.1+ 37.7 % 81.6+ 171.8 + 194 +
B 1.2 2.5 115 2.2 11.1 14.2 2.1
1 2.0 31.6 14.9 11.3 13.9 11.4 13,9
2 2.2 71.4 17.3 7.6 17.0 23.2 15,8
Zinc
3 1.7 83.5 17.2 9.8 31.5 29.2 17,9
MAL -40.0
4 3.2 94.7 20.2 12.8 22.9 11.0 33,2
5 4.0 70.1 25.5 9.6 29.1 33.6 25,3
M+ m 26t 703 ¢ 19.0+ 10.2 229+ 21.7 21.2 ¢
- 0.4 9.7 1.7 0.08 3.1 4.2 3.3
1 0.12 0.58 0.15 0.17 0.59 0.45 0,62
2 0.13 0.69 0.46 0.12 0.60 0.93 0,69
Manganese
3 0.18 0.24 0.45 0.15 0.57 0.97 0,43
MAL - absent
4 0.12 1.06 0.27 019 0.84 0.38 0,35
5 0.10 0.91 0.19 0.12 0.58 0.39 0,31
M+m 0.13 ¢ 0.70 £ 0.30 % 0.15+% 0.64 £ 0.62 + 0.48 £
- 0.01 0.13 0.06 0.01 0.05 0.12 0.07
1 0.37 0.63 78.85 1.23 2.57 1.34 0,62
2 0.22 0.67 67.39 1.88 2.08 2.56 1,56
Copper
3 0.31 0.83 64.46 1.47 3.54 0.77 0,47
MAL-10.0
4 0.34 0.85 126.08 1.64 3.18 0.94 1,21
5 0.63 0.77 112.13 1.52 291 1.31 1,42
M+ m 037t 0.75 ¢ 89.78 155+ 2.86t 138+ 1.06 +
- 0.06 0.04 11.33 0.10 0.23 0.29 0.20
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Table 7. Content of nickel, cobalt, lead, cadmium in organs and tissues of
rainbow trout of the fish farm “Ishkhan”, summer 2012, mg/kg of wet weight.

Organs and tissues
No Metal
muscles gills liver kidneys | heart spleen skin
1 0.71 2.05 0.62 3.16 7.70 3.45 3,77
2 1.00 2.25 0.46 3.57 5.06 4.65 2,97
Nickel
3 0.49 2.41 1.11 5.82 10.96 2.51 3,74
MAL — absent
4 0.45 2.29 0.67 4.11 8.84 3.49 4,67
5 0.73 2.51 0.47 3.94 8.74 3.82 3,34
M+m 0.68 + 230+ 067+ 4.12% 8.26 3,58+ 3.70
0.09 0.07 0.11 0.42 0.88 0.31 0.06
1 0.06 0.43 0.12 0.15 0.37 0.11 0,27
2 0.10 0.37 0.08 0.09 0.30 0.23 0,45
Cobalt
3 0.06 0.35 0.11 0.12 0.35 0.19 0,18
MAL — absent
4 0.08 0.35 0.18 0.11 0.41 0.37 0,31
5 0.10 0.44 0.09 0.11 0.38 0.38 0,28
M+ m 0.08 £ 0.39¢ 0.12 0.12 0.36 % 0.26 = 0.30t
0.01 0.02 0.02 0.01 0.02 0.05 0.04
1 0.67 1.17 0.71 0.64 3.67 1.11 0,99
2 0.67 1.17 1.00 0.81 5.04 211 1,38
Lead
3 0.73 1.45 0.94 0.45 6.01 2.61 0,68
MAL-1.0
4 0.63 1.50 1.00 0.58 6.01 1.98 1,32
5 0.61 1.43 1.12 0.62 4.23 2.60 1,13
M+m 0.66 + 134+ 095+ 0.62+ 499z 2.08 + 1.10+
0.02 0.07 0.06 0.05 0.43 0.25 0.11
1 0.003 0.078 0.033 0.067 0.037 0.011 0,013
2 0.003 0.046 0.037 0.058 0.030 0.024 0,020
Cadmium
3 0.002 0.044 0.022 0.055 0.035 0.019 0,023
MAL-0.2
4 0.002 0.059 0.029 0.056 0.035 0.019 0,016
5 0.002 0.068 0.027 0.064 0.038 0.017 0,024
M+ m 0.002+ 0.059+ 0.030+ 0.060x 0.035+ 0.018+ 0.019%
- 0.000 0.006 0.002 0.002 0.001 0.02 0.002

