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ABSTRACT

Problem statement. This study explores unconventional hydrocarbon resources in East Azerbaijan, focusing on oil-bearing rocks
in the Cheyildere and Gyrgyshlag-Girdagh areas. It examines the spatial and temporal distribution of minerals and chemical composi-
tions in Miocene formations. Terrigenous quartz types identified in the Maikop (Lower Miocene), Chokrak (Lower Miocene), and
Diatom (Middle to Upper Miocene) formations provide insights into sedimentological maturity. Geochemical classification and tec-
tonic discriminant diagrams help interpret the protoliths of these sediments. The study also evaluates how mineralogy and moisture
affect oil-bearing potential, offering useful data for future exploration and resource management.

Purpose. This study aims to explore the genesis and potential of oil-bearing deposits of the Miocene age in East Azerbaijan by
characterizing the geological, mineralogical, and geochemical proxies of samples collected from outcrops across various regions.

Methods. The mineralogical composition of samples was analyzed using a MiniFlex 600 diffractometer. Chemical composition
was determined using S8 TIGER Series 2 and Agilent 7700 Series ICP-MS spectrometers.

Results. The geological characteristics of oil-bearing deposits from the Miocene stratigraphic unit were thoroughly analyzed,
providing new insights into the distribution patterns of oil-bearing formations and strata within the studied areas. The mineralogical
composition was examined in detail, focusing on the spatial and temporal variations in mineral distribution across different formations
of Miocene. The chemical composition reveals significant differences between formations in terms of elemental signatures. The study
of the chemical proxies enabled the identification of specific terrigenous quartz types. Additionally, the research assessed the influence
of mineralogical composition, moisture and oil content on the oil-bearing capacity. The results demonstrated a clear relationship be-
tween the mineralogical characteristics and the oil-bearing potential of the rocks.

Conclusions. The Chokrak Formation is of particular interest due to its significant oil-bearing potential, with total thicknesses
of up to 40 meters in Miocene outcrops studied in the areas of Cheyildere and Gyrgyshlag-Girdagh. Compared to other areas, the
Chokrak Formation is dominated by quartz minerals (>70%), while the oil-bearing rocks of this formation contain fewer clay minerals
and no carbonate minerals. The Upper Maikop deposits are characterized by calcite, and the Diatom deposits by dolomite.

Most oil-bearing rocks of Maikop and Diatom age correlate with greywacke and litharenite, while Chokrak rocks with higher
silicon content show a connection with subarkose and sublitharenites. For Diatom oil-bearing rocks, in addition to quartzitic sedimen-
tary sources, some moderate and acidic magmatic rocks can also be considered. Chokrak horizon deposits, rich in quartz, have a more
mature mineralogical nature. These deposits, associated with passive continental margins, are typically linked to the interior of cratons
or recycled orogenic regions, suggesting long-distance transport.

Relatively moist samples containing clay and carbonate minerals exhibit a significantly higher oil accumulation potential than
samples with high quartz content. From this perspective, the marly rocks of the Meotis are of particular interest.

Keywords: Miocene, oil-bearing rock, mineralogy, geochemistry, classification, sedimentological maturity, provenance area and
oil-bearing capacity.
© Baloglanov Elnur, Yolchuyeva Ulviyya, Akhundov Ruslan, Samedov Elmar, Mustafayev Kamal, 2025
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Introduction and research status. The hydro-
carbon-generating deposits of Eastern Azerbaijan be-
long to the Paleogene-Miocene (Maikop) [6; 21],
while the oil and gas reservoirs are part of the Pro-
ductive Series (Pliocene). Numerous studies have
been conducted on the geochemistry, and oil and gas
potential of sediments identified as source rocks for
hydrocarbons [4; 9; 11; 22]. There are detailed results
of studies on the genesis and reservoir properties of
Pliocene deposits, which currently contain more than
90% of the oil produced in Azerbaijan [13; 14]. In
addition, several studies focused on the Paleogene-
Miocene deposits of Eastern Azerbaijan provide a
general understanding of the genesis of these sedi-
ments through the analysis of mineralogical-geo-
chemical and petrographic data [15; 18].

The literature review highlights that, within the
reservoir sediments of East Azerbaijan, the Pliocene
Productive Series deposits have received the most at-
tention. However, the genesis of older sediments, in-
cluding Miocene oil-bearing rocks, which are pre-
dominantly studied as source rocks for hydrocarbons,
has not been sufficiently explored. Furthermore, the
mineralogical and other factors influencing the hy-
drocarbon potential of these sediments have not been
adequately assessed. This study aims to address these
gaps by focusing on the oil-bearing reservoir rocks of
the Lower Maikop, Chokrak, and Diatom formations
of the Miocene.

Geology and tectonics: a general overview.
During the Cenozoic era, alongside the formation of
oil shale [1; 7; 25] and oil and gas, there was a signif-
icant development of mud volcanoes in Eastern Azer-
baijan [3; 12; 16; 17; 28] which was closely linked to
the process of intense sedimentation [27]. The
Shamakhi-Gobustan oil and gas region, characterized
by a high concentration of tectonic faults and mud
volcanoes [24], provides an ideal setting for studying
the surface deposits of oil-bearing rocks [2; 10]. Nu-
merous outcrops of oil-bearing rocks of different ge-
ological ages have been recorded in the tectonic
zones of this region. The focus of this study is on the
Cheyildere (Southern Gobustan) and Gyrgyshlag-
Girdagh (Central Gobustan) areas (see Fig. 1), lo-
cated in two separate tectonic zones of Gobustan,
where oil-bearing rocks of the Lower, Middle and
Upper Miocene are widespread.

Cheyildere. This area is located on the southern
limb of the Cheildagh anticline, which extends in its
widest direction, covering the extreme eastern part of
the Sundi-Cheildagh anticlinorium zone in South Go-
bustan [26]. The characteristic deposits of this region
include Paleogene, Miocene, and Pliocene strata. The

area is also home to the Western and Eastern
Cheildagh mud volcanoes (Fig. 2).

Gyrgyshlag-Girdagh. Tectonically, the studied
area is considered part of a tectonic structure consist-
ing of the Donguzdug-Shakhgay anticlines, within
which distinct structures such as the Gyrgyshlag and
Girdagh are identified [30]. The geological structure
includes Maikop and Quaternary deposits (Fig. 3).
The Gyrgyshlag is an uplift trending northwest-
southeast. The core of this structure consists of Mai-
kop deposits, where thick clay layers alternate with
thin layers of sand and sandstone, with a thickness of
up to 3.5 meters. The Maikop deposits on the flanks
of the fold are surrounded by layers of Chokrak and
Diatom deposits. In the Gyrgyshlag area, three major
outcrops of dense oil manifestations have been iden-
tified alongside mud volcanic gryphons. These expo-
sures are associated with Diatom (Meotian) dolo-
mites. In the case of the Girdagh structure, located
about 2 kilometres north of Girdagh Mountain, there
is a mud volcano of the same name. The core of the
Girdagh fold consists of Maikop-aged deposits. The
anticline is asymmetrical and oriented along a latitu-
dinal strike.

Oil-bearing deposits. In Cheildere, the oil-bear-
ing rocks of Miocene age, particularly from the Up-
per Maikop and Chokrak formations, are of signifi-
cant interest (Fig. 4A vo 4B).

Significant deposits of oil sands from the
Chokrak Formation are observed on the southern
limb of the Cheyildagh fold, on the right and left
slopes of the ravines in the Cheyildere valley. The
thickness of the sandstone layers, primarily observed
on the right slopes of ravines along the valley and ar-
eas with high oil concentrations, reaches several tens
of meters, and in some places, it even extends up to
40 meters. These thick bituminous sections gradually
dip, extending roughly towards the Eastern Chey-
ildagh mud volcano. In addition to the slopes, the di-
rections of bedding of the oil-bearing sandstone lay-
ers are clearly visible in certain water-washed areas
of the valley. In the Cheyildere area, several active
oil-seeping gryphons have led to the formation of a
hardened bitumen cover on the surface. This phe-
nomenon suggests a high oil-bearing potential of the
underlying layers at lower intervals.

The secondary oil-bearing area of Cheyildere is
situated south of the West Cheildagh mud volcano
and west of the East Cheyildagh mud volcano. This
area is characterized by several layers exhibiting var-
ying degrees of bituminosity. The sand layers of the
Upper Maikop Formation extend along the valley in
a northwest-southeast orientation.
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Fig. 1. Location map of study areas

Oil-bearing rocks in the Gyrgyshlag-Girdagh
area are primarily associated with the sandstones of
the Chokrak deposits (Fig. 5A). Of particular interest
are the oil seeps in the marl rocks, which are linked
to the Diatom Formation, especially in regions where
mud volcanoes emitting oil are present (Fig. 5B).

Oil-bearing layers in the Gyrgyshlag-Girdagh
area, which extend approximately 3.5 km in a north-
west-southeast direction, are part of the Chokrak For-
mation. These layers are found along the northeastern

limb of the fold of the same name and are divided into
several distinct units, each containing significant vol-
umes of oil. Additionally, to the north of the Gyrgy-
shlag wintering site and Girdagh mountain, strong oil

flows are observed within the interlayers of Diatom-
aged marly rocks, extending from west to east. The
most substantial oil flows in the Gyrgyshlag-Girdagh
region are associated with marly rock formations.
Samples and analyzes. Fig. 1 shows the sample
locations from the studied areas. A total of 45 samples
were analyzed for this study. The visual assessment
analysis indicates that the Chokrak samples from
Cheyildere contain a higher sand content compared
to the Maikop samples (Table 1). Notably, the Mai-
kop samples have a significantly higher proportion of
fine-grained fractions. The Chokrak samples from
the Gyrgyshlag area contain negligible amounts of
clays. In contrast, the oil content in the Diatom-aged
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Fig. 2. Geological map of the Cheyildere area [5]

marl samples from the same area significantly sur-
passes that of the Chokrak samples. These marl sam-
ples are also characterized by a higher presence of
clay compounds in addition to carbonates. Visual
analysis suggests that the oil capacity of the fractured
Diatom-aged rocks is comparable to, and in some
cases even exceeds, that of the sandy rocks found in
Chokrak and Maikop.

The mineralogical composition of oil-bearing
samples was determined using X-ray diffraction
(XRD) with a Rigaku MiniFlex 600. Samples were
wet-ground to approximately 5 pm and mounted on
zero-background holders. Diffraction patterns were
acquired over a 20 range of 5-65° using Cu—Ka radi-
ation (40 kV, 15 mA) and a D/tex detector, with 0.02°
steps and a scan rate of 2°/min. Data analysis was per-
formed using CRYSTAL IMPACT's Match! soft-
ware, and mineral abundances were quantified using
RockJock XRD pattern fitting [9].

Bulk rock geochemistry was determined via
wavelength-dispersive X-ray fluorescence spectrom-
etry (WDXRF) on a Bruker S8 TIGER Series 2. Sam-
ples were prepared using a hydraulic press at 25 tons.

Loss on ignition (LOI) was measured at 1000 °C.
Data quality was validated by analyzing the certified
reference material SRM 2709 [9].

The loss-on-ignition (LOI) method was em-
ployed to quantify moisture and organic matter con-
tent in the samples. Samples were dried at 105°C for
24 hours to eliminate moisture, and then combusted
at 550°C using a SNOL 30/1100 muftle furnace (50-
1100°C). Moisture and oil percentages were deter-
mined from weight loss measurements. Triplicate
analyses were performed to guarantee reproducibility.

Mineralogy. The mineralogical analysis results
are in good agreement with the visual assessments.
The Chokrak samples show the highest concentration
of quartz (>70%), lower concentration of clay miner-
als, including montmirillonite, illit and kaolinite
(<10%), and no detectable carbonates. The Gyrgy-
shlag-Girdagh samples exhibit relatively lower clay
minerals than Cheyildere. The Upper Maikop sam-
ples are characterized by the presence of calcite,
while dolomite is a distinguishing feature of the Dia-
tom-aged samples. Additionally, the Diatom samples
exhibit a significant clay mineral content, as illustra-
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ted in Table 2 and Fig. 6.

Major oxides. A high amount of Si is present in
the chemical composition of the Chokrak samples,
whereas the Cheyildere samples are noticeably dif-
ferent, with an average value of 80%. The mineralog-
ical composition of the Cheyildere samples shows a
lower average quartz content compared to Gyrgy-
shlag-Girdagh, which indicates that the higher Si
content in the latter is concentrated not only in quartz
but also in other silicate minerals. The amount of Al
in the Chokrak samples is significantly higher in the
Gyrgyshlag-Girdagh samples. The Maikop and Dia-
tom-aged samples contain little Si but a substantial
amount of Ca (average value = 11.33%). In addition,
upon comparing Tables 2 and 3, the highest Ti con-
centration is observed in the quartz-rich, clay-defi-
cient Chokrak samples. Despite the absence of de-
tectable Ti-bearing minerals like rutile or titanite, and
considering hematite is a minor component, the ele-
vated Ti is likely attributed to its incorporation within

undetected trace minerals or, potentially, adsorption
onto the abundant quartz surfaces. Quartz, while not
a typical host for Ti, can adsorb trace elements, par-
ticularly if it exhibits surface alterations or microfrac-
tures [e.g., 20]. Conversely, some clay-rich samples
exhibit lower Ti concentrations, potentially due to the
dilution effect of clay minerals and variations in Ti
partitioning during sedimentation [e.g., 32]. The var-
iations observed between the stratigraphic units in
terms of Si, Al, Ca, Fe, Ti, and other chemical com-
positions result from different genesis conditions.
Provenance. In the geochemical classification
diagram (Fig. 7), the samples correspond to different
types of terrigenous quartz, indicating distinct prove-
nance sources or depositional environments. The pre-
dominance of Fe and Mg in the Maikop and Diatom
samples indicates a close association with grey-
wackes and litharenite. However, two Diatom sam-
ples are positioned within the arkosic region of the
classification diagram due to their low Na/K concen-
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Table 1
Description of some of the analyzed samples
Area Sample Age Description
Ch-1 Chokrak Sandstone that erodes relatively quickly and smells of oil
Cheyildere Ch-9 Chokrak Fine-grained sand with a slight smell of oil
Ch-18 | Upper Maikop | Sandy rock mixed with clay, with a strong smell of oil
Ch-20 | Upper Maikop Sandy carbonate rock saturated with oil
Gyrayshalg- GG-25 Chokrak ‘ Oil—satgrated relatively'hard sgndstone .
Girdagh GG-31 Chokrak Rapidly eroding sandstone with a faint smell of oil
GG-36 Diatom Dolomite rock with excess oil in the intermediate layers

trations [8]. Most of the Chokrak samples show dual
localization due to their Si and Na/K ratios. From this
perspective, the Gyrgyshlag-Girdagh samples are
classified as subarkoses, while the majority of the
Cheyildere samples are categorized as sublitharenites.

The discriminant function diagram in Fig. 8 in-
dicates that the Chokrak samples are predominantly
influenced by sediments derived from quartzose
sources. However, the possibility of contributions
from both intermediate and felsic magmatic sources,
in addition to quartzose sedimentary sources, to the
formation of Miocene oil-bearing samples cannot be
excluded [8].

Geochemical analyses of the Chokrak samples
revealed a higher concentration of potassium K

compared to sodium Na, with these samples primar-
ily composed of subarkosic and sublitharenitic quartz
(see Fig. 7). The Chokrak samples, which exhibit a
more mature mineralogical nature with a higher
quartz content, are linked to passive continental mar-
gins. These deposits are typically associated with the
interior parts of cratons or recycled areas of orogens,
reflecting long-distance sediment transport [19]. Ad-
ditionally, these deposits, potentially linked to intense
weathering, polycyclic sand fractions, and also gran-
ite-gneiss terranes, may have originated from pre-ex-
isting sedimentary terranes. The paleoclimatic condi-
tions of these deposits suggest a humid climate dur-
ing their formation.

