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irradiance vertical distribution in Lake
Teletskoye in August 2023: processing
methodology and regional features
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ABSTRACT. The sunlight spectral composition, penetrating to different depths in the upper water layer,
on the one hand, depends on the optically active components contained in the water, on the other hand,
it is important for the functioning of phytoplankton, and therefore plays an important role in the func-
tioning of the aquatic ecosystem in general. When studying the spectral composition of light at different
depths, a new instrument was used, made on a modern elemental basis. Analysis of the obtained spectra
of the vertical attenuation coefficient made it possible to identify regional features of the penetration of

natural sunlight characteristic of Lake Teletskoye
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1. Introduction

Sunlight penetrating into the water column is
weakened by absorption and scattering by optically
active substances (phytoplankton pigments, dissolved
organic matter, suspended particles of various origins).
The spectral variability of the optical properties of
these components determines the resulting spectrum of
underwater irradiance at different depths. The vertical
distribution of irradiance is important for the phyto-
plankton functioning and, therefore, for the aquatic
ecosystem as a whole. Estimation of the vertical distri-
bution of underwater irradiance and the vertical atten-
uation coefficient of irradiance is required to model the
photosynthesis processes of a specific reservoir. This is
especially important for bounded water bodies, such as
lakes, which are sensitive to both climate change and
anthropogenic influence (Akulova et al., 2017; Aslamov
et al., 2020; Churilova et al., 2020; Suslin et al., 2020).

In August 2023, comprehensive hydrooptical
studies were performed on Lake Teletskoye, which
included measurements of underwater irradiance spec-
tra and the reflectance coefficient of the water col-
umn. Lake Teletskoye is located in the north-eastern
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part of the Altai Republic (Fig. 1a). It has an elongated
shape and consists of two parts: a meridional part with
a length of 50 km and a latitudinal (northern) one
with a length of 28 km. Lake Teletskoye is a flowing
lake, with more than 150 permanent rivers and tem-
porary streams flowing into it, the largest of which is
the Chulyshman River, which provides up to 70% of
the total water inflow, and the Biya River flows out
(Selegey et al., 2001).

Previous optical measurements on Lake
Teletskoye were presented by spectra of underwater
irradiance and light attenuation coefficient (Sutorikhin
et al., 2020; Akulova et al., 2022). The aim of this
work was to calculate the spectrum of the vertical light
attenuation coefficient using spectral measurements of
the horizontal irradiance profile, estimate the spectral
slope of the total light absorption coefficient in the
shortwave part of the spectrum and identify regional
features characteristic of Lake Teletskoye. As an addi-
tional task, based on synchronous measurements of
the photosynthetically active radiation (PAR) profile
and the horizontal irradiance spectrum, to develop a
method for constructing the attenuation profile of the
horizontal irradiance spectrum in physical units.

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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Fig.1. Geographlcal locatlon of (a) Lake Teletskoye and (b) stations at which measurements of the spectral irradiance profile

were carried out in August 2023.

2. Materials and methods

The stations positions at which synchronous
spectral measurements of the horizontal irradiance pro-
file and the PAR profile were carried out are shown in
Fig. 1b. The figure shows that the measurements cover
the northern, central and southern parts of the lake,
including its estuary areas. Thus, we have representa-
tive station coverage of all major areas of the lake.

To study the light spectra at different depths, a
new instrument made on a modern elemental basis was
used (Latushkin and Kudinov, 2019). The instrument
performed synchronous measurements of irradiance
profiles in seven spectral bands with central wave-

Depth, m

lengths of 380, 443, 490, 510, 555, 590 and 620 nm.
The bandwidth in the first spectral band is 30 nm, in
all others — 10 nm. An example of measuring horizon-
tal irradiance profiles in all seven spectral bands at the
station 002 is shown in Fig. 2.

To solve one of the listed problems, measure-
ments of the PAR profile were used with the “CONDOR”
instrument (Lee, 2012; Hydrobiophysical multipara-
metric submersible autonomous complex “CONDOR”.
URL: https://dent-s.narod.ru/kondor.html), which

were carried out synchronously with the measurement
of horizontal irradiance. An example of measurements
a PAR profile at station 002 by “CONDOR” instrument
is shown in Fig. 3.

Depth, m

Irradiance, r.u.

Fig.2. Example of measuring horizontal irradiance profiles at the station 002 in seven bands with a central wavelength: 380
nm (a), 443 nm (b), 490 nm (c), 510 nm (d), 555 nm (e), 590 nm (f) and 620 nm (g). Straight line is the result of approximation
by Equation 4 for the corresponding band.
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Let us describe a method for determining the
integral value of photosynthetically active radiation
immediately below the water surface using direct mea-
surements of the PAR(z) profile, where z is the depth.
From the definition of vertical attenuation coefficient
(K)) it follows that PAR(z) = PAR - exp(—K - z). After
taking logarithms, the solution is reduced to finding the
constants a and b in the linear equation (1):

y=a+bz, (1)
where a = In(PAR(0)) and b = - K.

K, was considered independent of z and was
determined from PAR(z) measurements for an area just
below the surface (z > 2-3 m) to avoid the influence
of the ship’s shadow. The measurements were carried
out over several minutes to minimize errors associated
with variable illumination of the water surface, such
as cloudiness. Having determined the coefficient a, we
find the photosynthetically active radiation immedi-
ately below the water surface PAR(0). In Fig. 3 the blue
dot shows an example calculation for station 002.

The method for calibrating horizontal irradiance
measurement bands using synchronous measurements
of the PAR(2) profile consists of three stages. For both
instruments, we assumed that the following conditions
were met: linearity of the scales and stability of the
measuring scales during the expedition cycle.

2.1. Stage 1

We have initial telemetry measurements O'(A,
z), where A, is the central wavelength of the spec-
tral band in nm, i is the number of the band from 1
to 7, z is the horizon depth in meters. Let’s find the
average value for each band for depths greater than
30 m <OT A,z> 30m)>— dark signal. Note that
O"(,,z >30m)) was determined for depths almost
twice as large as the photosynthesis layer, i.e., at the
lower boundary of which the radiance incident on the
water surface in the range from 400 to 700 nm was
attenuated 100 times

z 72"\3)(

<0T ()“iv z> 30m)> = % ) 22;30

where z is the measurement depth, starting from 30m;

0" (4,2), @

z_ — maximum measurement depth for the corre-
sponding station; N — number of measurements from
30mtoz .

To test the hypothesis of the stability of the
“dark” telemetric signal of horizontal irradiance for
seven bands, measurements were used at the station
002 and 021. The time difference between measure-
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Fig.3. An example of measuring the PAR profile with the
“CONDOR?” instrument at station 002

1 - symbol “+7;

2 — result of approximation of variation with depth by
equation (1);

3 — PAR(0") value, as a result of interpolation of equation
(1) at 0 when z—0.

ments at these stations was 2 days. The results are pre-
sented in Fig. 4 and Table 1. Table 1 shows the average

value of (O" A,z > 30m)>, their standard deviation
(SD) and the number of measurements N. From Fig. 4 it
is clear that the calibrations are stable.

