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Introduction. The continent of Eurasia hosts several major lake systems. Their value for the
regional and global climate, water resources, and sustainable ecosystem functioning can hardly be
overestimated, While some of the lake systems—like the “Euvropean Great Lakes” Ladoga and
Onega, the post-glacial lakes of Fennoscandia, Lake Baikal—are relatively well investigated, many
key lake regions have attracted the attention only recently (e.g. the thermokarst lake landscapes of
Siberian tundra), or lack systematic studies almost completely (e.g. the large lakes of arid climatic
zone of Central Asia).

Being the largest of the continents, Eurasia is characterized by the continental climate and its
subtypes, cold semi-Arid, cold Arid, and sub-Arctic climates. Therefore, the absolute majority of
Furasian lakes undergo strong seasonal variations in the heat exchange with the atmosphere, with
typical surface temperatures varying in the range of tens of degrees Celsius within a year, and
crossing the value of the maximum density for freshwater of ~4°C. This fact determines the main
feature of their physical regime: stable vertical stratification with respect to temperature during the
most part of the year, interrupted by two complete mixing events (overturns) twice a year, when
lake temperatures arrive at the maximum density value. Hence, the main distinctive feature of
Eurasian lakes is dimixis in terms of Hutchinson’s classification [Hutchinson and Loffler 1956,
Kirillin and Shatwell 2016]. Below, we analyze factors able to disrupt regular seasonal mixing of
lakes and discuss possible ecological consequences of it.

Thermokarst lakes: Probability of polymictic-dimictic transition. Thermokarst lakes, i.e.
those created by melting permafrost are inherent features of tundra landscape. Intense research on
thermokarst lakes in the last several decades has been motivated by a potentially increasing role of
melting permafrost in the global carbon cycle and release of greenhouse gases. Being very shallow,
the lakes are supposed to be polymictic, well-mixed down to the bottom during the most part of the
year. Observations from several small lakes in the delta of the Lena River [Boike et al. 2016]
demonstrated that shallow thermokarst lakes can be stratified for several weeks in summer. Using
these observations as a starting point, we investigated variations in the mixing regime driven by the
potential deepening of lakes driven by the permafrost melting. Under equal climatic forcing, lake
depth is the primary factor determining the duration of summer stratification (the second one being
the water transparency, Kirillin and Shatwell, 2016). Sensitivity model runs with the lake depth
varying in the range 2-12 m using the same meteorological input data demonstrated that lakes in
this climatic zone with mean depths >5 m should have dimictic stratification regimes, i.c. develop
continuous stratification in summer with duration of 1 month or longer (Figure 10). This alsc
supports the observation of summer stratification in deeper (> 6 m) Alaskan thermokarst lakes
(Sepulveda-Jauregui et al., 2015). In lakes of about 8 m depth or more, the summer stratification
duration significantly increases since high thermal inertia prevents vertical mixing during the
autumn cooling in August-September (Figure 11). Hence, even the thermokarst lakes of sub-Arctic
and Arctic tundra gain enough heat in summer to develop stable thermal stratification, so that all
lakes with mean depths > 5 m are suggested to maintain continuous stratification for the largest part
of the summer open water period [Boike et al. 2016]. The lack of the intense exchange of deep lake
waters with the atmosphere during several months of stratification determines the biogeochemical
processes in the lakes, which may have climatic effects on regional and global scales. The duration
of the thermal stratification in summer affects the concentration and vertical distribution of
dissolved oxygen: Longer summer stratification provokes deep anoxia and favors methanogenesis
in the deep water column and upper sediment (Golosov et al., 2012). Lake sediments are thought to
be one of the major sources of methane, having a strong influence on the greenhouse effect
[Holgerson and Raymond 2016, Wik et al. 2016]. As stratification typically prevents oxidation of
methane [McGinnis et ai. 2015], the increase of lake depth due to thawing permafrost [Langer et al.
2016) may produce strong intensification of methane production and release to the atmosphere from
the large areas of Siberian tundra. Thus, the transition of shallow polymictic (i.e. regularly mixed
and oxidized to the bottom) lakes and ponds may play a significant role in the positive feedback
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between warming in the Arctic and methane release.

G = s 3 4

Figure 1, Duration of the summer
stratification period vs. lake depth
caiculated with the FLake model for
thermokarst lakes of Siberian tundra (Delta
of the Lena River) Modified from (Boike &t

Oligomictic and meremictic lakes of Cenral Asia. The lakes of the arid and alpine
regions of Eurasia, such as Central Asia and Tyan-Shan, are especially sensitive to the regional
hydrological balance. Due to dry climatic conditions, many of these lakes are endorheic, having no
outflows, and are therefore subject to salinization, with dissolved salts affecting the hydrophysical
conditions, in particular, vertical mixing. The mixing regime of brackish and saline lakes, especially
the deep ones, is often not dimictic but rather oligomictic, having retention tmes of several years of
decades, or meromictic, with salt stratification preventing the exchange of waters between different
iavers completely.

Oligomictic lakes (such as Lake Baikal and Issyk-Kul) reveal complex mechanisms of the
deep water renewal, which apparently include horizontal exchange between lakes areas with varicus
raean water depth driven by differential cooling and heating, large-amplitude internal waves and
inflows. Hence, the lake waters remain well oxidized down to several hundred meters. Still, the
exact mechanisms of the deep water renewal are not completely understood and require
investigation in order to estimate the potential impact of changes in the heat and water budget on
the deep lakes. The major effect of the regular deep mixing consists in supply of the dissolved
oxygen (DO), which ensures-the high water quality and low trophic status of deep waters. Here we
use tecent observations on the oxygen concentrations in Lake Issyk-Kul to reveal major sources and
sinks of the DO and 1o estimate the rate of vertical mixing in near-bottom waters of the lake. The
dissolved oxygen soundings were performed in mid-June and made it possible 1o identify an
exceptionally important phenomenon in the dynamics of the Issyk-Kul ecosystem: the presence of a
deep maximum of dissolved oxygen associated with the production of micro- and picoplankion
{photosynthesizing algae & few micrometers in size). Detailed oxygen profiles obtained with the
help of a fast-response oxygen logger RINKO-I {manufactured by JFE Advantech, Japan) ailowed
determining the depth of occurrence of the maximum, as well as peak values of concentrations.
With an average oxygen saturation of about 70% over the water column, the concentration of
dissolved oxygen in the peak reaches 98% (Fig. 2).
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Figure 2. Vertical profiles of
temperature (biue), fluorescence
{green) and dissolved oxygen
(red) in the central part of Lake
Teevk-Kul

