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Abstract: This paper deals with the issue of changing the conditions of the geographical
environment in the postglacial and Holocene in the central part of the Karelian Isthmus.
Toward paleogeographic reconstruction, a survey of the sediments of the bottom of Lake
Krasnoye (Leningrad Oblast, Russian Federation) was conducted, since the lake deposits
represent a reliable source of information about natural events from the past. A large
amount of data obtained by X-ray fluorescence analysis of the core sample was analyzed, a
lithostratigraphic description of the sediments was carried out and geophysical characteris-
tics of the bottom sediments were interpreted. They were divided into several units that
differed in the number of properties and reflected different sedimentation conditions. In
the reconstruction of the past natural environment, special attention is paid to paleoclimat-
ic and paleosedimentological issues.
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Introduction

The territory of the Northwest Russia and the Karelian Isthmus represent an area of
interest for the research of paleogeographic characteristics of the natural environment.
It primarily refers to the processes of regional glaciation, deglaciation, lake formation
and their development, as well as the emergence of the modern hydrographic network.
All these processes were conditioned by the fluctuation of the climate, which was analo-
gously reflected in the changes in the ecosystems and the landscapes as a whole. The
investigation of the characteristics of the late Quaternary in the development of the
planet Earth enables the monitoring of trends in the variability of the components of
the natural environment.

The Karelian Isthmus was subjected to very dynamic natural processes in the Qua-
ternary. Its specific geographical position between two large hydrological objects further
strengthens the scientific interest in its research. For 70 years, Krasnoye lake has served
as an object of study for hydrologists, biologists, chemists, ichthyologists, geologists, hy-
drophysicists, ecologists and geographers. The interest of biologists and ecologists in the
lake and their research led to the inclusion of the lake in the list of protected natural mon-
uments of the Leningrad Region. In addition, the interest in acquiring integral knowledge
about the geographical and geological evolution of this territory still remains relevant for
geological, hydrological and paleogeographic research.

The bottom of the lake represents one of the most important components of the
lake ecosystem, while its sediments are the carriers of the most complete information
about the history of the development of the aquatic environment in which they are
deposited. They represent a kind of record of the most important processes - produc-
tion-biological and physical-chemical, which took place during the entire history of
the lake's existence (Kalesnik, 1967). Lake sediments formed over a long period are a
reliable source of information about various events from the past and present. Cli-
matic changes, catastrophic geological phenomena, anthropogenic impact on the
environment are chronologically fixed in lake sediment cores. Apart from scientific
importance, lake sediments have a great practical application as sources of raw mate-
rials for the economy (Shelehova et al., 2020).

The study of lake bottom sediments on the Karelian Isthmus for paleoreconstructions
of the lake's history began in the 1960s (Subbeto, 2009). The focus of the work was on
paleoclimatic issues, and paleolimnological reconstructions were limited by the imperfec-
tion of many of the methods used. The development of equipment and scientific methods
made it possible to study lake bottom sediments at a higher level.

The Karelian Isthmus is the territory between the Baltic Sea in the west and Lake La-
doga in the east. It covers an area of approximately 15,000 km2. From north to south, the
length of the territory is 150-180 km, and from west to east 55-110 km. The relief is domi-
nated by glacial forms such as moraine beds, oozes and ridges. The average altitude is up
to 50 m, and the highest point is at an altitude of 203 m (Lembolovo Hills). Ridges of
dunes and elevations (up to 40 m above sea level) stretch along the coast of the bay. The
largest river of the Karelian Isthmus is the Vuoksi. In some places, the bed of this river
widens, and the river water lakes up, thus forming the Vuoksi river-lake system. There are
about 700 lakes on the isthmus. Many picturesque lakes (such as lakes: Otradnoye,
Vuoksi, Shchuchye, Bolshoe Simaginskoe Lake, etc.) are interconnected by short lakes.
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The entire area is located in the zone of boreal forests dominated by conifers (spruce,
pine) and deciduous trees (birch, aspen).

Fig. 1. Topographic map of the Karelian Isthmus
(Source: https://geographyofrussia.com/wp-content/uploads/2014/12/138-139.jpg)

Lake Krasnoye stretches along the northern slopes of the Lembolovo Hills of the Ka-
relian Isthmus on the abrasion-accumulative lake-glacial plain. The lake basin is a depres-
sion built from the rocks of the Baltic Shield, where its depth reaches 20 meters (Kuz-
netsov, Subbeto, 2019). Geological research around the lake established fluvioglacial
deposits with a total thickness of 87.7 m, which lie on solid rocks represented by biotite
gneiss and granite (Malasova, Sokolova, 1967). The northeastern shore of the lake is al-
most entirely sandy. It is overgrown with pine forest that is thinned out by meadows and
pastures. In some parts, the coast is also made of gravel. The southern and southwestern
coast, in the area from the mouth of the Stranica River to the place where the Krasnaya
River flows out of the lake, is composed of large rocky blocks, and larger gravel is present
near the water area of the lake (Kirillova, Raspopov 1971). The water system of Lake Kras-
noye is part of the Vuoksi lake-river system that connects Saimaa and Ladoga. The area of
the lake basin is 168 km2 and is 18 times larger than the area of the lake itself. (Kondrat-
ev, Bovyki, 2003). At the average multi-year water level in the lake, the surface of the
water mirror is 9.13 km2, while the maximum depth is 14.6 m, and the average is 6.6 m.
The littoral zone extends to a depth of 2.0-2.5 m, stretches along a narrow strip and occu-
pies 17.3% of the lake surface (Trifonova, 1988).

Many lakes in the Northwest Russia are characterized by the presence of accumula-
tions of manganese nodules in their sediments. According to the distribution and reserves
of these ores, Lake Krasnoye is one of the most representative. Ore deposits are mainly
concentrated in the northwestern part of the lake. Compared to sedimentary rocks, man-
ganese concretions are enriched in manganese oxides (26.7%) and iron (53.1%), while
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they are poor in all other macroelements except phosphorus (Baturin, 2019). Lake Kras-
noye has been a monitoring facility of the Institute of Limnology of the Russian Academy
of Sciences for several decades. The scientific-experimental limnological station on Lake
Krasnoye was founded in 1949. It is used to conduct experimental and regional expedi-
tionary research. Since 1964, systematic complex limnological research and experimental
work on the study of the internal processes of the lake and the process of energy-material
exchange in the lake basin-lake system have been carried out there.

Materials and methods

The subject of immediate research was the sediments of Lake Krasnoye. They were
obtained in the process of drilling and sampling as part of the lake research in August
2020, which was led by Grigory Fyodorov, assistant professor of the geomorphology
department of the Institute of Earth Sciences of St. Petersburg State University. Based
on the data collected during the sampling procedure, the length of the obtained core
was 23.8 meters, which represents a column of continuous sediments that can be condi-
tionally divided into two parts. The lower part of the core was a complex of banded clays
- varves, and the upper part was composed of mainly organic remains (sapropel). The
core was scanned with a standard modular core scanner (Standard Multi-Sensor Core
Logger - MSCL) GeoTek at the Institute of Oceanology P. P. Shirshov of the Russian
Academy of Sciences in Moscow. The core sample was physically divided into two parts,
one of which was control, and the other was the object of immediate research for
lithostratigraphic description and sampling. In the work, the lithostratigraphic method
was used, which is based on the study of the characteristics of the material composition
of sediments, analysis of the macroscopic structure of sediments, texture, color, charac-
ter of admixture, identification of basic and secondary components of sediments, etc.
Based on these criteria, sediments are analyzed and compared. As part of the descrip-
tion, it was necessary to identify the sediments, determine their structure, which corre-
sponded to the granulometric composition, properly measure their settling depth, and
determine the presence of organic matter or other impurities.

Fig. 2. GeoTek core logger (source: https://wwuw.geotek.co.uk/products/mscl-s/)
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The method of X-ray fluorescence analysis (XRF) is based on the dependence of the
intensity of X-ray fluorescence on the concentration of the element in the sample. When
the sample is irradiated with a strong flow of X-ray radiation, characteristic fluorescent
radiation of atoms occurs, which is proportional to their concentration in the sample
(Sobolev, 2014). In the study of environmental pollution, this analysis can provide infor-
mation about the period of action of pollutants on sediment layers or information about
the spatio-temporal extent of pollution, which is then checked by classical geochemical
methods (Braden et al., 2019). A large amount of data on the chemical composition of the
sediments was obtained by X-ray-fluorescence scanning of lake sediment cores, with
precise measurements. The measurement procedure was performed with a distance of 1
mm, and the concentrations of chemical elements are presented in units of cps (counts
per second). For research, the most representative chemical elements and ratios of ele-
ments that best represent sedimentation conditions in the past were selected. Before the
graphical presentation of the distribution of chemical elements, the initial data were sub-
jected to a data normalization procedure.

For a graphic presentation of the results of the vertical distribution of magnetic
susceptibility and all the results of the geochemical analysis (these are Fe, K, Ca, Si, Ti,
S, Mn/Fe, Fe/Ti, Si/Ti, Si/Al, Ti/Zr, Fe/ Mn, Rb/Sr, K/Ti Ca/Ti, Zr/Rb) the OriginPro
2019 program was used. The Starter 3 program was used for the graphic image of the
lithological column. Statistical and mathematical data analyses were performed in the
Microsoft Excel program.

