ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACBHI
YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH

J1.B.COKOJIbCKUI ATBIHJIAFBI « X KAHAPMA,
KATAJIN3 )XOHE DJIEKTPOXUMUS MTHCTUTY Thl» AK

XABAPJAPLI

NU3BECTUA NEWS

HAIIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH QF THE REPUBLIC OF KAZAKHSTAN
AO «MHCTUTYT TOIUIMBA, KATAJIM3A 1 JSC «D.V. SOKOLSKY INSTITUTE OF FUEL,
SJIEKTPOXHUMHU UM. I.B. COKOJIbCKOI'O» CATALYSIS AND ELECTROCHEMISTRY»

XUMUA KIOHE TEXHOJIOI'NA CEPUACHI
¢
CEPUA XUMUN UTEXHOJIOI'NHN
¢
SERIES CHEMISTRY AND TECHNOLOGY

5 (431)

KBIPKYMEK — KA3AH 2018 .
CEHTSIBPh — OKTSIBPb 2018 r.
SEPTEMBER - OCTOBER 2018

1947 XKbUTJIbIH KAHTAP AVBIHAH IIBIFA BACTAFAH
U3JJAETCSA C SHBAPA 1947 TOOA
PUBLISHED SINCE JANUARY 1947

XBbUIBIHA 6 PET LIIBIFA/IbI

BBIXOIUT 6 PA3 B T'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATBIL KP ¥TA AJIMATBI, HAH PK ALMATY, NAS RK



2 Clarivate

Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Saurces Citation
Index, a new edition of Web of Science. Content in this index is under consideration'by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social S€iences, Citation
Index, and the Arts & Humanities Citation Index. The quality and depth @f content Web of
Science offers to researchers, authors, publishers, and institutions setsyit apait from other
research databases. The inclusion of News of NAS RK. Series of chemistry and teehnologies in
the Emerging Sources Citation Index demonstrates our dedication te providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecniybniukacbl Ynmmbik fbinibiM akadeMUscel “KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Sciénce-mit, xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbidyxabapialosl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macersneciH
Kapacmbipyda. Webof Science sepmmeywinep, agmopaap) bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. \XuMusi XoHe mexHosioausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOaembIKWWIH eH 63eKmi xoHe 6edendi XUuMuUsinbIK FblribiMOap
bolibiHWa KoHmMeHmke adanobifbiMbi30bi 6iiGIpeOi;

HAH PK coobwaem, 4mo Hay4HbIl XypHan «N3secmus HAH PK. Cepusi xumuu u mexHornoaul» 6bir
npuHam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHou eepcuu Web of Science.
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USING HERDERS FOR OIL SPILL RESPONSE IN“FHE SEA

Abstract. The article is devoted to the study of the capabilitigs, optimal conditions and efficiency of using
herders for in-situ burning of oil as an oil spill response technique” in{the Kazakhstan Sector of the Caspian Sea
(KSCS). The in-situ burning of spilled oil is considered as a preferredyapproach to fight large-scale oil spills offshore,
when the oil slick spreads over large distances under the action ofiwind,and currents, which also results in a greater
spill area and greater spilled oil volume due to water absorption. Herders, or chemical oil-collectors, are used in the
world practice for contracting oil slicks and their thickeningibefore ‘0il combustion. This study was conducted to
determine the feasibility of using in the Kazakhstan secteofithe'€aspian Sea those herding agents that have proven
to be effective for other types of oil and other marine e¢onditions. The herding performance, suitability and efficiency
of Siltech OP-40 and ThickSlick 6535 herders were investigated for Kashagan oil in artificial sea water with salinity
level of KSCS.

Key words: oil spill, herders, dispersants, Kashagan,Kazakhstan sector of Caspian Sea, salinity, in-situ
burning.

The Kashagan offshore oil fieldis,located in the northern part of the Kazakhstan sector of the Caspian
Sea. The distinctive features ofithe Northern Caspian are low depth of 2-6 m, low salinity of about 6 %o
and ice cover in winter. Theféfore;ithe methods for oil spills response, developed for open seas with large
depth, 33-35 %o salinity and minimum fluctuations in water temperature, require significant adaptation to
the conditions of the si6fthern, part of the Caspian Sea. The above facts necessitate additional studies to
select the most suitable methods using chemical agents for oil spill response to find the conditions that
provide the greatést positive effect.

