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ABSTRACT. The work analyzed measurements of the profile of photosynthetically active radiation
(PAR) in Lake Teletskoye, obtained in August 2023. It was found that in the areas where rivers flow into
the lake, the rate of vertical attenuation of photosynthetically active radiation is less than in the rest
lake aquatorium. The maximum values of 0.577 m! were found in the northern part of the lake, the min-
imum - 0.247 m? in the central part of the lake, exposed to the river Chelyush runoff. All this indicates
that the main source of dissolved organic matter is the degradation processes of organic matter in the
lake itself, which are not associated with its supply due to river runoff. An estimate of the average PAR
value attributable to the upper mixed layer was obtained. The range of its variability was from 0.13 to

0.62, which is also associated with river inflow.

Keywords: Lake Teletskoye, photosynthesis layer, in situ measurements, optical properties of inland water

For citation: Suslin V.V., Latushkin A.A., Kudinov O.B., Sutorikhin L.A., Kirillov V.V., Martynov O.V. Euphotic zone depth
according to measurements of the photosynthetically active radiation profile of Lake Teletskoye in August 2023: regional features
// Limnology and Freshwater Biology. 2025. - Ne 1. - P. 20-29. DOIL: 10.31951/2658-3518-2025-A-1-20

1. Introduction

The photosynthesis rate and primary production
depend on the light conditions in the environment,
which explains the relevance of studying the distri-
bution of solar radiation in the lake (Sherstyankin,
1975; Sutorikhin et al., 2016; Churilova et al., 2018;
Churilova et al., 2020a;b; Kovaleva and Suslin, 2022).
The photosynthetic layer thickness (Z,) is one of the
important characteristics of the aquatic ecosystem
state, depending on the primary hydrooptical charac-
teristics of the upper layer of water (Churilova, 2009).
As part of the summer expedition of 2023, large-scale
measurements of photosynthetically active radiation
(PAR) profiles were carried out, including the entire
water area of Lake Teletskoye.

Lake Teletskoye is a unique mountain lake with
a special hydrodynamic regime and hydrochemical
composition (Selegey and Selegey, 1978; Zinoviev et
al., 2021) which determines the optical properties of
its water.

The purpose of the work is to obtain an estimate
of the thickness of the photosynthetic layer for vari-
ous geographical areas of Lake Teletskoye, including
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areas adjacent to river mouths, using an array of PAR
profile measurements, and to obtain estimates of some
important characteristics of the light field, including
the exponential attenuation of PAR and the proportion
of the average PAR value in the upper mixed layer of
the lake (UML).

The optical properties of the waters of Lake
Teletskoye, in particular, the PAR and its attenuation
coefficient, have been studied previously. However, the
results presented in this paper have a wider spatial cov-
erage of measurements than in (Akulova et al., 2022)
and a more detailed regional analysis within the lake
than in (Churilova et al., 2023; Churilova et al., 2024).
In addition, the novelty lies in obtaining an estimate
of the light in the upper mixed layer UML. Another
important aspect is that all measurements were carried
out using equipment developed and manufactured at
the Marine Hydrophysical Institute of RAS.

2. Materials and methods

To solve the problem, we used measurements
with the “CONDOR” instrument, which performed
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synchronous measurements of temperature (T), turbid-
ity (Turb) and PAR profiles (Lee, 2012; Latushkin and
Kudinov, 2019). All sensors of the “CONDOR” instru-
ment are calibrated (Hydrobiophysical multiparamet-
ric submersible autonomous complex “CONDOR”: URL:
https://dent-s.narod.ru/kondor.html).

The analysis uses the results of measuring the
PAR profiles at 56 stations obtained during the expedi-
tion to Lake Teletskoye in August 2023. A synchronous
measurement of the temperature profile was also car-
ried out to determine the thickness of the UML (Z,,),
which was defined as a temperature drop of 2°C from
the surface to its lower boundary. The value of 2°C was
chosen as a result of the analysis of temperature profiles
for all stations performed (N = 56) in order to remove
the influence of small rivers flowing into the lake on the
UML. This analysis is not presented in this article. The
criterion we introduced allows us to identify the main
thermocline in the summer season, or more precisely,
to clearly determine the position of the main thermo-
cline, and thereby obtain an estimate of the thickness of
the UML with sufficient accuracy (< 1 m).