Results and Discussion

Lithostratigraphic composition of sediments

A detailed lithostratigraphic description of the core of the lake sediments identified 2
zones (Fig. 4). The upper zone (zone II) is represented by organic sediments that accumu-
lated in the Holocene epoch, with a total thickness of 16.2 meters. At this depth, the me-
chanical composition of the sediments changes. Sapropel replaces clay and until the end
of the studied core, the sediments are represented by clays (varves). It is zone I and is
characterized by alternating layers of layered clays and layers of fine-grained sand. The
sediments in zone II were formed by the extinction of living organisms of the lake during
the last few thousand years and are quite homogeneous in their structure. With increasing
depth, the sapropel becomes more layered, and more remains of material can be observed
in the form of terrigenous particles of siltstone and psammite fraction are observed in it.

Fig. 3. Change in sedimentation conditions - transition of sapropel to clay sediments (author's
archive)
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Fig. 4. Graphic representation of the lithostratigraphic column of lake sediments of Lake Krasnoye

The lower, postglacial part of the core sample, postglacial, tells about the events that
happened after the deglaciation of the Karelian Isthmus and the liberation of the land
from the ice cover. That is when the original lake was already formed thanks to the accu-
mulation of clay in the winter period and fine-grained sand, of light shades, which the
tributaries of the lake brought in the summer period. The total thickness of the sediments
of zone I is 5.33 meters.

Physical characteristics of sediments

On the curve of the magnetic susceptibility indicator (Fig. 5), two parts can be distin-
guished, which differ in absolute value and dynamics of change. Up to a depth of about
15.8 m, the magnetic susceptibility values vary in a narrow range from o to 20 x 10-5 SI
units, and then the tendency to increase this parameter continues until the end of the
core, reaching maximum values at 19-20 meters, so that maximum values are observed in
the lower part of the sediment column (up to 72.945 h 10-5 SI). After the maximum of
19.55 m, the magnetic susceptibility values have a decreasing trend, maintaining high
values. At a depth of 20.5 m, the values increase again.

The upper part of the core sample with low values of magnetic susceptibility corre-
sponds to zone II, which is dominated by organic sediments that are by their nature weak-
ly magnetic and are part of the diamagnetic group. The change in the value of the magnet-
ic susceptibility follows the change in the mechanical composition of the sediments and in
zone I, which has rather high values. These indicators suggested that in this period the
input of clastic material into the lake was maximal and actually indicates a high intensity
of erosion and low bioproductivity of the lake.
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Fig. 5. Graph of changes in magnetic susceptibility
Analysis of geochemical properties of sediments

Based on the analysis of graphs of changes in the concentration of chemical elements,
synchronous fluctuations in the content of lithophile elements such as iron, titanium,
calcium, silicon and potassium are observed (Fig. 6). The upper part (lithological zone IT)
of the comparative graph, lithologically represented by organic mud, shows a constant
synchronous change of a series of elements (Si, Ca, Fe), and the graphs of titanium and
potassium behave similarly. That part of the graph is monotonous, without sharp fluctua-
tions, but with noticeable variability and regularity of the distribution curve. For example,
if we carefully analyze the distribution graphs of Si and Ca, a great similarity can be ob-
served. The segments at depths of 5.53-7.47 m, 7.47-9.21 m and 10.28-12.38 m agree very
well between elements mentioned above. Only the graph of iron differs by higher absolute
values, compared to other elements, and by a decrease in values after reaching the maxi-
mum at 13.46 m. Graphs of individual elements ideally follow the most visible change in
the lithological characteristics of the sediments, where organogenic sapropel changes to
clays at a depth of 16.15/16.20 m. At such a depth, the curves of all elements show a sud-
den increase in values after a slight decrease at a depth of 16 meters.

A more pronounced dynamic of changes in the concentration of chemical elements is
observed in the lower part of the lithostratigraphic column (lithological zone I). In the
subzone I-g, the concentrations of elements gradually increase, but the highest values of
the elements reach at the level of 17.65-19.45 meters, which is the subzone I-v in which all
elements have maximum values (up to 6 times more than the average concentration in
zone II). It is fairly evenly represented by high concentrations that follow the almost com-
plete absence of any curve trend. In the middle of the subzone, more precisely at the
depth of 18.40 m, a noticeable synchronous drop in values appears, but high concentra-
tion values are quickly re-established. Starting from a depth of 19.45 m, a decrease in
values is observed, with absolute values slightly higher than in subzone I-g. Already at
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20.20 m, high concentrations return, but only up to the twenty-first meter, where the
values decrease until the end of the graph. The last segment represents subzone I.
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Fig. 6. Lithological structure and comparative graphs of the vertical distribution of the content of
lithophile elements (Fe, Ti, Ca, Si, K)

Figure 7 shows graphs of vertical sulfur distribution and Mn/Fe, Fe/Ti, Si/Ti ratios.
These charts differ from both individual element charts and from each other, but certain
repetitions are still observed. This applies to the Fe/Ti and Si/Ti charts and the S and
Mn/Fe charts. The Fe/Ti and Si/Ti plots contain maximum values in the upper part of the
plot up to a depth of approximately 9.2 meters. Within this segment there are a large
number of peaks that are evenly distributed. One of the most significant peaks is at the
level of 16.12 m on the border of the first and second zones. In zone I, the values are of low
intensity with minimal concentrations to the depth of the core. The distribution of the
Mn/Fe ratio sharply increases its values to a depth of 14.6 m, and then gradually decreas-
es until the end of the lithostratigraphic column. The highest values are shown in the
depth interval 9.26-16.1 m. The sulfur concentration graph shows a steady trend of in-
creasing values up to 16.2 meters and then decreasing concentrations, which maintain the
average values for this graph.
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Fig. 7. Lithological structure and comparative graphs of the vertical distribution of the ratio and
the content of lithophile elements (Mn/Fe, Fe/Ti, Si/Ti) and S
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Main stages and conditions of lake sedimentation

The dynamics of geochemical changes of fundamental lithophile elements divided the
first zone into smaller segments, i.e. subzones (subzones I a-g). In zone I, there was the
most intense input of clastic material into the lake, which is evidenced by the increase
in the concentration of lithophile elements (Si, Ca, K, Ti), the results of magnetic sus-
ceptibility and lithological characteristics with the dominance of sandy and clayey sed-
iments. Such indicators characterize the terrigenous type of sedimentation. Titanium is
a relatively immobile element, present as a common component in various minerals
(for example: rutile and titanomagnetite) and thus is usually associated with the input
of eroded material (Wennrich et al., 2014).

In the periods corresponding to subzones I-a and I-v, maximum allogeneic accu-
mulation occurred and then mechanical water erosion dominated the land, and the
climate was relatively cold. High Al/Ca values in these subzones are interpreted as peri-
ods of increased river runoff and correspond to a humid phase of the inland climate
(Davies et al., 2015). Between these two periods, a dramatic decrease in the inorganic
components of the sediments and a kind of stoppage of mineral accumulation shows the
transition to more favorable and warmer climatic characteristics of the natural envi-
ronment, with a low intensity of erosion in the basin.

The Ca/Ti graph shows the relative change of lithogenic and biogenic sedimentation.
In the area of depths of 0-6.2 meters, many concentration peaks are observed, and the
highest peak is at 16.2 m, where, according to lithological data, there is a change in bio-
genic and lithogenic sedimentation. The high intensity of the Ca/Fe ratio in subzones I-a,
I-b and I-g, together with the dramatic decrease in Fe/Ca, indicates an influx of clastic
material from the mainland. The uniform increase of Ti/Ca in that zone confirms such
conclusions. The Mn/Fe ratio is used to estimate redox conditions (Peti & Augustinus,
2022). Higher Mn/Fe values are used to interpret higher oxygen presence since Mn is
more easily reduced under anaerobic conditions than iron (Vyse et al., 2020). In the up-
per part of the graph, the parameter has a stable trend of increasing values. However, the
first four meters of relatively low Mn/Fe values indicate worsening conditions for the
organic world, i.e. an increase in the value of this indicator in the interval of 9-15 meters.
Its maximum value at a depth of 14-16 meters can be characterized as a period of sedi-
mentation with the most pronounced oxidation conditions in the lake, in the entire con-
sidered period. In this period, sapropel accumulated intensively while the bioproductivity
of the lake was very high. In Zone I, consistently low and persistent Mn/Fe ratios indicate
reducing conditions. Also, high sulfur values in this zone confirm such an assumption
(Nesterov et al., 2019). In addition, in subzones I-a and I-g, the Fe/Mn ratio increases
significantly and can testify to a decrease in sedimentation conditions. In a reducing envi-
ronment, the solubility of Mn increases, but Mn is more susceptible to impacts (Boyle,
2001), so an increase in the Fe/Mn ratio may indicate the occurrence of anaerobic condi-
tions. In the subzone I-g, the gradual increase of the Mn/Fe parameter indicates the grad-
ual enrichment of the lake with oxygen and organic production. The increase in Mn/Fe
values at a depth of 9-15 m can be attributed to water regression and lake surface reduc-
tion in the early Holocene (Sadokov, 2022).

The low value of the K/Ti indicator up to a depth of 10.2 m indicates a decrease
in the physical input of material from the land and a decrease in clay deposits. And
this part of the core is dominated by organic sediments dominate. In subzones I-g and
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I-v, the value of the K/Ti ratio gradually increases, keeping relatively low values,
which indicates an increase in the intensity of the accumulation of clayey sediments
(Davies et al., 2015). In subzones I-a and I-b, this increase is even more pronounced,
with a slight drop at 21 meters. In these subzones, the high values of the indicators
confirm the deteriorating environmental conditions with pronounced physical decay
of the rocks in cold climate conditions.