Oil Richness. Along with moisture, the bitumen
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Table 2
The results of a mineralogical analysis of samples
’qb?n = N 5 e 2 BN 2 @ 2 < £ ) %
E| 3 |S|2/8|2/ %898 |28 5 % 3
ch-1 | 75 2| - | -] - -1-T271]-71-71-7-
ch2 | 75 | 13| - | - | - | - | - - |1 -]-1]-]-
Ch3 | 690 | 14 | - | - | 3 | 2| -] - |21]-1]-1~=-1]-
Ch4 | 49 | 12| - | - | 9 6 | - | 2|5 -|-1]1
lens [ s 2| - ] - - - - - -]
Flcne | 746 | - | -6 |- 3] -|2]-1]-1|-]-
E Ch-7 | 55 | 12| - | - |12 -8 -|4]|-1|-1]-12
Slons |75 [ 6| - -6 | -|3[-|1[-]-]-]-
S lch9 | 69 | 14| - | - | 4| - 2| -1 || -1]3]-
T lenwo| 27 - -1 713 -7+ -1-71-71
S lcenn| 75| 6| - -16]|-]3]-]1-1]-1-1-
Ch-12| 3| 6 | - | -6 | -3 -|21]-1]-1-1]1
Ch-13| 74 | 6 - | 6 3 -2 -] - -1
Ch-14 | 72 | 7 | - | - | 6 | - |3 - |2|-|-1]-1]1
Ch-15| 81 | 3 | - | - | 5 | - | 2| - | -] -1]-1]1]1
Averagevalue | 70.9 | 9.1 | 0.0 | 0.0 | 51 | 0.5 | 26 | 0.1 | 15| 03| 0.0 ]| 03| 0.8
16| 12 |10 55| - |5 s |- - |3 - -] -] -
o glch17 | 44 |15 | - | - |10 |8 8| - |3 |5 |- |-]3
é‘é Ch-18 | 34 | 12 | - | - | 125 | - | -] 3] -1]-1]+-12
g Bl Ch19 | 27 | 13 | - | - |12 |5 | - |1 ]2 ] -|-]-]|]1
“&lcn20| 31 10|35 | - |3 | s |- - 4| -] -]-]-
“lch21| 48 [ 1420 -] 4| -] -]-1271-1-1-171-
Average value | 32.7 | 12.3 | 183 0.0 | 7.7 | 47 | 1.3 | 02 | 28 | 0.8 | 0.0 | 0.0 | 1.0
GG22| 74 | 4 | - | - | - | -l 4| -|4]3|4a)|-]4
% |GG23| 75 | 10 | - - - 3 - 23| -] -] 4
2 [ GG24| 74 o33 -2l 2] -1-1€6
S |GG | 73 A T RN R T N B
% |GG26| 68 | 10 | - | - |3 |- |3 |-]3]2]3]-]S5
T | GG27| 74 Sl s -3 - -] 2] -1]-14
S | GG2s| 73 Y
= |GG29| 54 | 14| - | - | 3|3 |4 -|3|2]2]|-1]10
& |GG30| 7 o s o3 -T2 -] 15
&> | GG-31| 73 - - s -3 -] 23 -1-1]°S3
GG-32 | 74 -l -l s -3 -2 3] -] -
Averagevalue | 72.1 | 83 | 0.0 | 0.0 | 3.2 | 05 | 32| 00| 1.8 | 24|09 | 0.0 | 43
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Continuation of table 2

GG-33 81 5 - - 3 - 3 - 1 2 - - -
GG-34 | 71 10 - - 4 3 3 - 1 - - - -
| GG-35| 69 10 - - 4 3 3 - 2 3 - - -
g GG-36 7 3 - 69 4 3 3 - 2 3 - - -
5 GG-37 6 4 3 71 - - - - 3 - - - -
% | GG-38 | 37 10 - - 20 5 5 - 4 3 8 - -
:E GG-39 | 20 10 5 5 10 6 5 - 4 - 22 - -
Lb?o GG-40 | 39 15 - - 10 5 5 - 3 5 9 - -
é GG-41 | 27 10 - - 20 12 12 - 4 5 1 - -
E GG-42 | 38 15 3 16 6 - 5 - 5 - 3 - -
< GG-43 | 43 18 - 8 10 5 5 - 3 - - - -
GG-44 | 39 15 20 3 5 3 3 - 2 3 - - -
GG-45 | 26 7 - - 25 10 15 - 5 3 1 - -
Average value | 35.2 | 10.6 | 2.6 | 143 | 9.8 | 4.6 | 5.3 | 0.0 | 3.2 | 2.1 | 3.7 | 0.0 | 0.0
Cheyildere Carbonates Classification
:fﬁ?::;k . Calcareous mudstone
Gyrgyshlag-Girdagh . Mudstone
L Cl‘mkrak l:] Siliceous marlstone
/. Diatom

&
§
S
¢

Clay

. Argillaceous mudstone
. Siliceous mudstone

(@)
.
)
&

Silicates

<
<

Clay

Fig. 6. Mineralogical classification diagram of samples (after [4])

content in the Chokrak samples (averaging 7.63% for
Chiyldere and 6.4% for Gyrgyshlag-Girdagh) is
nearly half of that found in the Maikop samples (with
an average of 14.78% for Childere) and Diatom sam-
ples (averaging 14.7% for Gyrgyshlag-Girdagh). The
results suggest that samples with relatively high
moisture content, along with clay and carbonate

minerals, demonstrate a higher oil storage potential
compared to those with higher quartz content. In par-
ticular, Diatom marls stand out in this context (Table
4), as they exhibit favorable characteristics for hydro-
carbon accumulation.

Conclusions. The Chokrak oil-bearing rocks
stand out due to the total thickness of the oil-bearing
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Table 3
The chemical composition of the samples, %

é‘;eez; S;;::l- Na;O | MgO | ALOs | SiO; | P,Os | SO; | K;O | CaO | TiO: | MnO | Fe;0;
Ch-1 | 068 | 0.76 | 436 | 82.06 | 0.09 | 293 | 145 | 0.83 | 0.81 | 0.04 | 2.25

Ch-2 | 058 | 0.59 | 472 | 83.16 | 0.08 | 0.28 | 1.65| 1.71 | 0.72 | 0.02 | 191

Ch-3 | 055 | 0.62 | 508 | 824 | 0.10 | 043 | 1.86 | 1.50 | 045 | 0.02 | 2.32

< Ch+4 198 | 1.01 | 9.04 | 71.65 | 0.11 | 0.67 | 2.71 | 1.13 | 0.98 | 0.03 | 2.97
s Ch-5 | 041 | 036 | 450 | 82.69 | 0.16 | 2.77 | 161 | 1.54 | 0.71 | 0.01 | 1.65
3 Ch-6 | 049 | 048 | 435 | 8566 | 0.01 | 035 | 145 | 0.55 | 0.52 | 0.02 | 2.57
6 Ch-7 | 054 | 1.04 | 9.88 | 71.15| 0.01 | 1.32 | 2.84 | 1.92 | 0.88 | 0.04 | 4.19
E Ch-8 | 055 | 044 | 445 | 8491 | 0.08 | 044 | 168 | 046 | 043 | 0.01 | 1.82
3 Ch-9 | 339 | 043 | 5.05 | 82.06 | 0.03 | 0.38 | 1.73 | 0.25 | 0.50 | 0.07 | 1.67
Z | Ch-10 | 1.51 | 048 | 5.06 | 83.82 | 0.01 | 0.58 | 1.80 | 0.41 | 0.45 | 0.01 | 1.87
= Ch-11 | 0.65 | 043 | 494 | 8596 | 0.01 | 025 | 1.72 | 0.33 | 047 | 0.01 | 1.72
© Ch-12 | 0.55 | 043 | 497 | 8524 | 0.06 | 0.56 | 1.69 | 034 | 0.59 | 0.02 | 2.18
Ch-13 | 039 | 039 | 455 | 8227 | 0.08 | 2.07 | 1.27 | 1.02 | 0.71 | 0.01 | 2.11

Ch-14 | 1.62 | 0.58 | 5.68 | 80.42 | 0.06 | 0.57 [ 2.04 | 0.59 | 0.58 | 0.02 | 2.04

Ch-15 | 032 | 0.19 | 1.73 | 91.86 | 0.01 | 0.60 | 0.52 | 0.29 | 0.36 | 0.01 | 0.81
Average value | 0.95 | 0.55 | 522 | 82.35 | 0.06 | 0.95 | 1.73 | 0.86 | 0.61 | 0.02 | 2.14
E Ch-16 | 0.86 | 239 | 7.10 | 28.18 | 0.18 | 0.15 | 1.34 | 28.54 | 042 | 0.15 | 3.79
x| Ch-17 | 124 | 090 | 12,77 | 70.83 | 0.29 | 2.50 | 292 | 1.34 | 0.63 | 0.02 | 3.23
§ § Ch-18 | 131 | 140 | 885 |49.84 | 0.13 | 0.88 | 1.60 | 2.29 | 045 | 0.07 | 3.76
5 | Ch-19 | 137 | 1.07 | 999 |43.79 | 0.14 | 1.90 | 1.73 | 1.38 | 0.50 | 0.04 | 3.0l
5 & | Ch-20 | 0.73 | 1.03 | 595 | 3993 | 0.19 | 0.37 | 1.69 | 21.45 | 0.53 | 0.07 | 4.89
= | Ch-21 | 1.09 | 127 | 631 [5947 | 0.18 | 038 | 1.64 | 12.99 | 0.26 | 0.03 | 2.30
Average value | 1.10 | 1.34 | 8.50 | 48.67 | 0.19 | 1.03 | 1.82 | 11.33 | 0.47 | 0.06 | 3.50
GG-22 | 091 | 0.61 | 438 | 74.29 | 0.007 | 3.54 | 1.46 | 0.94 | 0.46 | 0.006 | 4.19

= GG-23 | 1.27 | 090 | 6.51 | 80.42 | 0.006 | 0.01 | 1.82 | 0.94 | 0.74 | 0.007 | 2.20
o0 GG-24 | 0.85 | 0.01 | 5.53 | 79.55 0.009 | 0.01 | 1.75 | 0.76 | 0.62 | 0.006 | 2.21
_';: ~ | GG-25 | 097 | 0.57 | 595 | 7947 1 0.009 | 1.03 | 1.83 | 0.37 | 0.01 | 0.009 | 1.74
o E GG-26 | 1.74 | 1.30 | 6.56 | 71.11 | 0.008 | 1.61 | 1.78 | 1.21 | 0.36 | 0.009 | 2.89
E” < | GG-27 | 1.01 | 0.70 | 6.07 | 81.03 | 0.007 | 0.43 | 1.47 | 048 | 0.51 | 0.007 | 2.33
- 5 GG-28 | 1.06 | 0.01 | 4.33 | 87.36 | 0.005 | 0.01 | 1.24 | 0.01 | 0.01 | 0.006 | 1.74
Eﬁ ~ 1 GG-29 | 139 | 1.06 | 843 | 69.68 | 0.004 | 1.14 | 1.97 | 1.02 | 0.54 | 0.003 | 3.12
5“ GG-30 | 1.04 | 0.75 | 6.09 | 80.43 | 0.008 | 0.41 | 1.52 | 0.62 | 0.47 | 0.010 | 1.68
GG-31 | 1.51 | 0.81 | 6.01 | 82.32]0.007 | 0.01 | 1.67 | 0.78 | 0.29 | 0.008 | 1.99

GG-32 | 1.63 | 0.77 | 5.77 | 82.75 1 0.009 | 0.01 | 1.52 | 0.49 | 0.29 | 0.009 | 2.02
Average value | 1.22 | 0.68 | 597 | 7895 | 0.01 | 0.75 | 1.64 | 0.69 | 0.39 | 0.01 | 2.37
GG-33 | 1.38 | 0.67 | 4.11 | 86.2 | 0.009 | 0.01 | 1.54 | 1.57 | 0.01 | 0.008 | 1.40

E [ GG-34| 1.18 | 0.01 | 572 | 81.22 | 0.003 | 1.28 | 1.85 | 0.72 | 0.01 | 0.005 | 1.57
% GG-35| 001 | 1.07 | 6.19 | 82.57 | 0.004 | 0.98 | 1.41 | 0.75 | 0.53 | 0.004 | 2.06
a GG-36 | 0.02 | 17.79 | 2.89 | 10.24 | 0.006 | 0.01 | 0.36 | 29.07 | 0.01 | 0.56 | 2.87
= | GG-37| 0.01 |16.04 | 3.26 | 10.92 | 0.005 | 0.01 | 0.40 | 27.94 | 0.01 | 0.33 | 3.86
_cED GG-38 | 193 | 2.65 | 14.97 | 55.22 1 0.007 | 4.84 | 2.69 | 249 | 043 | 0.008 | 5.06
i GG-39 | 2.08 | 1.98 | 9.99 | 38.96 | 0.009 | 11.08 | 1.94 | 13.79 | 0.01 | 0.006 | 4.49
(in GG-40 | 249 | 1.69 | 12.52 | 59.18 | 0.006 | 5.53 | 243 | 342 | 0.01 | 0.010 | 3.91
‘E‘ GG-41 | 196 | 3.34 | 1556 | 57.34 | 0.008 | 0.67 | 3.53 | 1.08 | 0.75 | 0.006 | 5.35
2 | GG-42 | 1.60 | 402 | 943 |49.95|0.007 | 2.34 | 2.03 | 10.32 | 0.42 | 0.009 | 5.27
2 | GG-43 | 1.62 | 2,53 | 10.24 | 59.18 | 0.008 | 0.73 | 2.34 | 9.54 | 0.52 | 0.009 | 3.69
(? GG-44 | 195 | 1.55 | 7.81 | 53.53 10.009 | 0.01 | 1.96 | 1548 | 0.01 | 0.010 | 2.07
GG-45 | 3.08 | 3.16 | 15.84 | 55.26 | 0.010 | 0.84 | 3.57 | 1.10 | 0.51 | 0.008 | 5.70
Average value | 1.49 | 435 | 9.12 | 53.83 | 0.01 | 2.18 | 2.00 | 9.02 | 0.25 | 0.07 | 3.64
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1
S Cheildere Chokrak I
4 Maikop A
~
?‘f‘ Gyrgyshlag- Chokrak [T]
Z. Gyrdagh  Diatom A
S
S0
=
(-
Log(Si0,)/Al,0,
Fig. 7. Diagrams showing the chemical classification [23]
20
15 1 Felsic
i
10 4 pr(?:::::ce _ Intermediate
igneous provenance i
Chokrak [l
5 s
Cheyildere Maikop A
0 4
g # Gyrgyshlag- Chokrak [[]
pati Girdagh  piatom
= Quartzose sedimentary/ A
=104 metamorphic .
provezfnce Mafic igneous
15 A provenance
-20 -
20 10 0 10 20

DF1

Fig. 8. Classification plot of discriminant functions DF1 and DF2 for the studied samples.
Provenance fields are from [29]

Table 4
Concentration of moisture and oil content in oil-bearing rock samples
Area/Age Sample MoiosA‘)[ure, Oil c((;t)ltent,
Ch-1 0.54 6.29
Ch-2 0.38 5.15
Ch-3 0.79 20.04
Ch-4 1.35 5.64
Cheyildere (Chokrak) Ch-5 0.41 8.66
Ch-6 0.42 8.18
Ch-7 1.07 13.71
Ch-8 0.33 4.81
Ch-9 0.59 5.02
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Continuation of table 4

Ch-10 0.52 6.44
Ch-11 0.27 6.28
) Ch-12 0.38 5.46
Cheyildere (Chokrak)
Ch-13 0.99 4.76
Ch-14 0.34 4.7
Ch-15 0.33 9.27
Average 0.58 7.63
Ch-16 1.16 2.77
Ch-17 0.87 14.56
. . Ch-18 1.64 20.62
Cheyildere (Upper Maikop) Chilo Ty YEY
Ch-20 0.52 13.26
Ch-21 1.04 13.21
Average 1.19 14.78
GG-22 0.33 5.2
GG-23 0.43 5.16
GG-24 0.36 8.73
GG-25 0.42 9.5
GG-26 0.86 6.08
Gyrgyshlag-Girdagh (Chokrak) GG-27 0.71 5.03
GG-28 0.47 6.6
GG-29 0.83 14.48
GG-30 0.45 6.54
GG-31 0.72 3.96
GG-32 0.71 3.99
Average 0.57 6.84
GG-33 9.79 2.95
GG-34 0.52 11.33
GG-35 2.57 34.22
GG-36 0.98 22.67
GG-37 1.34 25.71
GG-38 5.73 10.46
Gyrgyshlag-Girdagh (Diatom) GG-39 4.21 18.31
GG-40 1.86 9.68
GG-41 4.29 13.12
GG-42 1 18.5
GG-43 2.17 13.31
GG-44 0.45 6.98
GG-45 4.27 6.17
Average 3.01 14.87
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section, which reaches up to 40 meters in the Mio-
cene outcrops observed in the Cheyildere and Gyrgy-
shlag-Girdagh areas. When comparing the areas,
Chokrak is particularly notable for its high quartz
content, which exceeds 70%. The oil-bearing rocks in
this formation are characterized by a relatively low
clay mineral content and a complete absence of car-
bonate minerals. In contrast, the Upper Maikop oil-
bearing formation contains calcite, while the Diatom
oil-bearing formation is rich in dolomite. The Diatom
formation also exhibits a significant increase in clay
mineral content, with an average of 19.75%.