2.2. Stage 2

The calculation of the signal taking into account
the dark current O“(A,2) is performed according to the
expression:

0"(A»2)= 0" (A,2) (0" (4.2 >30m)) 3

where <0T (A,z> 30m)>— dark current values (see
Table 1). Calculation of a(A,) and b(A) was carried out
for each station and for each of the seven bands accord-
ing to the formula:

In(0"(4,,2))=b(A)-z+a(A,), D
where the horizontal irradiance in the band with a
central wavelength A, immediately below the water

surface was as O'(4,07)= Zli_gl(O” (4:2))  or
a(4,)=In(0"(4,,07)), and the vertical light atten-
uation coefficient in the corresponding band A, as
K,(A,0)=-b(A). The results of calculations of coeffi-
cients a(A,) and b(A) according to equation (4) for all
seven stations are summarized in Table 2.

Table 1. Statistical characteristics of the “dark” telemetric signal of horizontal irradiance for seven bands at the station 002

and 021
Station <0T (A4,z> 30m)> + SD N
number
380 nm 443 nm 490 nm 510 nm 555 nm 590 nm 620 nm
002 16462+91 | 12855+90 | 12625+112 | 15373+99 19883+ 88 14937 +101 14600+95 |333
021 16281 +90 | 12751+79 | 12469+98 | 15393+96 19714+103 14770+98 14438 +97 | 88
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2.3. Stage 3

The conversion of O”(A,, 0°) into physical units of
radiation was carried out using the expression:

0”(A,,07) = PAR(0)-w,, (5)

1 A +AN; 12 d

where i " AL d4-a202 wA)d2 is the fraction of
photons in the corresponding spectral interval (Suslin
et al., 2020), associated with the characteristics of the
band A, +AA/2 (Lee, 2012); PAR(0-) - is found from
measurements of the PAR profile using the “CONDOR”
instrument. It is obvious that the form of w(A) depends
on the altitude of the Sun and cloud conditions. In our
case, the choice of the functional dependence of w(A)
was taken from the work (Bartlett et al., 1998).

Then the conversion factor of telemetry into
physical quantities is calculated using the formula

» _
p1)=2 %) e
0"(4,,07)

Since we assumed that PAR is the integral of the
number of photons lying in the spectral range from 400
to 700 nm, the band with a central wavelength of 380
nm was excluded from the calculation. The results of
calculating p(A,) are presented in Table 3.

3. Results and discussion

Figure 5 shows the K, spectra and their differ-

ence from the average spectrum <K d> for all seven
stations (Table 2) after processing according to the
method (equations (2) — (4)).

The minimum values of K, in the band with a
central wavelength of 590 nm, together with its high
values in the spectrum short-wavelength region, indi-
cate the dominance of absorption, primarily by the col-
ored component of dissolved organic matter.

To identify the geographical features of K, con-

sider Fig. 5b. Values of the difference K, —<K d> above
average in the spectrum short-wave region are observed
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Fig.4. Test for the stability of calibrations during the
expedition in seven bands using the example of station 002
and 021, separated by two days.

in the south of the lake (stations 002, 005 and 005%*);
minimum values — in the lake north of (stations 001
and 1s2); intermediate values in the center (st. k1 and
021). Thus, in the upper layer of the lake there is a ten-
dency for water absorption to decrease from south to
north (mainly related to the concentration of dissolved
organic matter, since we are talking about a band with
a central wavelength of 380 nm).

Let us note one more feature — the difference in
K, values in the band with a central wavelength of 443
nm at stations 001 and 1s2, located in the northern part
of the lake. For station 001, located in Kamga Bay, this
difference is significantly greater than at station. 1s2.
This difference in K, may be associated with additional
absorption by phytoplankton, the concentration of
which is significantly higher in the bay. However, this
assumption requires additional verification.

The conclusion drawn from the analysis of
Fig. 5a about the high value of the absorption coeffi-
cient by the upper layer of water in Lake Teletskoye is
in good agreement with the results of measurements
of the water reflectance spectra (R ) made by E.N.

Table 2. Results of calculations of coefficients aOLi) and bO\.l.) according to equation (4) for seven stations

_ ah)/bO\)
Station [ 404 443 490 510 555 590 620

1 1764 | 1517 | 15.03 | 1467 | 1490 | 1480 | 14.80
001 | -2.733 | -1.049 | -0.705 | -0.455 | -0.393 | -0.368 | -0.453
2 1915 | 14.83 | 1423 | 1415 | 1432 | 1408 | 14.00
002 | -3.191 | -1.116 | -0.681 | -0.483 | -0.421 | -0.400 | -0.498
3 1999 | 1627 | 1574 | 1532 | 1553 | 1520 | 15.31
005 | -3.491 | -1.304 | -0.815 | -0.498 | -0.465 | -0.435 | -0.559
4 2044 | 1648 | 1549 | 1499 | 1513 | 1499 | 15.01
005* | -3.211 | -1.210 | -0.703 | -0.439 | -0.386 | -0.356 | -0.458
5 17.90 | 13.83 | 1342 | 1319 | 1329 | 12093 | 1296
021 | -3.145 | -1.023 | -0.635 | -0.438 | -0.389 | -0.361 | -0.434
6 1987 | 16.04 | 1595 | 1569 | 15.80 | 15.71 15.79
k1 | -3.006 | -0.966 | -0.670 | -0.473 | -0.417 | -0.398 | -0.481
7 1812 | 15.01 | 1624 | 1638 | 1670 | 1638 | 1587
1s2 | -2.789 | -0.786 | -0.655 | -0.478 | -0.431 | -0.405 | -0.451

* station 005 was performed with a time difference of 1 hour (3 — 13:00; 4 — 14:00 local time).
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Table 3. The result of calculating pO\.i) in bands with a central wavelength 7"1' and OPO\.I., 0°) for station k1

A, nm 443 490 510 555 590 620
pA) 1.424e-06 1.967e-06 2.751e-06 2.731e-06 3.149e-06 2.978e-06
oA, 0) 1.321e+01 1.664e +01 1.786e + 01 1.985e+01 2.098e+01 2.140e+01

Korchemkina during this expedition (Sutorikhin et al.,
2020). A reference to the description of the instrument
and method for the water column R_ measuring is
given in work (Shybanov et al., 2023). It is known that
the absorption coefficient by dissolved organic mat-
ter in the Black Sea is significantly higher compared
to the waters of the open ocean (Suetin et al., 2002;
Kopelevich et al., 2004). Figure 6 shows examples of R _
spectra of the water column in the Black Sea in April
2021 and in Lake Teletskoye at station 002 and 021
in August 2023. Note that the measurements in the
Black Sea were carried out in the absence of coccolitho-
phorid blooms. It is clearly seen that the value of the
R of the water column at a wavelength of 400 nm in
Lake Teletskoye is more than three times less than in
the Black Sea, despite the fact that in the long-wave
region of the spectrum (more than 600 nm) the R of
the water column in the lake is greater than in the sea.
On the one hand, this confirms the conclusion that the
light absorption coefficient in the short-wave part of
the spectrum in the lake is significantly higher than in
the Black Sea. On the other hand, it is obvious that the
light backscattering coefficient by suspended particles
is significantly higher in the lake than in the sea. This
is especially noticeable for station 002, located in the
south at the confluence of the river Chulyshman, which
carries a significant amount of suspended matter.