The Rb/Sr ratio can be used as an indicator of chemical erosion in the basin and
thus indirectly as an indicator of cold and warm periods of climate development (Liu et
al., 2020). Strontium enters the lake through surface runoff in the form of a free ion
during chemical dissolution. Thus, the amount of strontium in lake sediments increases
due to physical adsorption (organic matter) and/or chemical precipitation (carbonates)
(Fernandez et al., 2013). Strontium tends to be more mobile in warm and humid condi-
tions. The vertical distribution of this ratio is quite stable, but there are certain fluctua-
tions in zone I. In subzone I-g, the values maintain a high intensity as in the higher
layers. Already in subzone I-v, there is a gradual decrease in value and a probable
change in environmental conditions to a more favorable one. The low value of the Rb/Sr
ratio in subzone I-b is associated with increased chemical erosion and indicates a peri-
od of development towards a warmer and wetter climate. In subzone I, the growth of
this geochemical indicator can be observed, which may correspond to the cooling and
aridization of the paleoclimate. The values of Si/Al and Zr/Rb ratios in zone II indicate
favorable environmental conditions (Vyse et al., 2020). This is especially pronounced in
the 4-5 m and 12.3-14.2 m depth intervals. The increase in the titanium content in the
lower half of the graph and the sudden drop in the Zr/Rb results indicate a higher in-
take of fine-grained clastic material. The Ca/Ti ratio reflects the biogenic carbonate
content (Davies et al., 2015). In fact, the Ca/Ti ratio as a whole can be considered to
reflect biogenic productivity. On the graph, the peaks of this indicator predominate
precisely in the part with organic sediments, with their frequency increasing in depths
from 5 to 10 m. The formation of biogenic silica in zone II is indicated by high values of
Si/Ti and Si/Al in the depth interval of 4-9 m and 13-15 m.

The organogenic regime dominated in the Holocene phase of sedimentation (zone II)
and then powerful sapropel deposits accumulated. The lake production was intensive, the
waters near the bottom were enriched with oxygen and provided the possibility of the
development of lush vegetation. The climate was warm and humid, with not so strong
dynamics. This is the period with reduced physical decomposition of rocks in the basin
and cessation of sedimentation of clay deposits. Only the remains of extinct organisms
were deposited. It is assumed that in the early Holocene the lake decreased its surface,
which may be related to the period of the disappearance of the Baltic glacial lake and the
formation of a lake with a smaller surface and shallower depths.

Zone I as a whole represents a postglacial and quite variable period in the process of
lake sedimentation. At that time, the input of terrigenous material was dominated by the
waters of melted glaciers, which actually indicates the mineral mode of sedimentation.
The dynamics of fluctuations of geochemical indicators divided zone I into several inde-
pendent units with different sedimentation conditions. In subzone I-g the climate was
cold and clays accumulated. Similar conditions are observed in subzone I when the physi-
cal decay of rocks dominated, a large amount of terrigenous material flowed in at the
expense of enhanced surface decay, and reducing conditions prevailed.
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Tab. 1. Reconstruction of the paleogeographic environment based on the dynamics of geochemical
indicators by lithostratigraphic units

Depth Geochemical |Sedimentation| Sedimentation
Zone/subzone . 4
(m) indicators mode mode
High concentra- Increased mechani-
tion of lithophile cal erosion in the
20,20- . . :
I-a o1 elements, decrease mineral basin, cold and arid
57 | of Pb /Sr, increase climate, reducing
of K/Ti and Fe/Mn conditions
. The intake of clastic
Decrease in the .
. material decreases,
b 19,45- content of litho- . .
- . mineral dominance of chem-
20,20 phile elements, ical :
low value of Rb/Sr 1ca’ erosion, warm
and humid climate
Accumulation of
Maximum values clay sediments, the
17.65- of lithophile ele- climate is moderate,
I-v 17’ 5 ments, decrease of mineral the river flow and
9,45 Rb/Sr, increase of input of clastic
K/Ti material is in-
creased
Conclusion

After the deglaciation, the territory of the Karelian Isthmus was subjected to dynamic
natural processes, primarily hydrological. Seas and lakes were formed, water surface were
connected and isolated, and the modern hydrological network was gradually formed. The
palaeogeographical environment in the central part of the Karelian Isthmus was recon-
structed on the example of studying the bottom of Lake Krasnoye. Lithostratigraphic and
geochemical data showed two types of sedimentation regimes - organogenic Holocene and
mineral postglacial. The high density of organic sediments indicates a favorable climate
and good conditions for the development of living beings in the lake. The postglacial part
is represented by powerful clayey sediments. Based on the geochemical analysis, rather
variable results were obtained that showed a variety of postglacial conditions related to
paleoclimate and paleosedimentation. There was an alternating period with a warmer
climate and the dominance of chemical erosion and a period with colder environmental
conditions and increased input of terrigenous material.

In this paper, very precise geophysical and geochemical methods were used with high
reliability of the obtained data. For the first time, in the study of Lake Krasnoye, such a
modern approach was applied to study the reconstruction of paleogeographic conditions.
The research showed that the state of natural components in the geological past and their
variability over time can be reliably interpreted by geochemical methods, that is, by study-
ing the concentration of chemical elements and their relationships in sediments. The
methodology applied in the paper could represent the basis for further studies of lake
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sediments in the territory of the Northwest Russia, given that modern instruments have
enabled a detailed, exact and reliable analysis of core sediments, and therefore a better
and more precise interpretation of the obtained results.

However, in addition to the results of this work, for a comprehensive investigation of
environmental conditions in the past, it is necessary to include a whole range of paleogeo-
graphical methods. First, biostratigraphic methods (diatom analysis, palynological analy-
sis), dating methods and methods for obtaining data on organic carbon and nitrogen.
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TepuTopHuja ceBeposamaja eBpOICKOr fena Pycuje m Kapesujcka mpeBjaka mpea-
CTaBJbajy IPOCTOP Off MHTEPECA 33 MCTPAKUBAIHE MMATE0Te0rPa(CKUX KAaPAKTEPUCTHKA
MPUPOHOT OKpY:Kema. To ce MPBEHCTBEHO OJHOCH Ha MPOIlECe PETHOHAHE IyIaluja-
nuje, Aeryanujanyje, GopMupama je3epa U lbUX0B Pa3BOj U MI0jaBy CaBpeMeHe XHU/IPO-
rpadcke mpexe. CBU OBU IpoLiecH OWIN Cy YCIOB/BEHU KOJIeOameM KJIMMe IINTO ce
AHAJIOTHO O/IPAJKAaBAjJI0 HA MPOMEHE y EKOCHCTeMHMMa W Yy IeJIMHU Ha Mpefiere.
VcTpazkiBame KapaKTEPUCTHKA IMO3HOT KBapTapa y pa3Bojy IUIaHEeTe 3e€MJbe OMOTY-
haga npahemwe TpeHz0Ba TPOMEHPUBOCTH KOMIIOHEHATA IPUPOJIHE CPEAUHE.

Kapennjcka mpeBJiaka je y KBaprapy Ouia MOABPrHyTa BeoMa JUHAMUYHUM ITPH-
poaHuM mpouecuma. fben crnenmuduunm reorpadcky mosoxaj uaMmel)y aBa Beauka
XHUPOJIONIKA 06jeKTa OIaTHO TI0javyaBa HAYYHU MHTEPEC 34 BbEHO HCTpaKuBarbe. Beh
70 roguHa KpacHoje jesepo cilyKM Kao o0jekaT mpoydaBarba XHUApPOJiora, OHOJIora,
XeMuyapa, UXTHOJIOra, TeoJsiora, xuapodusmuapa, exosora u reorpada. MHTEpec
OuoJIOTa U €KO0JIOTa 3a je3€pO M HHUX0Ba HCTPAKUBAHKA JIOBEIU Cy /10 YK/BYUYMBAHa
jesepa y smcry 3amTuheHuX cnoMeHuKa mnpupoze JlewuHrpajacke obsactu. [lopen
TOTa, UHTEPECOBAE 34 CTHUIAEhE MHTETPATTHOT 3HAMa O reorpadCkoj M TeoJIOIIKO]
€BOJIYI[Mji OBE TEPUTOPU]jE U JlaJbe OCTaje PEJIEBAHTHO 3a TE0JIOIIKA, XUAPOJIONIKA U
masieoreorpadcka UCTPaKUBAbA.

JIHO jesepa mpencTaB/ba jeIHY OJT HajBAXKHUjUX KOMIIOHEHTH je3€pPCKOT €KOCH-
cTeMa, 0K CYy ’eTrOBH CEJJUMEHTHU HOCHOIY HAJIOTIYHUjUX WHpopMaIyja 0 UCTOPUjU
pa3Boja BoZileHe cpeAuHe y K0joj ce Tanoke. OHH TNpeCTaB/bajy CBOjEBPCHH 3aIUC
HajBa)KHUJUX MpoOIeca — MPOAYKIIHOHO-OUOJIOMIKUX U (PUBHUKO-XEMHJCKUX, KOJU CY
ce OZIBHjaId TOKOM UYHMTaBe HCTOpHUje Mmocrojara jesepa (KajgecHHUK, 1967). Jezepcku
ceauMeHTH GOPMHUPAHH Y YKEM BPEMEHCKOM MEPUOAY MOY3JaH Cy U3BOp HHpOpMa-
1{ja 0 pa3JIuYMTUM AoraljajumMa u3 IpOIIOCTH U caAallbocT. KiinMaTcKe MpOMeHE,
KaractpobasHU TeoJomKHd (GEeHOMEHU, aHTPOIOTEHU YTHUIA] HA JKUBOTHY CPEIUHY
XPOHOJIOMIKYN ce (PUKCUPAjy V¥ KEPHOBHMA je3epCKUX cefuMeHTaTa. OCHUM HAy4YHOT
3HaYaja, je3epCKU CeIUMEHTH UMajy BEJIUKO MPAKTUYHY MPUMEHY Kao U3BOPH CHPO-
BuHa 3a nmpuspeay (Illenexona et al., 2020).