High contents of iron in the organs of the examined fish were observed in spleen

and heart (171.8 and 81.6 mg, respectively), zinc — in gills (70.3 mg/kg), manganese
— in gills, heart, and spleen (62—70 mg/kg), copper — in liver (89.80 mg/kg), nickel —
in heart and kidneys (8.26 and 4.12 mg/kg), cobalt — in gills (0.39 mg/kg), lead — in
heart and spleen, cadmium — in kidneys (0.06 mg/kg).
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Organs and tissue of rainbow trout by the intensity of heavy metal accumulation
can be ordered as follows:

iron — spleen > heart > kidneys > liver > gills > skin > muscles;

zinc — gills >heart > spleen > skin > liver > kidneys >muscles;
manganese — gills > heart > spleen > skin > liver > kidneys > muscles;
copper — liver > heart > kidneys > spleen > skin > gills > muscles;
nickel — heart > kidneys > skin > spleen > gills > muscles > liver;
cobalt — gills > heart > skin > spleen > kidneys > liver > muscles;

lead — heart > spleen > gills > skin > liver > kidneys > muscles;
cadmium — kidneys > gills > heart > liver > skin > spleen > muscles.
Heavy metal content in fish increases as follows:

muscles — liver — kidneys — skin — heart — spleen — gills

When comparing the obtained results with the maximum allowable levels for fish
as a food product, it can be noted that no exceeding of the mentioned norms for the
majority of the investigated metals in rainbow trout muscles was observed. An
exceeding of the normative value of nickel was noted in all examined organs and
tissues. An exceeding of the maximum allowable level of zinc and lead was observed in
gills; copper — in liver, heart, spleen, and kidneys.

CONCLUSION AND PERSPECTIVES OF FURTHER DEVELOPMENT

The hydrochemical regime of the examined tanks by the investigated parameters
complied with normative values. The biological load of rearing tanks did not resulted in
significant changes in water quality.

The study of heavy metal content in water showed an exceeding of aquaculture
norms for copper in all samples, while an exceeding of nickel content was observed in
the pump house.

An exceeding of following heavy metals was observed in bottom sediments:
copper, nickel, cobalt.

In the examined feeds used in the fish farm, an insignificant exceeding of zinc and
copper contents and significant lead and cadmium contents was recorded compared to
the maximum allowable levels for heavy metals in cereals and flour. Thus, in our
opinion, the combined feeds are potential pollutants of water in the fish farm “Ishkhan”.

No exceeding of normative values for the majority of the investigated heavy metals
was detected in rainbow trout muscles. However, an exceeding of zinc content was
detected in gills, copper — in liver, lead — in gills, spleen, and kidneys.
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0. M. CuTHUK, rybalyubin@ukr.net, IHcTuTyT rigpobionorii HAH Ykpainu, m. Kuis

A. I. MpyK, amruk@ukr.net, IHcTUTYT pubHoro rocnogapctsa HAAH, m. Kuis

H. /1. KonecHuk, kolesnik@if.org.ua, IHcTuTyT prbHoro rocnogapctea HAAH, m. Kuis
H. . MuxaineHKo, ecology@if.org.ua, IHCTUTYT pubHoro rocnogapctea HAAH, m. Kuis
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Mema. BusHa4yeHHA 8Micmy 8aM(KUX memasie 8 abiomu4yHux KomnoHeHmax (800a ma OOHHI
8i0Knadu b6aceliHig), KOpmax, opaaHax Ma MKaHUHax palioyxcHoi gpopeni 8 ymosax iHOycmpianbHo20
8UPOUWYBAHHS.