Most oil-bearing rocks of Maikop and Diatom
ages are associated with greywacke and litharenite,
while the Chokrak formation, with its higher silicon
content, is linked to subarkosic and sublitharenitic
rocks. For the oil-bearing Miocene rocks, in addition
to quartzose-rich sedimentary sources, certain inter-

considered as potential contributors. The Chokrak
oil-bearing formation, which is rich in quartz, exhib-
its a more mature mineralogical composition. Such
deposits, typically associated with passive continen-
tal margins, the interior regions of cratons, or recy-
cled orogenic areas, are characteristic of long-dis-
tance transport. Such deposits, which undergo rela-
tively intensive weathering and are associated with
granite-gneiss terranes and a polycyclic sand frac-
tion, may have originated from previously existing
sedimentary terranes.

Compared to the Upper Maikop and Diatom
samples, the Chokrak samples contain half the oil
concentration and moisture. Samples with higher
clay and carbonate content show significantly greater
oil accumulation potential than those with high
quartz content. In this regard, the marly rocks of the
Diatom (Meotian) are particularly noteworthy.

mediate and felsic igneous rocks should also be
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MiHepaJsioriyHi Ta reoxXiMmiuHi NOKaA3HUKHA MiOLIEHOBUX BiIKJIa/IeHb
CxinHoro Azep6aiizkaHy: MOXOMKEeHHS Ta HAQTOHOCHICTH

Enonyp Banoznanos !

HayK. CIiBpOOITHHK BiJUIiTy IPA3b0BOTO ByJKaHi3My, | [HCTUTYT reonorii Ta reoizukwu,
MiHicTepcTBO Hayku Ta ocBiTH A3epOaiikancekoi Pecryomiky, baky, AzepOaiimkaH;
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K. XiM. H., JIOLIEHT, 3aB. Jaboparopii, > [HCTUTYT HadTOXiMiUHUMX MpoLECiB
MiHicTepcTBa HayKkH Ta 0cBiTH A3epbaiimkancbkoi Pecryoiiku, baky, AzepOaimkaH;
Kadenpa ximiunoi imkeHepii, paxynsTeT iHKeHepil Ta IpUKIaIHIX HAYK,

3 Vuisepcuter Xazap, baxy, AsepOaiimkan;

Pycnan Axynoos !

HayK. CIIIBPOOITHHK BiIIiTy TPSA3OBOTO BYJIKaHI3MY,

Ensmap Cameoos !

IHKeHep BiAIUTY TPSA360BOTO BYIKaHI3MY;

Kaman Mycmadgaces *

MeHeKep, ¢ LeHTp nociimkens Ta po3pobok AZLAB, Baky, Azepbaiikan

Le mocnikeHHs MOKa3ye NOTEHIIal HeTPaAULIHUX BYIJIEBOAHEBHX pecypciB y CxinHoMy A3zepOaiimkaHi, 30ce-
PeIKYIOUMCh Ha HAaTOHOCHUX Topozax y paionax Yenmnaepe ta ['uprunuar-Iipaar YV 1ociiaKeHH] OLIHIOETHCS MTPO-
CTOPOBHI Ta 9aCOBHI PO3IOILT MiHEPAJiB Ta XIMIYHOTO CKJIQJy B MiOIICHOBHX CTpaTurpadidaux ¢popmamnisx. Minepa-
JIOTIYHI Ta XiMIYHI JaHi JO3BOIWIHN iAIeHTH(]IKYBAaTH TepUTEHHI TUITH KBapIly B Maiikorchkiid, Hokpakchkiit Ta Jliatomo-
BHX (hopMalisix, Mo Hagae iHGopMamiro mpo iX ceAMMEHTONOTIYHY 3pimicTs. KpiM TOro, v JOCTiIKEeHHI BHKOPHCTOBY-
FOTBCS PEe3yIBTAaTH Te0XIMIUHOT KiTacu(iKkaIii Ta JiarpaMy TeKTOHITHHX JUCKPUMIHAHTHUX (PYHKINH JJIS TIAHOIIOTO po3y-
MiHHS TIPOTOJNITIB MIOIIEHOBUX HA(TOHOCHUX BigKIajeHb. Lle MOCHIMKEHHS TaKoX OIIHIOE BIDIMB MiHEPaJOTigHOTO
CKJIa[ly Ta BOJIOTH Ha MOTEHIial HadpToHOCHOCTI. Lli pe3ynpraTe HamaroTh [iHAY iH(QOpMAIIifo IS OI[IHKH HATOHOCHOTO
MOTEHIIaTy MIOIICHOBHX BiJIKJIaJIeHb y PETIOHI, 110 MOXE CYTTEBO BILUIMHYTH Ha MaiiOyTHi cTparerii po3BiJIKU Ta yHpas-
JIHHSA pecypcamu. [€ooriyHi XapakTepuCTUKH HA(TOHOCHUX BiJKIIa/IeHb CTpaTUrpadivyHOi OJMHUILI MioLeHy OyiH pe-
TEJIFHO MPOaHaTi30BaHi, 110 a0 HOBE PO3YMiHHs 3aKOHOMIPHOCTEH po3mnoainy HaTOHOCHHX (opMaiiil Ta IIacTiB y
JOCII/KYBaHUX paioHax. MiHepasoriyHuil ckiaa Oyno NeTalnbHO JOCIIHKEHO, 30CePEeKYIOYHNCh Ha TPOCTOPOBUX Ta
YacOBHUX Bapialfisix po3MOAUTY MiHEpaliB y pi3HUX (GopMarlisx MioneHy. XiMIYHAN CKJIaJ BUABIISAE 3HAYHI BiIMIHHOCTI
MiX (opMarLisiMU 3 TOUKH 30pY €IEMEHTHUX CUTHATYp. BHBYSHHS XIMIUHMX NOKa3HUKIB JI03BOJIMIIO 1IeHTU(IKYBaTH CIIe-
nuQivHI TepUTeHH] THIH KBapIry. KpiM ToTo, MOCIiIKEeHHS OIIHUIIO BIDTHB MiHEPAIOTI9YHOTO CKJIA/Y, BOJIOTOCTI Ta BMICTY
Ha(pTH Ha HAPTOHOCHICTH. Pe3ynbraTi mpogeMoHCTpyBaN YiTKHH 3B's130K MiXK MIHEPATOTiYHIMH XapaKTEPUCTHKAMH Ta
Ha(pTOHOCHUM TIOTEHIIIAJIOM TOpPix. BiqHOCHO BONOTI 3pa3K, IO MICTATh IIIMHUACTI Ta KapOOHATHI MiHEpaJH, TEMOHCTPY-
I0Th 3HAYHO BUIIMH MOTEHIIia]l HAKOMYEHHS Ha()TH, HIX 3pa3KH 3 BUCOKMM BMiCTOM KBapily. 3 Ili€i TOUKH 30py, 0coOnu-
BUI IHTEpEC NPEICTABIAIOTh MEPreticTi mopoau Meotucy.

Knrouogi cnosa: mioyen, Hagpmonocra nopooa, MiHepanozis, 2eoximis, Kiacupixayis, ceOUMeHmonr02iYHa 3pinicmy,
DPation nOX0OXHCeHHs ma HAQMOHOCHICTb.

BHecOK aBTOpiB: BCi aBTOPW 3p06MIM PiBHUI BHECOK Y L0 pobOoTY Hagiiiwna 12 ntotoro 2025 p.
KoH®niKT iHTepeciB: aBTOpKU NOBIAOMAAIOTbL NPO BiACYTHICTb KOHONIKTY iHTepeciB NpwitHaTa 17 6epesHa 2025 p.
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TeKkTOHIYHA €BOJIIONiS
BHYTPIIIHBOILUIUTHUX CTPYKTYp Capmarii y ¢panepo3oi.
2. TexToHiuHi Kapkacu nedopmaniii

Onexciii Bapmawyx '

II. TeOJ. H., mpodecop kadeapu GpyHaaMEeHTAIBHOI 1 MPUKIIATHOT T€OJIOTIT,
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Pi3HOBIKOBI CHCTEMH PO3JIOMIB 3eMHOI KOPH JAOCIIKYBAINCS K TCKTOHIUHI Kapkacu nedopmariiii CapMaTrchKol IUIUTH 3a CBifl-
YeHHsM 3 J{HINMpoBChKO-/l0HEIBKOTO aBllakoreHa. Y KpHCcTaligHOMY (yHIaMEHTI Ta CTPYKTypHHX MOBEpXax 0caJoBOro Joxia JlHim-
POBCBKOTO TpabeHa BHIJICHO YOTHPH CTPYKTYPOYTBOPIOIOUMX CHCTEMH TEKTOHITIB: JOpU(ENHCEKY KpaTOHHY, I1ale030UChKy pHTO-
TeHHY Ta JBi MOCTPU(TOBI CUCTEMH paHHBOI (Japamilicbka (ha3a, CCHOH-paHHIH €olleH) i HOBITHBOI (aTTHuHa (a3a, HeoreH-KBapTep)
€noxX KaifHO30MChKOI 1aTGopMHOT akTUBI3aMii. 3’5COBaHO, IO MAIC030IChbKI TEKTOHITH CKIIaIN PU(TOTEHHY PEIIITKy Ta KapKac rep-
LMHCHKOI (3aabchbKa (a3a) ckiraggactocti. [HBepciliHi qedopmanii apaakoreHa KOHTPOIIIOIOTHCS pe-aKTHBOBAaHUMHE JOPUPEHCEKUMH 1
HOBOCTBOPEHHMH KaifHO30MCHKHMH CHCTEMaMH TEKTOHITIB, SIKi HE3TIAHO HAKIAaJaroThCs Ha pUQTOBI diHil. 30iraHHsA HampsAMIB pe-
AKTHBOBAHUX «PEBEPCHUX» CHCTEM TEKTOHITIB 3 JIiHIsIMU IIOBHUX 30H (yHIaMEHTY 00yMOBIEHE iX MO3HILIEI0 Y3TOBK MOOIIBHUX KO-
proHiB MerabokiB, mo 00’ exHamucs y sapi Capmarii sik akperiiHi Tepeinu. Lle 3anepedye ysBieHHs npo GopMyBaHHS HOCTPUPTO-
BOTO KapKacy 3 IPSIMHM yCHaIKyBaHHSIM HalpPsIMiB i TeHETUYHHX THIIIB ITJIC030HCHKHX TEKTOHITIB. PEKOHCTpYHOBaHO TeHETHYHI THITH
«PEBEPCHUX» CHUCTEM TEKTOHITIB: y MaJIe030i B YMOBaX MEPHIIOHAIEHOTO PO3TATY 1 IMUPOTHOTO CTHCKY Kopu Capmarii copmyBaBcst
CKHUJI0-PO3CYBHHI PHU(TOreHHUI KapKac, HaTOMICTh Yy KaifH0301, B 0OCTaHOBII 3arajbHO-IUIMTHOTO MEPHIIOHAIBFHOTO KOJMi3iHHOTO
CTpecy y perioHaJbHOMY 3CYBHOMY ITOJI HAIPyT YTBOPHBCS MiIKHIO-HACYBHHUH i CKUI0-3CYBHUI Kapkac. BiH3HaueHO KiHeMaTHYHMI
MeXaHi3M MPUPOAHOTO (peHOMEHA MPOCTOPOBO-YACOBOI iHBEPCii MapamMeTpiB MO HANPYT: TeoAMHAMIYHI oci y (aHepo301 3MilryBa-
JIUCA Y HApsMKY IPOTH TOOHMHHUKOBOI CTPUIKH Ha ~15° 3a OIHY €moXy TEeKTOTeHEe3y i3 3arajlbHUM MEepEeMIilICHHIM BiJ Majxeo30s 10
KaitHO3051 Ha ~60°. TIpoTsroM CTpyKTypHOI eBoMIOLii y 3eMHiil kopi Capmarii cpopMyBaics YOTHPH TEKTOHIYHI KapKacH 1 IUTaHK
nedopmaniit: pudrosuit (D-Ci), inBepciitauit cunexnisanii (C2—P1) i aBa xomisitiaux miardopmunx (T-Ki), (K2—KZ). Beranosneno
3aKOHOMIPHOCTI PO3IOZITY Y MeXax aBIaKoTeHa HOBITHIX 30H PO3TATY/CTHCKY, ITOB’I3aHHUX 3 MUITHKAMH IiABHIIEHOI IIUIEHOCTI pe-
aKTHBOBAHUX TEKTOHITIB. OTPUMaHO BayKIIMBUI JJIS MTi3HAHHS 3aKOHOMIPHOCTEH (JOpMyBaHHS Ta €BOIIOLI] 3eMHOI KOPH TEOPETUIHUI
BHCHOBOK: Tepe0yIoBH iH(pacTpyKTypH TardopM BigOyBaroTECS y TIEPEMIHHOMY TIOJIi HAMpyT 3a AedopManifHIMU KapKacaMu pe-
aKTHBOBaHUX CUCTEM TEKTOHITIB, CKJIAICHUX «PEBEPCHUM) THUIIOM PO3JIOMiB 3MiHHOTO FeHETUYHOTO TUITY i KIHEMaTHKH.