ITpoy4aBame ceprMeHaTa /JHA je3epa Ha Kapesnjckoj mpeBjany y HUJbY Iajeo-
PEKOHCTPYKIIMja MCTOpHje je3epa 3amouesio je 60-ux roguHa XX Beka (Cy66eto,
2009). Pokyc paza 610 je Ha NMaJEOKIHMMATCKUM IUTAMHHUMA, a HaJTe0JTHMMHOJIONIKE
PEKOHCTPYKIK]je Oule cy orpaHudeHe HecaBplieHoIhy MHOTHX KOpUIThEeHUX MeTo/a.
Pa3Boj ompeMe u HaydyHUX MeToza oMoryhuo je mpoydaBarme ceJjuMeHaTa AHA je3epa
Ha BUILIEM HUBOY.

Kapenujcka npepsiaka IpezcTaB/ba TEPUTOPHjYy u3Mel)y Bantuukor Mopa Ha 3a-
magy u Jlagomkor jesepa Ha UCTOKY. IIpocTHpe ce Ha MOBPIIMHU 07 MPUOJIIKHO 15
000 km2. Ox ceBepa Ha jyr AyXuUHa Teputopuje je 150-180 km, oz 3amaza Ha UCTOK
55-110 km. ¥ pemedy npeosnalyyjy rianujasnu o6JIUIHN MOMYT MOPEHCKUX TPEAUIA,
o30Ba U kamoBa. IIpoceuna HasiMOpCcKa BHCHHA je 0 50 m, a HAajBUIIA Tauka je Ha
kot 203 m (JIemb6osioBcko mo6phe). [y obajie 3auBa IPOTEKY ce TpebeHU AUHA U
y3Buiiewma (10 40 m Haamopcke Bucuue). HajBeha pexa Kapenwujcke mpemiake je
Byoxca. Ha HekuM MecTHMa ce KOPUTO OBe peKe IIUPH, 2 peYHa Boja yjesepaBa Gop-
Mupajyhu Taxo peuno-jesepcku cucreM Byoxce. Ha mpeBianu uma oko 700 jesepa.
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MHora xuBomnucHa jesepa (momyt jesepa: OtpanHoje, Byokca, llyuje, Benuko Cuma-
THUHCKO U JIp.), IoBe3aHa cy Mehy coboM KpaTKUM je3epoy3rHaMa. UHTaB MPOCTOD ce
HaJIa3u y 30HH OOpeasHuX IIyMa ca JOMHHAIUjoM YeThHapa (cMpua, 60p) U JUCTO-
maaHux Bpera apBeha (6pesa, jacuka).

Ca. 1. Tonoepagcka kapma Kapeaujcke npesaaxe (cmp. 185)

Jesepo KpacHoje ce mpoctupe y3 ceBepHe naause JlembosoBckor mobpha Kapenuj-
CKe IIpeBJlake HA a0pa3HOHO-aKyMyJaTHBHO] je3epCKO-JIeJHUYKOj PaBHU. Je3epcKu
GaceH mpe/cTaBsba fienpecjy usrpaheHy ox creHa BajTHUKOT IITHTA, IPU YEMY EEro-
Ba AyOomHa moctmke 20 Metapa (Kysnenos, Cy66eto, 2019). I'eosiomka ncTpaskuBarmba
OKOJIMHE je3epa yTBpAwIa cy GbiyBUOIIalHjaliHe Haciare yKynHe mohHoctu 87,7 M,
KOje HaJIelKy Ha UBpPCTe CTEHE KOje Cy Mpe/ICTaB/beHe OMOTUTOBUM THAjCOM M TPAHUTOM
(Manscosa, CokosioBa, 1967). CeBepouctoyHa obasia jezepa je CKOpo Ha IeJI0j AYKUHU
nemrgyana. O6pacia je 60poBoM ITIyMOM Koja je mpopeljeHa siMBajjamMa U maiimpanuma. Y
HEKUM jJiesioBuMa obajia je marpaljeHa u of NUbYHKA. JysKHA U jyrosamaaHa obaia, y
mojacy oz yirha pexe CtpaHulle 10 MecTa Iie u3 jesepa ucruue peka Kpachaja, cacras-
JbeHa je KPYIHUM CTEHOBUTUM OJIOKOBHMA, a Y3 aKBaTOPH]Y je3epa MPUCYTaH je KPyIi-
Huju uubyHak (KupuuioBa, PacmomoB 1971). Boguu cucrem jedepa KpacHoje mpen-
cTaBjba ZIe0 ByOKCHMHCKOT je3epcKo-pedHor cucreMa koju mnoBesyje Cajmy u Jlasmory.
[ToBpInuHa je3epckor cauBa usHocu 168 km2 u 18 myra je Beha oj mOBpIIMHE camor
jesepa. (KougparbeB, boBbikH, 2003). IIpu IPOCEUHOM BUIIETOAUIIHEM HUBOY BOJIE Y
jesepy, MOBPIIMHA BOAEHOT OTJIeasa U3HOCH 9,13 km2, /0K je MakcuMasiHa ay6uHa je
14,6 m, a cpeama 6,6 m. JiuropasiHa 30Ha ce MHUPH JI0 TyOUHE 2,0-2,5 M, IPOTEXKE Ce
YCKHM II0jacoM u 3ay3uma 17,3% nospiuuHe jeepa (Tpudonosa, 1988).

MHora jezepa Ha ceBepo3amnajy eBpPOICKOT ejia Pycuje KapakTepuily ce Ipucyc-
TBOM aKyMyJIal[ija MaHTAHCKIX HOZYJIA ¥ CBOjUM CeUMeHTHMA. 110 pacnpocTpameny
¥ pe3epBaMa OBHUX pyAa, jesepo KpacHoje mpencraBiba jeZJHO Of] Hajpenpe3eHTaTUB-
HUjuX. PyaHa JekuinTa yryiaBHOM Cy KOHIIEHTPHCAHA Y CeBePO3aIajHOM eIy je3epa.
ManraHcke KOHKpeIluje cy, y nopehemy ca cefuMeHTHUM CTeHama, oboraheHe okcu-
numa maHraua (26,7%) u rBoxha (53,1%), 0K Cy cHpOMAaIllHE CBUM OCTaJIUM MaKpoOe-
JemMeHTHMa u3y3eB pocdopa (Baturin, 2019). Jezepo KpacHoje je Beh Hekomuko me-
neHuja objexaT MOHHTOPHWHIa JIMMHOJIOIIKOT WHCTUTYTa Pycke akajeMuje Hayka.
HayuHo-ekcriepuMeHTaIHA JUMHOJIONIKA CTAHUIA Ha je3epy KpacHoje ocHOBaHa je
1949. roguHe. OHA ce KOPHCTH 3a CIIPOBOleme eKCIEPUMEHTATHUX U PETHOHATHUX
eKCIEeJUIVOHUX HcTpakuBamwa. On 1964. TOAWHE TaMO Ce CIPOBOJE CHUCTEMATCKA
KOMIIJIEKCHA JINMHOJIONIKA HCTPAXKUBAKkha U €KCIEePUMEHTAIHHU PAZOBH HA IIpOyda-
Bamky YHYTpAIIkUX IIpOIieca je3epa W Ipolieca eHepreTCKo-MaTepujajHe pa3MeHe y
CHCTEMY je3epCKU CJINB-je3epo.

Marepujaau u MmeTojge

IIpenmer HemocpeAHOT HCTPa’KUBamwa Owiu cy cexuMmeHTH jedepa KpacHoje. [lobuje-
HU Cy y mpolecy Oyliema U y30pKOBama y OKBUDPY HUCTPAXKUBarbha je3epa y aBryCTy
2020. TOAHE, KOJUM je PYKOBOJUO JOIIEHT KaTejape reomopdosoruje MHcTuTyTa
Hayka o 3emspu CaHKTHETepOypUIKOT [p:KAaBHOT yHUBepauTera I'puropuj ®jomopos.
Ha ocHOBY nojiaTaka IpUKYIJb€HUX IPUJINKOM IIOCTYIIKA Y30PKOBaha, Ay:KUHA 100u-
jeHOr KepHa je u3Hocuia 23,8 MeTapa a Koju 3alpaBo MPeCTaBba CTYO KOHTUHYHpa-
HUX CceZlIM€HAaTa Koja ce YCJIOBHO MOJKe IOJIEJIUTH Ha /iBa Jiesa. Jlomu [1eo KepHa je
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Npe/icTaB/ha0 KOMILJIIEKC TPAKACTHX IVIMHA - BapBH, a TOPHU /€0 je cacTaB/beH Of
MIpeBacXo/iHO OPraHCKUX ocTaTaka (campormes). KepH je ckeHUpaH cTaHZAPAHUM MO-
nysnapHuM ckeHepoM KepHa (Standard Multi-Sensor Core Logger — MSCL) GeoTek y
Wucruryty 3a Okeanosorujy I1. I1. Hlupmos Pycke akanemuje Hayka y Mocksu. Kepa
je 6uo pU3UUYKU NO/IEbEH HA /IBA /IEJIA, OJT KOjUX je je/laH KOHTPOJIHU, a APYTH je 6uo
objexaT HemocpeAHOT UCTPAXKKBaKa y IUJBY JIUTOCTPATUTPadCKOT ONKCHUBAKA U Y-
30pKOBama. Y paay je kopuirheH jutoctpaTurpadCcku MeTO], KOjU ce 3aCHHUBA Ha
Ipoy4yaBamwy KapaKTepHCTHKa MaTepHjaJIHOT cacTaBa ceJUMeHaTa, aHAJIW3U MaKpo-
CKOIICKe CTPYKType cefNMeHaTa, TeKCType, 060je, KapakTepa IpuMeca, uaeHTUDHKA-
IMjHU OCHOBHUX U CEeKYHJApPHUX KOMIIOHEHTH cefuMeHaTa U cj. Ha ocHOBY 0BUX KpU-
TepujyMa BPIIU Ce palldyIambUBaibe CeUMeHaTa U BUXO0BO yropehuBame. Y OKBUPY
OIKCHUBaKka OWIO je MOTpeOHO U3BPIIUTH UJeHTUDUKALH]y CeUMEHATa, yTBPIAUTH
BUXOBY CTPYKTYpPY, KOja je 3alpaBo O/irOBapajia TPaHyJIOMETPHUjCKOM CacCTaBy, Ipa-
BUJIHO U3MEPUTH HUXOBY NyOHHY TaJI0Kermha, YTBPAUTH IIPUCYCTBO OPTaHCKe MaTeEPHU-
je wiu pyrux nmpumeca.