The peak itself is located at depths of 25-40 m, which is approximately 2 times deeper than
the Secchi (transparency) depth (Fig. 3). The maximum of oxygen does not always exactly coincide
with the maximum of fluorescence (biomass of plankton): the latter lies 10-20 m deeper (Fig. 2).
The most obvious reason for this discrepancy between the maximum of biomass and plankton
production is the limiting factor of the underwater solar radiation: in highly transparent of Issyk-Kul
waters, plankton is able to slowly accumulate significant biomass at great depths (up to 50 m), but
the most active photosynthesis occurs on shallower horizons, directly under the thermocline (a layer
of vertical temperature jump). These preliminary conclusions require however further justification,
taking into account such factors as vertical stratification of different species of plankton, vertical
oxygen transport by turbulence and internal waves, and increased oxygen consumption by
heterotrophic microorganisms actively growing in a layer with a maximum biomass.
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Figure 3. (left) Temperature and (right) dissolved
oxygen profiles near the bottom of Issyk-Kul.

Detailed measurements of the oxygen distribution revealed another important aspect of the
Issyk-Kul dynamics viz. the structure of the turbulent near-bottom boundary layer (BBL). Unlike
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temperature, which remains nearly homogeneous in the several ten meters thick hypolimnion, the
oxygen profile demonstrates an appreciable decline of concentrations near the lake bottom,
produced by the biochemical oxygen consumption in the lake sediment (Fig. 4). The vertical
extension of the oxygen gradient allowed us to estimate with a high accuracy the thickness of the
BBLasammmtingat~le.Theﬁnwdecwasem&ewncmﬁonofoxygmwiﬂldepﬁainthis
layer indicates a quasi-stationary mode of vertical exchange. A rough estimation of the near-botiom
turbulence can be derived from the BBL thickness of 10' m and a seasonal time scale of 10” days.
These values provide the vertical exchange coefficients of 10° m’s™, i.c. at least 1000 times the
rate of diffasion transfer of oxygen in a non-turbulent medium. The evidence of strong near-
boundary turbulence confirms the initial hypothesis of intense bottom circulation in Issyk-Kul. The
question about the generation mechanisms of this circulation remains open. A plausible hypothesis
was proposed by Peeters et al. (2003), who suggested the major role played in the deep water
renewal of horizontal density currents. The latter are driven in winter by differential cooling of the
deep central part of the lake and shallow coastal areas. However, the new resuits can be also
interpreted as indicators of intense deep mixing during the warming season that in tum suggests
presence of additional deep mixing mechanisms. Potentially important contributors to the boitom
mixing are the basin-scale waves (seiches), whose role in the transport of wind energy to deep lake
areas is well-known (). Seiche dynamics in Issyk-Kul has not been thoroughly investigated to date,
thoughcanbesuggestedtobeve:yen«geﬁc,takingimoaccountsu'ongwinds,largelakesize,md

a regular shape of the lake.
The fact that anthropogenic alteration of

+ Big Aral Sea the regional water budget may change
o= completely the mixing regime of lakes is
zl,¢4§ demonstrated by the notorious example of the

o H c‘:'\;o_n_‘\ Aral Sea. Formerly a brackish dimictic lake, the

4 s /° Aral Sea turned into a number of isolated water

:’ Vallh bodies with diverging characteristics, after losing

E ¢ b about 80% of its water volume [Izhitskiy et al.
£ H 2016]. The second largest remaining basin, the
§ 8 H Small Aral, is still dimictic, feed by the Syrdayia
i River and isolated by a man-made dam from the

wl i rest of the former water area. Yet, the largest

1 z remaining besin, the Big Aral, has lost
124 -1 1 completely the Amudarya inflow and became to

b a2 hypersaline meromictic lake revealing

?49 o 20 30 40 extraordinary physical conditions with acute
___W'mgr, effects on biopoebgmiesl processes. The strong

e Temnperature, °C chemocline (halocline) persists in the lake at

water depths of sbout 5 m. The origin of the
Fig 4. Vertical distribution of temperature and  chemocline is most probably endogenic,

dissolved oxygen in the Big Aral Sea in October  resulting from intrusion of water with different

and December 2015, salinity from one of neighboring basins.

However a biogenic contribution to the density

gradient cannot be excluded: The epilimnion

waters above the halocline are densely populated by zooplankton typical for hypersaline lakes
(Artemia Saling), while the dead biological material accurnulates in the halocline, with high rates of
degradation, characterized by a strong peak of turbidity and drop of the dissolved oxygen content to
zero. The high transparency of the upper layer allows effective storage of solar radiation in the
upper several meters of the water column, while the strong vertical stability due to salt gradient
prevents upward release of heat. As a result, the Big Aral represents now a “solar trap”,
accumulating solar energy with a local temperature maximum forming at the chemocline. In
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October, at the intense atmospheric cooling, the water temperatures in the chemocline exceeded
30°C, while surface temperatures were about 10°C, and the daily mean air temperatures were at 0°C
(minimum values around —12°C). The thermal regime is unique for the Aral Sea; other hypersaline
lakes, like the Dead Sea or Lake Urmia, do not undergo such strong seasonal variations in the
surface heat fluxes. The newly formed meromictic regime implies consequences at the regional
scales, in the biogeochemical regime, as the monimolimnion of the lake accumulates continuously
increasing amount of methane during the last years, as well as in the regional climate, as lake
represents in winter a warm spot on the surface, slowly releasing the accumulated heat onto the
atmosphere.