The obtained data on K,(A) (Table 2) can be
used to assess the spectral dependence S, of dis-
solved organic matter coefficient (a,,,,), assuming that
it makes the main contribution to the total absorption
(atot) in the short-wavelength region of the spectrum
(Ae350 - 450 nm), i.e. a ,,,>>a,, a, , a,>>b,, and addi-
tionally a,>>b,, where a, and a, are the light absorp-
tion coefficients by pure water and phytoplankton, b, is
the total light backscattering coefficient by water, then:
K, (2) = const-(a,, (1) +b,(A)) = const - (a,(A) + a,,(2) + dcpoy (A) + b, (1)) = const - acppy (A) o (7)

Kd’ m

350 400 450 500 550 600 650

A, nm

Fig.5. Spectra of the vertical light attenuation coefficient K, (a) and their deviations from the average (K, - (K,

the sample (Table 2).
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Ky-<K4>, m

Taking into account that the functional relation-

ship a from A has the form (Kopelevich, 1983):

CDOM

Acpor (A) = acpor () - €XP(=Sepoy - (A= 4y)), (8)

and, having made elementary transformations of equa-
tion (7), taking into account equation (8) for two bands
with a central wavelength A. =380 nm and A,, =443 nm,
respectively, we obtain the expression for S

1 .In Kd ()'0)
A= ;Lo K, (A1)

The calculation results are presented in Table 4.

Presented in Table 4 results coincided with stud-
ies of the primary hydrooptical characteristics of Lake
Teletskoye carried out a year earlier at the same time
(Moiseeva et al., 2023), during which they directly
measured the spectral variation of the colored compo-
nent of dissolved organic matter for a similar stations
grid and which showed that the variability of S, lies
in the range of 0.017 — 0.019 nm?! in the wavelength
range 350 - 500 nm.

Figure 7 shows an example of recovering the
spectrum of horizontal irradiance in physical units,
obtained using the method described above (equations
(2) — (6)) from measurements at k1 station. The behav-
ior of the irradiance spectrum with depth (a sharp fail
in the short-wavelength region of the spectrum) indi-
cates a high content of dissolved organic matter in the
Lake Teletskoye waters (Fig. 7). Features in the short-
wave region of the horizontal irradiance spectrum
and its maximum, starting from 5 m depth and below,
correspond to a wavelength of 590 nm, also coincides
with the results obtained a year earlier by employees
of the Institute of Biology of the Southern Seas of RAS
(Churilova et al., 2023).

CDOM*

.(9)

cpom —

0.5
0.4
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Table 4. Results of calculations of the spectral absorption slope of SCDM inanimate organic matter in Lake Teletskoye using

equation (9)

A/ A, Station number
nm <SCDOM> +SD
001 002 005 005 021 k1 1s2 nm-
380/443 0.015 | 0.017 | 0.016 | 0.015 | 0.018 | 0.018 | 0.021 0.017 = 0.002
4. Conclusions 0.03 53
021
The spectrum of the vertical light attenuation 0.025 BS
coefficient in seven bands has been restored, the anom-
. . . . . 0.02
alies of which describe regional features in the upper
layer of water and are consistent with direct mea- i 0.015

surements of the water column spectral reflectance
coefficient.

It has been demonstrated that in the case of syn-
chronous measurements of the PAR profile and hori-
zontal irradiance, it is possible to obtain irradiance
in physical units at any horizon in the photosynthesis
layer.

The obtained values for the spectral absorption
coefficient by colored dissolved organic matter and the
maximum wavelength of the spectrum of underwater
irradiation in the photosynthesis layer coincided with
the previously obtained results by employees of the
Institute of Biology of the Southern Seas of RAS.
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AHHOTAIIHUS. CriekTpajbHbIM COCTAaB COJIHEYHOTO CBETA, IPOHUKAIOIIMI Ha pa3HbIe IJIyOUHBI B BEpX-
HeM cJIoe BOHOEMa, C OHOI CTOPOHBI, 3aBUCUT OT ONTHUYECKU aKTHBHBHIX BEIECTB, COAEPXKAIIUXCS B
BOJIe, C IPYI'O CTOPOHBI, MMeeT BaXXHOe 3HaueHUe 11 GYHKIIMOHUPOBAHUS (PUTOIJIAHKTOHA, a 3HAYUT,
WI'paeT BaXXHYI0 PoJib B QYHKIIMOHUPOBAHUY BOJHOM 3KOCHCTEMEI B IiesioM. [Ipyu u3ydyeHny crieKTpasib-
HOT'0 COCTaBa CBeTa Ha pa3HbIX IJIyOMHAX HUCIOJIb30BaH HOBBIM MPUOOP, BHIIIOJIHEHHBIN Ha COBPEMEHHOMI
3JIEMEHTHOI OCHOBe. AHAIM3 MOJIyYeHHBIX CIIEKTPOB I0KA3aTeJisi BEPTUKAJIBHOTO OcJIabyieHus I03BO-
JIWJI BBIABUTH PETHOHAJIbHBIE 0COOEHHOCTHY TPOHUKHOBEHHS eCTECTBEHHOTO COJIHEYHOI'O CBETa, Xapak-

TepHble 1A Tesenkoro o3epa.

Kiouegwie ciioga: Teserkoe 03epo, ONTUYECKHE CBOMCTBA BOABI, CIIEKTP FOPU30HTAIBHON OOJIy4eHHOCTH,
BepTUKaJIbHBIN Tpoduiib ®AP 1 ropu3oHTaNIbHON 00JTy9eHHOCTH, IOKa3aTe b NOTJIOMeHNUA

CBE€Ta, peruOHaJIbHbIE 0CcOOEeHHOCTHU

Jna mutupoBaHusa: CyciauH B.B., Kyamno O.B., Kopuemkunna E.H., Jlatymkun A.A., Cyropuxun H.A., Kupuyuios B.B.,
MapteiHOB O.B. CnekTpasibHBIE CBOMCTBA BEPTUKAJIBHOIO paclpejesieHrs TOPU30OHTAIbHON 00siydyeHHOCTH B TesienkoM osepe
B aBrycte 2023 roga: MeTouKka 06paboTKU U perroHaibHbele ocobeHHocTH // Limnology and Freshwater Biology. 2024. - No 5.