Ca. 2. GeoTek ckenep xepra (cmp. 186)

Merona peHTreHTCKO-(ryopecuenTHe aHanuse (XRF) 3acHuBa ce Ha 3aBUCHOCTHU
WHTEH3UTETa PeHTreHcke ¢iyopecieHnyje 0/ KOHIEHTpAaIlje eJeMeHTa y Y30pKY.
ITpu 3pavemy y30pKa CHa’)XKHUM IIPOTOKOM 3padyerha PeHTTeHCKe LIeBU HAaCTaje Kapak-
TEPUCTUYHO (JIYOPECIEHTHO 3pavyele aToMa, KOje je IPOIMOPIHMOHAIHO HHUXOBOj
KOHI[eHTpaIuju y y30pKy (CobosieB, 2014). ¥ npoyuaBary 3araljema KUBOTHE CPEIH-
He 0BOM aHAJIM3NMO MOKe ce ZOhHU 10 ca3Hara 0 IePHOAY ZesloBama 3araljuBaua Ha
c0jeBa ceMMeHaTa WM WHGOpPMAaIFje 0 MPOCTOPHO-BPEMEHCKOM 00uMy 3araljema,
KOje ce MOTOM IIPOBEpaBajy KJIACHYHUM reoxemujckum metomama (Braden et al.,
2019). PeHTreHTCKO-QIyOpeCcCIeHTHUM CKEeHHDAameM KepHa je3epCKUX celHMeHaTa
nobujeHa je BeJIMKa KOJIMYMHA MOJlaTaKa O XeMHUjCKOM CacTaBy CeJUMEHaTa, ca BeoMa
penu3HUM MepemeM. IlocTymmak Mepema je U3BpIIEH ca pa3MaKoM OJ 1 mm, a KOH-
IIEHTpAaIlhje XEMHjCKUX eJieMeHaTa Cy NpeAcTaB/beHe Y jeluHuIama cps (counts per
second). Y cBpXy HcTpakuBawa, n3abpaHu Cy Hajpelnpe3eHTATUBHUJU XEMU]CKU €JIe-
MEHTH U OJHOCHU eJIeMeHaTa KOju HajOooJbe MPHUKA3Yjy yCJIOBE CeAUMEHTAIHje Y MPO-
mtoctu. [Ipe rpaduyukor mpezcTaB/bama pPaCcIo/iesie XEMHjCKUX eJleMeHaTa, IOYeTHH
MOZALM Cy MOABPTHYTHU MOCTYIIKY HOPMaIU3aLHje I01aTaka.

3a rpaduuku IpuUKa3 pe3ysTaTa BEePTHKAJIHE DPACIOJieJie MarHeTHE CYCIENTH-
GUJIHOCTH U CBUX pesysTara reoxemujcke ananuse (to cy Fe, K, Ca, Si, Ti, S, Mn/Fe,
Fe/Ti, Si/Ti, Si/Al, Ti/Zr, Fe/Mn, Rb/Sr, K/Ti Ca/Ti, Zr/Rb) xopumrhen je mporpam
OriginPro 2019. 3a rpaduuky CIHUKYy JIMTOJIOIIKOr cTyba KOpHUITheH je Mmporpam
Starter 3. CraTucTHYKe W MaTeMaTHYKe aHaIu3e IoaaTaka paljeHe cy y mporpamy
Microsoft Excel.

PesysaTaTu U AUCKycHja

Jlumocmpamuzpadgcka epalha cedumenama

JleTa/bHUM JINTOCTPATUTPA(CKUM OMKMCOM KEPHA je3EPCKUX CelUMeHaTa U3/[BOjeHe Cy
2 30He (ci1. 4.) Topmwa 30Ha (30Ha II) je mpeacTaB/beHA OPraHOTEHUM CEAUMEHTHMA
KOjU Cy ce aKyMyJIUPaJid y XOJIOLEHOj eloCcH, YKyImHe MohHocTH 16,2 MeTpa. Ha oBOj
nyOWHU ce Merma MEXaHWYKH cacraB cequMeHarta. Camporesn 3amerbyje IJIMHA U 70
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Kpaja IpoydyaBaHOT KepHa, CeIUMEHTH Cy IIPeJCTaB/beHU IMinHama (Bapeama). To je
30Ha I, a KapakTepuille ce HAN3MEHUIHOM CMEHOM CJIOjEBUTHUX IJIMHA U CJI0jeBa CHUT-
Ho3pHOTr necka. CezuMmeHTH y 30HHU II GopMHUpaHU CYy UBYyMHUPAIEM KUBUX OPTaHU-
3aMa je3epa TOKOM IOCJIEAbHX HEKOJIHUKO XHUJbaZia TOAMHA U II0 CBOjOj CTPYKTYPH Cy
npuindHo xomorenu. Campormnes noBehameM AyOUHE MOCTaje CIOjEBUTHH U Y HEMY
ce mpuMehyje Bullle ocTaTaka MaTepujaia y oOJIMKY TEDUTEHUX YECTUIIA AJIEBPUTCKE U
ncaMmuTcke ppakuuje.

Ca. 3. IIpomena ycaosa cedumenmayuje-npeaasax canponeaa y cedumenme 2aume (apxuea
aymopa) (cmp. 187)
Ca. 4. I'paguuxu npuxas aumocmpamuzpagcxoe cmyba jesepckux cedumerama jesepa Kpa-
cHoje (cmp. 188)

JlomHU J1eo KepHa, MOCTTJIAIMjaIHU, TOBOPH O ZioraljajuMa KOju Cy ce JOTOJTMIJIN Ha-
KOH Jernanujanuje Kapenujcke mpepiake u ociobalarba KOIHA Off JieIEHOT TOKpUBa-
4a, Tj. Kazia je Beh popmMupaHo IpBOOUTHO je3epo U Kajla ce aKyMyJIupasa TJINHA Y 3UM-
CKUM MEPUOJMMAa U CUTHO3DHHU IIECAK, CBET/IE HUjaHCe, KOjU Cy MPUTOKE je3epa JOHO-
CHUJIe y JIETHHUM YCJIOBUMA. YKyITHa MONHOCT celuMeHaTa 30He I 30He je 5,33 MeTpa.

Ddusuuxe Kapakmepucmuke cedumenama

Ha xpuB0Oj mokazaTes/hba MarHeTHe CyCHeNnTHOMITHOCTH (CJI. 5.) MOTY Ce U3/IBOJUTH J[Ba
JleJia Koja ce pasjInKyjy alCoJIyTHOM BpEeQHONINY U JUHAMHUKOM mpomeHe. Jlo ayOuHe
01 0KO 15,8 m, BPeJHOCTH MarHeTHe CyCUeNTHOMJIHOCTH BapUPajy V YCKOM PaCIIOHY
0Z1 O 10 20 X 10-5 jegununa SI, a 3aTum ce TeHzeHnMja mosehama oBor mapamerpa
HacTaB/ba 0 Kpaja KepHa, AOCTHXyhM MakcumasiHe BpeZHOCTH Ha 19-20 MeTapa,
Tako [1a ce y JOIeM Jiesly cTy0a celuMeHaTa OIakajy MaKCMMasiHe BpemHoctu (10
72,945 X 10-5 SI). Hakon makcumyma of 19,55 m, BPEJHOCTH MarHeTHE CyCILeNTH-
OMJIHOCTH MMajy TPeH] ollajama oAp:kaBajyhu Bucoke BpeaHoctu. Ha ayOuHmM of
20,5 m BPEJHOCTH ce MOHOBO moBehaBajy.

TopmeM Jeny KepHa ca HHUCKUM BPEAHOCTHMMA MarHeTHE CYCIeNTHOUJIHOCTH
oxroBapa 3oHa Il y k0joj IOMUHUPAjy OPTAaHCKHU CEIMMEHTU KOjU CY MO CBOjOj MIPUPO-
u cy1abo MarHETHUYHU U JIe0 Cy TPyIle AujaMarHeTuka. [[poMeHa BpeZHOCTH MarHeT-
He CyCHEeNTHOWIHOCTH MPaTH MPOMEHY MEXaHUYKOT cacTaBa ceUMeHaTa U y 30HU |
“Ma MPUWINYHO BUCOKe BpenHOCcTH. OBU MOKAa3aTesbl TOBOPE /1A je Y OBOM IEPUOAY
YHOC KJIACTHYHOT MaTepujaja y je3epo 610 MaKCUMaJsaH U 3alpaBo yKasyje Ha BUCOK
WHTEH3UTET epo3Hje U HUCKY OMOIPOAYKTUBHOCT je3epa.