Previously, the“€apability of using dispersants for the oil spills response [1,2] was investigated for
Kashagan_oil and for the conditions of the northern Caspian [3,4]. Based on the results of these works, the
Ministry of Energy?of the Republic of Kazakhstan approved the Method for Determination of Dispersants
forinclusion on the list of dispersants for the liquidation of oil spills in the sea and inland water bodies of
the Republic”of Kazakhstan [5]. Also, the Ministry of Energy of the RK approved a list of admissible
dispersants, including 5 dispersants [6].

Chemical collectors or herders are surfactants having two ends: hydr and hydrophobic. Herders are
designed to contract the oil slick and prevent the oil spreading. The herders are applied to the water
surface adjacent to the oil slick, thereby reducing surface tension at the oil/water interface. Reduction of
the surface tension of water contributes to the tightening of the oil slick, which in turn leads to an increase
in the thickness of the stain to the values sufficiently high for ignition and further combustion of oil.

The possibilities of using herders for oil spill response have been studied since the 1970s, but were
considered from the standpoint of their use to restrain oil for subsequent mechanical collection [7,8].
Beginning in 2004, they began to explore more specifically the possibility of using them to contract oil
stains before burning oil in cold seawater, especially in ice conditions [8,9].
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The principle of the herder action is shown in Fig. 1.

e

-

A small amount of herder is Herder rapidly spreads over Herder changes the surface After oilfeompression, the:
sprayed onto the water around ~ the water surface, forming a  properties of water - the area spots arejignited on thé
the perimeter of the oil slick monolayer of the oil film is reduced windward'side using the
Helitorch

Figure 1 - Effect of the herder on an oil slick [5]

In our opinion, the largest number of effective studies on chemical collectofs - hexdersywas conducted
by Jan Buist, who developed a technique for small-scale testing of herdets [10-12]. Oveér the past period,
he carried out a number of tests to burn different types of oil in variou$ynatural andielimatic conditions [6-
7], including the use of herders, which allowed him to establish their‘¢omparative characteristics. The
most effective herders, based on the results of the studies of Buist et al., ar¢yThickSlick 6535 and Siltech
OP-40. Both these chemical collectors were included in theslist (0f herders allowed for use by the U.S.
Environmental Protection Agency and currently, they areqthel\most well-known in the world and
commercially available chemicals.

A brief description of these collectors is presented in the\fellowing table [8].

Table 1 - Herders fof'testing on Kashagan oil

. L ThickSlicks6535 Siltech OP-40
Indicators
Manufacturer Desmidlne. Siltech Corp.
. 65% sorbitan monolaurate and 3-(polyoxyethylene)propyl-
Composition 35% 2-ethyl butanol heptamethyltrisiloxane
Density, r/em® (60F =
15.6°C 0.975 0.988
Solubilbity in water Partial miscibility Partial miscibility
pH 6.45 10.1
Kinematic viscosity, cSt 24.70 8.27
Dinamic viscosity, mPa*s 2535 837
(cP)
Freezingpoint -1,7°C (21,2°F) -59°C (-74,2°F)
Hlash Point > 82°C (180°F) > 82°C (180°F)

In thi§ regard, we were interested in studying the behavior of these ThickSlick 6535 and Siltech OP-
40 ag herders for Kashagan oil in the water of the North Caspian.

MATERIALS AND EQUIPMENT

We used crude degassed Kashagan oil, density 0.802 g/ml, viscosity at 15°C 3.02 mPa*s.

In the initial stage of the study, weathering was carried out at 60°C. The density of oil increased to
0.803 g/ml, the viscosity under those conditions was 3.11 mPa*s.

For the second stage of the study, it was used oil stripped at a temperature of 200 °C. The density of
the oil was 0.865 g/ml, and the viscosity — 22.6 mPa*s.