Knrwuosi cnosa: /[ninposcoko-/loneybkuil asnakoeeH,; 2eoiHpopmayitini mexnHonozii; mopgomempuunutl i mekmoHo@izuuHui
aHanizu; OopughelicvKi, naneo30UchKi, KAHO30UCLKI CUCEMU MEKMOHIMIG; «PeBEPCHI» PONOMU, MEKMOHIUHI KapKracu depopmayiil.

SAx nuryBatu: bapramyk Onexkciii, Cysipko Bacunb, Uyenko Onekcannp (2025). CtpyKTypHa eBoJItoList 3¢MHOI KopH CXiHO€EBPOIIEHCHKOT T1a-
Thopmu: cBiguenHs i3 Capmarchkoi mmTH. 2. TexToHiyHi kKapkacu aedopmaniil. BicHuk XapkiBcbkoro HaiioHaJabHOTO yHiBepcuteTy iMeni B. H. Ka-
pasina. Cepis «I'eounorist. I'eorpadis. Exomorisy, (62), 25-49. https:/doi.org/10.26565/2410-7360-2025-62-02

Incites: Bartaschuk Oleksii, Suyarko Vasyl, Chuienko Oleksandr (2025). Tectonic Evolution of the Intra-plate Structures of Sarmatia in the Phan-
erozoic. 2. Tectonic frameworks of deformations. Visnyk of V. N. Karazin Kharkiv National University. Series Geology. Geography. Ecology, (62), 25-
49. https://doi.org/10.26565/2410-7360-2025-62-02 [in Ukrainian]

IMocTanoBka mpodsemu. Bigomo, o po3puBHi
TEKTOHIUHI CTPYKTYPH — MEKMOHIMU € BaXKJIMBUM
€JIEMEHTOM CTPYKTYPH 3€MHOI KOpH MIaTdopM, KUK
BHU3HAYa€ TaKi YMOBHU 1 OCOOIMBOCTI TEKTOHIYHOI Ta
CEIMMEHTAIIITHOT €BOJIOLIT PETIOHABHUX CTPYKTYD,
SIK TEKTOHIYHUH CTWJIb JedopMalliil, Xxapakrep ckia-
JYACTOCTi, MarMaTu3My, CECMIYHOCTi, peYOBUHHHN
CKJIaJl 1 PO3MOJiJI KOPUCHUX KONAJIWH B Mexax Oa-
ceitny ceaumenTauii. Jledopmanii 3eMHOT KOpH Y
MpoILeCi CTPYKTYPHOI €BOMIOINIT BiMOMBAIOTECA y 11
MOUTEHOCTI 33 CHCTEMaMU TEKTOHITIB Ha JliTocepHi
TUTUTH, TePEHHH, METa0JIOKH, CETMEHTH Ta MEHIII 32

po3MipaMy TEKTOHIYHI OJIOKH, TUIACTHHH 1 JIYCKH
[1,2,5,6]. TekToHITH, MOPYIIYIOUH KOHCOJIIOBaHY
KOpY LLUIIXOM MEXaHIYHOro APOOJIeHHs, 00YMOBIIIO-
I0Th I00ANbHAN TTEPMAaHEHTHUN XapaKTep CTPYKTY-
pHOI €BOMIONIT KOPH 3aBISIKM CBOEI PYXJHMBOCTI 1
CIPOMOYKHOCTI 10 HEOAHOPa3oBoi pe-MoOimizamii
MPOTSTOM eTarmiB TekTorenesy [3-6]. TekroHiTu ckia-
JIAIOTBCS 13 KUTBKOX PI3HOBIKOBUX JedopMaliiHux
30H CKOJIOBaHHS HaOJIMKEHOI a3MMYTalbHOI Opi€H-
Tamii, TOMy XapakTep iX CTPYKTypHOIO MpOsIBYy BH-
3HAYalOTh TCHETHYHI TUIM TPIIIUH, SIKI € CKJIajo-
BHUMHU eJieMeHTaMH ix iHdpacTpykTypu [4,5,7-10]. 3a

© Bbapmauwyk Onekciti, Cysapko Bacuns, YyeHko OnekcaHop, 2025
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JUHAMIYHO CIIUJIBHUMU CHUCTEMaMH TEKTOHITIB Ha
MPOTsA31 €MOX TEKTOHO-MarMaThuigyHoOi aKTHBi3alii
wiathopm GopMyIOThCs KapKacu JedopmMariii 3em-
HOi KOpH, SIKi BUKOPHUCTOBYIOTH HaiiOinblie MposiB-
JIeH1 y JJAHOMY perioHi peryJspHi HAIPSIMKH IJIaHe-
TapHOi pemIiTKh TpimuHyBaTocTi [2-6,11]. Imoba-
JIbHA PElIiTKa TEKTOHITIB Ma€ yCTaJleHy B T€0JOTiy-
HOMY 4Yaci a3WMyTallbHy OpI€HTAIiI0 IO BiJHO-
meHHo A0 ¢irypu 3emui. 36ir TeKTOHOIZHYHUX 1
MajeoMarHiTHUX JaHUX BKa3ye Ha ii (opMyBaHHS Y
NepeMiHHOMY I10JIi Hampy>keHb 1 Aedopmartiii 3eMHOT
KOpH y reoxponosorii. ToMy Ha TOpHU30HTaJIEHOMY
MalaHYUKy TPUOCHOBOTO TeH30pY nedopmartiit oci
MaKCHMAJIBHOTO CTHCKY (O1) 1 po3TAry (03) 3aBKAU
PO3TAIIOBYIOTHCS BiAMIOBIAHO /IO CyYaCHUX MepHia-
HIB 1 mapaneneif, HATOMICTh Y TIOJISIX HApyT PaHiIl-
HiX TEOJIOTIYHMX €ToX BOHU Oyau 0OepHEHi Ha KyTu
kpatHi 15° [3-6]. Bapiauii iHBepciii cTpecoBOro moJs
O0OYMOBIIOETHCSI TIO0ATFHAM POTAIIfHUM MEXaHi3-
MOM 1 BiTOOpayKalOThCS y MPOCTOPOBUX Bapiallisx
CTPYKTYPH perMaTHIHOI pEeNriTKH. 3MiHU TapaMeTPiB
o0epTaHHs IJIAHETH BUKJIMKAIOTH TCBHI 3MIICHHS
a3UMyTaIbHOI Opi€HTAIil TEeOOUHAMIYHUX OCeH,
TOMY 3MiHa peXHUMIB qedopmarliii Mae nepion, Omu-
3pKHH 10 T€OJIOTIYHOI enoxu. BiamoBigHo A0 4MH-
HOTO TEKTOHIYHOTO PEXHUMY 3MIHIOETHCS SIK TCHETH-
YHHMH THI, TaK 1 KIHEMaTHKa TEKTOHITIB, a TAKOX Be-
PTEHTHICTh PYXiB TeoMac TipChKUX TOPiJ 32 HUMH
tomo [3-6,11,12].

Panime Oymo 3’scoBaHO, IO HOBITHS MPOCTO-
poBa cTpykTypHa audepentiamis 3eMH01 kopu Cap-
MarTii € CJIICTBOM IepeOya0B 1HPPACTPyKTypH CTa-
POAaBHBOTO KpaTroHHOro sipa CXigHOEeBpOIEHCHKOT
wiargopmu (CEIl) mpoTsirom eramiB TEKTOHO-Mar-
MatuyHoi aktuBizanii [11,12,13]. Ha nanuit yac Ha
T 3arajbHOI CyOMEpHIIOHALHOI OpieHTallii TOpH-
¢eiicbkux cTpykTyp ¢ynmamenta Capmarii maseo-
30MCBbKI BHYTPIIIHBO-TIUTHI T'€OCTPYKTYpH MaroTh
MiBHIYHO-3axiHe, 9K JIHINpoBChKO-J{OHEIbKMI aB-
nakoren (JI/IA), Ta miBHIYHO-CXiZHE MPOCTSATAHHS.
MornoamriM, Me3030HChKO-KaifHO30HChKHUM perioHa-
JBHUM CTPYKTYpaM Ha ii MiBJeHHIH, MiBHIYHO-CXiJI-
HIW Ta 3aXiqHIH OKOJUIISIX BJACTHBE OJM3bKO-IIHUPO-
THEe mpocTsaraHHs. Taka pi3ka CTpyKTypHa He3Tif-
HICTh TPOCTSTaHHA (DaHEPO30HCHKUX TEOCTPYKTYD
CapmMarii 3 «BMOPOXEHOI0» aHI30TPOMIHOIO CTPYKTY-
poto i cynpakpycTaibHOrO 10pU(eHCchKOro IOKOIO
CBIAYMTDH Ha KOPUCTH iX AedopmaniiHoi, HaKIaIeHOT
npupoau [11].

MeTo10 1OCIHiIKEHHS € 3’CYyBaHHS MIPOCTOPO-
BOTO 1 AMHAMIYHOIO CHIiBBiAHOWICHHA PUPTOBHX 1
MOCTPU(PTOBUX CUCTEM TEKTOHITIB MaJe030MCHKOTO 1
KalHO30MCHKOTO BiKY, 8 TaKOX JOPUPEHCHKHUX TITHU-
OMHHUX PO3JIOMIB, pe-aKTHBOBAHMX HA €Tamax IuiaT-
(hopMHOT aKTHBi3aIlii, y MEKaX BHYTPIIIHbO-TUTUTHOT
naneopudronoi reoctpykrypu CEIT — AJIA. s mo-
CSITHEHHSI METH BUBYAIIUCS OCOOIMBOCTI CTPYKTYPHO-

MWHAMIYHOTO TIPOSIBY - 3MiHH TeHETHYHUX THIIIB, Ki-
HEMAaTHKH 1 BEPIreHTHOCTI PYXiB y Pi3HOBIKOBHX ClC-
memax mexkmoHimis, IKi CKIagaroTh puTOBi Ta 1H-
BepciiiHi Kapkacu Jedopmaiiii y nopudercbkomy
KpUCTAIIYHOMY (YHIaMEeHTi 1 CTPYKTYPHHX TOBEp-
xax TmIargopmMHOro ocamoBoro doxia. s BHpi-
LICHHS IIMX 3aBJaHb BUKOPUCTAHO OPUTIHAIBHY KOM-
NJIEKCHY MemOoOUKy peKOHCMPYKYIi HanpysceHo-O0e-
dopmosanozo cmamny 3emMHOi KOpu i OiaeHOCMUKU Ki-
HeMamuyHux Mexanizmié pOo3pusHuUx ma cKiaoddac-
mux degpopmayii 3emroi kopu[11].

OpurinajibHa MeTOTUKA PEKOHCTPYKUIii mo-
JiB TEKTOHIYHHUX HANPYT i AiarHOCTMKH KiHeMa-
THYHHUX MeXaHi3MiB CTPYKTYPHHUX Aedopmaiiii 3e-
MHOI KOpPH.

TeKTOHITH TpalOTh BU3HAYHY CTPYKTYPOYTBO-
pIOIOUY POJIb Y TIPOLECi CTPYKTYPHO-KIHEMaTH4IHOT
€BOITIOLIII JTiTocepr depe3 MOBCIOAHE MOUTUPEHHS,
PYXJIUBICTH 1 CHPOMOXKHICTh O HEOIHOPA30BOI pe-
aKTUBAIlil IPOTATOM reoyoriuxoi icropii [1-7,10-13].
ToMy, peKOHCTPYKIIiSl TeOAMHAMIYHUX OOCTaHOBOK i
TEKTOHIYHUX PEKUMIB (DOpPMYBaHHS 1 pe-aKTUBAIlil
TEKTOHITIB Ha eTamnax mar¢opMHOI aKTHBI3allii € Ba-
JKIIMBOIO  TEOPETHUYHOIO  33/1auel0  TeOTCKTOHIKH
[3,6,11-13].

3a JaHWMH MTONBOBUX TEKTOHO(DI3UIHUX JTOCIHi-
JOKEHb TEKTOHITH Ha T€0JIOTIYHUX MiKpO- Ta Me30-pi-
BHSIX 3a3BUYal CKJIAJAIOThCS 13 KIIBKOX elleMeHTap-
HUX Je(opMalifHuX 30H CKOIFOBaHHS HaOMMKEHOI
a3UMYTaNbHOI OpieHTalii. 3a TAKUX 00CTaBHH CTPY-
KTYPHUH TIPOSIB TEKTOHITIB OyAb SKOro Macitaly
0e3nocepeHbO 3aIEKHUTh Bl EpEeBa)KHUX IeHETHY-
HUX THITIB TPIITUHYBaTOCTI CKIaAOBUX 30H [1,3-6].
ToMy B OCHOBY TEKTOHO(DI3WMYHUX METOMIB PEKOHC-
TPYKIIii TOJIOBHUX MapaMeTpiB MOJIB MajeoHANpyT
MOKJIQJIGHO CTPYKTYPHO-KIHEMaTHYHUH 1 mapareHe-
THYHUH aHaIi3u TEKTOHITIB [4,6,14].

Hamu Oyno cTBOpeHO OpHTiHAIBHY METOTUKY
PEKOHCTPYKLII Hamnpy>kKeHO-1e()OpMOBaHOIO CTaHY
3€MHOT KOPH Ha MiJICTaBi KOMILJICKCHOTO aHaJIi3y Po-
3pUBHHUX 1 cKinaguacTux aedopmaniii [11]. Ha mpak-
TULI O METOJMKA Iependayae IPOBEACHHS re0TeK-
TOHIYHUX JTOCIIJPKEHb Y JIEKIJIbKa eTarliB, OCIi0B-
HICTh BUKOHAHHS SIKUX UIIOCTPOBAHO HWKYE 3a Jia-
Humu 3 JIJIA. Ha mepmomy erarmi ckiagaeTscsi aHa-
JTUYHA eJIeKTPOHHA 0a3a TEKTOHITIB, BUIBICHUX OY-
PIHHSM 1 CEHCMOPO3BIIKOIO Y CKIIaq4acToMy (QyHIa-
MEHTI 1 CTPYKTYpHHUX IMOBEpxax IuaTrGopMHOro 4o-
xJa. Y SKOCTI BUXIAHUX KapTrorpadiuHuX JaHuX Ui
reoiH(opMaIiiHuX TEXHOJIOTiH BHUKOPUCTOBYIOTHCS
KapTu CTPYKTYPHHUX MOBepxiB (puc. 1), reodiznanux
MOJIB, HEOTEKTOHIYHHMX PYyXiB, oporizporpadii,
cXeMH MOP(OMETPUYHOIO Ta AEPOKOCMOTEONIOrid-
HOTO Jemu(pyBaHHs T€OJOTiYHUX 00’ €KTIB y JIeH-
HOMY penbedi. 3BaXKarou Ha TIEPEBAXKHY KPUBOJi-
HiliHy KOH(QIrypalilo TeKTOHITIB y IUIaHI A0 HUX 3a-
CTOCOBYEThCS TEXHOJIOTIs (hparMeHTarii 1yromnoiio-
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HUX Tpac Ha MPSMOJIiHIAHI BiIpi3KU-BEKTOPH.

Ha ppyromy erami BHBYa€THCS MPOCTOPOBHI
PO3MOIiN OTpUMaHUX CYKYIHOCTEH JIiHEaMEeHTIB 3
BUKOPHCTaHHAM KPYTOBHX TPOSHA-Iiarpam (puc. 2).
Ha mincraBi cTarucTHYHOTO aHANI3y a3WMMYyTAIbHOL
opieHTarii i TycTHHHA JOPU(EHCHKUX TEKTOHITIB (Y-
HAAaMEHTY, (haHEepPO30ICHKOr0 0CaI0BOT0 YOXJIa, IeH-
HOTO penbedy BHU3HAYAIOTHCS MAKCHUMAJIbHO AWHA-

MIYHO BHPa3Hi HAIPSIMKA PETrMATUIHOI PEIIiTKH pe-
aJli30BaHI pEriOHAIbHUMH CHCTEMaMH TEKTOHITIB.
A3UMyTanIbHI MAKCUMYMH TPOSTHJI PO3TIISAAIOTECS Y
SIKOCTI CTPYKTYPOYTBOPIOKOYHMX CHUCTEM TEKTOHITIB,
SK1 HaJai MiJIal0ThCs AeTaJbHOMY aHAIi3y.