Memoouka. Mamepianom 0nsa 0ocnioxceHos 6yau 0sonimku paldyicHoi ¢openi, Kompux
Kynomusysanu 8 2011-2012 pp., odepxaHi 8i0 nnioHuKie palidywHoi ¢hopeni supouwysaHux 8
b6aceliHosomy 2ocrnodapcmei «lwxaH». [JocnioHi ekzemnasapu pub bynu eidibpaHi 3 upousy8anbHUX
baceliHie NeNe 3—4. CepedHs maca pub cmaHosuna 466 2, 3a cepedHboi 0oexuHU 3a Cmimom 36 cm.
LlinbHicmb nocadku pub Ha 3aeepwianbHOMy emani eupowyeaHHs cknadana 50 k2/m3, abo
100 ek3./M?. YmpumaHHs pub nposodunu 32i0HO 3a2a/bHO 8¥UBAHUX Y hopenisHUUMEi Memodux.
KinbKicHe 8u3HauyeHHA KOHUeHMPpauili eaxKux memasnie y 600i, OOHHUX 8i0Kaadax ma pubi
30ilicHI08anU  MPAMUM B8CMOKMYBAHHAM PO34YUHY Yy NponaH-bymaH-nogimpaHe mnoaym’a 3a
donomoezoro abcopbuiliHozo cnekmpogpomomempa C-115-M1.

Pesynomamu. B pe3ynemami nposedeHuUx 00cCnidneHb 8U3HA4YeHi eKono2iyHuli cmaH
supouwysanbHux baceliHie ma Axkicme mosapHoi nNpodykyii palidyxcHoi ¢openi eocnodapcmea
«lwxaH» 30 BUWEBKA3AHUMU MOKA3HUKAMU.

OCHOBHI  2i0poxiMiYHi  MOKA3HUKU, SAKi Xapakmepus3yednu fAKkicme 600u, eidnosidanu
pubHuybKUM Hopmamusam. OOHAK, y O0HHUX 8i0Knadax bysaa susHayeHa meHoeHUisa 00 3pOCMAHHA
emicmy eaxckux memasnig. 30kpema, siomimunau nidsuweHuli emicm pieHie Kynpymy, Hikoay, a
MAaKOM MOKCUYHUX efieMeHmig — NalmMoymy ma Kaomito.

Haykoea Hoeu3Ha. Bnepwe OocnidxceHuli exonoziyHuli cmaH eupouwysasbHux baceliHie
2ocrnodapcmea «lwxaH».

MpakmuyHa 3Ha4yumicme. OMPUMQaHi pe3yanbmMamu CMOCOBHO €KOs02iYH020 CMAHY
supoujysansHux 6aceliHie 2ocnodapcmea «lwxaH» 00380/9Mb CMBOPUMU ONMUMAsIbHI yMo8U 0714
8UPOWYBAHHA pubu.

Knrouoei cnoea: 2idpoximiyHuli pexcum, 8axcki Memanu, O0HHI 8i0KAadu, palidyxHa gopens.
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HEAVY METALS IN ABIOTIC AND BIOTIC COMPONENTS
OF AQUACULTURE HYDROECOSYSTEM “ISHKHAN”

TAXENBIE METANJIbI B ABUOTUYECKUX U BUOTUHECKMX COCTABJIAIOLLUX
PbIBOXO3ANCTBEHHOMN 'MOPO3KOCUCTEMbI «ULLXAH»

A. ®. MenbHuK, melnik.kiev@mail.ru, UHcTUTYT pbibHOrO X03AaiicTBa HAAH, r. Knues
0. M. CbITHMK, rybalyubin@ukr.net, MUHcTUTYT rugpobuonornm HAH YkpauHsl, r. Knes
A. U. MpyK, amruk@ukr.net, MHCTUTYT pbI6HOro xo3ainctea HAAH, r. Kues