- C. 1253-1266. DOI: 10.31951/2658-3518-2024-A-5-1253

1. BBeapenue

CoJTHEYHBIH CBET, MPOHUKAIOIINI B TOJIIIY BOIBI,
ocyabJisieTcs 3a CUET MOTJIOMIEHUS U PACCESHUs OITH-
YyeCKM AaKTUBHBIMU BelllecTBaMu (MMHUTIMeHTH (PUTO-
IUTAaHKTOHA, PacTBOPEHHOE OpraHUYecKoe BelecTBO,
B3BEIIeHHbIE YACTUIB PA3JIUYHOIO MPOUCXOXIEHUS).
CnekTpaJibHass H3MEHYHBOCTh OITHYECKUX CBOWCTB
3TUX KOMIIOHEHTOB OIpeessAeT pe3yJIbTUPYIOMMNN
CIIEKTP MOABOAHON 00JIyYEHHOCTH HA PA3JIMYHBIX TJTy-
O6uHax. BepTukaspHOe pacrpenesieHre 007 Iy4eHHOCTU
UMeeT BaXHOe 3HavyeHUe I (QYHKIMOHHMPOBAHUSA
(PUTOITAaHKTOHA, a 3HAYUT, U AJIA BOAHON 3KOCHCTEMBI
B niestoM. OlleHKa BepTUKAJIbHOTO paclipeieIeHus Mo/I-
BOJHOUM OOJIyYEHHOCTU U TOKAa3aTesisi BEPTUKAJILHOTO
ocJiabsieHUs1 oOJIyueHHOCTHU TpeOyeTca OJIA MOZeIu-
poBaHUs MpoleccoB GOTOCUHTE3a KOHKPETHOTO BO/IO-
eMa. OcOOEHHO 3TO BaXXHO JIJIsI OrPAaHUYEHHBIX BOJIHBIX
0OBEKTOB, KOTOPBIMHU SABJIAIOTCA 03€pa, KOTOPHIE YYB-
CTBUTEJIBHBI KaK K KJINMaTHYeCKUM H3MEHEeHUAM, TaK

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: slava.suslin@mbhi-ras.ru (B.B. Cyciun)

INocmynuwna: 17 uiousa 2024; Ilpunama: 02 oxtsabpsa 2024;
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U aHTpPOIOreHHOMY BJyusHMIO (AKyJsioBa u Ap., 2017;
AcmamoB u qp., 2020; Churilova et al., 2020; Suslin et
al., 2020).

B arrycte 2023 roga Ha TeselkoM o3epe ObLIU
MpPOBEIEHbl KOMILJIEKCHBIE THPOONTHUYECKUE HCCIIe-
JIOBaHUsA, BKJIIOYABIIME B ce0s M3MepeHHUs CIEKTPOB
MOABOJHOU 00JIy4eHHOCTH U KO3 duIieHTa ApKOCTU
BOAHOU ToJimu. Tejielikoe 03epo pacIoJioKeHO B ceBe-
po-BocTOouHOM yacTu PecryOiuku Asrant (Puc. 1a). OHO
UMeeT BHITAHYTYI0 (OPMY M COCTOUT U3 JIBYX YaCTeu:
MEePUANOHAIBHO MPOTSIKEHHOCTHIO 50 KM U MIMPOTHYIO
(ceBepHy0) MpOTXKeHHOCTHIO 28 kM. Tesienikoe 03epo
- MPOTOYHOE, B Hero BnajamT 6oJiee 150 MOCTOSHHBIX
PeK U BPpeMEHHBIX IIOTOKOB, CPeI KOTOPHIX KPYITHEN-
UM sABJIAeTCA p. UyJsiblMaH, obecreurBamomas o
70% oT obiiero mpuToKa BOABI, a BBITeKaeT p. busa
(Cenereti u gp., 2001).

[Mpegpigyiyue  onTUYeCcKWe UW3MEPEeHUs Ha
TestlenikoM o0O3epe TpeACTaBJIEHBI CIIEKTPAMU I0OJ[BO-
JTHOU 00JIyYeHHOCTHU U TOoKa3aTeJsis ocjiabJieHus cBeTa

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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creKTpajibHON 06ayueHHOCTH B TestenikoM o3epe B aBrycte 2023 roga.

(CytopuxuH u ap., 2020; Akysosa u Ap., 2022). Lless
JaHHOM paboTHl COCTOANIA B TOM, YTOOBI, MCIIOJIB3Ys
CIeKTpaJibHble N3MepeHus Npoduiisa ropu30HTaJIbHON
006JIy4eHHOCTH, pacCUUTaTh CIEeKTp MoKa3aTesis BepTu-
KaJIbHOTO ocJjiabJieHus CBeTa, OLeHUTh CIEeKTPaJIbHBIN
HAKJIOH CYMMapHOIO IOKa3aTeJis MOIJIOIMIeHUs CBeTa
B KOPOTKOBOJIHOBOI 4aCTU CIIEKTPa M BBIABUTH peru-
OHaJIbHbIe 0COOEHHOCTH, XapaKTepHble i Tesenkoro
o3epa. B kauecTBe JONOJHNUTESIBHON 3a1a4M, HA OCHOBE
CHHXPOHHBIX U3MepeHNN nNpoduia GOTOCUHTETUYECKU
aktyuBHOU paauanuu (PAP) u crnekTpa rOpU30HTaIb-
HOU O0OJIyyeHHOCTH pa3paboTaTh MeTOJl NMOCTPOEHUs
npoduiiA ocaabieHus CeKTpa ropru30HTaJIbHOU 00JIy-
YeHHOCTHU B GU3NYECKUX eqUHHIAX.

2. MaTepuanbl 1 MeTOADI

[TonoxxeHne cTaHIUI, HA KOTOPHIX BBIIIOJIHEHBI
CHHXPOHHBIE CIIeKTpajibHbBle W3MepeHus mpoduiA
TOPU30HTAJIBHOI 06/Ty4eHHOCTU U poduisi GOTOCHH-
TeTU4eCcKu aKTUBHOI pagualiuu, nokasaHsl Ha Puc. 10.
W3 Puc. 16 BUAHO, YTO M3MepEHHUs OXBAThIBAIOT CEBEP-
HyI0, L[eHTPaJbHYI0 U IOXKHYI0 4acTU 03epa, BKJIoYas
ero NpuycTbeBble palioHbl. TakuM 06pa3oM, MBI UMeeM
penpe3eHTaTUBHBIN OXBaT CTAaHIMAMU BCEX OCHOBHBIX
palioHOB o3epa.

JI7iA n3ydeHUs CIEKTPaJibHOTO COCTaBa CBeTa
Ha pasHBIX TJIyOMHaX WCIOJIb30BaH HOBBIA mOpHOOP,
BBIIIOJTHEHHBINI Ha COBPEMEHHOI 3JIEMEHTHOU OCHOBE
(Jlatymkua u Kyauxos, 2019). [IpuGop BBIIOJIHAI
CHHXpPOHHBIE H3MepeHus Mpoduseirl 06JIyueHHOCTU B
CeéMU CIIeKTpaIbHBIX KaHaJlaX ¢ IeHTPaJIbHOHN JJIMHOMN
BoJiHbI 380, 443, 490, 510, 555, 590 u 620 uMm. lllupuna
TMI0JIOCH MPOIYCKaHUA B IEPBOM CIEKTPaJIbHON KaHasie
30 HM, BO Bcex ocTtayibHbBIX — 10 HM. [Ipumep usmepe-
HUA [podusierl TroprU30HTAJIBHON OOJIy4eHHOCTU BO
BCeX CeMU CIIeKTpaJIbHbIX KaHasax Ha cT. 002 rmokasaH
Ha Puc. 2.