Ha tpetrpomy erani Ha migcTaBi MopdomeTprd-
HOTO, CTPYKTYpHO-KiHEMaTHYHOTO Ta HMapareHeTHY-
HOTO aHaJli3y CTPYKTYPHUX PUCYHKIB TEKTOHITIB 3

Cv,

0

Puc. 2. CxeMa pekoHCTPYKIIii KiIHEMaTHYHOTO MEXaHi3Ma IMPOCTOPOBO-YaCOBOI IHBEPCii reofMHAMIYHHX Ocei
HanpyTr y 3MiHHOMY TIOJIi TEKTOHIYHUX JedopMaliiii B reoXpoHOIIOTii haHeposost y Mexxkax JHinpoBcbko-/lo-
HEIIBKOTO aBJIaKOTeHA 3a IaHMMHU CTaTHCTUYHOTO aHAi3y TPOSHI-Aiarpam. a- NPUHIIMIIOBA CXeMa TPHOChO-

BoTO enincoina nedopmariii (3a ['30Bcekum, 1975 p.); b, c- pekoHCTpYKIIis TeoAMHAMIYHUX ocei: b- st pud-
TOBOTO €TaIry, C- JIJIsl €TaIliB TeKTOHIYHOI iHBepcii. Oci HOpMAIIbHUX CTPECOBUX HampyT: O- MAaKCHMaIbHOTO
cTrckaHHsI; Oz- cepeHbOro (IPOMIKHOTO) CTUCKaHHS; O3 - MiHIMAJILHOTO CTUCKAHHS (MaKCHMAJILHOTO PO3-

TATYBaHHS); T1, T2 — MAKCUMaJIbHUX JOTHYHUX HAMpyT /

Fig. 2. Pie charts of the spatio-temporal distribution of the stress field tensor in the Dnipro-Donets Paleorift. A — scheme
of the deformation ellipsoid tensor, by [3], B — the regional plan, C — the central part (Lokhvytsa, Izyium segments).
The stress field tensor: 6; — the maximum normal stresses; ©, — the average normal stresses; ©3 —the minimum normal
stresses; T, T» — the paar of maximum tangential stresses

BUKOPHCTAHHSAM E€TAJOHHHX PUCYHKIB T'€HETHYHHX
TUMiB nedopMalliii BU3HAYAIOTHCS TEHETUYHI THITH
TEKTOHITIB, KIHEMAaTHKa 1 HAIPSMHU MEPEMIlllEHb Ma-
CHBIB TIpCBKUX TOPiJ 32 iX MJIONIMHAMH (BEpPTeHT-
HicTh). KiHemMarnka po3j70MiB CIOYaTKy BH3Haua-
€ThCS HA TEOJOTIYHUX 1 CEMCMIYHUX po3pi3ax, TOMi
MEPEHOCUTHCSI Ha CTPYKTYPHI KapTH MOBEPXiB 0CaJI0-
Boro yoxJia (puc. 3-5). [lani mpo mapameTpu pi3HOBI-
KOBHX CHUCTEM TEKTOHITIB JAIOTh MOXKJIMBICTh PEKOH-
CTpPYIOBaTH TEKTOHIYHI PEXUMH iX (OpPMyBaHHS Ta
HACTYIHOI €BOJIOMIi. 3 3alydyeHHSIM 3arajbHOBIIO-
MHUX JiarHOCTUYHUX CTPYKTYpHO-KiHEMaTHYHHX iH-
JIMKATOPIB 3’SICOBYIOTHCSI TEHETUYHI TUITH Jedopma-
il 1 KiIHeMaTu4HI MexaHi3Mu (GopMyBaHHS TPUPOI-
HUX T'€0JIOTIYHUX 00’ €KTiB - AeopMaliiHUX CTPYK-
TYypHHX IIapareHe3iB Ta iX CTPYKTYpHHMX aHCaMOJIiB.
JIJis KOHTPOJIFO BPAXOBYIOTHCS JIaHI TOJIBOBUX 1H-
CTpPYMEHTAJIbHUX BU3HAYECHDb IIAPAMETPiB TEKTOHITIB,
IO TPOCTATAIOTHCS Yy MEXI T'€0JOriyHO 3aKPUTHX

TEPUTOPIN Talleo3armaguH 3 MPWIEIIHX aHTEKII3 i
mriB. [lami Ha 0CHOBI M(POBAHUX KAPT CTPYKTYP-
HUX TIOBEPXIiB CKJIQIal0ThHCSI MOPIBHIbHI TEKTOHIYHI
CXEMH PI3HOBIKOBUX TEKTOHITIB (puc. 6). [1o pe3yib-
TaTax aHali3y IIUX CXeM 3’SICOBYIOTHCS OCOOIUBOCTI
MTPOCTOPOBOTO PO3MOTY 1 CTPYKTYpPHOI MO3HIIIT CH-
CTEM TEKTOHITIB y PETiOHi, BU3BHAYAETHCS SIKi 3 HUX €
IpsIMO YCITaJIKOBaHUMH, a sKi copmyBasmcs Hesa-
JISKHO BiJl CTapOJaBHBHOTO TEKTOHIYHOIO KapKacy
[13]. Takuii aHANITHYHUN MiOX1T A€ MOMJIUBICThH
BCTAHOBJIIOBATH KPIM MPOCTOPOBHX, TAKOXK JHHAMI-
YHi CITiBBIJHOLIEHHS CUCTEM TEKTOHITIB, YTBOPEHHUX
1 pe-aKTHBOBaHMX B OJIHAKOBUX a00 Pi3HUX TEKTOHI-
YHUX PEKUMAX.

Ha geTBepToMy eTarli mpoOBOIUTHCA PEKOHCTPY-
KIIiS TOJIOBHUX IApaMeTpiB MOMA TEKTOHIYHUX Ha-
NPYT i3 BpaxyBaHHSIM OTPHUMaHKX JaHUX PO TeHETH-
YHUH THII, KIHEMAaTUKY 1 BEPTEHTHICTD Pi3HOBIKOBHX
TEKTOHITiB. [Ipy IbOMy BUIAUISIOTBCS CUCTEMHU TEK-
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Puc. 4. Ilpuknan 3acTocyBaHHs TEXHOJOTII (hparMeHTamii JyronogiOHUX Tpac po3JIOMiB Ha CYKYITHICTb Ipsi-
MOJIIHIMHUX BiAPi3KiB HA IM(POBaHIN CTPYKTYPHIH KapTi OalIKUPCHKOTO SIPyCy CEPEeHBOTO KapOOHY y Me-
xax [3toMcekoro cermeHTy J{HiMpoBCHKO-JlOHEIIPKOTO aBIakoreHa /

Fig. 4. An example of the application of the technology of fragmentation of arcuate fault lines to a set of linear vector
segments on a digital structural map of the Middle CarboniferousBashkirian stage within the Izyum segment of the
Dnieper-Donetsk aulacogen

TOHITIB «PEBEPCHOTO» TUIY — TaKUX, IO 3MiHIOIOTh
Yy T€OXPOHOJIOTI1 CBill TEHETUYHUHN THI 1 KIHEMATHUKY
pyxiB (puc. 7). IlocnmigoBHicTh omepartiii 3 BiAHOB-
JICHHS a3uMYTajJbHOI OpIi€HTAIIl TeOAMHAMIYHUX
ocell MOJIiB MaJeoHaINpyr Ha KPyroBUX TPOSTHIAX-Mi-
arpamax i Kaprax aHaJIOTiYHa TeXHOJIOTi1, Ika BHKO-
PHUCTOBYETBCSI Y METOII MOP(]OIIOTO-KiHEMaTHIHOTO
anamizy [4,6,14]. 3 BpaxyBaHHSM OTPUMaHUX JaHUX
LI0/10 TEHETUYHUX TUIIIB, KIHEMAaTHKH 1 BEPreHTHOCTI
perioHaJbHUX CHCTEM TEKTOHITIB Y CTPYKTYPHHUX T10-
Bepxax IUTUTHOTO YOXJIa BHPIIIYETHCSI 3BOPOTHA 3a-
Jada - peKOHCTPYKIii Te0JUHAMIYHOTO THITY TIOJIB
Hampyr Ta BH3HAUCHHS OPIEHTYBAaHHS TOJOBHUX
CTPECOBHX OCEil Ha TOPU3OHTAIBLHOMY MalJaHYNKy
TPHOCBOBOTO TeH30py Aedopmauiil. OTpuMmani JaHi
LIOI0 MapaMeTpiB HOBITHBOTO IOJISI HANPYT JAIOTh
3MOTY BCT@HOBUTH PO3MOJiI OCEH MalleOHAnpyr Ha
CTPYKTYPHHX KapTax 1 cxemax (puc. 8, 5) [11]. [Ipu
LBOMY BPaXOBY€ETBCSI CTPYKTYPHI PUCYHKH JiHEeaMe-
HTHHUX 30H 1 KUIBIIEBUX TEOJIOTIYHHUX CTPYKTYD, Jie-
mudpoBaHUX 32 MOPPOMETPHUYHUMH Ta AEPOKOCMO-
TEOJIOTIYHUMH JIaHUMH, SKI BUKOPHUCTOBYIOTHCS Y
SIKOCTI IOAATKOBUX CTPYKTYpHO-KiHEMaTUIHUX 1HTU-
KaTopiB THITy TOJsI HAmpyr i Jedopmaniii 3eMHOi
xopwu [17].

Ha 3axiroyHoMy eTami re0TeKTOHIYHOTO MOJie-
JIIOBaHHS KOMILIEKC OTPHUMAHHMX JaHUX II0J0 MpOC-
TOPOBO-YaCOBHUX 3MiH T€HETUYHUX THUIIIB PErioHab-
HUX CHCTEM TEKTOHITIB 1 TOJIOBHHUX MapaMeTpiB Ha-
npy>kKeHo-1e(OPMOBAHOTO CTaHYy 3€MHOT KOPH y3ara-
JIBHIOETHCS Y (POpMaTi30oBaHOMY BHUIJISINIL B 2e0meK-
MOHIYHIL MOOeNi 2e0N02iUHOI eBomoYil 2eocmpykK-
mypu, sika CKJIaJa€ThCsl 3 ABOX MPHUHIUIIOBUX CXEM.
Ileprra mpuHIMIIOBA CXeMa UTIOCTPYE a3UMymanbHuil
PO3N00IN peanizo8anHux Hanpsmié niaHemapHoi pe-
WIMKY MPIUHY8amMocmi i 3aKOHOMIPHOCI 3MIH 34
HUMU 2EHEMUYHUX TMUNIE | KIHeMamuKu CmpyKmypo-
YMBOPIYUX CUCEM MEKMOHIMIE y 2e0N02IYHOM)
yaci ma 00’ emi CMpYKmMypHUX nogepxie niamegpopm-
Hoeo woxna (puc. 9). lla cxema 3acTOCOBY€EThCS Jai
JUTS BU3HAYEHHS1 KIHEMAaTHYHOTO MEXaHi3My MPOCTO-
POBO-4YacOBOI iHBepCii MapaMeTpiB PeriOHaIBHOTO
T0JIs1 HAIIPYTH BIAMOBIAHUX 3MiH TEKTOHIYHUX PEIKHU-
MiB 1 TUIaHIB JedopManiil BUXiIHOT CTPYKTYpH y T€0-
XxpoHnoJorii. {7t 1bOro BUKOPHCTOBYIOTHCS MTOPiBHSI-
JbHI TPOSIHAM-/TiarpaMH 3MiH a3UMYyTaJIbHUX Harpsi-
MiB y 4aci Ta NOPIBHUIbHI TEKTOHIYHI CXEMH TEKTO-
HITIB AedopmaliifHOro KapKkacy IEeBHOIO eTaly reo-
JIOT1YHOTO PO3BUTKY PETIOHY, K HAPUKIIAM JUTS pe-
KOHCTPYKIIii KiIHEMAaTHKH CTPECOBHUX OCEH MPOTATOM
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Puc. 5. Ilpuknan peKOHCTPYKIIT TONMOBHUX OCEHl MMOJIsl TEKTOHIYHUX HAIPy>KeHb
y CHCTEMaXx MaJie030MCbKUX TEKTOHITIB Ha HU(PPOBaHil CTPYKTYPHIN KapTi OaAIIKUPCHKOTO SIPyCy
CEPEeAHBOro KapOoHy Y Mexkax [3roMchkoro cerMeHTy JIHinpoBChKO-/[OHEBKOro aBnakoreHa.
BcraBka: kpyrosa TposiHIa-IiarpaMa asuMyTajJIbHOTO PO3MOAITY TEKTOHITIB /
Fig. 5. An example of reconstruction of the main axes of the tectonic stress field in Paleozoic tectonite systems
on a digital structural map of the Middle Carboniferous Bashkirian stage within the Izyum segment
of the Dnieper-Donetsk aulacogen. Inset: circular rose diagram of the azimuthal distribution of tectonites
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Puc. 6. IlopiBHsUIBHA TEKTOHIYHA CXeMa ITPOCTOPOBOTO PO3MOALTY MaIe030MChKUX PHPTOrEHHIX CUCTEM
TEKTOHITIB IiJ[JICOJIbOBOIO KOMIUIEKCY JCBOHY (YOPHE) Ta pe-aKTHUBOBAHMUX Y MOCTPU(GTOBOMY KapKaci
JnopudeidchbKuX ITMOMHHUX PO3JIOMIB (3KOBTE) y Mexax [IHinpoBchKo-J{oHenbKOro aBnakoreHa /

Fig. 6. Comparative tectonic scheme of the spatial distribution of Paleozoic riftogenic systems of tectonites
of the Devonian subsalt complex (black) and reactivated in the post-rift framework of pre-Rifean deep faults (yellow)
of the Dnieper-Donetsk aulacogen
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Puc. 7. llpuanunoBa KiHeMaTnyHa MOJENb (DOPMyBaHHS y Pe-aKTHBOBAHHUX CHCTEMaX TEKTOHITIB
«PEBEPCHUX PO3JTIOMIB» IIJSIXOM 3MiHU 1X BUXIIHUX T€HETUYHUX THIIB, 32 O. Tumyp3sieBum, 2009 [6] /
Fig. 7. A principle kinematic model of the formation of "reverse faults" in reactivated tectonic systems
by changing their initial genetic types, after O. Tymurziev, 2009 [6]

rooBHOTO pudToBorO eramy (puc. 10).
Cucremaru3allis KOMILICKCY OTPUMaHUX T€0JI0-

TYHHX JTAHUX JUIS PETiOHY, IO BHBYAETHCS, A€ MO-

JKJIMBICTh ¥ PaMKaX FeOTEeKTOHIYHOT MOJIEII CKIIACTH

KOHLETITYaJIbHY CXeMy NpOCmopo80o-4aco8oi ingepcii

2COOUHAMIYHUX HANPY2 | MEKMOHIUHUX PENCUMIE Oe-
¢opmayiii 3eMHOT KOpH y MeXKaxX perioHaJIbHOI Teoc-
TPYKTYPH, SIK HAPHUKIAA I MaJIeOpU(TOBOTO IO-
scy JHAA (puc. 11).Ha nux migcraBax BCTaHOBIIO-
€THCS 3aTTbHUN HANpsSM 1 KIHEeMaTHIHUN MeXaHi3M
MIPUPOHOTO SIBUIIIA TPOCTOPOBO-YACOBOi iHBEpPCIl
napametpiB mouist Harpyr. s Capmarii BiH nonsrae
y HacTynHoMY [ 11-13]: Ha mpoT#3i reosorivyHoi icTo-
pii pO3BUTKY pHQPTOTEHHOI CTPYKTYPH T€OIMHAMIUHI
OCi y MeXKax 3a3Hali a3UMYTaJIbHOTO 3MIllICHHS Y
HanpsMKy TPOTH TOAWHHUKOBOI CTpikum Ha ~15°
MPOTATOM €TIOXH TEKTOTeHE3y TPH iX 3arajJbHOMY Iie-
PEMIIlIeHH] BijI Taneo304 10 KaitHo30s Ha ~60°. [Ipo-
TAroM (paHepOo30HCHKOT eBOMIOLIIT y 3eMHii kopi Cap-
Marii chopMyBamUCS YOTHPH CTPYKTYpHHUX IUIaHU
nedopmaiit: pudrosuii (D-C,), iHBepciiHuil cuHe-
kiizHuit (C2—P1) 1 qBa koniziitaux miatrgopmunx (T—
Ki) ta (K»—KZ). Orxe, orpuMmana eeomexmoHiyHa
MoOdenb € Pe3ylnbTaToM KOMIUIEKCHOTO aHalli3y HasB-
HUX JIAaHHX 3 TEOJIOTIYHOT OyIOBH Ta iCTOPIl PO3BUTKY
BHYTPIITHBO-TUTUTHOI PETIOHAILHOI CTPYKTYpH 1 B
MOAATBIIIOMY MOXE BUKOPHUCTOBYBAaTUCH K TEOPETH-
YHA OCHOBA JIJIsI 3’SICYBaHHS OCOOJIMBOCTEH CTPYKTY-
PHO-KiIHEMaTHYHOI €BOJIIOLIIT 3eMHOI KOpH JtiTocep-
HO{ IUTUTH, 10 iIHPPACTPYKTYpH SIKOT BOHA HAJICKHUTD.