A map of regions at which synchronous measure-
ments of PAR and temperature profiles were carried
out is presented in Fig. 1.

An example of temperature and PAR profiles
measured in Kamga Bay is shown in Fig. 2. The figure
shows the position of the lower boundary of the UML
and euphotic zone depth Z , as well as the value of
photosynthetically active radiation immediately below
the water surface PAR(0).

The entire lake was divided into 7 regions, includ-
ing areas adjacent to the river mouths (see Table 1).

The procedure for processing data by the
“CONDOR” instrument measured, including the cal-
culation of the UML and Z  layer, is presented as an
example in Fig. 2.

The value of the photosynthetic layer Z was
determined as the depth at which 1% of the level
of photosynthetically active radiation incident on

Fig.1. Map of the location of Lake Teletskoye and the
regions where the research was conducted. The numbers on
the maps indicate region numbers: 1 — Kamga Bay, 2 — oppo-
site the Yailyu village, 3 — central deep-water part, 4 — mouth
of the Koksha River, 5 — southern deep-water part, 6 — mouth
of the Cholyshman River, 7 — mouth of the Kyga River.

the water surface PAR(0*) was reached, where
PAR(0") = 1.06 * PAR(0") (Mankovsky, 1996), PAR(0")
is photosynthetically active radiation immediately
below the water surface. The PAR(0-) values were
found by interpolating the measured PAR(2) profile at
z—0 for the vertical attenuation coefficient K (PAR),
independent of 2z
PAR(z) = PAR(0") - exp(- K (PAR) - 2) (1).
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Fig.2. An example of simultaneous measurement of temperature profiles (b) and PAR (c) by the “CONDOR” instrument at
station 169, carried out on August 17 in Kamga Bay (a), and the result of data processing: 1 — behavior of the profile of the
measured parameter; 2 - linear approximation by equation (2); 3 — lower border of Z_; 4 — lower limit of the UML; 5 — PAR(0").
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The solution {K (PAR), PAR(0)} was found by
the least squares method after taking the logarithm of
equation (1) in the form of a linear function (2)
—ag+b, (2)
where y = In(PAR(2)), b = In(PAR(0)), a = K (PAR) is
vertical attenuation coefficient of PAR in m?, z — depth
in m.

Thus, Z, was determined both from direct mea-
surements of the PAR profile and from expression (1)
7 = _; -In(0.01) , with known K (PAR).

“ K,(PAR)

After finding the PAR(0") and the exponent a (or
K (PAR)), it is easy to obtain an estimate of the average
(PAR(0" -Z,,,))

PAR(0")

in relation to the entire incident photosynthetically
active radiation, where

(PAR(0" - Z,,,)) = ZL : joz”“” PAR(2)dz, (3)
UML
where <PAR(O_ _ZUML)> is the average value of PAR
in the UML layer, integrating (3) taking into account
(1), we obtain:
0.943

O=——"—
Kd (PAR) ' ZUML

PAR proportion in the UML (o =

(1-exp(-K,(PAR) - Z,,,)) , (4)

3. Results and discussion

The result of comparison of Z  measured in
situ with its value calculated from equation (1) with
K/(PAR) independent of z is shown in Fig. 3. From
Fig. 3 it can be seen that in situ Z, coincide quite sat-
isfactorily with their calculated value according to for-
mula (1) (R* = 0.95) for depth-independent K (PAR).
Figure 3 shows the results for 53 stations, since at 3 out
of 56 stations the calculated Z, was greater than the
sounding depth for the corresponding station.

Knowing K (PAR) and PAR(0*), itis easy to obtain
an estimate of PAR(2) for any depth from the photosyn-
thesis layer. For example, you can calculate the average
PAR value in the UML layer, which is important for a
number of problems in the functioning of phytoplank-
ton (Churilova et al., 2020a). A summary table of the
average values of the coefficients <Z€u>, <K 4 (PAR)> ,
(®) and (Z,,,) and their standard deviations (RMS),
maximum (max) and minimum (min) values for each of
the seven regions is presented in Table. 2. The results
we obtained - the range of values of the photosynthetic
layer — are in satisfactory agreement with the previ-
ously obtained results of other researchers (Akulova
et al., 2022; Churilova et al., 2023; Churilova et al.,
2024).