Ca. 5. I'pagux npomere mazHemue cycyenmubuarHocm (cmp. 189)
AHaau3a 2eoxemujckux ceojcmaea ceoumeHama

Ha ocHoBy aHanu3ze rpaduka MpoMeHe KOHIIEHTpAalVje XeMUjCKUX eleMeHaTa, IpHu-
mehyjy ce cuHXpoHa KoJsebama cazpikaja JUTOPUIHUX eleMeHaTa Kao IITO CY TBOXK-
Be, Tutan, kannujym, crutunujym u kanujym (ci. 6.). Topwu neo (smurosionika 3oHa 1)
KOMIIapaTUBHOT rpaduKa, JIUTOJIOMIKY IIPEJICTAB/bEeH OPTaHOTEHUM MYJbeM, ITOKa3yje
CTAJIHY CHUHXPOHY mpoMeHy Hu3sa enemenarta (Si, Ca, Fe), a cIMYHO ce MOHAIIAjy U
rpadunu tuTaHa u Kanujyma. Taj meo rpaduka je MOHOTOH, 6e3 OmITPUX KOJIebama,
aJu ca IPUMETHOM IPOMEHJPHUBOIINY M 3aKOHOMepHoUIhy KpuBe pacmojesne. Ha
puMep, aKo MaXKJbUBO aHaIU3upamMo rpaduke pacmozene Si u Ca, MOXKe ce YOUUTH
Besuka cauuHocT. CerMeHTH Ha nybuHama 5,53-7,47 m, 7,47-9,21 m u 10,28-12,38 m
ce BeoMa 106po ciaxky uaMelly rope noMmeHnyTtux esemenara. Camo ce rpaduxk reoxha
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pasjIuKyje BUIIUM aIllCOJyTHUM BPEAHOCTUMA, y Hopehemy ca ocTayiuM eleMeHTHMa,
Y 113/I0M BPEIHOCTH HAKOH ZIOCTH3alka MakcuMyMa Ha 13,46 m. I'padunu nojegunay-
HUX eJleMeHaTa UJeaHo IpaTe HajBU//bUBHjY IPOMEHY JIUTOJIOUIKIX KaPAKTEPUCTH-
Ka CeJUMeHAaTa, I/le OPraHOTEHM Calpoles Mpela3d y IJIMHE Ha AyOUHU Of
16,15/16,20 m. Ha TakBoj AyOuHU Ha KpHUBaMa CBHX ejieMeHaTa mpumehyje ce HATJIO
noBehame BpeTHOCTH HAKOH MaJIOT [1ajia Ha yOUHU 0f] 16 MeTapa.

W3pakeHUja AUHAMUKA IPOMeHe KOHIIEHTpAIllje XEMUjCKUX eJleMeHaTa ce MpU-
mehyje y momem fesny nutoctpaturpacdcekor cryba (tutosomka 30Ha I). Y moazonu I-r
IOCTENEeHO ce MoBehaBajy KOHIIEHTpalMje eleMeHaTa, ajli HajBUIIE BPETHOCTH eJie-
MEHTH JOCTHKY Ha HUBOY 17,65-19,45 MeTapa, a TO je mo/A30Ha I-B y K0joj CBU eJie-
MEHTH HMajy MakCUMasiHe BpeZHOCTH (U 710 6 IyTa BUINE HErO MPOCEYHA KOHIIEHTPA-
nuja y 3ouu II). OHa je IPUJIMYHO PAaBHOMEPHO IpPe/ICTaB/beHa BUCOKUM KOHI[EHTpPa-
yjaMa Koje Impare CKOpO IMOTIYHO OZCYCTBO OWJIO KOT TpeHAa KpuBe. Ha cpenuHu
IO/I30He, TaYyHHje Ha AYOWHU of 18,40 m, mojaB/byje ce MPUMETAH CHHXPOHU Iaj
BPENHOCTH, a1 ce OP30 MOHOBO YCIIOCTaBJbajy BHCOKE BPEJHOCTU KOHIIEHTpAIHja.
IToueBmiu ox 1y6GuHE 07 19,45 M, IpuMehyje ce cMameme BPEAHOCTH, €a allCOIYTHUM
BpeJHOCTHMA KOje Cy MaJjo BUIle Hero y moA3oHu I-r. Beh Ha 20,20 m, BUCOKe KOH-
neHtpanuje ce Bpahajy, anu camo 10 /BajieceT MPBOT METPA, /i€ Ce BPEAHOCTH CMa-
BYjy 0 Kpaja rpaduka. Ilocieamu cerMeHT Mpe/iCTaBba MO/I30HY 1-a.

Ca. 6. Jlumoaowxa epalja u ynopedHu epagduyu eepmukanqe oucmpubyuyuje cadprcaja Aumo-
dunrux enemenama (Fe, Ti, Ca, Si, K) (cmp. 190)

Ha ciunu 7. npukaszaHu cy rpadUKOHH BepPTHKATHE ANCTPHUOYyIUje cyMIopa U
oxgnoca Mn/Fe, Fe/Ti, Si/Ti. OBu rpaduKOHH ce Pa3jHKyjy U o[ rpadpuKOHA MOjeau-
HaYHUX eleMeHara u Mel)y cobom, anu oxpeljeHa moHaB/bara ce U Aasbe npumehyjy.
OBo ce oguocu Ha Fe/Ti u Si/Ti rpadukone u Ha C u Mn/Fe rpadukone. Fe/Ti u
Si/Ti rpadunu cagprke MakCUMaJIHE BPETHOCTH Y TOPHEM ey rpaduka 10 AyOuHe
o/l IpUOJIMIKHO 9,2 MeTapa. YHyTap OBOT CerMeHTa Hajla3Uu Ce BEJIUKU Opoj MHUKOBa
KOju cy paBHOMepHO pacmopehienu. Jeman oj HajdsHAYajHUjUX MMUKOBA je HA HUBOY
16,12 m Ha TPAaHULY IPBe U Jpyre 30HE. Y 30HU I, BpeIHOCTH Cy HUCKOT HHTEH3UTETA
ca MHHHUMaJHUM KOHIIEHTpalujama a0 AyOuHe jesrpa. Pacmonmesna omnoca Mn/Fe
Haruio noBehasa cBoje BpeIHOCTH 10 AyOuHeE 0off 14,6 m, a 3aTUM IIOCTEIIEHO OIaza 0
kpaja smroctparurpadckor cryba. Hajsehe BpegHoCcTH 0oKasyje y nHTEpBay 1yOrHA
9,26-16,1 m. 'paduk KOHIEHTpAIHje CYMIIOpa II0Ka3yje paBHOMEPHH TpeH/| noBeha-
Ba BPEIHOCTU 0 16,2 MeTpa, a 3aTUM CMambeme KOHIEHTpaluje, Koje 3aApiKaBajy
IIpocevYHe BPEAHOCTH 32 0Baj rpaduk.

Ca. 7. Jlumoaowka epaha u ynopedHu epaguyu eepmukante oucmpubyyuje ooHoca cadpxcaja
aumoguarux enemenama (Mn/Fe, Fe/Ti, Si/Ti) u S (cmp. 190)

T'aaene ¢pasze u ycaosu jesepcke cedumenmayuje

JIuHaMMUKa TeOXeMHjCKUX IMPOMEHA OCHOBHHX JUTO(DUIHUX ejleMeHaTa MOMeIna je
NIPBY 30HY Ha Mame cerMeHTe Tj. moA3oHe (nmog3oHe I a-r). Y 30Hu I je momio 1o Haj-
jader yHoca KJIACTUYHOT MaTepujaja y je3epo, O 4eMy CBeLOYH MoBehame KOHIIEH-
Tpanuje tutodpuinaux enemenrera (Si, Ca, K, Ti), pesyaratu MarHeTHe CyclenTHOMI-
HOCTH U JIUTOJIOIIKE KAapPAaKTEPHUCTHUKe ca JJOMHUHAIMjOM IIECKOBHUTUX U TJIMHOBUTHUX
cepuMeHaTta. TakBU [TOKa3aTe/bU KapaKTepUIILy TEPUTeHHU TUIN ceguMeHTanuje. Tura-
HUJjyM je peJIaTUBHO UMOOMJIaH eJIEMEHT, IPUCYTaH je Kao yoOuuajeHa KOMIIOHEHTA Y
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Pa3JINYUTUM MHUHepaiuMa (Ha MpuUMep: PYTHJI, THTAHOMATHETUT) U TAKO je OOUUIHO
MoBe3aH ca yHOCOM epojioBaHor matepujaia (Wennrich et al., 2014).