The herders are known to act differently on different types of oil. Thus, to establish comparative
characteristics, the Buzachi oil with density 0.920 g/ml and viscosity 427.2 mPa*s was chosen as an
alternative variant.
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The experimental basin with an area of 1 m” was used for research. For each experiment, the pool was
tightened with a freshly washed new plastic film, fastening them with large clips over the sides of the
pool.

The tests were carried out at water temperatures of 5°C (+/- 2°C), 15°C (+/- 2°C). The water
temperature of 5°C was maintained by adding ice pieces to water as needed. The water temperature was
measured in the persistent extended tracking mode by using a thermometer.

Water for experiments with a salinity of 6%o,d2 ' as prepared by dissolving sea salt in water.
Quantitative experimental data:

- The water volume of the correspondi ,
- Oil volume - 100 ml. The exact casured by weighing the cylinder with oil before
and after pouring oil out of the cylindef,iand calélating the difference between these two values; the exact

value of the volume was calculate

The herder volume was 150 p
exact mass of the herder was de
the exact value of the volu

om the,oil density.

icropipettes were used for sampling). Just as in the case of oil, the
y the difference between the total and empty micropipettes, and
rmined from the density.

EXPERIMEN D

We put w ol, create the appropriate temperature, pour 100 ml of oil, let the spot spread
over the surfdee,of theypool, add 150 pl of herder at the edges of the spot.

Res eriments with oil weathered at 60°C

Th uced from the Kashagan field is very light, quickly spreads over the surface of the water,
ges of the basin, making it difficult to fix the zero point. We had to repeat the experiment
efal times to introduce the herder in time.
ig. 3 shows photographs (real and black and white format) characterizing the results of experiments
e use of two types of herders for Kashagan oil, weathered at 60°C, at a temperature of 5°C and a
salinity of 6%eo.

From Fig. 3 it can be seen that both herders act as oil collectors, since the area of oil spots decreases
in all cases. In the course of the test, it was established that the effect of the herder is independent of the
salinity of the water. The effectiveness of the action of chemical collectors in these experiments was not
very high due to low density of oil. Nevertheless, of the two types studied the OP-40 herder is more
effective. In turn, this herder showed the best result at a temperature of 15°C, because it was able to reach
the maximum thickness of the oil film.
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Herder ThickSlick, salinity 6%o, temperature 5°C, oil, weathered at 60°C

Real photo Black and white format Real photo
0 min After
Herder OP-40, salinity 6%o, temperature 5°C, oil, weathered at 6

7

| Black and white format
After 1 min

Real photo Black and white format Redl photo
0 min

Figure 3 - Images of oil spots before and after the
at a temperature of 5°C and a

o types of herders
In Table 2 there are given the results of experi eir processing on the application of herders
to Kashagan oil weathered at 60°C. The areas andgt ess of the spots at 15°C calculated are shown.

¢ determination of the area and thickness
s to Kashagan oil weathered at 60°C

Table 2 - Experimental and calculate
of the spot at 15°C after the app

Spot
# Test conditions wh bpeil;(:lfs l)l\ll:cl;l(b;il;;:lfs afe[::‘t’/o Spoctn?f €a, thiﬂ%:less,
Thick Slick
1 00 min, 15°C, 6%0 T 1088629 7625048 0,1249 1249,33 0,8004
2 01 min, 15°C, 6%o T 1246566 7349821 0,1450 1450,10 0,6896
3 828634 7908811 0,0948 948,37 1,0544
4 728408 7962083 0,0838 838,17 1,1931
5 703439 7869412 0,0821 820,54 1,2187
6 703546 7987086 0,0810 809,55 1,2353
7 0120, 716835 7926290 0,0829 829,37 1,2057
OPH04
)0,mift, 15°C, 6%0 OP-40 1425047 7218113 0,1649 1648,76 0,6065
01 min, 15°C, 6%0 OP-40 381624 8714547 0,0420 419,54 2,3835
05 min, 15°C, 6%0 OP-40 320863 8559331 0,0361 361,32 2,7676
30 min, 15°C, 6%0 OP-40 356232 8467190 0,0404 403,73 2,4769
5 60 min, 15°C, 6% OP-40 511166 7921378 0,0606 606,18 1,6497
90 min, 15°C, 6%0 OP-40 669823 8139010 0,0760 760,40 1,3151
7 120 min, 15°C, 6%o0 OP-40 669648 7973795 0,0775 774,75 1,2907