Transition from dimictic to warm menomictic regime: effect of winter warming due to
climate change. Changing of the seasonal mixing regime from dimictic to meromictic typically
requires an anthropogenic intervention into the water budget, and endangers mostly the lakes of arid
climate zone, where the hydrological regime is particularly vulnerable. There is however another
potential threat for the lake mixing regimes, determined by the observed positive trend in surface
lake temperatures. The latter is considered to be an indicator of global warming and is reported to
be especially strong in northern temperate lakes in winter. The existing future climate scenarios
predict that, if the warming trend persists for next several decades, dimictic lakes located in regions
of Europe with mild temperate climate will never cool below the maximum density temperature,
changing thus their mixing regime to warm monomictic, without a winter stratification period. The
mixing regime transition will take place first in deeper lakes, while the shallower ones will possess
the winter stratification for longer, i.c. the capacity to store heat throughout wintertime depends
directly on the mean depth (Fig. 2). The consequences of the physical regime change for
biogeochemistry of lakes may appear manifold. The absence of winter stratification suggests higher
mixing rates and better oxygen supply to the hypolimnion in winter. On the other hand it also
implies a stronger supply of mitrients to the epilimnion together with the better light conditions in
an ice- and snow free lake, hence favoring phytoplankton development and eutrophication. Other
potential negative effects of vanishing winter stratification are higher near-bottom temperatures in
summer and a longer summer stratification period [Kirillin 2010]. Both factors favor bacterial
activity in lake sediments, accelerate biodegradation of organic matter and, as a result, increase
oxygen consumption and methane production. Deep anoxia in previously well-oxygenated lakes
and a stronger contribution of these lakes to methane release may be hypothesized as possible
global outcomes.

Conclusions. The above discussed recent
findings demonstrate the fragility of the
hydrophysical regime of Eurasian lakes. The
continental climate ensures high annual
amplitudes in the heat supply hence the majority

: : : of lakes, either in the Arctic or in the Central

b e : Asia, tend to dimictic behavior, being well
e : mixed at least twice a year. Among the major

threats to the seemingly stable seasonal mixing
patterns of Furasian lakes are anthropogenic
salinization of arid lakes, trend to warmer
winters in temperate regions, and deepening of

L .. 2= Arctic lakes due to permafrost thaw.
fig. 5. Scenarios of the mixing regime Acknowledgements. This study was
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Kirillin {20101 Research, project no. 15-55-12378 NNIO_a,
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YRCIAERHLIR ATTOPHTM TAPAMETPHYECKOH ONTAMIBALIAN
CTAHJIAPTHRIX 3AKOHOB YIIPABJIEHHS B JIOKATRHOH CECTEME

Konowubacsa Aizada Konoxbaesna, Hayunwiti COMPYOHUK, Hucmumym aemoMamuky U
UHGOPMAYUOHHBIX MEXHOROZUN Hayuonansroil axadeamu HayK Kuipzviscxoi Pecnybauxu 726071,
2. Buwex, npocnexm Yyii 265, aizik2787@gmail.com

ApnoTansd. PacCMaTPHBATCE BONPOCH napaMeTpHUSCKOft ONTHMH3ALMA CTRHIAPTHAIX
JHMECHHEIX 38KOHOB YIDSBNEHRS. BONpDOC SBISCTCA AKTYATBHEIM 1A JOKANBHRIX CHCTEM
yIpaBNeHnS, KOTOPbIE MOTYT GAITE Kax CAMOCTONTENBHEIMA CHCTEMaMH, TaK W CHCTEMaMH HIKHETO
YpOBHY B COCTaBe TPOCTPAECTRCHHO-DACTIPEIEIEHABIX CHOTEM asronarmamme (PCA). B PCA
3a7a%a NEpaMETpHYeCcKoll ONTHMA3ANHE NOKATBHOIO aNropHTHMa YTIpaBIEHHR MOKET PCHaThes B
ABTOMSTWIMDOBAHHOM DpeKMME CCSDBEDOM NYHKTa TPYNHOBOro ynpaerermy ((HY) mm
HEHTPANLHOTO TMYHET2 YIIPRBICHAN (LUTY), KoTOpHIC 38TeM YAICHRO HACTPAUBAIOT TOKATHHBI
perynsTop. Pacuer HACTPOSK PETYNINTOPA TAKAKE MOKHO BoznoxuTs Ba TUIK noxamsuol CECTEMEL.

Kmogennte cnoma: ofwnexT yNpaBneHns, NCpeiaTowHas dyERIHE, ANOPORCHMANES,
aNTOpATM, HHTETPATLHLI KBanpaTHuHGIR KpUTEPHHA, uacrpoitxa, [UIK, THJ perynsaTop,
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Biite MCHONBIOBENE! 4 OUEHKE YCTONUMBOCTH MacCHBe, & TaKEe O enecool0pR3HOCTE IPEMCHSRIS
paspeboTanrore HOBOTO cnocoba [S] smemxe 3anacoB MOKAphepHOH 30HE IDH rouMbunzpopan=ol
paspeSoTRe PYIHBIX MECTODOXICHHH.
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Angoramus. [{em paboTs- HCCIEN0BANNE TRAPOPHIHICCKUX, THAPOXMMITICCKHX ¥ APYTHX
acexToB cocTosmua 03, Mccsx-Kyis, or6op npo6 Boxst s KanuOpOBKH MMEapa Ha xuopodunn
«an.