H. N1. KonecHuk, kolesnik@if.org.ua, UHCTUTYT pbibHOrO x03siicTBa HAAH, r. Knues

H. I. MuxaineHko, ecology@if.org.ua, MHCTUTYT pbibHOrO X03aicTBa HAAH, 1. Knes
N. NN. TanosH, terteryan2009@mail.ru, UHCTUTYT pbibHOrO X03acTBa HAAH, r. Kues

Lleas. OnpedeneHue codepiaHus maxcesnsix Memannos 8 abuomuyeckux KommnoHeHmax (800a
U OOHHble omsoxeHua 6acceliHos), KOPMax, OpP2aHAX U MKAHAX PaOyHcHoU ¢hopenu 8 ycnosusax
UHOYCMPUAAbHO20 8bIPAULUBAHUS.

Memoouka. Mamepuanom 01 uccnedosaHuli 6blau 08yxnemKu padyxcHol gopenu, Komopbix
Kynemusuposanu 6 2011-2012 2zz., nonyvyeHHble om npoussodumeneli padyxcHol ¢openu,
sbipawusaemolx 8 bacceliHogom xossalicmee «NwixaH». OmnbiMHble 3K3emMnaapel pol6  6biau
omobpaHsl u3 sbipocmHbix bacceliHoe NeNe 3—4. CpedHAs macca pelb cocmaendna 466 e, npu
cpedHeli OauHe no Cmummy 36 cm. [lnomHocms nocadku pelb Ha 3asepwarowem smane
sbipawusaHus cocmaenana 50 k2/m3, uau 100 3k3./m%. CodepxicaHue pbi6 Mpoeodusnu €o2aacHo
obwenpuHamMeIm 8 gpopenesodcmee Mmemooukam. KonuyecmeeHHoe orpedeseHue KoHuyeHmpauul
msxensix Memasnsnos 8 800e, OOHHbIX OM/OHEHUAX U pblbe ocywecmaensanu npAambiM 8Cacbi8aHUEM
pacmeopa 8 nponaH-6ymaH-8030ywHoe rnaams ¢ NomMouwsbro abcopbyuoHHo20 cnekmpogomomempa
C-115-M1.

Pe3ynomamel. B pe3ynemame nposedeHHbIX UuccnedosaHuli onpedeneHo 3KOs02u4ecKoe
cocmosHue 8bipoCmHbIx bacceliHoe U Kayecmeo mosapHol npodykyuu padyxcHol gopenu
xo3alicmea « MWXAH» N0 8bIWEYKA3AHHLIM MOKA3AMENAM.

OcHo8Hble 2udpoxuMuvecKue roKasamesnu, Xapakmepusyruwue Ka4ecmso 800bl, omeeyanu
pbI60800HLIM HOpmamueam. OOHAKO, 8 OOHHbIX omsaoMeHUAax bbina onpedeneHa meHOeHUUs K
pocmy codepiaHus msaxcensvix Memannos. B yacmHocmu, ommemusnu nosviwieHHoe codepicaHue
yposHeli MeOu, HUKess, 0 MaKX#e MOKCUYHbIX 31eMeHMo8 — C8UHUA U KAOMUS.

Hay4yHas Hosu3Ha. Briepssie ucciedo8aHO 3K0a02UYECKOE COCMOAHUE 8bIpOCMHbIX bacceliHos
xo3slicmea «AwxaH».

Mpakmuyeckaa 3Hayumocmeo. [losnyvyeHHble pe3ysbmamel KAcamesibHO 3KO/102U4ECKO20
cocmosHus ebipocmHbix bacceliHog xo3slicmea «MwxaH» M0360449m c030amb ONMUMAsbHbIE
ycno8usA 014 8bIPAU4UBAHUA Pbibbl.

Knrouesble cnoea: 2udpoxumuyeckull pexcum, maxesable Memasnsnsl, OOHHbIE OMJOHEHUS,
paodyxcHas ¢operns.
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