Fig. 4 presents the data characterizing the effectiveness of two herders on Kashagan oil weathered at
60 °C. It is clear that the OP-40 is a more effective herder. It is also seen that after 40 min the activity of
the OP-40 herder decreases, while the ThickSlick herder retains this feature for 2 hours.
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4 D

il spot thickness, mm )

—4—QP-40 —#—ThickSlick Time, min

- J

Figure 4 - Efficiency of herders in relation to Kashagdh oil weathe at 60°C

Results of experiments with oil, stripped at 200°C
In real-life conditions, after an oil spill, a certain time
the light fractions can evaporate and the oil becomes
to the real conditions, the oil was stripped at 200
viscosity increased to 22.6 mPa*s.

re the response begins, during which
o bring the experimental data closer

Spot
’ Test condiions Numberof | $pot | Spotaren | iciness
mm
Thick Slick
00 min, 5°C, 62 4932840 2747585 0,6423 6422,61 0,1557
3074019 4786767 0,3911 3910,57 0,2557
3085968 4956569 0,3837 3837,06 0,2606
3063227 4664084 0,3964 3964,16 0,2523
3036094 4758240 0,3895 3895,26 0,2567
2958613 4592571 0,3918 3918,08 | 0,2552
2959968 4901942 0,3765 376495 | 0,2656
00 munyT, 5°C, 6%0 OP-40 2151907 6627301 0,2451 2451,14 0,4080
01 min, 5°C, 6%0 OP-40 1538319 7386747 0,1724 1723,59 0,5802
05 min, 5°C, 6% OP-40 1199200 7327123 0,1406 1406,47 0,7110
4 10 min, 5°C, 6% OP-40 1107462 7552195 0,1279 1278,88 0,7819
5 30 min, 5°C, 6%0 OP-40 1024073 7735862 0,1169 1169,04 0,8554
6 60 min, 5°C, 6% OP-40 1022606 7714868 0,1170 1170,37 0,8544
7 90 min, 5°C, 6% OP-40 1016577 7767356 0,1157 1157,31 0,8641

Fig. 5 demonstrates the data characterizing the effectiveness of herders at 5°C in relation to Kashagan
oil stripped at 200°C. The data show firstly, that the efficiency of the herders quite quickly reaches a peak
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(maximum) value; secondly, both herders retain the oil collecting ability for an hour and a half, and
thirdly, the OP-40 is more efficient than ThickSlick. In the course of this experiment, the OP-40 herder
was able to achieve a maximum thickness of the oil film of 0.85-0.86 mm.
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Figure 5 - Efficiency of herders at 5 °C in relation oil stripped at 200 °C

Fig. 6 shows photos describing the effect of herder at 15°C and a salinity of 6%o on

Kashagan oil stripped at 200°C.
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After 1 min

EXperimental and calculated data on the determination of the area and thickness of the oil spot at 5°C after herder
application to Kashagan oil stripped at 200°C

Spot
# Test conditions Nu.mbe.r o Numbe.r i Bigt S aiea ’ thickness,
white pixels black pixels area,% cm mm
1 2 3 4 5 6 7
Thick Slick
1 00 min, 5°C, 6%0 TS 1711573 7457102 0,1867 1866,76 0,5357
2 01 min, 5°C, 6%0 TS 1212779 7786793 0,1348 1347,60 0,7421
3 05 min, 5°C, 6%0 TS 1227626 7965183 0,1335 1335,42 0,7488
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Ipooonsicenue mabnuywt 4
1 2 3 4 5 6 7