Maximum values of 0.577 m! were found in the
northern part of the lake in the Kamga bay (Fig. 1),
minimum - 0.247 m™ in the central part of the lake,
exposed to the Kokshi river flow (Fig. 1). The average
values of < K d(PAR)> for deepwater stations remoted
from river mouths varied from north to south with a
small minimum in the center of the lake — 0.45 m?,
0.34 m?, 0.38 m’, respectively. Figure 4a shows the
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Table 1. Information about the study areas of Lake
Teletskoye in August 2023

Ne [ Number of | Geographical location of the area
measurements
01 11 Northeast (Kamga Bay)
02 3 Northern part (opposite Yailyu
village)
03 Central deepwater part
04 Central part (mouth of the Kokshi
River)
05 2 Southern deepwater part
06 10 Southwestern part (mouth of the
Cholyshman River)
07 15 South-eastern part (mouth of the Kyga
River)
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Fig.3. Comparison of in situ Z, with calculated Z  using
equation (1).

relationship between (K, (PAR)) and (z,,) for seven
regions, demonstrating regional variability. The nature
of the relationship indicates that the optical properties
of water carried out by rivers differ from the optical
properties of the lake. Figure 4b illustrates the relation-

ship between <a)> and <ZUML>, which is also related
to river inflow. The range of variability of » was from
0.13 to 0.62 (Table 2). All of the listed features indi-
cate that the main source of dissolved organic matter is
the degradation processes of organic matter in the lake
itself, which are not associated with its supply through
river runoff.

4. Conclusions

It has been shown that in the areas where riv-
ers flow, the vertical attenuation coefficient of photo-
synthetically active radiation is on average less than in
the remaining lake aquatory. The maximum values of
0.577 m! were found in the northern part of the lake,
the minimum - 0.247 m™! in the central part of the lake,
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Table 2. Statistical characteristics of PAR for seven regions of Lake Teletskoye

Ne | (Z,)* RMS
A ) I (K,(PAR)) * RMS (@) = RMS (Zyp ) + RMS
min/max, m min/max min/max, m
01 13.3+0.5 0.359+0.022 0.44+0.02 5.6+0.4
8.2/14.4 0.315/0.577 0.33/0.56 3.8/8.2
02 10.9+2.0 0.452+0.067 0.31+0.03 6.9+0.6
8.4/14.8 0.322/0.547 0.26/0.36 6.0/8.0
03 13.9+0.8 0.337+0.027 0.51+0.03 4.9+0.5
9.2/16.2 0.247/0.509 0.38/0.62 3.0/7.6
04 13.2+0.2 0.351 +0.006 0.31+0.06 10.8+2.1
12.6/14.4 0.322/0.365 0.13/0.55 4.2/20.6
05 12.6+0.4 0.377+0.013 0.32+0.14 9.5+4.5
12.2/13.0 0.364/0.390 0.18/0.46 5.0/14.0
06 12.9+0.4 0.358+0.010 0.19+0.02 17.0+0.7
11.4/14.6 0.312/0.408 0.13/0.57 3.8/19.6
07 13.6+0.3 0.338 +0.007 0.32+0.02 9.4+0.7
10/14.6 0.309/0.422 0.24/0.61 3.2/12.2
Note: *PAR — uE m? s’
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exposed to the river Kokshi runoff. This indicates that
the main source of dissolved organic matter is the deg-
radation processes of organic matter in the lake itself,
which are not associated with its supply due to river
runoff. In addition, an estimate was obtained for the
proportion of the average PAR value attributable to the
upper mixed layer, with a variability range of 0.13 -