J5ia peleHUsA OOHOUM U3 IEpeUYrCJIeHHBIX 3aJa4
npuBJiedyeHbl u3MepeHus nputopom «KOHIOP» (JIu,
2012; Kowmruteke ruapobruodusnueckrii MyJbTUIIapa-
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MEeTPUYECKUI MOrpyXKHOW aBTOHOMHEBEIN «KOHJIOP»,
2024. URL: https://dent-s.narod.ru/kondor.html) mpo-
(g @AP, KOTOpbIE BHIIOJIHAINCHE CHHXPOHHO C U3Me-
peHueM TOpU30HTaJIbHON o06sydeHHOCTU. [Ipumep
nsMmepenusa npopuaa DPAP Ha cT. 002 mpubopom
«KOHZIOP» npencrasiieH Ha Puc. 3.

OnuiieM MeTOA oOIpefesieHUs HHTerpajibHOro
3HaueHUs (QOTOCUHTETUYECKN AaKTUBHON paguanuu
cpasy IoJ IOBEPXHOCTBHIO BOABI IO MPsAMBIM HU3Mepe-
HuAM npoduiiss PAP(z), rne z — rioybuHa. U3 onpene-
nenus K, cnenyet, uto @AP(z) = @AP(0) - exp(-K- 2).
[Tocse norapupmupoBaHua pelieHne CBOOUTCA K HaX0-
XJIeHUI0 KOHCTAHT a U b B JiuHeliHOM ypaBHeHuu (1)

y=a+bz (1)
rae a = In(@AP(0)ub = -K,

K, cunTanu He 3aBUCAIVM OT 2, U ONpeJeIsaIn
ero mo usMepeHusaMm @AP(z) A ydacTKa 4yTh HIUXKe
moBepxHocTU (2 > 2-3 M), 4TOOB U30eXaThb BIIUS-
HUA TeHU cygHa. U3MepeHUs NMPOBOAWIINCH B TeueHHe
HECKOJIbKUX MUHYT, YTOOBI MUHUMU3HUPOBATh OLINOKU,
CBsA3aHHBIE C IepeMeHHBIM OCBellleHleM IOBEPXHOCTHU
BOABI, HampuMep, o06JauHOCThIO. OmnpenenuB Ko3dh-
¢unueHT a, HaxoaAUM (HOTOCHMHTETHYEeCKH aKTHUBHYIO
paaualio cpasy noj rmoBepxHocThio Boasl @AP(0). Ha
Puc. 3 Toukoii nokasaH npumep pacuéra gy cr. 002.

Metop xanuOpOBKU KaHAJIOB U3MEpeHUN ropu-
30HTAJIbHOM OOJIyYEHHOCTH C MCIOJIb30BaHUEM CHH-
XPOHHEBIX Hu3MepeHuil npoduia @PAP(z) cocToutr us
Tpéx oramnoB. /i1 oboux NpuOOPOB MBI IOJaraau
BBHIIIOJIHEHHBIMU  CJIeIyIOLrie YCJIOBUA: JIMHENWHOCTh
MIKaJI ¥ CTaOWJIbPHOCTh U3MEPUTEJIbHBIX MIKaJ B Tede-
HIe 3KCIeJUIMOHHOIO IUKJIA.

2.1. dran 1

HMeeM MCXOJIHBIE TeJIEeMETPUYECKIE U3MEPEHMUS
O"(A,2), rae A, — leHTpajbHasA JJIMHA BOJIHBI CIEKTPaJIb-
HOT'O KaHaJia B HM, i — HOMep CIIEKTPaJIbHOrO KaHaJia OT
1 go 7, z — riaybuHa ropusoHTa B MeTpax. Haxomum
cpegHee 3HaueHHe [JIA KaXOOr0 CIEKTPaJbHOTO

T
KaHaJia AJ1d riyous Oosbiie 30 M <0 (A,z> 30m)>
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Puc.2. [IpuMep nsMepeHus npoduiell TOpu30HTAIBHON 00ydyeHHOCTU Ha cT. 002 B ceMU CHeKTpasIbHBIX KaHaJax C IeH-
TpaJIbHOH AIMHOU BoJiHbBL 380 HM (a), 443 HM (b), 490 HM (c), 510 uM (d), 555 HM (€), 590 HM (f) u 620 uHM (g). [Ipsamas JUHUA
— pe3yJIbTaT annpoKCUMalKUY YpaBHeHUEM 4 [1JI COOTBETCTBYIOLIEro CIeKTpajIbHOro KaHasa.

— TEeMHOBOH CUTHAJI. 3aMEeTHM, 4TO <OT A,z> 30m)>
onpeesisiyiCA JUIsA TJIyOMH MOYTH B J]Ba Pa3a MpeBbIIa-
OIUX CJI0M (POTOCHMHTE3a, T. €. HA HUXHEU TpaHulle
KOTOPOr0 Tajjalollee Ha I[MOBEPXHOCTh W3JIyYeHUE B
auanasone ot 400 no 700 uM ociabsianocsk B 100 pa3

(0" (Aynz>30m)) = % 0T (A,2), @)

rae z — riaybuHa u3sMepeHusda, HauuHasa ¢ 30 M; zmax
2, .. — MakcumaJibHas TjiyOuHa U3MepeHUs [JIsi COOT-
BeTCTBYIoIIel cTaHuuy; N — yrcjio usMepenuii ot 30 m
oz, ..

JliA mpoBepKU THUIOTE3bl CTAOUJIBHOCTU «TeM-
HOBOIO» TeJIeMETPUYEeCKOr0 CHUrHajla TOpU30HTAJIb-
HOI OO0JIyYeHHOCTH [JIA1 CeMHU CIeKTpaJIbHbIX KaHaJIOB
UCIIO0JIb30BaHE u3MepeHus Ha cT. 002 u 021. Pa3HocTh
u3MepeHHI Ha O3TUX CTAHLUMAX [0 BpeMeHU COCTa-
BuIa 2 pAHA. PesysbraThl mpeacraBiieHBl Ha Puc. 4

u Tabaune 1. B Tabaune 1 maHel cpefgHee 3HaueHUe

T
<O A,z> 30m)> , UX CpeJHEKBaJ[paTUYHOE OTKJIO-
HeHue (CKO) u unciio uamepenuii N. U3 Puc. 4 BugHo,
YTO KaJIUOPOBKU CTaOUJIBHBL

0 b —

I'nyGuHa, M

-30 SRR S
01 1 10 100

T |
OAP, MKOM ¢

Puc.3. [Ipumep usmepenus npopuia ®AP npubopom
«KOHJOP» Ha cT. 002

1 — cuMBOJI «+ »;

2 — pesyJsbpTaT annpoxkcuManuy nsMmeHeHus ®AP c riy-
O6uHol ypaBHeHUeM (1);

3 - 3HaueHue PAP(0), xkak pe3yJbTaT UHTEPHOJIAIUU
ypaBHeHus (1) npu 0 z—0.