4 10 min, 5°C, 6%o TS 1018576 8198153 0,1105 1105,14 0,9049

5 30 min, 5°C, 6%o TS 1237076 7883121 0,1356 1356,41 0,7372

6 60 min, 5°C, 6%o TS 1003368 8164454 0,1094 1094,45 0,9137

7 90 min, 5°C, 6%o TS 1013537 7097312 0,1250 1249,61 0,8003

OP-40

1 00 min, 5°C, 6%o0 OP-40 1563154 7531985 0,1719 1718,67 0,5818

2 01 min, 5°C, 6%o0 OP-40 369848 8534342 0,0415 415,36 2

3 05 min, 5°C, 6%0 OP-40 272525 8895435 0,0297 297,26 ,3641

4 10 min, 5°C, 6%o0 OP-40 271338 8701935 0,0302 302,38 3,3070

5 30 min, 5°C, 6%o0 OP-40 271229 8848742 0,0297 297,40 625

6 60 min, 5°C, 6%0 OP-40 272666 8798668 0,0301 300,58 3,

7 90 min, 5°C, 6%0 OP-40 275081 8965908 0,0298 297,6 3594

Fig. 7 shows the efficiency of the herders when exposed to Kashagan,oil gtri at200°C at 15°C.
The nature of the action of the herders in time is approximately the same bo tures: the area of
the spot decreases and becomes stable for 1.5 - 2 hours, while the thic f the ot increases.

a J )
il
Z —+—OP-40
= —#— ThickSlick
|2
&
2
—a
Time, min
S J
Fi fficiency of herders influence at 15 °C to Kashagan oil stripped at 200 °C
With incre ature, both herders become more effective. Thus, for the temperature rising
from 5 to 15°C, the thickness of the oil slick increased from 0.26 to 0.80 mm for Thick Slick herder and
from 0.8 . m for OP-40 herder. The effect of water temperature on the effectiveness of herders is
shown i 5.

Table 5 - Effect of temperature on the efficiency of herders applied to stripped Kashagan oil

# Herder Herder ac'tlon time, (ST Spot thickness,
min —
1 | ThickSlick 60 5°C 0,2552
B 15°C 0,9137
5°C 0,8544
2 OP-40 60
15°C 3,3269

To assess the impact of herders on different types of oil, experiments were conducted with oil from
the Buzachi field at 15°C. The results of calculating the efficiency are shown in the Fig. 8. As the data of

— (4 ——
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this figure show, the efficiency of both herders applied to Buzachi oil is higher as compared to the results
of Kashagan oil. Of the two herders, ThickSlick herder in this experiment showed a better result than the
OP-40.
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Figure 8 - Efficiency of the herders applied to oil frj\ the Buzachifield at 15°C

CONCLUSIONS

Thus, the following conclusions are drawn on the basis©f t erimental studies :

1. ThickSlick 6535 and Siltech OP-40 herders are gffe for contracting and thickening Kashagan
oil spot.

2. Herders showed the best result on Kashag
g/ml.

3. Of the two herders studied the most eff

4. The herder’s action is independent of

5. The maximum effect of the herder is‘tea
hour from the time they are applied t ater surface.
es rising temperature.
ct on Buzachi field oil, which has higher density of 0.920 g/ml

tripped at 200°C: oil density increased to 0.865

ech OP-40.
the seawater.

7. Both herders produce hi
and viscosity 427.2 mPa*s.
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TEHI3TE TOTLITEH MYHAMJIBI )KOIOJA XEPJAEPJIEP/I MAMJAJTAHY IBIH MYMKIHIIKTEPI