0.62, which is also associated with river inflow.
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Cnou poTocuHTE3a NO AAHHbBIM U3MEPEHUH
npoduna GoTOCUHTETHUECKH aKTUBHOM
paanauuu Teneukoro osepa B aBrycre
2023 ropa: permoHanbHble 0COOEeHHOCTH
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AHHOTAILINSL. B paboTe BBHIIIOJIHEH aHAJIN3 U3MepeHni npoduiisa POTOCUHTETUYECKN aKTUBHOM paju-
anuu (®AP) B TenerikoMm o3epe, mojryueHHbIX B aBrycte 2023 roga. [TosmydeHo, yTo B palioHax Bhafe-
HUA peK MoKasaTeJlb BepTHUKaJIbHOrO ocjiabsieHns (POTOCHMHTETUYECKHW aKTMBHOU pajualuy MeHble,
YeM Ha OCTAJIbHOHM akBaTOpWH o3epa. MakcumasibHble 3HaueHUs 0.577 M oOHapyXeHbl B CEBEPHOM
YacTu 03epa, MUHUMAaJsIbHbe — 0.247 M! B [IEeHTPaJIbHON YacTU 03€pa, MOABEPKEHHON CTOKY p. UesTrol.
Bce 3TO ykasbplBaeT, YTO OCHOBHBIM MCTOYHMKOM PacTBOPEHHOI OpraHMKU ABJIAIOTCA MPOLECCH Aerpa-
Januy OpraHuYyecKoro BellecTBa B CaMOM O3epe, He CBA3aHHBIE C e€ MOCTYyIUIeHHEeM 3a CYET CTOoKa
pek. IlosyueHa onieHka cpefiHero 3HaueHus ®AP, npuxopsmielicss Ha BEPXHUN KBAa3UOAHOPOIHBIN CJIOMH.
Juana3oH e€ naMmeHunBoCTU cocTaBmii oT 0.13 go 0.62, KOTOPBHII TakXe CBsI3aH C IPUTOKOM pekK.
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1. BBeaenue

CkopocTb GOTOCHHTE3a U ITepBUYHAA IPOAYKINA
3aBUCAT OT CBETOBHIX YCJIOBUI B cpefle OOUTaHMsA, UTO U
O0OBACHAET aKTyaJbHOCTb UCCJIEJIOBAHUA PACIPOCTPa-
HEHUsl COJITHeYHOU pajuanuu B o3epe (IllepcTsHkuH,
1975; CytopuxuH u ap., 2016; Churilova et al., 2018;
Churilova et al., 2020a;b; KoaniéBa u CycyuH, 2022).
Tonmmumua cios otocuHTesa (Z,) ofHA M3 BaXXHBIX
XapaKTEePUCTUK COCTOSIHUA BOAHON 3KOCHUCTEMBI, 3aBU-
cAAsi OT TMEePBUYHBIX TUAPOONTUYECKUX XapaKTepu-
CTHK BepxHero cJios Boasl (Uypunosa, 2009). B pamkax
netHen skcnenuiuu 2023 roga mpoBeeHbl MaciiTab-
Hble u3MepeHus npoduiet GOTOCUHTETUYECKU AKTUB-
Hol paguanuy (OAP wnu PAR, photosyntetically active
radiation), BxJIOUalOIIMiEe BCIO aKBaTOPHUIO TeseIKkoro
o3epa.

Teslenikoe 03epo — YHHMKaJIbHOE TOPHOE 03epo
C 0OCOOBIM THJIPOAUHAMUYECKUM PEXUMOM U THIPO-
xumudeckuM coctaBoM (Cestereri u Cenereii, 1978;
3uHOBBEB U [Ip., 2021), UTO U Ompe/iesisieT onTUYecKue
CBOYICTBA €ro BOJBHL.
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Llesp pabOTHI — TOJIYYUTh OLIEHKY TOJIIIUHEL CJI0A
¢oTocuHTe3a AJIA pa3IMYHBIX reorpaduueckux pario-
HoB TeJtelikoro o3epa, BKJIl04as paiioHsl, Ipujeraomme
K YCTbAM peK, C UCII0JIb30BaHNEM MaccuBa U3MepeHul
npoduna GAP, 1 NOJSyUYUTh OLIEHKHM HEKOTOPBHIX BaX-
HBIX XapaKTepHCTUK CBETOBOIO II0JiA, BKJIIOYas IOKa-
3aTeJIb SKCIIOHEHI[UAJIBHOIo ocjabjeHus ®AP u goau
cpegHero 3HaueHus DAP B BepxHeM KBa3sWMOAHOPOJ-
HoM cJioe o3epa (BKC wu UML, upper mixed layer).