¥V mepuopmMa Koju oAroBapajy mojasonama I-a u I-B, morogumia ce MakCHMasTHa
ajloreHa aKyMmyJianyja U TaJia je Ha KONHY AOMUHHpala MeXaHWYKa BO/JHA €pPO3Hja, a
KJIuMa je 6uia pesaTUBHO XJIagHa. Bucoke BpegHoctu Al/Ca y oBUM moj30HaMa Ty-
Maue ce Kao IEPHOAH ca M0jauyaHUM PEUYHHM OTHUIAIEM U OZrOBapajy BIakHO] dasu
KJIUMe y yHyTpaurmocTi konHa (Davies et al., 2015). Wameljy oBa fBa nepuoza, apa-
MaTUYHO CMamelhe HEOPTaHCKUX KOMIIOHEHTH CelMeHaTa U HeKa BPCTa 3ayCTaBJba-
Ba MUHEPAIHE aKyMyJlanje IoKasyje npejia3ak Ha IOBOJbHU]jE U TOIUIMje KIUMATCKe
KapaKTepPUCTUKe IPUPO/IHE CPEANHE, ca HUCKUM UHTEH3UTETOM epOo3Uje y CIIUBY.

I'paduk Ca/Ti 1o6po nmokasyje peslaTUBHY IPOMEHY JIUTOTEHE U OUOTEeHe CeIMMEeH-
Tanuje. Y moapy4jy aAyouHa 0-6,2 MeTpa npuMehyje ce MHOTO THKOBA KOHIIEHTpAIHja, a
HajBehu MUK Ha 16,2 M I/l ¥ 10 JUTOJIOUIKUM [TOallMa JI0JIa3H /10 IIPOMeHe GHoreHe
U JINTOTEHE ceAuMeHTanuje. Bucok nntensuter ogHoca Ca/Fe y monzonuma I-a, I-6 u I-
T 3ajeJIHO ca ApaMaTUYHUM cMamemeM Fe/Ca, ykazyje Ha IPUJIUB KJIACTHYHOT MaTEPH-
jana ca xomHa. YjenHaueHo moBehatse Ti/Ca y Toj 30HH MOTBph)yje TakBe 3aK/bydKe.
Oxnoc Mn/Fe kopucTty ce 3a mpoIeHy pemokc yeiosa (Peti & Augustinus, 2022). Behe
BpenHoctu Mn/Fe KopucTe ce 3a Tymauere Beher mpucycTBa KUCEOHUKA MOIITO ce Mn
JIaKIlle peAiyKyje y aHaepobHum yciaoBuMma of reoxkha (Vyse et al., 2020). ¥ ropmwem
neny rpaduka mapameTrap uMma crabuiaH TpeHj noBehamwa BpegHocTH. Mehytum, npea
YeTHpU MeTpa PeJIATUBHO HHCKe BpemaHocTH Mn/Fe ykasyjy Ha moropiiame ycjioBa 3a
OPTraHCKH CBeT Tj. HoBehame BpeAHOCTH OBOT HHAMKATOPA ¥ UHTEPBALY O 9-15 MeTapa.
MaxkcrMaHa BeroBa BpeAHOCT Ha JyOUHU Off 14-16 MeTapa, MOXKe ce OKapaKTepHCATH
Kao Mepuoj ceAUMeHTalHje ca Haju3paskeHUjuM OKCHUIAIIMOHUM YCJIOBUMA y je3epy, V
[IeJIOM pa3MaTPaHOM IIEPUOAY. Y OBOM IEPHOZY CaIlpOIles ce HHTEH3UBHO aKyMyJrpa
JIOK je OMOIPOAYKTHBHOCT je3epa Ouia BeoMa BHUCOKA. Y 30HU I, KOHCTAHTHO HUCKU U
mocrojanu omHocu Mn/Fe ykasyjy Ha peaykiuoHe yciaoBe. Takol)e, BUCOKE BPEJHOCTH
cyMmIiopa y OBOj 30HU MOTBPhyjy TakBy npernoctaBky (Hecrepos et al., 2019). ITopex
Tora, y moaszonama I-a u I-r, ogaoc Fe/Mn ce 3HauajHo moBehaBa U MOXe CBEIOYUTH O
PEAYKLIVIOHNM YCJIOBHMA CeUMeHTAIje. Y PeIyKINOHO] CPEAUHU PacTBOP/HUBOCT Mn
ce nmoBehasa, aynu je Mn je Bumie nogoxkal yrunajuma (Boyle, 2001), Tako na noseha-
e onHoca Fe/Mn Mo’ke yka3mBaTH Ha II0jaBy aHAepoOOHHX ycyioBa. Y moasoHU I-r,
nocrereHo nosehame mapamerpa Mn/Fe rosopu o mocrerneHoM oborahuBamy Kuceo-
HUKOM je3epa U OpraHckoM mpou3sBogmoM. IloBehame BpegHoctu Mn/Fe Ha nybunu ox,
0-15 M MOXKe Cce IIPUIIHCATH PETPECHjU BOJE U CMamemy IOBPIIMHE je3epa y PaHOM
xoJionieHy (CasiokoB, 2022).

Hucka Bpeguoct uaaukaropa K/Ti 7o nybuHe o1 10,2 m 03HauaBa cCMameme Gu-
3UYKOT YHOCA MaTepHjayia ca KOHA U CMamkele Hacjaara IrJvHe. A yIpaBo OpraHore-
HUM CeIMMEHTHMA JIOMHHHPA OBaj Zle0 KepHa. ¥ moj3oHamMa I-r u I-B mocremneHo ce
nosehaBa Bpexgnoct ogHoca K/Ti, 3aap:kaBajyhu peylaTUBHO HHCKE BPETHOCTH, IITO
ykasyje Ha nmoBehame HHTEH3UTeTa aKyMyJlaluje TIINHOBUTHX ceauMenarTa (Davies et
al., 2015). ¥ noxzonama I-a u I-6 oBo noBehame je jomr uspakeHuje, ca 6yaruM ma-
JIOM Ha 21. MeTpy. Y OBHUM IIOA30HaMa BHUCOKe BPETHOCTH HHJUKATOpa IOTBPHYjy
MOrOpIIaHe YCJIOBE OKOJHMHE Ca M3PAKEHUM (QU3UYKUM PACIATABEM CTEHA y YCJIO-
BUMA XJIaZiHE KJIIME.
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OpnHoc Rb/Sr Moke ce KOPUCTUTH Kao IOKa3aTesb XeMUjCKe epo3Hje ¥ CJIUBY U Ha
Taj HAYMH WHAUPEKTHO KAa0 MOKas3aTesb XJIaAHUX U TOIUIMX IEPHOJa pa3Boja KINMe
(Liu et al., 2020). CTpoHIIHjyM MOBPIINHCKUM OTHUIAlheM YJIa3U Y je3epo Y OOJIHKY
c71000JHOT jOHA IIPU XEMUjCKOM pacTBapamy. Tako ce moBehaBa KOJIMYMHA CTPOHIU-
jyMa y jesepckuM cenmMeHTHMa 360r usmuke azmcopbiuje (opraHcke Marepuje)
U/WIH XeMHjCKOT Tajoxkema (kap6onatu) (Fernandez et al., 2013). CTpoHnujym nma
TeHJIeHIH]jy Aa Oy/ie IOKPETHUjU y TOIUIMM U BJIQXKHUM yCJIOBUMA. BepTukanna auc-
TpubyIHja OBOT OJ[HOCA je MPUINYHO CTabUIHA, aau mocToje ofpeheHe dyKTyaiuje
y 30HU 1. ¥ moa3oHu I-r BpeAHOCTH 3a/p:KaBajy BUCOK MHTEH3UTET KA0 U Y BUIIHUM
cinojepuma. Beh y moazonu I-B fj0y1a3u 710 MOCTENEHOT CMamkbemha BPELHOCTH U BEPO-
BaTHe IIPOMEHE yCJIOBa CpeJuHe y noBosbHUje. Hucka BpegHocT onHoca Rb/Sr y moz-
30HU [-6 oBe3aHa je ca moBehaHOM XeMHjCKOM epO3HjoM U yKa3dyje Ha IMeproj| pa3Bo-
ja Ka TOILIMjOj ¥ BJIAXKHUjO] KIUMHU. Y mo30HU [-a npumehyje ce pact 0BOT reoxemuj-
CKOT' IIOKa3aTesba IITO MOXKE Jja KOPECHOHAMpA ca 3axjIahUuBarmeM U apuaH3allijoM
naseoksnMe. Bpennocru ogaoca Si/Al u Zr/Rb y 3ouu 11 ykasyjy Ha IOBOJbHE YCIOBE
npupogHe cpeaune (Vyse et al., 2020). OBo je moce6HO H3paKEHO y WHTEpBaIUMa
nybune 4-5 m u 12,3-14,2 m. [loBehate cazprkaja TUTaHa Y JOHH0] MOJIOBUHU Tpadu-
Ka ¥ Hau naz pesyarata Zr/Rb ykasyje Ha Behu yHOC CHTHO3PHOT KJIACTUYHOT Ma-
tepujana. Omguoc Ca/Ti ogpaxaBa caap:kaj 6uorenux kapbonarta (Davies et al., 2015).
3amnpaBo, Moxke ce cmaTpaTtu Aa oxaHoc Ca/Ti y uenuHu oapakaBa OGHOTEHY MPOJYK-
TuBHOCT. Ha rpadukony mpeossaljyjy MUKOBH OBOT HJHHUKATOpPa YIPaBO Y eIy ca
OpraHOTeHUM CeJHUMEHTHMa, C TUM IITO ce BhuxoBa ¢dpeKkBeHIja moBehasa y aybu-
HaMa ofi 5 1o 10 m. Ha ¢popmupame 6HOTEHOT CHIINIIUjyM-IuOKCcHAA Y 30HU 11 ykasyjy
Bucoke Bpeauoctu Si/Ti u Si/Al y untepBasiy nybuna o 4-9 m u 13-15 m.