Jinsg uccnenoBanus GHOONTHIECKHX X2DAKTEPUCTHK 03. Hccnik-Kyims exerofso MpoBOIiTCA
SKCTICHIMOHHEIC paGoTEl, B PE3yNBTATe KOTOPHIX KAXN(IBI FOX CTPOATCH BEICOKOPa3pEIaoIIHe
KApTHI TIPOCTPRHCTBEHHOTO PacpefelIcHus ClEAYIOMMX MapamMeTpoB: TUIOMANHOE pacipeleneHue
XIOpOQHITA «@», DACHpPEJeleHHe B3IBCIICHHOTO OPraHMIeckoro BEOIECTBA B BEpPXHEM H
IpPUTIOBEPXHOCTHOM CHOSX  03. Ucchx-Kyms. Ha ocroBe coOpaHHBRIX [aHHBIX TOCTDOCHZ
3ABHCHMOCTD KOHUECHTDAIMHM XIOpOdWIa «a» M erc NMMIMEHTHOTO HHACKCA, Ui 2015, 2016 n
2017rT.

KmoueBbie cioBa: Ta3cpHBIA 1Wnap, GHOONTHYCCKHE XAPAKTCPHUCTHKH, XaopoduI «@»,
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Annotation. The purpose of this work is to study the hydrophysical, hydrochemical and
other aspects of the state of the lake. Issyk-Kul, water sampling for lidar calibration for chlorophyll
lla“'

Expeditionary work is carried out annually to study the bio-optical characteristics of the
Issyk-Kul Lake, as a result of which high-resolution spatial distribution maps of the following
parameters are constructed every year: the area distribution of chlorophyll "a", the distribution of
suspended organic matter in the upper and near-surface layers of the lake. Issyk-Kul. On the basis
of the collected data, the dependence of the concentration of chlorophyll "a" and its pigment index
was constructed, for 2015, 2016 and 2017. -

Keywords: laser lidar, biooptical characteristics, chlorophyll "a", spatial distribution,
concentration of suspended matter.

Beeaenwe. Wccux-Kynb, 970 B NEpeBOE C KHPTH3CKONO 03HA4aCT «ToOpAuce 03€poy,
SBISETCH OMEMM M3 ITyGOUaMIIMX BHICOKOTODHBIX 03€p MiaHeTH. OHO pacmionaracTcs Ha BRICOTC
1607 M maj ypoBHEM MOps, Dponeras ¢ BOCTOKA Ha 3amaj Ha 182 xM. O6beM BOAHBIX 3al1aCOB
o3epa cocraniuser 1738 ¥M’, a HawboNBIad TTYOHEA TO PAsHEIM JauHsM oT 668 mo 702 . Ilo
CBOWM XapaKTEpHCTHKAM, (H3IHYCCKHM, KIMMATONOTHYECKMM M HCTOPHKO-KYIBIYDHEIM, ero
BHONHE MOXKHO CUMTAT, «CPCOHCA3MATCKUM MOPEM». T12KKE CHOXHC TNEPEONCHHT: €10
peKpeanuOHHOe 3HaucHue, Bedh Ha Geperax Hccnx-Kyns yXe MHOTO JCCATHICTHM MPOLBCTAET
TypucTHYecKas HHOPaCTPYKTIYpa, 2 B fmmxaliniye TOOsl ee, MO BCel BHIMMOCTH, OXHNAcT
nansHe#nee HETCHCHBHOC Da3BHTHE.
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Mipectrus KI'TY uum. H Paiaxons 46/2018

Hsyuenne ozepa Heenm-Kyns ¢ yuactnem HacTvryTa oxeamonormm mm. ILIL Ilwpuiosa
Poccniickol axazemmn Hayk Guuto HawaTo B 2014 rozy B xone mpoSsolt sxcnensuvy B pajiose 1.
Yommonr-Ara. Hewsas ¢ 2015 roma eXeronso Opraru3YeTCH KOMIVICECHSS EayIHad 3KCIeIMIES
#a HUC «MonTyp», OXBSTHBSIOME BCIO 2KBSTODHN 03¢pa. B emeronHsiX 3KCHCINIRAX B COCTRBS
Hay9RoH IpYININ IPHHEMEST YIacTHE OTpS] MHIpOONTHRCCKHY HCCAER0BaHRH.

B 2015 u 2017 rogax paboTH NPOBOIHINCEH IPHMEPHO B OJHO B TO XC BpeMd {KOHEH HIOHY
~ Hg9aNC WIONS), WIO HDO3BOAACT HIYGEHTE MEKTONOBYI0 EIMEHYHBOCT: OHOONTHYSCKEX
napameTpos cpean. B 2016 roay paGots nposogumucs B sosfpe.

Marepuann: B MeToIn. [[pOMEKYTOTHEIM 25CHOM MCEZAY CHYTEHKOBHM MOHHTODHHTOM
MODCKOH  OBEPXHOCTH M TOYCUHBIMM  KOHTAKTHRIMH H3MEPSHHMAMH HBASETCR  TeXHHKA
JSICTSHIHOHHONS JIA3CPHOID 30NAHDOBAHNS BEPXHEro kBasHozmopogHore cros (BKC) sozoesa.
Ans ofecneucHAs MaXCHMANBHON MIOTHOCTE A3MepeHull Ra XOAy CydHZ ¥ Ha cTaHmmsx Osun
ACTIONE30BaH  yoeTparozeromnlt  duyopecuewrmeit  mmzap Y®I-9, peboraommii B
¥easuHenpepuarRon pexnne. JTuaaps: cepun YVOJT 6uinu paspaloraum g HinerHTyTe OKEaHONOTHYE
ma, ILIL Hlupwosa PAH B yonewso npwneHseTCs (A8 HEYUHMX HOCHSHOBaHMH  DasnWgHbX
axBaTopHil MO BCEMY MHDY, K HaCTOJIIeMY BpeMeRw nposeieno Sonee 40 skenmemmpidi ¢ ero
MCHIOMBI0BAHNEM,

Jleumnri gescpHER npECOD COYEAT TIZ MIMCPERHS ROHISHTDRIN TaRKWX BewHeHumHX
KOMIIOHCHTOB BOZHON cCpeibl, KaKk XNOpoQHAAR «o», BIBEUICHHOTO ¥  PRCTBOPSHHOID
OPTRHWYSCKOTO BENISCTBE ¥ MHNepanbHOH m3Beck. Taxwke paspaloTanHas MCTONMKS NO3BOMEET
ONEpaTHBEHO OOHADYXHBATH 3AIpE3HEHNS axsaTopuil HedTARKIME VrneBoHOpozamu, deHomaMu,
KaHATHIGUMOHHBIMYE OTXOIGMH, CeNbCKOXO2ZHCTBEHHEIMH CTOKOBRIMH BONAMM M [ODYIHME
OPTAHMMECKNMY BENICCTBAMH, & TAKKS [HCTAFIDIOHHO H3MEPSTh KOHUCHTDAUMM BSLIECTS
OpTRHEYECKOTD NPOHCXOMISHHEY, B TOM WICHIE HeHTeNpOIVKTOR.