OnTuueckue cBolicTBa Boj Tesenkoro osepa, B
yactHocTH, @AP u mnokaszaTeyib e€ ocyiabjieHus U3y-
yajguch U paHee. OHaKO NpejcCTaBjIeHHbE B JaHHOM
paboTe pe3yJibTaThl UMEIOT GoJjiee MIMPOKUI IPOCTPaH-
CTBEHHBIN OXBaT U3MepeHUsIMHU, 4eM B paboTe (AKy10Ba
u ap., 2022), u 6osiee noApOOHLIN peroHaJIbHBIN aHa-
JIN3 BHYTPHU 03epa, yeM B pabore (Churilova et al., 2023;
Churilova et al., 2024). Kpome TOro, HoBU3Ha COCTOUT
B IIOJIy4YeHUHU OLIeHKH CBeTa B BepXHeM IlepeMellaH-
HOM cJioe. JIpyroii HemMaJIOBaXXHbII acleKT COCTOUT B
TOM, YTO BCe KM3MepeHHs ObLIM BBHINOJIHEHB! C IIOMO-
IIbI0 anmapaTypsl pa3paboTaHHOMN 1 U3rOTOBJIEHHOHN B
Mopckom ruapodpusndeckom uHeTutyte PAH.

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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2. MaTepuanbl U MeTOAbI

J7ia pelenus 3ajauy MCIIOIb30BaIN U3MepeHUs
npubopom «KOHJIOP», KOTOpBII BBIMOJIHAJI CUHXPOH-
Hble u3MepeHus npoduseit temmnepatyps (T), MyTHO-
ctu (Turb) u ®AP (JIu, 2012; JlatymkuH u KyquHOB,
2019). Bce mnatuuku npubopa «<KOHIOP» nmpokanubpo-
BaHbl (Komriuiekc runpo6uodusnyeckuii MyJibTUNIapa-
MeTPUYECKUI TMOrpyXHOU aBTOHOMHBIN «KOHJOP»:
URL: https://dent-s.narod.ru/kondor.html).

B ananuse 1cnoJsb30BaHBl pe3yJibTaThl HM3Mepe-
HuA npodusieit ®AP Ha 56 cTaHIUAX, [OJIy4YeHHbIE B
xofe skcneauuu Ha Teserkoe o3epo B aBrycre 2023
roaa. [TpoBoanIoch ¥ CHHXpOHHOE H3MepeHue Npoduis
TeMIlepaTyphl AjiA onpefesaeHns ToamuHsl BKC, koTto-
pas onpefeJisiach, Kak IajieHue TeMiepartypsl Ha 2°C
OT MOBEPXHOCTU [0 ero HiDkHel rpaHulbl. BenmuuHa
2°C Oblya BeIOpaHa B pe3yJibTaTe aHaauza npoduiiei
TeMIlepaTyphl AJIA BCeX, BBIMOJIHEHHBIX cTaHIUU (N =
56), uTo6b! yOpaTh BiauAHue Ha BKC HeGoJbIINX pek,
BIIAAAONUX B 03epo. DTOT aHa/M3 B JaHHOU cTaTbe
He mpuBefléH. BBeJEHHBII HAMU KPUTEPUL NO3BOJISAET
BBIIEJIUTh OCHOBHO! TE€PMOKJIUH B JIETHUI Ce30H, TOY-
Hee, YETKO OIpeJieJINTh [10JI0KeH e OCHOBHOT'O TePMO-
KJIMHA, ¥ TeM CaMbIM IIOJIyYUTh OLleHKY TouHb BKC
C IOCTaTOYHOU TOYHOCThIO (< 1 M).

Kapra palioHOB, Ha KOTOPBIX BBINOJIHEHH! CHH-
XpOHHbIe n3MepeHus npoduieit ®AP u TemiepaTypsl,
npeacrasjeHsl Ha Puc. 1.

[Ipumep npodueii Temneparyps u AP, uszme-
peHHBIX B 3a1. Kamra, nokasan Ha Puc. 2. Ha pucyHke
OTMEYEHO MOJIOXeHne HikHel rpanuipl BKC u Z , a
TakXxe 3HaueHUe GOTOCUHTETUYECKH aKTUBHOM pajua-
UM Ccpa3y MoJ MoBepxXHOCThI0 Boabsl ®AP(0Y).

Bce o3epo 6b110 pa3dbuTo Ha 7 palioHOB, BKJII0Yas
palioHBbI, IpuslerawIye K ycrbam pek (cm. Tabmauiy 1).

[Tponenypa 06paboTKu JaHHBIX U3MEPEHUH TIPU-
6opom «KOHJIOP», Brumtouaromas pacyér ciaosi BKC u
Z,, IpeJiCTaBJieHa B Bu/ie mpuMepa Ha Puc. 2.