OpraHoTeHHU peXUM je IOMUHUPAO Yy X0JoneHoj ¢a3u cequMmenTanuje (3oua II) u
Tajza cy ce akymyjaupasje MohHe Hacyare camporena. Je3epcka MpoayKnuja je Gusia
WHTEH3WBHA, BOJIe IpU JHY cy 6uie oborahene kuceoHukoMm u o6e3behusase cy moryh-
HOCT pa3Boja OyjHe Beretanuje. Kiimma je 6uia Tomwia v BjIasKHA, ca HE TaKO jaKO U3pa-
skeHOM guHaMukoM. OBO je mepuof ca cMameHUM (DU3MUYKHM pacmafiarbeM CTeHa Y
CJIMBY U 3ayCTaBJbatbeM CeJUMeHTAllije [IMHEHNX Haciara. VICK/bYUHBO Cy ce O/i1araim
ocTany U3yMpJIMX opraHu3ama. IIpeTmocTassba ce a je y paHOM XOJIOIEHY je3epo cMa-
BUIO CBOjy HOBPIIKHY, IITO MOXKe OGUTH ITOBE3aHO ca IEPHOJOM HecTajama baaTuakor
JIeIeHUYKOT je3epa U GopMUparba je3epa Mame IMOBPIINHE U MaKbUX AyOHUHA.

3oHa I y nenuHU npeAcTaB/ba MOCTIVIANM]AN U IPUJIMYHO IPOMEHJBUB NEPUOA Y
mpolecy jesepcke ceauMeHTanuje. Taza je JOMHHHUPAO YHOC TEPUTEHOT Marepujaja
KOjU Cy YHOCWJIE BOJie OTOIUBEHHX JIe[IeHWKA, IITO 3alpaBO O3HAayaBa MHIHEDPAIHHU
peXuM ceuMeHTanuje. JlMHaMuKa Kojebama re0OXeMUjCKUX IToKa3aTesba MOAesnIa
je 30HY I Ha HEKOJINKO CAMOCTQIHUX jeIMHUIIA Ca PA3JIUYUTHM YCJIOBUMA CeAUMEH-
Tanuje. Y noa3oHu I-r wimMma je 6mia xyiaHa U aKkyMmyJimpase cy ce riuHe. ClIudHU
ycsoBu ce npumehyjy u y mog3oHu I-a kxazna je moMuHUpano GU3UYKO pacrafarmbe
CTEHA, y BEJINKOj KOJUYMHU je IPUTHUIIA0 TEPUT€HH MaTepHjaj Ha padyH [10jadaHOT
MOBPIIMHCKOT PACIa/iamka, a IPEOBJIaZaBajlu Cy PeIyKINOHH! YCIOBH.
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Tabena 1. PexoHcmpykyuja naneozeozpagickoe OKpysicerba Ha 0CHOBY OUHAMUKe 2e0XeMUJCKUX
nokasame/»a no Aumocmpamuepagckum jeduHuyama

Teoxemujcku Pe:xum cepu- .
3ona/noazona | dyouna (m) . HHuTepuperamuja
HHIUKATOPU MeHTanyje
Buicoka KOHIIEH- ITojauana mexa-
TpaIuja JIUTo- HUYKa epo3uja y
I-a 20,20-21,57 unHux enemena- MEHED AT CJIUBY, XJIa{HA U
Ta, max Pb/Sr, apu/iHa KJINMa,
nosehamwe K/Ti u PEIYKIIUOHU YCJIO-
Fe/Mn BU
YHOC KJIaCTUYHOT
CMmamerse caip- MaTepujaa ce
16 10,45-20,20 JKaja TUTODIITHIX MEHEpATEE CMaH_)yje, AOMUHA-
eJleMeHaTa, HUCKA I1ja XeMujcKe
Bpenuoct Rb/Sr epoauje, TOIIa U
BJIKHA KJIMMA
Axymynanyja
MaxkcumasnHe [JINHEHUX CeZiMe-
BPEIHOCTH JIUTO- Hara, KJIMa je
I-B 17,65-19,45 UIHNX eleMeHa- MUHepaTHU yMepeHa, ojauaH
ta, mag Rb/Sr je peuHu NpoTHUIaj
moBehatbe K/Ti U YHOC KJIACTHYHOT
Marepujaia
IToeehame KOH- Axymynamja
LeHTpaIHje JIH-
IJIMHOBUTHX CE/IU-
I-r 16,2-17,65 TOQUIIHHX er1e- MUHepaTHU MeHara, peyKIHo-
MeHara, pacT
Fe/Mn, Al/Ca HU YCJIOBH, 3aXJI1a-
Pb,/Sr heme x1ume
Tormrta u Bi1akHa
CrabwiHa HUCKa KJINIMa, OKCHZIa-
BPETHOCT JIUTO- THUBHU yCJIOBH,
dunHux entemena- JUHAMUKA IPOMe-
1I 0-16,2 s OpraHoreHu
Ta (K, Ca, Fe, Si), He TIOBPIIIHHE
BHCOKE BPEIHOCTU jesepa, akymysianu-
Fe/Ti, Si/Ti ja 6uoreHux Haca-
ra
3axspyuak

Hakon pmeranujaruje, tepuropuja Kapesmjcke mpesiake MOABPrHYTa je JUHAMUYHHM
MIPUPOAHUM IIPOIECHMa, IIpe cBera xuaposomkum. Popmupara cy ce Mopa, je3epa, moBe-
3UBAJIE CE M M30JI0BAJIE BOZIEHE MMOBPIIKHE U MTOCTENEHO (hopMupaia caBpeMeHa XUIPOJIo-
mika mpeska. Ha npumepy npoyuaBama fiHa jedepa KpacHoje peKOHCTyprcaHa je majaeoreo-
rpadcka cpeanHa y ueHTpasHoM Aeity Kapenujcke mpesiaxke. Jlutocrpaturpadcku u reo-
XEMUJCKH HOAIH IIOKA3aJIH Cy [[Ba TUIIA PEKUMA CEeANMEHTAIV]e - OPraHOT€HH XOJIOLEHH
¥ MHUHEPIHU IOCTIVIAMjaTHU. Beynka MONHOCT OpPraHOTeHHX Ce[IMeHara ykasyje Ha
MIOBOJBHY KJIIMY U ZI0Ope YCJIOBe 32 Pa3BOj *KUBOT CBeTa Y jesepy. IlocTrianujaaHu feo je
MIpeJICTaB/beH MONHUM IJIMHOBUTHM ceuMeHTHMa. Ha 0CHOBY reoxeMujcke aHaIu3e A00U-
j€HU Cy IPUJINYHO NPOMEHJBHBY PE3YJITATH KOjU CY IIOKA3JIN PA3HOBPCHY CMEHY MOCTIJIa-
[IHjATHUX YCIOBA KOjU Ce OJHOCE HA NMAJIEOKJIMMY U MajeocerMeHTanyjy. Jouwio je 10
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Hau3MEHHYHe CMeHe IepHo/ia €a TOIUIHjOM KJIMMOM U JOMHHAIIHjOM XEMUjCKe eposuje U
MEPUOA ca XJTAZTHUJUM YCIIOBIMA CPEAVHE U [T0jauaHUM YHOCOM TEPUTEHOT MaTepHjaia.

¥V oBoM pazy cy xopuirheHe BeoMa MpenusHe reoU3nIKe U re0XeMUjCKe METOJE ca
BHMCOKOM TI0y3/aHoIhy 1o6ujeHux mojaTaka. IIpBu myT je y mpoydaBaby jesepa KpacHoje
MPUMEHEH TaKaB CaBPEMEHM IPHUCTYI 33 MPOyYaBarbe PeKOHCTPYKIHje majgeoreorpad-
CKUX IpWwinKa. McTpakuBame je IOKa3aso /1a ce TeOXEMUjCKIM MeTOiaMa OJ{HOCHO IIPO-
yJaBameM KOHIIEHTpAIlFje XeMUjCKUX eJeMeHaTa U HUXOBHUX OJJOHOCA Y CeJUMEHTHMA
MOJKe MOY3/aHO TYMAUUTH CTa€e MPUPOJHUX KOMIIOHEHATA Y T€0JIONUIKO] MPOILIOCTH U
IUXOBA BapHjabIIHOCT y BpeMeHy. MeTozoyiorija npuMereHa y pajy Moriia 6u mpea-
CTaB/baTH OCHOB 3a /laJba IIPOYUABama je3ePCKUX ceMeHaTa Ha TEPUTOPUjU CEBEPO3a-
majzia eBpOICKOr Jena Pycuje, ¢ 063upoM Aa Cy caBpeMeHM HHCTPYMEHTH oMoryhuiu
JleTaJbHY, Er3aKTHY U IOy3/[aHy aHAJIN3y KEPHOBA CEAMMEHATa, a CaMHUM TUM U 00Jbe U
Mpenu3Huje TyMavermhe JOOHjeHUX pe3ysITaTa.

Mehytum, u mopen pesystaTa OBOT pajia 3a CBEOOYXBATHO HCTPaKHUBakbe yCJIOBA
JKMBOTHE CPEeJIUHE y MPOIUIOCTH MOTPEOHO je YK/BYYHUTH YNTAaB HU3 Maeoreorpadckux
meToza. IIpe cBera 6use 6u To 6uocTpaTurpadcke MeTozie (aHaIM3a JUjaTOME]ja, MATH-
HOJIOIIIKA aHAJIN3a), METO/Ie JIaTHPaka U MEeTOJie 3a JIo0ujama I0/IaTaka O OPTAaHCKOM
VIJbEHUKY U a30Ty.
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