Aunnotaumsi: By seprrey Kacnuii TeHiziHiH ka3akctanaplk cexropbinna (KTKC) myHait TepifijiH K0 yilliH epTey d1iciH
naigananraH Ke3zie, Xepepsiepai KojiaHy MYMKIHIIKTepiH, OHTaliIbl MIapTTaphIH KoHe THIMALTIIH 3epieyro apHanrad. TeHisre
TOTLITeH MYHA /bl )KOIOJIBIH OPTeY 9Jici TeHi3/e YIKSH TOTiic OONFaH JKaFaai/a, skell MEH arbIH 9CEPIHGH MYHaW JKOJIAFbl YIKSH
KAIIBIKTBIKKA TE3 Tapal, >Kaiblly aiiMarbl jKoHE TOTUIreH MyHal KeyeMi Cy[bl CIHipy apKbUIbl aWEapibIKTail yiiFaiiFaH Kes3le
epekie 6ackIMIbIKKa ue OGonaThiH oic. JlyHuexysinik Taxipubene cy OeTiHe TOrinrcHWYHAWABLOPTEp aN/bIHIA JKUBICTBIPHII,
KaJIBIHABIFBIH apTThIPY YIUIH XepAepiep HeMece XMMHUSUIBIK JKMHArbllITap NaipanaHbBiajgbl. 3eprey, Oacka TeHi3gep MeH
MyHaiinap/a jKakchl HOTHXe KepceTkeH xepaepiaepai Kacnuit TeHi3iHiH Ka3adkCTaHIbIK CEKTOPBIHIA NaliianaHy MYMKIHIIKTEpiH
aHbIKTay MakcatbiHga Kyprizinmi. Tys3aeuisirel KTKC sxarmaiibina colikeefked€TiH KacaHABl TEHi3 CybIHIa KalllaFaH MYHAHbI
yuriu Siltech OP-40 >xone ThickSlick 6535 xepnepnepin oHTaiins! opi THIMjTalifa aHy ITapTTapbl AHBIKTAIBL.

Tyiiin ce3mep: MyHalibIH TOTiNyi, Xepaepiep, rucneprentrep, Kamaram)Kacnui teHi3iHiH Ka3aKCTaHIBIK CEKTOPHI, Cy/IbIH
TY3JBUIBIFBI, MYHAHIBI OpTEY.
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BO3MOXHOCTHU UCITOJIb30BAHMS XEPJEPOB ITPU JINKBUAALIUU PA3JINBOB HE®@THU HA MOPE

AHHoTaumsi: VccnenoBaHue MQEBAIICHO) M3YUCHHIO BO3MOXKHOCTEH, ONTHUMANbHBIX YCIOBHH M 3¢dexTuBHOCTH
NPUMEHEHHsI XepJIepPOB NpU CXKUFAHWKM HEPTH B KadyecTBe MeETO/a JIMKBHJALMU PAa3IMBOB HE(TH B Ka3aXCTAHCKOM CEKTOpE
Kacnmiickoro mopst (KCKM). Meton®éxkuranns HeTH HA MOpE SIBISETCS OJHUM U3 IPEANOYTHTENBHBIX METOJOB B CIIydae
OONBIINX PA3NMBOB HE(TH Ha,MOpe, KOPIa IO ACHCTBHEM BETpa M TCUCHHH HE(TSHOE IATHO OBICTPO PAaCIpOCTpaHseTcs Ha
OOoJIBIIIE PACCTOSHHUS, IPU STOM) 3HAUNTENEHO YBEIMUYMBAIOTCS M IUIOMIANb Pa3inBa, U 00BEM pa3UTOd He(TH BCIICICTBUE
HOTJIOIEHUS BOABL. Xeplepsl, WIH XUMHYECKHe COOMpATEeNH, UCIIONB3YIOTCSI B MUPOBOH IPAKTUKE IS CTATHBAHUS HE(TSHOTO
IATHA U ero yrosufleRus Heped npoBeleHHEM CxkuraHus. MccienoBaHue NPOBENEHO C LENIbIO ONPENEICHHUS BO3MOXKHOCTH
npuMeHeHHs: Hagboee SQPQEKTUBHBIX, HCIIOIb3YEMBIX C IPYTHMMH HE(TSIMH U B IPYTHX MOPCKHX YCIOBHSX XEPAEPOB B YCIOBHIX
Ka3zaxcTaHckoro cekropa Kacmuiickoro mopsi. Ompeaenensl ycnoBus 1 dpdexruBHOCTh xepaepoB Siltech OP-40 u ThickSlick
6535 s K@MaraHcKoi He(TH B HCKYyCCTBEHHOM MOPCKOM BOJIE ¢ COJIEHOCTHI0, XapakTepHoi 111 KCKM.

Kniouepble (€1oBa: pasnmuB HeTH, XepAepbl, AucnepreHts, Kamaran, ka3axcTaHckuii cexTop Kacmmiickoro mops,
COJICHOCTH BO/IbI, SKUTAaHUE HEDTH.
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