Puc.1. Cxema pacmosioxeHus: TeJienikoro o3epa U paro-
HOB, rjle NPOBOAWJINCH HccyiefoBaHusA: 1- 3anusB Kawmra, 2-
HanmpoTuB mnoceyka Amo, 3— neHTpaJibHasA TIyOOKOBOAHAS
4acTh, 4- ycTbe p. Kokmm, 5- 10kHasA riiy0OKOBOAHAsA 4acThb,
6— yctbe p. UysbiumMas, 7 — ycrbe p. Keira.

BennuuHa cosa ¢orocuHTE3a Z  — OmNpenesis-
jach Kak riybuHa, Ha KoTopoyl gocturaica 1 %
ypoBeHb (OTOCUHTETHMYECKU AaKTUBHOW pagualuu,
najamniiell Ha MoBepxHOCTh Boabel ®AP(0*), rnme
®AP(0*) = 1.06 - ®AP(0) (ManbkoBckuii, 1996),
®AP(0) - doTocuHTEeTHMYEeCKH aKTHUBHas paguanus
cpasy IMoJi MOBepXHOCThIO Bonbl. 3HaueHus DAP(0)
HaXOIWJIUCh MyTEM HMHTEPHOJIALUN U3MEPEHHOI'O MPO-
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Puc.2. [IpuMep 0HOBpPEMEHHOTO M3MepeHusa npoduiein TemnepaTtypsl (b) u ®AP (c) npu6opom «KOHIOP» Ha cT. 169
paiioH 1, BeinosiHeHHO! 17 aBrycra B 3aymBe Kamra (a), 1 pe3ysibTaT 06paboTKH JaHHBIX: 1 — oBefieHre Npoduis N3MepsAeMoro
napaMerpa; 2 — JIMHelHas annpoKcuManus ypaBHeHueM (2); 3 — HKHsiA rpaHuna Z, ; 4 — HukHas rpanuna BKC; 5 — ®AP(07).
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una ®AP(z) npu z—0- AJ14 nokasaresis BepTHUKaIb-
Horo ocJiabsienusa K d((DAP), He 3aBHCAIIETrO OT %
®AP(z) = ®AP(0) - exp(- K d((DAP) -2) (1)
[Tpouenypa o6paboTKU JaHHBIX U3MepeHUil pu-
6opom «KOHJIOP», Bruouamotias pacuét cjoss BKC u
Z,, IpeJiCTaBjieHa B BU/le IpuMepa Ha Puc. 2.

Pemenne {K d((DAP), ®AP(07)} HaiineHO MeTO-
JIOM HaMMEHBIINX KBaJpaToB IMocje Jiorapudmuposa-
HUA ypaBHeHUs (1) B Buze auHelHON QyHKUINU (2)

y =-az+b, (2)

rae y = In(®AP(2)), b = In(®AP(0)), a = K,(DAP)
— MoKa3aTeJib BepTUKaJIbHOTO ocyiabyieHusa OAP, B MY,
Z— rJlyOVHa B M.

Takum oGpasom, Z  ONpejesAaoch Kak 1o Mps-
MBIM u3MepeHUsM Tmpoduyiss @AP, Tak U U3 BhIpaxe-

1

Hua (1) Z, =—————-In(0.01), npu uU3BeCTHOM
K (DAP). K, (®AP)
ITociie Haxoxnmenusa @AP(0) u mnokasa-

Tesia oKcmoHeHTHI a (mm K d((DAP)) JIETKO TOJIy-
4YUTh OLleHKy JoJsii cpegHero 3HauyeHuss ®AP B BKC
<CDAP(07 - ZBKC )> o
= - ) II0 OTHOIIEHHI0 KO BCel
DAP(07)
nagawmnieil GOTOCUHTETUYECKU aKTUBHOM paauaruu,
rae

(PAP(0 - Z,)) = % : LZB“ DAP(z)dz , (3)
KC

B,

rme <CDAP (07 _ZBKC)> — cpenHee 3HaueHue ®OAP B
csioe BKC, unrerpupys (3) ¢ yuétom (1), mosyuaem

0.943
o = - -(1- exp(—K (CDAP) -Z ) .4
Kd ((DAP) ZBKC ( ‘ e )