Buxinui ananiTuuni xami. J{71s nposeeHHs Te-
KTOHO(I3UYHUX JIOCIIKEHb PI3HOBIKOBHUX Jiedop-
MaliHuX cTpykTyp y Mmexax JAJIA 3 3amyueHHAM
reoiH(opMalLiifHUX TEXHOJIOT1i HaMH OYJI0 CTBOPEHO
udpoBi Mozeni nopudeichKix, Nane030MCbKUX CH-
CTeM TEKTOHITIB TEpPHUTOPIi Maleo3anajuHu Ha OC-

HOBI reonoriuaux kapt Macmrabis 1:500000 (puc. 1,
6) Ta, YaCTKOBO, JJIs IICHTPAIBHOI 1 MiBISHHO-CXI/I-
HOi wactuHH, y Macmradi 1:200000 (puc. 11) [15-
17]. Ui moxeni nopiBHIOBaNHCSA 3 MU(PPOBUMHE MOJIE-
JSIMHA KaifHO30HCHKUX CHUCTEM TEKTOHITIB, sIKi OyinH
OTpHMaHi 1O pe3ylbTaTax MOP(QOMETPHUYHOTO aHa-
T3y rigporpadiqHoi Ta spy»)HO-0aTI0YHOI MEpEX Ha
OCHOBI KapT Ta CXeM JEHHOTO penbedy 1 rixporpadi-
yHoi Mepexi Macmtabis 1:500 000, 1:1 000 000
(puc. 12,13) [18].

OO0roBopeHHs1 pe3y/ibTATIB.

1. EBoJitoniis po3;10MHO-0,10K0BOI MOIIILHO-
cTi 3eMHoi kopu /{HinpoBcbKko-/{oHenbKOrO aBa-
KOI'eHa MPoTAroM (aHepo3osl.

3aBaHHAM JTOCIIHKEHHS € BUIIICHHS 1 MOPiB-
HSUTBHUI aHalli3 MPOCTOPOBOTO PO3IMOJLITY i TEKTOHI-
YHOI ITO3UIIi1 TOJIOBHUX CHUCTEM Pi3HOBIKOBHUX TEKTO-
HITIB, SKi KOHTPOIIIOBAJIM TEKTOHIYHI Kapkacu (haHe-
PO30icEKHX edopMaliiii 3eMHOT KOpH Ha TEPUTOPIi
JJA. TlonboBUME CHIOCTEPEKESHHSIMH HA TEOJOTid-
HUX Bi/ICJIOHEHHSX Ha TEPUTOPii YKpaiHCHKOTO IIUTa
1 JICC BcTaHOBJIEHO, IO OKPEMI Tijia TEKTOHITIB Ma-
I0Th CITYAaCTy BHYTPILIHIO CTPYKTYpY, @ X CHCTEeMH
Pi3HOTO BIKY BiJPi3HSIOTHCS 32 MPOCTOPOBUM IIOIIIH-
PEHHSM, TEKTOHIYHOIO TIO3UIIIEI0 1 BEPIEHTHICTIO PY-
X1B TeOMac TipchKHUX mopij 3a Humu [4,19,20]. 3’sco-
BaHO, LI0 MPOTSITOM CTPYKTYpHO-KiHEMaTHYHOI €BO-
O] 3eMHOT KOpH O1IBLIICTE 3 HAX 3a3Hala 3CYBHUX
JUCIIOKAIIIH 31 3HAYHUMU TOPU30HTAIBHUMH KOMIIO-
HEHTaMU MepeMilIeHb 1 Ha TaHUH 9ac MalOTh KPUBO-
niHiiHi Tpacu (puc. 1,4,6) [2-4,14-17]. BpaxoBytoun,
IO /17151 KOPEKTHOTO BU3HAYCHHS a3UMYTILHOTO Opi-
€HTYBaHHS TEKTOHITIB HEOOXiHI MPSAMOIIIHIIHI ele-
MEHTH, KOKEH 3 BUAIJICHUX PO3JIOMiB OyB po30uTHIA
Ha npsiMi Biapizku Bpyuny [13]. Ho peui, Ha naHuit
9ac € MOXJIMBICTh BUKOHATH TaKy OIIEPAIlilo 3a JIOTIO-

-32-



ISSN 2410-7360 BicHuk Xapkiecbko20o HauioHanbHo20 YHieepcumemy imeHi B.H. KapasiHa

*Z 81 uI SJoQUIAS SUIUTRWAI Y], * JOI[oI 90RJINS Aep
oU}— p $10A00 AIBJUSWIPAS oY} UL — O ‘JUSWIASEq — ( UI SW)SAS 9)IU0}09) JO UOHNGLISIP [EYINUWIZE JO SWIRISEIP 9S0I UO SOXE SSAI)S 011009} JO UONINISUOIAL — 9 0 °q ‘saSe)s UoISI[[0d pue
11 ot Surmp ISnId S, yped 9y} JO 91e)S UIRI)S-SSAS 9} JO SWRISLIP ONBWAYDIS — P ‘B :S39sul 9y U "uodooe[ne ysjouoq-1odoru( oy Jo SwaIsAs 93110309} (9) 010Zoua)) pue (9) 910Z0d[ed
“(q) ueayry-o1d ur soxe P[oly ssaNs AIWLUAPOT JO UOIONIISUOII PUE SWISISAS 931U0399) [euoSerp Jii-)sod pue o1uaSoy1l Jo uonnqusip [eneds Jo WAYDS 91U0309) 2AneIedwo)) 'g "SI
/ 7 *oud BH 9HORBHEOL XUHEOWA BLMO ‘THXdog0l JOHHAY 1(paarrad - I {1IrxOh AW0E0TBO0 € — € {ILHOWBIHA( — 0 :A SILTHOLMOL WOLOMO Alrroucod oloHdrelAwnee xewed
-Ie1r xeeod eH JAdIIEH XMHRIHOIMOL Q00 KHHOLEOHIIE — 9 0 ‘q ‘dIIeld OIoHUIEIroN 1 o1ogoLdud ndoy JoHmae AHe1o oloHedOoWdodar-oHXKAdIIEH HWOX) 1gonnIHUdI
— P ‘e :xexendd ey AHAIOMEIR OIOMIIIOHOY7-0M90g0dUTH]] EILIHOINAL (9) XUMIOUOLOHUEN [ () XMMIOH0£0dIrell ‘(q) XUMIoud(Pudor XeWoLond A BIrol 0108099dLd 1900
XUHRINEHUT0AJ BIMAdLIoOHONAd T 1LTHOINOL WOLOMO XUHIIrBHOIRIT XudoLpudioon 1 xuaHaI0Lpud Artroneod o1ogaodo1oodir BWoX0 BHRIHOINAL BHAUKHEIAO[T '] "0MJ

'O,

-33-




Cepis «[eonocis. [eocepagis. Ekonoeisay, 2025, sunyck 62

I'goum- ASHMYTH TP OCTATAHHA CHCTeM TeKT 0HiTiE, Ne/rpag
riuHa 5 3 o
e 12 1 2 3 4 3 6 i 8 2 10 11 12 1
8400 273-270(282-288 291-312 315-339|342-351 3546  9-18 | 2430 3945 5463 | 72-78 84-90 |283-291
; BiJpVEN. EiAPHEN,
cromt,* A PYIESL, BADMBML, CKOIT, CKOMmL, CKOm,
PR, . CKMAM  CKMOM % Z
3CYEHM 3CYEM 3CYEHM 3CYBHM
/ . : ‘/ o
D-c, CKom EiIpHEN, EiIpHEH, CKOMH, cKom CKOIH,
3CYEH CKMOM , CKMOH SICYEH , 3CYEH , 3CYBH
C cxoms® cxoms ¥ cxomn® cxomn®
) TT IR HOH 3CYEM SCYEH 3CYBHM
P-=T CKOm, CKOMm, CKOmK CKOMH,
b i IR |, 3CYBH |, SCYBH |, 3CYBM
P ¢ CKOL, cxom1¥ Ei ;tpxm}f cxomt¥ EiIpHEIL,
THIKHIH 3CYVEM CKHAY SCYVEM CKMAN
P CKOM, CKOIL, EifpHEIL CKOJIL, EiIpHEIL
FOKme 3CYEH S CKMaH , 3CYEH CKMOM
N cxorm,’ cxomt,/ siupnmf cxo:m,!'( BileﬂBl’fr
2 THOKMTH 3CYBHM CKMOH 3CYEM CKHAM
Q CKOMH, CKOMH, BB, CKOmH, BiIHEIL
TH KON 3CYBH CKMOH 3CYEH CKMTH

Puc. 9. llpuaiunoBa cxema a3uMyTaJIbHOTO pO3moniity y JHimpoBchko-/[oHeIbKOMY aBIaKoreHi peaizoBa-
HUX HalpsMiB INIAHETAPHOI PELIITKH TPILIMHYBATOCTI Ta MPOCTOPOBO-YaCOBOI iHBEPCii TEHETHYHUX THUITIB
CHCTEM TEKTOHITIB 32 HUMH Yy (aHepo3i. *[eHeTHUHI TUIH TPIIIMHYBATOCTI: CKOJIHM 1 TOPU3OHTAIIBHI 3CYBH;

BIJIPHBH 1 CKHU[IY; TTIKUIU 1 HACYBH /

Fig. 9. Schematic diagram of the azimuthal distribution in the Dnieper-Donetsk aulacogen of realized directions of the

planetary lattice of fracturing and spatiotemporal inversion of genetic types of tectonic systems behind them in the

Phanerozoic. *Genetic types of fracturing: cleavages and horizontal shifts; detachments and faults; thrusts and thrusts

mororo mpouenypu Split Line At Vertices 3 posminy
Data Manager Tools y mporpamaomy naketi ArcGIS
[21]. Tlo pesynbrarax wLi€i MpoLEAYypH KPHBI TpacH
PO3JIOMIB OYJIO PO30UTO HA CYKYITHICTh BEKTOPIB, 00-
MEXEHHUX BepTeKcaMu (By3NH JiHiH, MOCTiTOBHICTH
SIKUX BU3HAYa€ JIHIHHUI 00'€KT Y BEKTOpHOMY (hop-
Mati reofanux) (puc. 11). i KOXKHOTO 3 OTPUMAHUX
BEKTOPIB PO3PaxOBYBAJMCA a3MMYTaJbHI HAIPIMKU
3a gomomoroto moxayns «Polar Plots and Circular
Statistics» mis ArcGIS, po3mimieHoro y BilbHOMY
noctyni B Mmepexi IarepHer [22]. 3a gomoMororo
uporo Monynsa B ArcGIS OymyBanucst Kpyrosi Tposi-
HAM-JiarpaMy, Ha SKAX OylnM OTpUMaHi 3HAYCHHs
A3UMYTIB MPOCTATAHHS PETiOHAIBHIX CUCTEM TEKTO-
HiTiB B iHTepBaii Big 0 mo 360°, oOpaHUX y SKOCTI
royioBHUX (puc. 2).

Jlani BH3HAYAIUCS 3aKOHOMIPHOCTI MPOCTOPO-
BOTO PO3MOJLIY IMiIBUIIEHOI T'YCTUHU PO3JIOMiB 00-
PaHOro a3MMYTaNbHOTO Aiana3oHy. Jns mporo s
nopuGeichKol, Mane030MChKOI 1 KaHHO30WChKOT CHC-
TeM TEKTOHITIB BUIJICHUX HAIPSIMIB, HA OCHOBI IIH-
($poBUX KapT Pi3HOBIKOBUX CTPYKTYpPHHX IIOBEPXiB
Oynu 1moOy/1oBaH1 CXeMH TEKTOHIYHUX KapKaciB je-
¢dopmariii Ha Bcro Teputopito JI/IA Ta okpemo ais
CKJIaJIOBUX TEKTOHIYHUX cerMeHTiB(UepHiriBcbKoro,
JloxBuipkoro, I3roMcekoro, 3axigHo-JlOHEIBKOTO
rpabeHa) 3 J0JaBaHHSAM TPOSIHI-AiarpaM BiIHIOBiI-
HOTO Tiepiofy reoxponoorii. Ha 3akmtouHomy etarti
CKJIaJjaJIucsl MOPiBHsUIBHI TEKTOHIUHI cXeMU Ta Oymy-
BaJIMCSl TIOPIBHSUIBHI MOJIENi CTPYKTYPHHX B3aEMO-
BIJIHOIIICHh PI3HOBIKOBHMX CHCTEM TEKTOHITIB, SIK,

HaNpUKIaa, puTOBUX PaHHbOPU(DEHUCHKUX 1 Majeo-
30HCHKUX Ta MCIAPU(TOBUX KAHO30MCHKUX (pHC.
1, 6, 8).