Ta6sauna 1. CtaTUCTUYECKUE XapaKTEPUCTUKU «TEMHOBOI'0» TEJIEMETPUYECKOr0 CUTHAJIA TOPU30HTAIBHON 00JIy4eHHOCTH

JJIA CEMHU CIIeKTpaJIbHBIX KaHasoB Ha cT. 002 u 021

Homep <OT (A,z> 30m)> + CKO N
CTaHIUH
380 HM 443 HM 490 HM 510 M 555 um 590 am 620 HM
002 16462+91 | 12855+90 | 12625+112 15373 +99 19883+88 | 14937+101 | 14600+95 | 333
021 16281+90 | 12751+79 | 12469+98 15393+96 19714+103 | 14770+98 | 14438+97 | 88
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2.2. dtan 2

Pacuét curHama ¢ yd4yéToM TEMHOBOIO TOKa
O”(?Li,z) BBIIIOJIHEH COTJIACHO BBIPAXXEHUA —

0" (%,2)=0"(%,2) (0" (4,2 >30m)), (3)

rae <0T(l,~,2 >30m)>_ 3HaYeHUs TEMHOBOI'O TOKa
(cm. Tabu. 1). Pacuér a(A) u b(A) mposoawiica aiis
KaXI0U CTAaHIMU U IJI KaXIOOTO M3 CEMU CIEKTPAJIb-
HBIX KaHaJIOB 1o GopmyJie —
In(O"(4,,2))=b(A)-z+a(4,), (@

rae TOpU3OHTAJIbHasA  OOJIyYEHHOCTh B CIIEK-
TpPaJIBHOM  KaHaje ¢  [eHTpPaJlbHOU  AJIMHOU
BOJIHBl A, Cpa3y IMOJ TMOBEPXHOCTbIO BOIbl HAaxo-

0"(1,,07) = lim (0" (,,2))
z—0"

a(2,)=1In(0"(4,,07)), a nokasaTess BepTUKAIBHOIO
ocJ1abJIeHNs CBeTa B COOTBETCTBYIOIIEM CIEKTPAJIbHOM
kanasne A, kak K (1,00 = -b(A). PesynbTatel pacuéron
ko3 dunuentos a(d) u b(A) cornacHo ypaBHeHuU:o (4)
IJIs1 BCeX ceMU CTaHIMU cBeeHbl B Tabuile 2.

ouiaach  Kak Wn

2.3. dtan 3

[lepeBo B (dusnyeckue eOUHUIBI U3JIyYEHUSA
OP(?\.i, 0°) BBITIOJTHSAJICA C TIOMOIIBI0 BRIPAXEHUS:

0" (1,07)=DAP(0)-w., (5)
1 A+AN 12
W(L)dA

rge i A,li A—A%; /2 — noJsia (pOTOHOB B
COOTBETCTBYIOIlEM CIeKTpaJIbHOM HHTepBaje (Suslin
et al., 2020), cBA3aHHOM C XapaKTEepUCTUKAMU CIIEK-
TpasibHOro KaHasa A, + A\, /2 (Cytopuxus u ap., 2020);
®DAP(0) — HaxoauTcsa u3 uaMepeHuil npopussa AP
npubopom «KOHJIOP». OueBugHO, uyTo Bua W(A) 3aBu-
cuT oT BBICOTH CoJIHIIA U YCJIOBUM oOOJiauHOCTH. B
HallleM cJIydae BEIOOP (PYHKI[MOHaJIBbHOH 3aBUCHMOCTHU
w(\) 66u1 B3AT U3 paboTsl (Bartlett et al., 1998). Torga
k03dduIMeHT nepecuéra TejeMeTpuUu B (pu3nuecKue
BEJIMUMHBI p(A,) paccuMThIBaeTcA 1o Gpopmy.Jie

20000 I
19000 | 380 nm F—<—
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< 18000 - 510 nm
- 555 nm
i—" 000 590 nm —&—
C 16000 frereieeeeni 620 nm e
S 15000 : R
o H
=] I_i()()() SRR i - SR H b -
13000 O T R ST R —
[

12000
g, Yo Y
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v % b

Puc.4. Tect Ha cTabWIBHOCTh KaJIMOPOBOK B TeueHUe
9KCIeAUIVH B IIeCTH CIeKTPaJIbHBIX KaHalaX Ha IpuMepe CT.
002 u 021, pa3HecEHHBIX 10 BpeMeH! Ha JBa OqHs.

Tax kak Mbl npuHUMaJH, 4T0 QAP 3TO NHTerpa
yuciaa (OTOHOB, JieXaluX B CIEKTPaJibHOM HHTep-
Bajie oT 400 no 700 HM, TO u3 pacuéra ObLI UCKIIIOYEH
CIIeKTPaJIbHbIM KaHaJl ¢ IJeHTPaJIbHOM AJMHOU BOJIHBI
380 nm. PesyspraThl pacuéra p(A) NpejiCTaBJIeHb B
Tabaune 3.

3. Pe3yAabTatbl M 06Ccy)XpeHue

Ha Puc. 5 mokasaHbl cnekTpbl K, 1 UX pasHOCTb

OT CpeJHero crekTpa <K d> IJIST BCeX CeMM CTaHI[MI
(Tabsura 2) nocsie 06paboTku o MeTony (ypaBHEHUs
(2) - (4).

MuHumasibHble 3HaYeHus K,; B CHEeKTpasibHOM
KaHaJie C I[eHTpPaJIbHOM [JIMHO¥M BOJIHBL 590 HM B
COBOKYITHOCTH C €r0 BBHICOKMMU 3HAYEHUSIMHU B KOPOT-
KOBOJIHOBOM OO0JIAaCTH CIIEKTpa YKa3bIBAIOT HA IOMU-
HHUpOBaHUeE TMOIJIONIeHNs, B MEpPBYI odYepedb, OKpa-
IIEHHOU KOMIIOHEHTOUN PAacTBOPEHHOTO OPraHUYECKOTO

O (1.0 BelllecTBa.
p(l,): u( 9 7)(6)
0"(1,,07)
Ta6auna 2. Pe3ysibTaTel pacyéToB KodpduirieHToB aO\.l.) u b(7\.l.) COorJIacHO ypaBHeHUIO (4) 1J1s ceMU CTaHIUN
aL)/bA\)
Cranuus 380 443 490 510 555 590 620

1 17.64 15.17 15.03 14.67 14.90 14.80 14.80
001 -2.733 -1.049 -0.705 -0.455 -0.393 -0.368 -0.453
2 19.15 14.83 14.23 14.15 14.32 14.08 14.00
002 -3.191 -1.116 -0.681 -0.483 -0.421 -0.400 -0.498
3 19.99 16.27 15.74 15.32 15.53 15.29 15.31
005 -3.491 -1.304 -0.815 -0.498 -0.465 -0.435 -0.559
4 20.44 16.48 15.49 14.99 15.13 14.99 15.01
005* -3.211 -1.210 -0.703 -0.439 -0.386 -0.356 -0.458
5 17.90 13.83 13.42 13.19 13.29 12.93 12.96
021 -3.145 -1.023 -0.635 -0.438 -0.389 -0.361 -0.434
6 19.87 16.04 15.95 15.69 15.80 15.71 15.79
k1 -3.006 -0.966 -0.670 -0.473 -0.417 -0.398 -0.481
7 18.12 15.01 16.24 16.38 16.70 16.38 15.87
1s2 -2.789 -0.786 -0.655 -0.478 -0.431 -0.405 -0.451