3. Pe3yabTartbl M 06cy)xpeHnue

PesysnpraT cpaBHeHHA Zeu, U3MepeHHOH in situ,
C e€ 3HaUYeHUEeM, BRIYHMCJIEHHBIM 110 ypaBHeHMIo (1) mpu
Kd(®AP), He 3aBHCALUM OT Z, IToKazaH Ha Puc. 3. U3
Puc. 3 BuaHO, 4TO in situ Zeu BHoJiHe yOOBJIETBOPU-
TEJIbHO COBHAJAI0T C WX PACYETHBHIM 3HAYEHUEM IIO
dopmysie (1) (R2=0.95) nya He3zaBUCANIEro OT TJIy-
6unbl KA(®AP). Ha Puc. 3 moka3aHbl pe3yJibTaThl OJ1A
53 craHnuii, T. k. Ha 3 U3 56 cTaHUMil pacuéTHaa Zeu
6nly1a OOJIbllle, YeM TJIyOMHA 30HAUPOBAHUA IJIA COOT-
BETCTBYIOIIEN CTAaHINU.

3Haa K d((DAP) u ®AP(0*), jerko IMOJIYYUTH
orfeHKy ®AP(z) asa o000l riaybuHbBl U3 cjiosi GOTO-
cuHTe3a. Hampumep, MOXHO cAejlaTh PAcu€T CpeIHEro
sHaueHusa OAP B ciioe BKC, 4To BaxXHO [J14 psAAa 3agay
dyuknmonupoBanus ¢utomiankrona (Churilova et al.,
2020a). CBogHas Tabouia cpeJHUX 3HaueHUH Ko du-

uuentos {(Z,, ), (Kd(q)AP», (0) n (ZBKC> U UX cpeji-
HeKBaJIpaTUYHbIX O0TKJIOHeHui (CKO), MakcMMaIbHOTO
(Makc) ¥ MUHMMAajbHOro (MHH) 3HAYeHMH JIS Kax-
JOro U3 ceMM PANOHOB mpejcTaBiieHa B Tabsuie 2.
[TosrydeHHbIE HAMU PE3YJIbTAThl — IUANA30H 3HAYEHUN
cJi0s1 POTOCUHTE3A — YIOBJIETBOPUTEIIBHO COTJIACYIOTCSA
C paHee MOJTyYeHHBIMU pe3yJIbTaTaMU APYTUX UCCIIE0-
BaTeJstel (AkyJsoBa u Jp., 2022; Churilova et al., 2023;
Churilova et al., 2024).
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Ta6auna 1. Uadopmanusa o paiioHax KccjiefOBaHUSA
Tenenkoro o3epa B aBrycre 2023 r.

No | KosimuectBo [Teorpaduueckoe nosioxxeHue paroHa
H3MepeHuU
01 11 CeBepo-BocTOK (3asiuB Kamra)
02 3 CeBepHas 4acTh (HapOTUB NOCEJIKa
Aimo)
03 LenTpanpHas riiy0OKOBOAHAS YaCTh
04 LlenTpanbHas yacTh (ycTbe p. Kokmn)
05 IOxHas riry60KoBOAHASA YACTh
06 10 IOro-3anapgnas yacts (ycThe p.
Yy JIBIIIMaH)
07 15 IOro-Bocrounas yacts (ycrthbe p. Keira)
20 . : . . . .
1] — ”
18 | & ]
< 16 ¢ .
N 14 r 9
)E P
= ‘
£ 12 t gh .
[ 3
é A
a 10+ N=53
R?=0.95
8 -
6 1 1 1 1 1 1
6 8 10 12 14 16 18 20
insituZg,, M

Puc.3. CpaBHenwue in situ Z, ¢ pacyéTHbHIM Z, 1O ypaB-
HeHuio (1).

MakcumMasibHbie 3HaveHus 0.577 m?! ob6Hapy-
XKeHBl B CeBepHOU uyacTu o3epa B 3ay. Kamra (Puc. 1
patioH 1), MuHumasibHeie — 0.247 M B IeHTpaJIbHOM
yacTu o3epa, noABepxxeHHO! cToky p. Kokmm (Puc. 1
pation 4). Cpesrme sHauenus (K, (®AP)) ams rayGo-
KOBOIHBIX CTaHIMH, YOAJIEHHBIX OT YCThEeB peK, MeHs-
JIICh C ceBepa Ha Ior ¢ HeGOIbIIINM MUHIMYMOM B IeH-
Tpe o3epa — 0.45 M1, 0.34 M1, 0.38 M! COOTBETCTBEHHO.