Jivnap vcremaBnEBaeTcy Ha mo0ONM IUIABCPEACTBE WM MOHTHDYSTCN CTANHOHZDHO HA
HENBOJHBIX ROECTPYKOHAX. PaSoTaeT B aBTOMSTHYECKOM DeXWME, UaCTOTE HMIIYILCOR
SOHIMpORanUR cpens! 2 I'n, 9TC NMO3BONSET NPH HCTIONA3OBAHHH MANOMEPROrs CKOPOCTHOTO CYAR2
oneparsBEo 00CHCHOBAT: BOJOEM Ha NPEAMET 3ATPIIHCHHN OPraHUWYecKOTG SHTPOMOreHHOTT
XSpSKTEpa, NaTh KONMYCCTBEHHYIO OUSHEY 3aTDE3HCHMIO, OKOETVPHTh 3I0HY DAcHpOCTDaueHns
IATPRIECHMS, & TAIOKS BO MEOTHX CIYY24X ONPEISHNTS &0 HCTOTHHEK.

Fiameperus npOMIBOZSTCE HEIABHCAMO OT TOTONHBIX yCuoBME E BpPEMCHH CYTOK.
OpraEBvecKue BCmECTB3, OORapYAMBACMBIC NRABDOM, B TOM YHCIC REQTENDOAYKTH, MOTYT
HEXOTHTRCE K@K B BHAC [NCHEKY H2 DTOBCPXHOCTH MODE, TEK H B DacTBOPEHHOM HIH
3MYIBCHPOBAHAOM COCTOSENY B BOAKOH Tonme, Jlngep cnocober manepwres cpeamion obnenmyio
KOHOSHTDAIHIO KOMIOHCHTOS BOANOE (pemkl & HOBEDXHOCTHOM CJIOS TOMUHEHOE oKo¥o 5 M (B
OTEPHITEIX TPOSPavHEX BOGAX) ¢ modHol morpemisoctsio Hamepenudl He fonee 16% w ¢ smicoxol

YYRCTRUTESEHOCTRIO,

Prc. 1. Jlasepauili meaap V®JI-9 na Gopry «MonTyp».
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OcHoBHEIE nIapameTphl auaapa YOJI-9:
Jnwas BomEw nazepa — 355, 532 HM;
YacroTa 3ouuposanns — 2 'y; :
Sueprvsl 30HIUPYIONIEr0 AMITY/bCa (355 mM) — 1,5 MJIx;
JITHTETBHOCTS 30HAHPYIONIETO HMITYIThCa — 6 HC;
BxofHaA anepTypa NpAeMHNKa — 140 MM;
JinanasoR ganbHocted paborst — 2-30 M;
KO/DM9ecTBO ONTHIECKHX KAHANOB ITPHEMHOH CHCTEMB! — 4;
TToCTOSHHBIE CTIEKTpaTbHbIE Kanamst — 355, 404, 440 nv;

° CMeHHBIE CTIEKTpaNbHbIC KaHalbl IPHEMHHUKE B TYpeIH -385, 424, 460, 497, 550,
620, 651, 685 uum;

s Bec nprbopa, rabapatai — 35 kr, 700x500x230 v

° Pabora nmEapa HNONHOCTBIO  @BTCMaTH3WPOBAHE, OBCIYKHBAETCA  OMHUM
OTICpaTopoM;

° GPS-npuBs3Ka K2KJOT0 Na3ePHOTO HMITYIBCE,;

° TabaprTsl MO3BONAIOT HCTIONB30BATH JTHAAP Kax C HaxyBHO# 1I0JKH, Tak ¥ ¢ GopTa
OKEaHCKOTO CyIHa.

Jlmanazons: ¥3MepIeMbiX BENETHH THASDOM Y@JIi-9:

KOHIEHTpalHs XJopoduiiia «a», M/ 0,01+400;

KOHIEHTpalK4 O0IIEeTo OPraHHuecKoro yriepoaa, MI/M 0,1+100;

OKpANICHHOC OPTaHUYECKOE BEMECTBO {acoB,440) o' 0,003+10;

COZiepaHue B3BECH, MT/1I 0,1+500;

TONIIHHEA CIIOA 30HIHPOBaHNL, M 0,1-10.

Jlunape: Y®JI-cepan NPUMEHSIOTCS JUIS PEIICHHS CICAYIOMIAX HAY9YHBIX ¥ IKOHOTHIESCKUX
NPHUKAAAHBIX 327034

® BRICOKONPOH3BONMTEIBEOE HCCICHOBAHHE NDHIOBEPXHOCTHOTO C/IOA MOpd Ha
fIpefMeT TPOCTPAHCTBEHHOH H3MEHTHBOCTH KOHIEHTpanuil XJIopoQuiIa «a», OpPraHW4eCKHX
BEIIECTB B PACTBOPECHHOM M B3BEIICHHOM COCTOSHUH ¥ MHHEPanbHOH B3BECH.