IIpumeuanmue: * ct. 005 BhIIOJIHEHA ¢ pa3HUIlel Bo BpemeHU B 1 yac (3 — 13:00; 4 — 14:00 no MecTHOMY BpeMeHI)
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Puc.5. CrekTpsl MoKasaTeJiA BEpTUKAJIbHOro ocjiabyiennsa ceera K, (a) 1 ux OTKJIOHeHUA oT cpeanero (K, — <Kd>) (b) gsa

BeIGopku (Tabiuna 2).

Jluis BeIsABJIEHUA reorpaduueckux 0coOeHHOCTeN

K, paccmotpum Puc. 5b. 3nauenus pasHoctu K, — <K d >
BhIIIIe CpeJHET0 B KOPOTKOBOJIHOBOI 00JIacTU CIieKTpa
HabofawTess Ha wore o3epa (cr. 002, 005 u 005%);
MUHUMaJIbHbIEe 3HaueHUs — Ha ceBepe o3epa (cr. 001
U 1s2); mpoMexyTouyHble 3HaueHus B 1eHTpe (cT. k1 u
021). Takum o6pa3oM, B BepxHeM cJioe o3epa HabJIlo-
JaeTcsA TeHJIeHIUA YMeHbIleHNA IOIJIOIeHUs BOJAOH
(rnaBHBIM 06pa3oM CBsi3aHHasA C KOHI[EHTpaIUen pac-
TBOPEHHOU OPraHUKH, T. K. P€Yb HUJET O CIIEKTPATIBHOM
KaHaJie ¢ I[eHTPaJIbHOM AJIMHOU BosHb 380 HM) C 1ora
Ha ceBep.

OTmeTnM emé€ OfHY OCOOEHHOCTh — pasjnuyue
3HaueHu K, B CIEKTPajIbHOM KaHaJIe C LEHTPaJIbHOM
JyHOM BoJiHBL 443 HM Ha cT. 001 u 152, pacnosioxeH-
HBEIMU B ceBepHOM yactu o3zepa. [y ct. 001, HaxoAs-
melica B 3anuBe Kamra, 3Ta pa3HOCTb CyIeCTBEHHO
Gosibie, yeM Ha cT. 1s2. Takoe pasyinuve B K, MOXeT
ObITh CBSI3@HO C JONOJIHUTEJIbHBIM IOIJION[eHHeM
$uTONIIAaHKTOHOM, KOHIIEHTpalis KOTOPOro B 3aJjiiBe
CylecTBeHHO Bbille. OHAKO 3TO MpeAIoIoXeHNe Tpe-
OyeT [ONOJIHUTEJIbHOU IPOBEepPKH.

BBIBOI, cleJTaHHBIN M3 aHaIM3a Pric. 5a 0 BBICOKOM
3HaueHUU IIoKa3aTeJisd IOIJIOIIeHUsA BEPXHHUM CJIOEM
BoJibI B TestelfkoM o3epe, XOPOIIO COIJIacyeTcs C pe3yJib-
TaTaMu U3MeEPEHUN CIIEKTPOB KO3pPUILIEHTa APKOCTU
(Ks1) Bomuout Tommuy, chesnaHHsle KopuemkuHo# E.H.
BO BpeMs 5ToH skcnequiiny. CcpljIka Ha olicaHue Ipu-
6opa u merona uamepenusa KA BogHOU Tomy gaHa B
pabore (Shybanov et al., 2023). U3BecTHO, YTO IOKa3a-
TeJIb MOTJIOIEHUS PACTBOPEHHON OPraHUKON B YEpHOM
Mope cyllecTBeHHO OoJibllle II0 CPaBHEHMIO C BoJaMU

oTKpHITOro okeana (CyetuH u fp., 2002; Kopelevich et
al.,, 2004). Ha Puc. 6 npuBeJieHbl PUMepHl CIIEKTPOB
KA Boanoi#l Tonmu B YépHoM Mope B amnpesie 2021 1. u
B Teserikom o3epa Ha c1. 002 u 021 B aBrycre 2023 1.
3ameTuM, 4TO U3MepeHue B YEPHOM MOpe BBHIIIOJIHEHO
B OTCYTCTBUHM I[BeTeHHsA KOKKoiuTodopua. Xopolio
BUAHO, 4YTO 3HauveHue KSI BogHOI ToONMM Ha [JIMHE
BosiHBl 400 HM B TesierikoM o3epe 6ojiee yeM B TpHU
pasa MeHbllle, yeM B UYEpHOM MoOpe, HECMOTps Ha To,
YTO B JIMHHOBOJIHOBOM o0OJ1acTu crekrpa (6osbire 600
M) KA BogHO# Tosu B o3epe GoJibliie, 4eM B MOpe.
C OJHOI CTOPOHBI, 3TO MOATBEpXJaeT BHIBOJ O TOM,
YTO IOKa3aTeJb IOTJIOIIeHUsA CBeTa B KOPOTKOBOJIHO-
BOI 4YacTH CIleKTpa B O3epe CYIIeCTBeHHO BBHIIIe, YeM
B UépHoMm mope. C Apyroil CTOpPOHBI, OYEBHIHO, YTO
[IoKasarejb OOpPaTHOIO paccesHUs CBeTa YacTUI[AMU
B3BeCH CylleCTBEHHO BHIIe B O3epe, YeM B Mope. JTO
ocobeHHO 3aMeTHO AjiA cT. 002, pacrnosiokeHHOH Ha
Iore B palioHe BafieHus p. UyJsiblMaH, KOTOpas BBIHO-
CUT 3HAUNTeJIbHOE KOJINYECTBO B3BECH.