VY nmitochepi Capmarii panimie Oyno BHSBICHO
BCHOTO BiCiM a3WMyTallbHUX HANpsMiB perMaTHIHOT
PEIITKH, BUKOPUCTaHUX TekroHiTamu [2,3]. [lpm
IIbOMY BCTaHOBJICHO, 1[0 CHUCTEMH TEKTOHITIB pi3-
HOTO BiKy Ta a3UMYTaJbHOI Opi€HTAIlil Bimpi3HS-
IOTBCS 32 CTPYKTYPHO-IMHAMIYHHM ITPOSIBOM, 3yMOB-
JICHUM 3MiHAMH Y T€OXPOHOJIOTI] iX TeHETUYHUX TH-
miB: 285 - 290° (PR3, O, S — ckoinu, 3cyBu, P-migkuy,
HacyBu), 310 - 315°(D-Ci- migkuam, HacyBu, N,-
CKOJIH, 3cyBH), 340 - 345° (PR3- Bigpusy, ckuau, Ci.2,
Cao3, P2, Toz - cromm, 3cyBu), 0° Ta 90° (D - ckomm,
3cyBm), 15-20°( PR3, O, S -ckonu, 3cyBu, P- Binpuswy,
ckum), 45-50°(BigpuBnu, ckumu), 70-75° (PR3 — mi-
nkuan, HacyBH, Ci., Ca.3, P2, To3 — ckonm, 3cyBn).

3 BUKOPHUCTaHHAM IeoiH(OpMaLitHUX TEXHONIO-
Tiil i JaHuX CEMCMOPO3BIIKH, Y TOMY YHUCII 33 TEXHO-
Jsioriero 3D,CTBOpPEHO aHANIITHUHY €JIEKTPOHHY 0a3y
pizHOBiKOBHX TeKTOHITIB [IJIA y KinbkocTi moHas 32
tucsy. Ha mizcraBi ctaructuaHoro aHanizy y GyHna-
MEHTI 1 CTPYKTYPHHX TIOBEPXax 0CaJI0BOTO YOXJIa Ma-
Jieo3analiHA YTOYHEHO 1X a3UMyTaIbHUAN PO3IOJIL i
Cepell HUX BCTAHOBIIEHO WiCMb 20I06HUX PE2lOHAIb-
HUX CIPYKMYPOYMEOPIooyux Hanpsamis (1Ba OpToro-
HAJIBHUX 1 YOTHPH JiaroHABHKX), pPeali3oBaHUX B
asumyTax: 1 -273-279°19-18°, 2 - 282-288° 1 24-30°,
3 - 291-312° 1 39-45°, 4 - 315-339° i 54-63°, 5 -
342-351°1 72-78°, 6 - 354-6° 1 84-90° [11-13] (puc.
2,9).
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Azimuthal distribution of geodynamic axes of stress fields in fault systems
Structural |Geologi-
plan cal epoch{ 12 1 2 3 4 5 6 7 8 9 10 11 12 1
84-90" | 273-2791282-2881 291-312" 315-3391342-348%  354-6" | 9-18" | 24-30° | 3945° | 54-63° | 72-78° | 84-90" [285-291"
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2 | b
ICast Py
3 [ppT T
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Puc. 11. IlpuniiunoBa cxema MpoCTOPOBO-4aCOBOI iHBEPCii OCel reoOAMHaMIYHIX HAMpPYT 1 €BOJOLIT TEKTOHI-
YHUX PEKUMIB Ta CTPYKTYpPHHX IUTaHiB Aedopmariii J{HimpoBcbko-/|oHeNbKOro aBnakorena y (paneposoi.
Oci HOpMAaTILHUX CTPECOBHX HAMpPYT: O; - MAKCUMAIBHOTO CTUCKY; O, - cepeTHbOoro (POMIXKHOTO) CTUCKY;
63 - MiHIMaTIBHOTO CTHCKY (MaKCUMAaJIBHOTO PO3TATY); T1,T2 - MAKCUMAJIBHUX JIOTUYHUX HAIPYT;

R - pe-akTHBOBaHI CHCTEMHU TEKTOHITIB, IO 3a3HABAIN 3MiH TEHETUYHOTO TUITY («PEBEPCHI PO3TIOMIY) /
Fig. 11. Schematic diagram of the spatiotemporal inversion of geodynamic stresses and the evolution of tectonic
regimes and structural plans of deformations of the Dnieper-Donetsk aulacogen in the Phanerozoic. Normal stress axes:
6 - maximum compression; ©; - average (intermediate) compression; O3 - minimum compression (maximum tension);
71,72 - maximum tangential stresses; R - reactivated systems of tectonites that underwent genetic type changes.
Simbol: R - "reverse faults"

3a pe3yapraTaMy CTaTUCTUIHOTO aHalli3y 1M00y-
JIOBaHUX TPOSIHJ-JiarpaM 3’siCOBaHO, IO Y CTPYKTY-
pHEX TutaHax aopudelicbkoro MeramopdizoBaHOTO
(yHIamMeHTa 1 Mmajaeo30HChKUX CKIQAYacThX TMOBEp-
xiB JIJIA mposiBieHi [1Ba perioHaIbHUX a3UMyTallb-
HUX MakCHMYyMH y TMiBHIYHO-3aXiAHAN AiaroHaIbHIH
cucteMi TeKToHiTiB (puc. 14, 1, 2,b) [13]. OpienTaris
[IUX CHCTEM TEKTOHITIB y mpocTopi [IHIIPOBCHKOTO
rpabeHa cIiBIa/Ia€ 3 TEHEPAIbHUM HAIPSIMOM IPO-
CTATaHHSI OCi Maleopr(TOBOTO TOsCa, YTBOPIOIOYN
TUTIOBUH TS iHPPACTPYKTYypH AedOopMaIiifHuX 30H
CKOJIFOBAaHHSI 3CYBHHH PHCYHOK TEKTOHITIB (pHC.
14,15) [6-10].

Pazom mi mpocTopoBO ONMM3BKI Ta JUHAMIYHO
CHpsDKEH] TEKTOHITH CKJIANN PUPTOTCHHY Mazicmpa-
JIbHY CHCTEMY. 3TiJIHO HAIIol KiHeMaTHYHOI MOJEI
pudrorenesy 3a ix HanpsMamMu Ha AOPUPTOBOMY
eTarli y «XoJoxHii» 3emMHil kopi Capmarii 3aknazna-
Jlacsi paHHBOPHUQEHChKa «3apOIKOBay JIiHIITHA Mera-
30Ha CKOJIIOBaHHsS (TOPH30HTAIBLHOTO 3CyBaHHS)
[23,11]. ITepenbavyeno, o B iHPPaCTPYKTYpi TUIATH
B TOPH30HTAIILHO-3CYBHOMY PEXHMi 32 MEXaHI3MOM
Pull-apart basin copmyBanacs HH3Ka By3bKHX TpPO-
TOBUX YJIOTOBHH, 3allOBHEHHMX KOHTHHEHTAJIbHHUMU
MOJIACOTTHUMH TOBIIAMH.

VY BiAMOBIAHOCTI 710 MOJEII, Ha TOJIOBHOMY PH-
(¢roBOMY eTarli, MPOTATOM JCBOHCHKOIO €301y eIli-
1aTGopMHOTro pudTOreHesy, y 3eMHii kopi Ykpain-
CBKOTO IINTA 33 MARICMPAIbHOIO0 CUCTEMOIO TeKTOHI-
TiB c(hOpMyBaBCsI CKHJI0-PO3CYBHHI Kapkac MaiiOyT-
Hporo JlHinmpoBceKoro rpadesa. JOmIUTHUE KOM-
IUIEKC, 110 HAKONMYMBCA Y PaHHbOPU(DEHCHKUX TPO-

TOBHX YJIOTOBHHAX, TOII NMEPEKPUBABCS IUIUTHUMU
pudToBrMU (HOpMALIHHIMH KOMIUIEKCAMH IAJIe0-
3010. B 00cTaHOBII 3araJbHO-TUIMTHOTO PO3TATY
OJIOKM 36MHOI KOPH PO3CYBAJIMCS Y MiBACHHOMY Ha-
MPSIMKY BiJI BUXiTHOI JiHIT paHHBOPH(PEUCHKUX TPO-
roBUX 0aceiiHiB, YTBOPIOKOYM IUICYI 1 110 MOJIOMIII
CKHJIOBI yCTynH-11a0Ii, HAOIMXKEHi 10 OChOBOI Yac-
THHU Tpabena. DopmMyBaHHS MOSCY JTEBOHCHKUX PH-
¢dTOoBUX TpabeHiB BiOyBaIOCs 32 MEXaHi3MOM Jie(o-
pMalliii MPOCTOTO PO3TATY 3eMHOI KOPH Y IOJIi Ha-
MIPYT 3 TOPU30HTAIHLHOIO OPIEHTAIIIEI0 OCEH TPOMIiXK-
Horo (02) 1 MiHIMaNBHOTO (G3) cTpecy (MakcUMalb-
HOTO PO3TATY) Ta BEPTUKAIHLHOIO BICCIO MaKCHMaJlb-
HOTO cTpecy (G1), IPH IIbOMY 3a IIPOCTATAHHSM I0SICY
po3TamnryBaacs Bich G2, OPTOTOHAJIBHO - Bich G3 (pHC.
8). Y Takux reoMHaMIYHUX YMOBaX B TipPCHKHX TO-
ponax pu(TOreHHOTo maneodaceiiHy yTBOPHIIHCS Bi-
JIKPUTI 7151 MAHTIHHUX CTPYMEHIB BEPTUKAIBHO Opi-
€HTOBAaHI TPILIMHY BiJIPUBY 1 pO3PUBU-CKH/IH.
OnHovyacHO pudToreHe3 y KOHTHHEHTAIIBHIN KOpi
Capmarii KOHTPOIIIOBABCS MPAHCHOPMHOK CHUCTE-
MO0 3CYyBIB (CKH/IO-3CYBIB), COPMOBAHUX Yy pe-aK-
TUBOBaHiil MepuaioHanbHil (354-6°) cucteMi 10opu-
(elChbKUX TEKTOHITIB. Y3I0BXK JUHAMIYHO CIIpSDKE-
HOI CHCTEMH 3CYBIB-TPaHC(HOPM YTBOPHIHCS "TEKTO-
HiuHI peikn" puQTiHTY, 32 SKUMHU PO3CYBaJIMCS Il
pudTy, 3aKNaaanacs nonepeyHa cerMeHTallist Maioy-
THBOTO PH(TOBOTO MOsICY Ta JIaTepalibHO 3MilllyBa-
nacs Bichk J{HinpoBchKoro rpadena (puc. 14) [23].
TeKTOHITH HIKHBOIIEPMCBKOTO 1 TPiacoBOTO
BiIKYy MalOTh aHAJIOTIYHI a3UMYTabHI MAaKCUMYMH Y
puQTOBOMY MiBHIYHO-3aX1THOMY HaNpsMY, aJie B HUX
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Puc. 13. Po3noxin piukoBux cuctem Oaceitny JlHinpa Ha TepuTopii JHINpoBChKO-/{0HEIIBKOTO aBIaKoreHa
Ha QparMenTi KapTH TigporpadivyHoi Mepexi YkpaiHu; piuKoBi TOJHHH, O PO3NISAAIOTECS (KOBTE) /
Fig. 13. Distribution of river systems of the Dnieper basin on the territory of the Dnieper-Donetsk aulacogen,

on fragment of the map of the hydrographic network of Ukraine; river valleys under study (yellow)

JIOZIATKOBO MPOSIBIISIETHCS TPETIid — IIUPOTHHI MaKCH-
MyM (puc. 2, ¢). Lle Moke OyTH CBiTYEHHSIM yCITa KO-
BaHOCTI HampsIMy JIiHIH TePIUHCHKOI CKIaI4acTOCTi
(3aanbebka (hasza) Ta BEPreHTHOCTI Mi3HBOTEPIIUHCH-
KHX PyXiB Y pAHHBOKHMEPIHCHKY €M10XY TEKTOTCHE3Y.
[Ipore Pi-T dopmariiiiai koMIuiekcH mi1aTOpMHOTO
4oxJia TyT He aHalli30BaHi yepe3 MOBHHUI po3MuB P>
KOMIUIEKCY TEpIINX Ha TepeHax Hajeo3anajdHu Ta
oOMe)KeHe MOMUPEHHS Y PO3pi3i IPyTrux Ha AUITHKAX
TOOKOTO JIEHYNAIliHHOTO 3pi3y.

CucTteMu TEKTOHITIB, sIKi yCMaJKOBYIOTh TiBHi-
YHO-3aXiIHUH 1 MEpUAIOHANBHUN HANpsMH JIOpH-
(heliChKUX 30H PO3IIOMIB, YaCTKOBO PE-aKTHBOBAaHI B
pudToBiit pemritui (puc. 4, b). Hatomicts B iHBEpco-
BaHIl CTPYKTYpi aBjakoreHa 0pudenchbki CHCTEMH,
10 pe-Mo0i1i30BaHi B KapKaci abIIHOTUITHHX Aedo-
pMaliii, MalOTh MEPEeBa’KHO MiBHIYHO-CXITHUM 1 IIHU-
poTHuii HanpsiMu (puc. 4, ¢).IIpu oMy, € neBHi Bij-
MIHHOCTI Y PO3NOALI MaKCUMaJbHO BHPA3HUX a3u-
MYTaJbHUX MAaKCUMYMiB pe-aKTHBOBAaHUX TEKTOHITIB
M0 CerMEHTax aBiakoreHa. Ha mopiBHSUIbHIN cxemi
MPOCTOPOBOTO PO3MOJLTY i 3MiH HANPSAMIB pe-aKTH-
BOBAHUX CHCTEM JIOPU(PEHCHKUX «PEBEPCHUX» TEK-
TOHITIB BCTAHOBJICHO, 10 HA TJIi PEriOHATBHUX PUP-
TOBHX MaKCHMYyMiB MiBHIYHO-3aXiJJHUX HAMpsMIB y

CEerMeHTax 3axifHOl yacTuHM najeo3anaauau (Yep-
HITiBChKUH, JIOXBUIIbKUI) MakCHMaIbHO TPOSBICHI
cyOmepumioHanpHi Hanpsimu (puc. 16, a,0), HaTO-
MicTh y cxigniii yactuHi([3romcbkuii 1 3axinHo-/o-
HENbKH TpabeH) — cyOmmpoTHI Hanpsimu (puc. 16,
B,I'). Taki ocobmmBocTi OymOBH perioHaIEHOTO Aedo-
pMallifHOrO Kapkacy TEKTOHIYHOi iHBepcii pudro-
TeHHOI CTPYKTYPH MOXYTh CBIIYMTH TPO (HOpMY-
BaHHS y MeXax 3axinHoi Ta CXigHOI 4acTHH maieo-
PUGTOBOTO TOSICY OKPEMUX TUTaHIB iHBEPCIHHUX Jie-
¢dopmariiii. Pesynsrarom cTpykTypHOi udepeHtiarii
3arajibHOTO KapKacy CTajlo yTBOPEHHsI IBOX IO InHa-
MIYHO BITHOCHO caMOCTIHHMX 3aximHoi 1 CxigHol Mi-
KPOIUTHT 3 TIPOTHIIC)KHOIO KIHEMAaTHKOIO PYyXiB 3a Cy-
OperioHaTbHUMU CHCTEMaMH TEKTOHITIB, PO3IIIEHUX
y nenTpi [HinpoBchkoro rpadbena, Ha kopaoHi Jlox-
BUIBKOTO Ta [3IOMCBKOTO CErMEHTiB, TEKTOHIYHOI
BICCIO KIHEMAaTH4HOI CHUMETpIi, sKa MpoTpacoBaHa
HaMH 32 KOMIUIEKCOM J1arHOCTHYHMX T€OJOT1YHHX i
MOpP(GOMETPUYHUX O3HAK Y3IOBXK BOPCKISIHCHKOTO
TeKTOHIYHOTO 111adss (nudpa I Ha puc. 16).
[potsrom emnox mar¢popMHOI aKTHUBI3aIlii Bij-
OyBasacs pe-MoOimi3aIlis CTapolaBHIX CUCTEM TEK-
TOHITIB, BUXIJHUN N€HETHYHUN THIT SKUX 3MIHIOBa-
BCs Y BIJITIOBIIHOCTI J]O MEPUIIOHATIBHOTO HAIIPSIMY
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Puc. 15. TexroniuyHa MoOzIeb THIOBOI AehOpMaiiifHOT 30HN CKOJTIOBaHHS
y CTpyKTypi YKpaiHcekoro mura, 3a O. ['inToBuMm Ta iH. [4] /
Fig. 15. Tectonic model of the cleavage deformation zone in the structure of the Ukrainian Shield, by O. Gintov et al. [4]

oci KomiziiiHOro crpecy. TeKTOHITH pHGTOTeHHUX
MazicmpanvHoi 1 mparcghopmuoi CHUCTEM, a TaKOXK
MIBHIYHO-CXIHOI aiaroHanbHOI (9-18°, 39-45°, 54-
63°) 1 CyOIIMPOTHOI TiJKU OPTOTOHAJBHOI CHUCTEM
(84-90°, 273-279°) 3a3Hanu pe-aKTHBAIlii B 00CTaHO-
BIIi 3arajibHO-IUIMTHOI KOJIi3il y perioHajibHOMY IO-
PH30HTANIBEHO-3CYBHOMY MOJNi Hampyr. Ilpu mpomy
BOHH 3a3HaBaJIM 3MiH BUXiJJHOTO TEHETUYHOTO THITY 1
KIHEMaTuKH, 1 BIJMOBITHO, CTPYKTYpHO-IWHAMIiY-
HOTO TIPOSIBY B iHBEPCOBAaHOMY PU(TOBOMY KapKaci.
3a UMM HampsMaMd YTBOPIOBAJINCH «PEBEPCHI»
CUCTEMHU TEKTOHITIB, sIKi Opanu ydactb y Qopmy-
BaHHI TEKTOHIYHHUX PEIIITOK Jaedopmariiit y Mosos-
IIMX 32 BIKOM CTPYKTYPHHX HOBEpXax IUIaTHopM-
Horo voxuia [11].