° MOHHATOPHHT UCTOYHUKOB 3arpA3HCHHUS MOpPH H IPCCHBIX aKBaTOpHH, OIEPaTHBHOS
OKOHTYPHBAEHE 30HI 3aTPA3HCHAL

° OneparuBHbli KORTpoIs ¢ Oopra KaTepa KONHYCECTRA HeTEIIPOXYKTOB,
OCTAIONMXCH HA MOPCKOH TNOBEPXHOCTM B MpOLECCC OYMCTKH aKBaTOpMM OT HeQTAHOTO
3aTpA3HEHNAA. .

° OGHnapyxerne c1albix yTedek HETENPOAYKTOB H3 TpyGOpOBOAOB, 2 TAKKE C
Hed)TAHBIX TEPMHHAOB ¥ GypoBbiX IiaThOpM MpH YCTAHOBKE Ha HAX ymsaapa wiH npu pabote ¢
TATPYNBHOTO KaTepa.

° Bo3MOKHO HCHIONB30BAHHE JHAPA /U1% KOHTPOJIA YUCTOTHL IULDKEH, & TAKKe APYTHX
TIOBepXHOCTel CYmIH 1% O6HapYXCHUA MATLIX YTEICK He(TeNpOOyKTOB 13 HedTeTpy6ONpOBOTIOB,
pabota ¢ 60pTa HA3KOMETANMX ABHAHOCHTENCH.

J1n% TIOMyYeHH:s UTOTOBBIX BHICOKOPA3PEIalONIHX KapT POCTPAHCTBEHHOTO pacTIpeieHeHNA
KOHICHTPAlHH XIOPOQHULTA «@», BIRECH (B OCHOBHOM MHHEPANbHOM) ¥ BENISCTE OPraHW4YeCKOro
NPOHCXOXKACHUSA, & Takke ONCHKH TONHDMHE IUICHKH He)TENpOAYKTOB Ha MOBEPXHOCTH,
NPOBOJMTCH KaTHOPOBKA JIHAAPA M0 JaHHRIM obpabotku npo6 BOAR! B TEKYIIHX SKCTICAKUMORHEX
ycnoBusxX. Ha JaHABIA MOMEHT NpOBEICH2 KAMOpOBKA JTHAGPA BO MHOXECTBE CONCHBIX H
NpecHOBOAHRIX DaccefiHax MO JaHHBIM npoGoor6opa, TpH ITOM, KaKk INPABMIC, MOJNYYCHH
VIOBIETBOPUTENLHEIE KOPPE/AIHORHBIC 33BHCHMOCTH. Wsmepenus GuoonTHUECKHX moNeH IO
dayopecneHnuy ¥ OGPAaTHOMY PaCCeAHHIO BOZHON Cpelsi TPOHCXOAMT in Sifu, HEHHBAMBHLIM
06pa3oM, YTO YBENHGMBAST TOYHOCTh HX ONPEACICHHA TIpamenseMas Meroguka 06pabOTKM
NMAapHEIX cHrHanos Gnina paspaborana u anpoGMpoBRana B XOZie AECATKOB 3Kcneanumit UrcturyTa

284 HRHOOPMANHOHHALIE TEXHOJIOTHH, CETH B CHCTEMBI




Vil

Hipectua KI'TY aM. ¥ Paviakosa 46/2018
oxearonormr WM. ILIL [lmpmosa PAH B pauTHumBIX 3KBarcpuaxX Muposoro okcamz ®
BHYTPERHEHRX BojoeMax cymH {1, 2, 31

PeayspTaTil ® ofcymaenme. B xoje pelicoB HARYYHO-HCCICAOBATENBCKOrC CyAHZ
«Monryp», Ha GOPTYy KOTOPOrO NPOBOMMIACH JKCUCHMUHOHHBIC paoTsi O HCCISROBAHHIC
THOPOPHUINTECKUX, THADOXHMHYCCKHX H IPYIHX aCTeKTOB COCTOSHHAR BOZOSME, NPOM3ROARICE
or6op npof BOAM Ans KaTHOPOBEM NKJEpa He XNOpoGHIL «a», OprauEYecKuil yruepol ¥ obmiyio
B3BecH, W 0OpabaTHBANNCE B COOTBETCTBENM CO CTGHJAPTHMMHA MeTogukamH [4,5]. Mawmepemmx
ApOBOMANCH HA DABHOMEDHO MOKPHIBABIMX BCIO AKBATOPHIC O3¢pe CTaEumax, ofmeec wHCIO
EOTODBIX cocTamiaano oxono 20, B xampmoli sxcnezmmuu. KpoMe TOro, HIMCpEHHS NPOSONRIHCE
HEHOCPEACTESHHO Ha MEPEXOARX CYIHE MEXAY CTAHIMAME.

B xamgnit rof OUTd DOCTPOCHR! BHRICOKODASPCIIRIOIKS KapThi [POCTPaHCTBCHHOIT
pacnpeieewns YKasaHHKX BRInE napamerpos. Ha puc. 2-10 npHBOIATCE HEROTODSIEC M3 HEX.

2 4284
L e
E
£ o
P
b :
78 785 b s 78 1 - R—
monwoTe, mea. E

Puc. 2. Inomansoce pacnpesieneHne XIopodEana «a» B NPHIIOBRSPXHOCTHOM CIOE 03.
Hecnk-Kym, 23-26 mons 2015 r., no na#ss mmaaps YOJI-9

755 77 775 78

monreta, pea. E
Puc. 3. TInomaanoe DacIpEACCERE BARSTUCHEOIG OPTRHHYCCROTC BEMECTRE B
NpUNOBEPXHOCTROM crioe 03. Hocsik-Kyms, 23-26 wions 2015 1., o JarAbIM Tuzapa Y&II-9
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Puc. 4. TInomagroe pacnpenenenne ofmie B3BECH B IPUNOBEPXHOCTHOM o€ 03. Hcehix-
Kyns, 23-26 mons 2015 r., mo aareeM migapa Y®JI-9

e e e
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Puc. 5. TipocTpaBCTBEHHOE pacnpeAcicHEe XI0podHLa «a» B BEPXHEM CIIOE 03epa 10
naHEsM mHaapa YOJII-9, ceemxa B nepron 31.10~03.11.2016 ¢