[Monyuyennsle nganneie o K,(A) (Tabomma 2)
MOXHO HCII0JIb30BaTh [AJ1A OLIeHK!U CIeKTPaIbHOM 3aBU-
CUMOCTH S, . TIOKa3aTeJisl MOTJIOIEHNs OKPAIEHHOM
KOMIIOHEHThl PacTBOPEHHOIO OPraHHYecKoro Belle-
CTBa d,,,, TI0J1aras, 4To d,,,, BHOCUT OCHOBHOU BKJIaJl
B CyMMapHoe IOoIJIollleHle cBeTa BOAOU atot B KOPOT-
KOBOJTHOBOW o6Js1actu cnekrpa (A€350 — 450 HM), T.e.
Aepor>>a,,» A, U JOTIOJTHUTEIBHO a >>b,rnea, n a, -
MoKa3aTeJIu IOTJION[eHNs CBeTa YUCTOM BOJIoM U GuTo-
IUIAaHKTOHOM, b, — CyMMapHBI# I0Ka3aTesib 00paTHOTo
paccesHus cBeTa BOJIOH, Torjaa:

K, (2) = const (a,, (A1) +b,(1)) = const - (a,(A) + a,,(2) + dcpoy (A) + b, (1)) = const - agppy (A) o (7)

Ta6sura 3. PesyibTaT pacuéra p(?ni) JJIA CIIeKTPaJIbHBIX KaHAJIOB C I[eHTPaJIbHOU AJTUHOM BOJIHBI 7\,[ u O"O\,i, 0) s ctadnuu k1

A, HM 443 490 510 555 590 620
L) 1.424e-06 1.967e-06 2.751e-06 2.731e-06 3.149e-06 2.978e-06
O\, 0) 1.321e+01 1.664e+01 1.786e+01 1.985e +01 2.098e +01 2.140e +01
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Ta6suna 4. Pe3ysbTaThl pacuéToB CIEKTPAJIbHOTO HAKJIOHA IMOIJIOUIEHUs HeXHBOro opraHudeckoro BemjectBa SCDOM B

TeserikoM o3epe 1o ypaBHeHUIo (9)

A/A, Homep cranuun < Sepon > +CKO
HM 001 002 005 005 021 k1 1s2 HM'!
380/443 0.015 0.017 0.016 0.015 0.018 0.018 0.021 0.017 = 0.002
£ 002
[IpuHHMast BO BHUMaHMe, YTO (GYHKI[MOHAIbHAS .y 0;51
CBA3D Ay, OT A umeet Buj (Konenesud, 1983): o
0.02
Acport (L) = Acpor (Ag) - €xXp(=Scpon (A= 49)) | (8) 8 o
v 0
U cJleJiaB dJIeMeHTapHble nMpeoGpa3oBaHUsA ypaBHEHUA 0.01
(7), c yuérom ypaBHeHusA (8) i1 ABYX CIIEKTPAIBHBIX
KaHAJIOB C IIeHTPAJIbHOM JJIMHON BOJIHBI A =380 HM u 0.005
A,=443 HM COOTBETCTBEHHO, IOJy4aeM BhIpAXEHHE N
AnAS . 400 450 500 550 600 650 700 750

1K)
A— ’10 Kd (A)

PesyibTaThl pacu€ToB NpeCcTaBJIeHbl B TalJl. 4.

[TpencraBiienHoie B Tabsuile 4 pe3ysbTaThl
COBIAJIN C IPOBEAEHHBIMH TOJOM paHee B 3TO Xe
BpeM UCCIeJOBaHUAMU [TePBUYHBIX IMAPOONTHYECKUX
xapakTepuctuk Tesenkoro osepa (Moiseeva et al.,
2023), B mpoliecce KOTOPHIX HeNOCpPeACTBEHHO H3Me-
PANA CHEKTPaJIbHBIN XOJi OKpallleHHON KOMIIOHEHTHI
PacTBOPEHHOr0 OpPraHNYeckoro BellecTBa [JJIA aHa-
JIOTUYHOM CeTKM CTaHLMI M KOTOphle MOKa3aju, 4TO
MU3MEHYMBOCTH S, - JIEXUT B aquanasore 0.017 - 0.019
HM! B quanasoHe qimH BoJH 350 - 500 HM.

Ha Puc. 7 npuBenéH npumMep BOCCTAaHOBJICHUA
CIleKTpa TOPU3OHTAJIBHON 06JIyyeHHOCTH B dusude-
CKUX eJUHUIAaX, NOJIyYeHHBII IO ONKNCAHHOMY BbIlle
MeTrony (ypaBHeHus (2) — (6)) mo u3MepeHUsIM Ha CT.
kl. XapakTep mnoBedeHUs cIleKTpa OOJIy4eHHOCTH C
riybuHoOM (pe3Kkuii mpoBaj B KOPOTKOBOJIHOBOI 06J1a-
CTHU CIeKTpa) yKasblBaeT Ha BBICOKOE COAepXXaHue
PacTBOPEHHOI'0 OpPraHMYecKOoro BellecTBa B BoJAax
Teseuxoro o3epa (Puc. 7). OcobeHHOCTh ClieKTpa ropu-
30HTAJIbHON 00JIy4eHHOCTH B KOPOTKOBOJIHOBOM 00Jia-
cTU Kak QyHKIMYU IJIyOMHBI U MOJIOKEHHe ero MaKCU-
MyMa, HaulHasA OT 5 M U HHUXe, KOTOPBII COOTBETCTBYeT
JUiHe BOJIHBL 590 HM, HaX0[ATCA B IIOJIHOM COIJIacuu
C pesyJbTaTaMy, [IOJyYeHHBIMHU I'OIOM paHee COTpPyAd-
Hukamu HWHctutyta Buosoruu IOxHBIX Mopeit PAH
(Churilova et al., 2023).

SCDOM -

.(9)

4. BoiBOADI

BoccraHOBJIeH cHeKTp MoKasaTesis BepTHUKaJlb-
HOro ocJiabjieHus cBeTa B CeMM CIIeKTpaJIbHBIX KaHa-
JlaX, aHOMaJIUM KOTOPOTrO OIKCHIBAIOT peruoHasIbHbIe
0COOEHHOCTH B BepxHeM cJioe BOABl U COIJIACyIOTCA
C NOpAMBIMU H3MepeHUAMHU KoddouipeHTa ApKOCTU
BOJIHOM TOJIIIH;

[IpoaeMOHCTpUPOBAHO, YTO B CJIyyae CHHXPOH-
HbIX u3MepeHuil npodusis AP u ropusoHTaIbHONU
00JIy4eHHOCT! MOXHO IOJIyYUTh OOJIyYEHHOCTh B
dusnueckux eAuHUILIAX Ha JIOOOM TOPU3OHTE B CJIOE
doTocuHTE3a;

1265

A,nm

Puc.6. Ilpumepsl usaMepeHuil kosdduimeHTa ApKOCTH
BOJIHOU ToJIIM B TestelikoM o3epe B aBrycre 2023 roga Ha CT.
002 u 021 u B riTy6OKOBOIHOM YacTy UepHOTo MOps B anpesie
2021 ropa.
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Puc.7. [Ipumep BOCCTaHOBJIEHUA CIIEKTPAa TOPU3OHTAJIb-
HOM 00JTy4eHHOCTH B PU3NUYECKUX eJUHUIax Ay cT. k1.

[losyuenHble 3HauYeHUA MJiA CIEKTPaJIbHOIO
[oKasarejsa IOIJIOUIEHUA HEeXUBBIM OpraHUYecKUuM
BEIIeCTBOM U MAaKCUMyM CIIeKTpa T'OpU30HTaJIb-
HOU MOJBOJHOM 0O0JIyueHHOCTU B cJioe (oTocuHTe3a
COBIIAJIM C paHee [I0JIyYeHHbIMU pe3yJjbTaTaMu COTPyAd-
Hukamu MHBIOM PAH.
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