Ha Puic. 4a nmokasaHa cBssb Mexay (K, (PAP)) u (z,)
JUJIA ceMU palioHOB, JeMOHCTpHUpYIOlias PerMOHAJIbHYIO
M3MEHUYMBOCTb. XapaKTep CBA3U yKa3blBaeT, YTO OINTU-
yecKre CBOICTBA BOJI, BBIHOCHMMEBIX peKaMH, OTJIM4Ya-
I0TCSA OT ONTUYECKUX CBOMCTB 03epa. Ha Puc. 4b mpow-

JIIOCTPUPOBAaHA CBA3b MEXAY (60> u (ZBKC>, KOTOpas
TakkXe CBsA3aHa C IPUTOKOM pek. J/[ana3oH U3MeHYMBO-
ctu w coctaBmit oT 0.13 1o 0.62 (Tabsmra 2). Bee nepe-
YyrcJeHHble 0COOEHHOCTU YKa3bIBalOT, YTO OCHOBHBIM
HWCTOYHUKOM PaCTBOPEHHON OPraHUKU ABJIAIOTCA MpPO-
I[ecChl Jjerpajaliiyl OpraHnyeckoro BelecTsa B CaMOM
o3epe, He CBA3aHHBIE C €€ TIOCTYIJIEHUEeM 3a CYET CTOKa
pex.
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Ta6suna 2. Cratuctudeckue xapakTtepuctuku ®AP 11 cemu patioHoB Tesienikoro ozepa

Neo
(Z,,) = CKO (K, (®AP)) * CKO (@) = CKO (Zyre) + CKO
MMH/MaKc, M MMH/MaKc, M’ MHH/MaKc MHH/MAaKc, M
01 13.3+0.5 0.359+0.022 0.44+0.02 5.6+0.4
8.2/14.4 0.315/0.577 0.33/0.56 3.8/8.2
02 10.9+2.0 0.452+0.067 0.31+0.03 6.9+0.6
8.4/14.8 0.322/0.547 0.26/0.36 6.0/8.0
03 13.9+0.8 0.337 +£0.027 0.51+0.03 4.9+0.5
9.2/16.2 0.247/0.509 0.38/0.62 3.0/7.6
04 13.2+0.2 0.351 £0.006 0.31+0.06 10.8+2.1
12.6/14.4 0.322/0.365 0.13/0.55 4.2/20.6
05 12.6+0.4 0.377+£0.013 0.32+0.14 9.5+4.5
12.2/13.0 0.364/0.390 0.18/0.46 5.0/14.0
06 12.9+0.4 0.358+0.010 0.19+0.02 17.0+0.7
11.4/14.6 0.312/0.408 0.13/0.57 3.8/19.6
07 13.6+0.3 0.338 +0.007 0.32+0.02 9.4+0.7
10/14.6 0.309/0.422 0.24/0.61 3.2/12.2

ITIpumeuanue: * ®AP — MkD M2 ¢

4. BoiBOADI

[TokazaHo, yTO B palioHax BHNajeHUs peK IoKa-
3aresib BepTHUKAJIBHOTrO ocjabyeHusa (HOTOCUHTeTHYe-
CKM aKTHMBHOI pagualuy B cpeHeM MeHbllle, yeM Ha
OCTaJIbHOM akBaTopum o3epa. MakcumasibHble 3Hade-
Hus 0.577 m! o6HapyXeHBI B CeBepHOH 4acTH 03epa,
MuHUMaibHble — 0.247 M! B LeHTpayJibHOM YacTu
o3epa, MOABEPXXeHHOU cTOKy p. Kokmm. DTo ykasbl-
BaeT, YTO OCHOBHBIM MCTOYHUKOM pacTBOPEHHOII opra-
HUKU ABJIAIOTCA NPOLECCH AerpaAaliid OpraHnyeckoro
BellleCTBa B caMOM O3epe, KOTOpble He CBA3aHHl C eé
MOCTYIJIEHHEM 3a CYéT CTOKa pek. Kpome Toro, noy-
YyeHa OLleHKa [oJu cpedHero 3HaueHus ®AP, npuxo-
JOsmielics Ha BepXHUM KBa3MOJHOPOIHBIN CJIOH, ¢ Aua-
na3oHoM usaMeH4YuBOCTH 0.13 — 0.62, KOTOpHII Takxke
CBs3aH C IPUTOKOM peK.
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PaboTa BbIOJIHEHA B paMKax rocyapCTBEHHBIX
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