42.6-
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4224
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| e 31/40/2016
s (174172018

Ppid : 4 2 ot =
‘ 026 | 24 3 36 42 48 54 8 66 7.2 78 84 ¢ 36 Mg/l
—-—- 0371472018

Puc. 6. TIpocrpasicreHHOe pacupeenenue okpamersoro POB B BepxaeM Clice 03¢pa 110
pauneM nEaapa Y®JI-9, chemka B mepron 31.10-03.11.2016 1
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Puc. 7. [IpocTpancTsensoe pacnpeacacHue oOmeH B3BCCH B BOPXHCM CiI0E 03€pa 1o
naEHERM THAapa YOJI-9, coemxa B nepuoz 31.10-03.1 120161

Chi-a, mkg/t

1 12 14 16 18 2

opodunina «a» B IPHIIOBEPXHOCTHOM CIOS 032pa
26 no 30 mons 2017 roga

¢ 02 04 08 08

Puc. 8. Pacupenenesine KOHICHTPAMH X
Hiccnx-Kyas N0 JaHHEM JHISPHOTO 30HTHPOBAHNUT B IICPHOZ €

772 7174 I8 TR 78 782

782 784
TS  CDOM, mg/!

6 o0z 055 08 125 1§ 185 23
Puc. §. Pacnipenenesse KORIEHTpaimi#t OKPaICHRONO POB & nproBEPRUOCTHOM CHOE
¢ 26 nio 30 mrona 2017 rona

osepa Hccsk-Kyib 10 ARALIM MRAPHOTO 30HIHPOBAHNA B NEPHOR
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TSM, mg/t

2 3 4 5 8 7 B @ © it
Puc. 10. PacnipesieneHne KOHUEHTpamwii o6 B3BeCH B IPHIIOBEPXHOCTHOM CIIOE 03¢pa
Uccsik-Kyiis o JaBHBM THAAPHOTO 30HIMPOBAHHAA B epHOA ¢ 26 no 30 mions 2017 roxa

TIpy COMOCT2BJICHHN Pe3yAbTATOB H3MEPCHHEHM IETHHX SKCTICAMIMA HA Hccwx-Kyms B8 2015
¥ B 2017 IT. CUEHyeT OTMETWTS, WYTO KOHIEHTpaIH¥ X1opoduina «@» TNPCBHLINAT
COOTBETCTBYIOIIHE 3Hawenms, nomyueHHsle B 2015 roxy, B3BEMICHAOE OPraHHYecKOe BENICCTBO
HAXOIWTCH NPHMEPHO B TEX Xe NpeJeliaX, a KOHICHTPAuH obmeit B3pecH HuKe, ueM B urone 2015
Tola, OpHM 5TOM MAaKCHManbHOE 3HAYCHHE KOEICHTpanWH o0me#l B3BecH B 2015 roay
TIPEBOCXOMIIO MAKCHMATbHOE 3HaucHHe 3a 2017 rox Gonee deM B 10 pas (3 ycrbax pex Kapakon #
Kruipranan).

B taSmmue 1 npHBeAcHA CBOAHBIC JAHHBIE O ZHANIA30HAX H3MCHYMBOCTH 33 2015, 2016 =
2017 .

: Tabnuua !
06/2015 | 06/2015 11/2016 11/2016 06/2017 06/2017
min max min max min max
Cxn, mxr/n | 0.004 1.48 0.17 1.7 0.03 0.03
Csos,mr/n | 0.024 6.23 2.5 42 0.045 315
Cems, mMr/a | 0.276 130.82 0.08 2.4 0.07 13

B 2015 u 2017 rogax JKCNeAMUMOHHBIE HCCIEIOBaHAS Ha 03. Hochik-Kynb mpoxomwnm B
OIHO ¥ TO %e BpeMs (23-26 mrons 2015 r. 1 26-30 wona 2017 r.). MapmipyTHl ClEIOBaHMS CyIHa
GBIMM B HEMOM CXOXH, MH TPOXONMIM Ha paccrosHux 3-5 mums or Gepera Bjonmb Hero,
HanpaB/ieHHeM LMPKYISIHE [0 YacOBOH CTpenKe, 3aMbIKad HAIy TPacKTOPHIO B I. Yonmon-Ara.
Kpome TOro, Mbl [e/CHANPABICHHO OTKNOHATA MapuIpyT WIHM TPOH3BOZWIH OTACNEBHYIO
LMPKYIAIMIO TIO ManoMy paiyycy Aid NOCTIKEHHS TOYKH C MaKCHMAnbHOH roybuHoOd B
USHTPANBHOM 92CTH 03epa, B 06enX aKcrenHmusX. TakAM 06pasoM, ecili YCIOBHO PasieiluTh 9acTH
MapIIPYTOB Ha CEBEPHYIO, BOCTOUHYIO, I0XHYIO, 3allafiHYIO ¥ HCHTPAILHYIO0, H YCPSAHHE 3HAUCHHA
KOHIEHTpaIH H3MEpReMBIX THIapPOM TAPaMETPOB B KBA3HHENIDSPHIBHOM DEXHME, MBI TIONYTUM
cnenyomyo Tabmy 2:
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Tamxe ocobuil HETEpec NPEICTARINCT SHANKS JaRHBIX O KOHICHTPAIHAX xaopoduns «@»
OTHOCHTETSED IHIMEHTHOTG HEJSKCE, WIMEPEHHOTO Ha npofax BOAE! ¥ XAPAKTCPUIYIOUIET0 dasy
cyxumeccrE (BO3PAcT) QUTOTIARKTOHE. Ha pac. |1 npeAcTaBIeHN COOTBETCTBYIOMAS JABHCHMOCTH

A% TPEX DRCNCHHIH.
50
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“VioHe 2015
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Xnopoduann 8, sain
Prc. 11. 3aBBECHMOCTE KORNIEETPAIHH XICpODHia «ay H €70 NATMCHTHOIO HHOeKCs, A4
2015,2016 5 2017 rr.

VIRTeppeTHpOBaTH TONYICHHEIC 38BACHMOCTH MOXKHO HCXOLX 3 NPEINONOXERENS, Y10 B
2015 rofly Becenuee BETCHME PHTONNANKTOHS HAUANOCH PAHLILIC, UM B 2017, u ¥ XOBITy HIOHZ OH
yaxe "oTusen”. B 2017 rogy Mul, NO-S8HAHMOMY, aacTaNY NHEK NBCTCHHAS, B CAMOM HaYanie ero ¢nana
- nurMeHTHAM MEZekC emie OTHocHTensHO meSombuiol, 4TO COOTBETCIBYST paunel Gase
cyxmeccHH GETOMIARKTORE, HO CPEIHHC KOHUCHTPAMIH Sompmue, ¥ ocobenuo GoMbluye MHKOBHC
spauerwa. JUi% cryuas HosGpx 2016 roaa MOXHO MpEATioNaraTs HITAN0 GCEHHETC UBSTCHAR, KOTAR
OErMeNTHENE HENCGKC HAXOOWTCS Ha MWHMMYMS IpH HOCTAaTOdHO SOMPIEX  KOHUSHTPAIRIX
X70podAATE «&Y, HO NTHK UBSTEHHS SNIS BACDPSIH.

B xauecTBe 3aKMIOUCHES XOTe0Ch B! OTMETHTS BAWHOCTL KOMIIEKCHBIX wocneRoBanui
osepe Hccwx-Kyms Ha noctosumofi W perynspHolf OCHOBS, ¢ HCHOMBIOBAHACM CPEACTE
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OTICPATHBHOTO IWCTAHLOMOHHOTO MOHUTOPWHTZ BOZHOM 3KOCHCTEMEl, B TOM YHCNE JHAapHOH
TEXHMKH M CPEICTR CHyTHHKOBOre Habmronemms. CoBMecTHbie paboThI B paMxax poccHicko-
KYUPTH3CKOrO HAyuyHOrO COTpYZHWYecTBa OYAYT DTpPONOKEHH B LENSX HAKOWICHHA H
CHCTEMAaTH32LMHN 3HaHKH 00 yAuKamsHOoH nprponHoH sxocucTeMe Mecnx-Kyna s ee coxpanesns
¥ 3AIIATH OT MHOXKECTBEHHBIX PHCKOB aHTPONIOTEHHOrO H IPHPOAHOTO I'eHE3HCa.
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YCTPORCTBO I H3IMEPEHHUS NOBEPXHOCTHOM
CKOPOCTH BOJbI

Ilpecnnroe Koncmanmun Anexcandposuy, o.m.H., cmuc., Huemumym asmomamuxu u
ungopmaymornbix mexnonozuti HAH KP, 720071, 2. Buuixex, np. Y9y 265

Kepumxynosa I'yncaam Kybambexoena, x.p.-m.n., Hucmumyn agmomamuxu u uHQOPMayUoHKbIX
mexuonoeuts HAH KP, 720071, 2. Buwxex, np.Yyi 265, e-mail: gulsact@mail.ru

Annoranusa. [Ipeiuroxeso ycTpolicTBa I H3MEPEHHZ NIOBSPXHOCTHOH CKOPOCTH BOXEI,
OCHOB3HHCE Ha H3MEDEHHAX YIUIa OTKJIOHEHHS HaNPaBNsionledl KYIUCH ¢ NOIJIARKOBRIM JaTUHKOM
OT BEPTHKAAHM B HANpPaBICHHEW AMHaMWYeCcKoH OCH OTOKa BOABL PaccMoTpeHa du3myeckas cxema
cwi, OEHCTRYIOIIMX Ha NOTUIABKOBLIH J2TUHX C HANpPaBIfiome# KyimHco#d B NPHIOBEPXHOCTHOM
ClIOE TIOTOKE BOAM. YHYTEHO, YTO NONBHXKHHI NOMNAZBKOBhIE JATIMK Y4acTBYeT B CIOXKHOM
JBUXCHHHU, COCTOANICM H3: | — OTKJIOHEEM¥ MOIUIaBKOBOrO A2TYHKA BMECTE ¢ HaNpaBlsomiei
KYIMHCOH OT BEDTHMKANM B HANPaBICHHW IWHAMWYCCKOW OCH IIOTOKa, 2 — B MEPEMCIICHHIX
TIONBYOKHOIO [OIUISBKOBOIC [AaT4YMKa BIOND HANpaBISIOMEH KVIHCH COTJIACHO W3MCHEHMAM
HanonHCHUS BojoToKa BojoE. C ydeToM YKa3amHBIX OOCTOATENLCTE BhIBeZicHa GopMmyna mns
BLIMCIICHHSA TOBEPXHOCTHOH CKOPOCTH BOIL! Ea OCHOBE pE3YNbTaTOR H3MEPECHHH yIila OTKIOHEHUS
MOTNISBKOBOTO NaTYMKa C HANpaBIfIONmeH KyNIHCOH OT BEDTHKANH B HANpaBICHWH TWHAMHYECKOHR
ocu noroxa. Dopmyna dmrsmgeckn obocHoBama. YCTpOHCTBG AN W3MEpeHMs IOBEPXHOCTHOR
CKOPOCTH BOJHI IOCTATOYHO NPOCTC B KOHCTPYKTHBHEOM HCHICTIHEHMH ¥ HaIeXHO,

Kniouernie cJIOBAa: yTON OTKIOHEeHWs, NOMIABKOBBI JATUMK, MOBEPXHOCTHAS CKOPOCTH
BOJBL

290 HHOOPMAIHOHHBIE TEXHO/IOIHY, CETE ¥ CHCTEMBI
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