BHaciiok 11b0ro y310BXK JIiHIH peBEPCHUX CHUC-
TeM MazicmpanbHux TEKTOHITIB 3aKJalallucs ToJo-
BHI CTPYKTYpHI 30HU MPHUPO3IIOMHOI Mi3HOTEPIINH-
cbKol cknamuactocti (puc. 10). TeKTOHITH MiBHIYHO-
CXiJTHOT CICTEMH KaifHO30MCHKOTO 1HBEPCIHHOTO Kap-
Kaca yCIaaKyBalIi JiHii TOpUPEHCHKUX CUCTEM TITHU-
OMHHUX PO3JIOMIB Y TiBJICHHO-CX1/IHIf YaCTHHI Tajie-
o3arnajJdHu. 3aBASKH 1X pe-MoOiTi3alii y MmiaKuma0-
HAaCyBHOMY 1 3CYBHOMY pEeXHMi y paHHIO (Jlapamiii-
cbKa (paza) Ta HOBITHIO (aTTHYHA (ha3a) CHOXU KaHO-
30HCHKOI0 TEKTOreHEe3y HaOIbmuX aedopmairiii 3a-
3HaJa pudToBa CTpyKTypa 3axigHo-loHenbKoro rpa-
OeHa.

VY HacTymHOMY pO3/Iili OOTOBOPIOIOTHCS CTPYK-
TYpHI HACHIJIKU aJbITIHOTUITHUX KOMNI3iHHHUX nedop-
Maliil naseopudra 3a pe-aKTHBOBaHUMH CUCTEMaMHU
TEKTOHITIB.

2. Oco0auBOCTI CTPYKTYPHO-IMHAMIYHOIO
MPOsIBY Ppe-aKTHBOBAHHMX CHCTEM TEKTOHITIB Yy
cTpyKTypi JninpoBcsko-/0HeNbKOT0 aBIaKoreHa.

[Ipotsrom haneposos B ocamoBomy voxii J1JIA
c(hopMyBaIIUCS TPU TOJNIOBHUX CTPYKTYPOYTBOPIOIO-
9uX cucTeMu TeKkToHiTiB [11-13]: pudTorenHa name-
030HChKa, sIKa CITyTyBaja y Mi3HbOTEPIUHCHKY ETIOXY
KapKacoM T'epIUHCHKOI 1HBEPCIHHOI CKJIa4acTOCTi
(3aanbebka i, MOXIIHBO, Tihanbichka (a3u), Ta JIBi
KallHO30WCHKUX CHUCTEMH, YTBOPEHUX KOJi3iHHUMH
pyxamu y paHHIO (J1apaMilicbka ¢a3a, CCHOH-paHHIH
J01IeH) 1 HOBITHIO (aTTH4Ha (haza, HEOTeH-KBapTep)
€IOXU aJIbIIHCHKOTO TeKToreHesa. Pasom 3 KaiiHO-
30MCBKHMH, CHCTEMHU DPe-aKTHMBOBAHUX JOpH]Ench-
KHX TEKTOHITIB 00 €IHYIOThCS Y T€OJUHAMIYHO
CIIPSDKEHOMY HOBITHBOMY TEKTOHIYHOMY KapKaci
aJBIIHOTUITHAX KONI3iHHUX nedopmariiii  3eMHOI
KOpH aBiakoreHa. Po3riisiHeMo mpocTopoBe i AHHAMI-
YHE CHiBBIJHOIICHHS pe-aKTHBOBAaHUX JOPU(TOBHX,
PUDTOTEHHUX TAJCO030MChKUX Ta MiCAAPU(TOBUX
(iHBepciiHMX) KaHHO30MCHKHUX TEKTOHITIB PI3HUX
azuMyTanbHUX HanpsMkiB y J1JIA (puc. 17).

[HCTpYyMEHTAIBHUMH BUMipaMH Y Pi3HUX TEKTO-
HiuHUX perionax Capmarii BU3Ha4Y€HO IMiBHIYHY Bep-
TeHTHICTh TePIIMHCHKUX, TIBIEHHO-3aX1/IHY JIapaMili-
CBKUX Ta MiBACHHO-CXiAHY aTTHYHUX CHUCTEM TEKTO-
HiTiB, y ToMy umcii B JJA[19, 20]. B po3pisi ocano-
BOTO YOXJIa Majeo3araiHy TepPIMHCHKI TEKTOHITH 3
PO3MHUBOM Ta KyTOBOIO HE3TOOI0 MEPEKPHUBAIOTHCS
Mi0IIBOIO ME3030MCHKOr0 KoMIUIEKcy. Jlapamiiichki
TEKTOHITH NEPETHHAIOTh KaM'STHOBYTUJIbHI Ta ME30-
30MCBKI BIJIKJIAJIH 1 IEPEKPUBAIOTHCS T1ONIBOIO Ma-
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JICOTeHY 3 PO3MUBOM Ta KyTOBOIO HE3T0/1010. ATTHYHI
TEKTOHITH HACKpPi3h MPOHU3YIOTh KaM'SHOBYTIIBHI,
ME3030MChKI, MMaJICOreHOBl Ta HEOTEHOBI BIIKJIAIN 1
MEPEeKPUBAIOTHCS AHTPOIIOTEHOBUMH 3 PO3ZMUBOM Ta
KyTOBOIO HE3TO010. 3aBISKH OIM3BKOCTI BiKY, IPOC-
TOPOBOTO MOMIUPEHHS 1 CTPYKTYPHO-TEKTOHIYHOT T10-
3ULIT y MeKax Hajieo3anaJuHy JapaMiiChKi Ta aTTH-
YHI TEKTOHITH Ha Wil TepHUTOpii MPUPOIHO 00'€aHY-
IOTBCS Y CHUIBHY CHCTEMY JIbIIIHOTUITHUX TEKTOHi-
TiB (puc. 2, 8-10).

Kopnonn HeoTekToHIYHHX OJIOKIB Ha TepeHax
JJIA BUIOIIAIHCS CTAaHAAPTHAMH MeTomaMu Mopgo-
METPUYHOTO aHami3y. 3aJOBiIbHO BH3HAYAIOTHCS
HaMH y ICHHOMY peibedi HOBITHI MiAKUIU (HACYBH)
1, MEHITIOIO MIpOIO, CKU/IA Ta 3CYBO-CKH/IU 1 PO3CYBH.
[ligkuam Ta CKUOW yTBOPIOIOTH TOPCTOBI MIAHATTS,
TEKTOHIYHI TepacH i mabdii y MOBEpXHi QyHIaMeHTa
Ta CTPYKTYPHUX ITOBEPXaX 0CAIOBOTO YOXJIa. YCKIIa-
THIOIOYHA Oy[AOBY IIBHIYHOTO MOHOKJIMHAIHHOTO
CXUIy OOpTY, BOHU MPHJISATAIOTH 3 MIBHOYI IO 30HH
KpaifoBOro mopymieHHs. Moro miomuHa Ha BCHOMY
MPOT3i 3a3Haja TYT AYTOMONIOHMX AUCIOKAIlii 1 Ha-
Oyna XapakTepHOi IUIS 30H TOPH30HTAIBHOTO 3CY-
BaHHs KyJicHOi OymoBu. IIpuKiIagoM CTpyKTYpPHOTO
MPOSIBY aIBITIACHKOI HEOTEKTOHIYHOI aKTWBi3amii €
HW3Ka KPYITHUX MiTHATTIB y MiJOMIBI KaifHO3010 JT0B-
XKHUHOIO Y IECATKHU KiJIOMETpiB i BUcoToro noHaz 100
M, 1[0 PO3TALIOBYETHCS HA MiBHIYHOMY CXMIII 3axi-
nHO-JloHeTpKoTO rpabena. B nenHOMY penbedi BOHU
BUPaXCHI BHJOBKEHUMH maropdamu 3aBButku 20 -
100, po3aineHux Oajgkamu, PIYKOBUMH JOJUHAMH
tomo[24]. 1o ppoHTY miIKHUIIB Ta HACYBIB Yy Maneo-
30MCHKUX BIZKJIa/IaX y IPWIETIIMX YaCTHHAX HACYHY-
THX OJIOKIB 3a3BWYAil PO3BMHEHI By3bKi Ta TOXWII
CKJIAJIKV HACYBaHHS, & TAKOXK CTPYKTYPHI JIiHiT «IIe-
PETUCHYTOI», BYXYOi Ta OUIBII aMILTITYIHOI Iim-
KHJI0-CKJIaauacTocti. Taki moctpudToBi aedopmariii
BUKJIMKAIM (hOpMYBaHHS Ha MiBICHHO-CXiHIH TIEpH-
¢epii y cTpyKTypi iHBEpCOBaHOTO aBJIaKOIeHa 3axi-
JHO-JIOHEIbKOT  MMOKPUBHO-CKJIAYacToi  00JIacTi
(puc. 17, xpaiins npaBa wactuna) [25]. [eonmoriuni
JaHi, MiITBEp/HKEHI MOJOKEHHSAMH TipHUYOI MeXa-
HIKH, € CBITUEHHSIM TOI0, 110 aJIbIIHOTHIIHI i IKHI0-
HACYBHI KapKacu c()OpMyBaJIKCs B yMOBax a3uMyTa-
JBHOTO OPIEHTYBaHHS pe-aKTHMBOBAaHHX CHUCTEM TEK-
TOHITIB OyJb SIKOTO BiKy i BHUXiJIHOTO T€HETUYHOTO
TUIY MEPIEHANKYIISIPHO JI0 PO3TANIOBAHOI 32 MEpU-
JiaHOM OCi MaKCHMAJIBHOTO 3arallbHO-TUTUTHOTO
ctpecy (puc. 2, 8-10).

HoBiTHi ckuam, CKUI0-3CYBH, CKHJIO-PO3CYBHU B
JJIA po3nOBCIO/PKEHI OOMEXKEHO, IEPEeBaXKHO B
LeHTpaibHiH yacTuHi AHinpoBchKoro rpadena. 3a ix
y4acTi He yTBOPWIIKCS BEJIMKI aMIUTITYIHI 1 IPOTSHKHI
JiHIIHI CTPYKTYPH, TOMY BOHU HEIIEBHO MPOCTEXY-
I0TBCSI B oporigporpadii K yJIOrOBHHH, CiIJIOBUHH
Ta iH. HeratuBHi CTPYKTypHi hopmu. DopmyBaHHS
CKUIIB 1 PO3CYBIB B IHBEpPCOBaHil CTPYKTypi aBiia-

KOTE€Ha MU IIOB’SI3yEMO 3 YTBOPEHHSIM HOBITHIX T€O-
MWHAMIYHUX 30H PO3TATY 3eMHO1 Kopu[11]. 30HU po-
3TATY, Y TOMY YHCJi MOB’si3aHi 3 nedopMariiHumu
30HaMHU 3CyBaHHs [26], BIAMOBIIHO JI0 MTOJIOKEHb Tip-
HAYO0{ MEXaHIKH, CKJIaIal0ThCsI 3 CHCTEM TPIIIAH Bif-
PUBY— PO3CYBIB 1 BIAKPUTHX TPINTUH CKOJTIOBAHHS —
PO3PHBIB THITYy CKHUO-3CYBIB, SIKi 3aKOHOMIPHO Opi€-
HTYIOTBCS il TOCTPUM KYTOM JI0 OCI 3arajabHO-TUIH-
THOTO cTpecy (puc. 2-5, 8-10) [1].

[MpamMumu  MOpHOMETPUYHMMHU ~ 11arHOCTHY-
HUMU O3HAaKaMH HAsSBHOCTI y 3eMHIll KOpi 30H po3-
TATY BBAKAIOTHCSI HU3WHHI JUISHKH penbedy 3 M-
BUIIICHOIO LIIBHICTIO TixporpadiuHoi mepexi [27].
HoBiTHi 30HU PO3TATY CTPYKTYpHO BiAOMBAIOTHCS Y
JeHHOMY penbedi GopMyBaHHIM TPOCTOPOBO 301H-
KEHUX Ta OJHOCHPAMOBAHHUX, BUJOBXKEHUX CyOMe-
PHUIIOHATIBHO CHCTEM PiYKOBHX J0NHUH. Ll Mopdome-
TPUYHA O3HAKA SICKPABO MPOSIBIAETHCSA B ACUMETPHY-
Hill OyIOBi MIIJTFHOT MepeXi KPYITHUX PidoK JiBoOe-
pexoks Oaceiiny Jlninpa (Cyma, Xopou, Ilcen, Bopc-
kia, Opine) (puc. 12, 13, 5x0BTi piuKoBi JONMHHU). Xa-
pakTepHOIO pHcoi0 OymoBu Tigporpadiunoi mepexi
Ha [il TepUTOpii € PO3BUHEHHS MPUIIUBIB Y LIUX Pi-
YOK JIMIIE 3 OMHOTO OOKY —3a3BMYail Ha CXUJIaX Mij-
HATOTO OOpTY MonuHM piku. [Ipu npoMy, y3moBX Ji-
BUX, cXimHUX OeperiB pidok Ilcem Bopckma Ta, Ha-
BIIaKH, [PABOT0, 3axigHoro oepera piku Cyna cdop-
MyBaJMCs HH3KH MPUOEPEKHHUX YCTYMiB-maropOiB
3aBBUIIKH Y JIeCATKHA MeTpiB. KpaifoBi BHCOUNHY TTi€T
MPOCTOPOBO CHOIYYEHOI riiporpadiuHoi cucTeMH, 3i
CXOJy Ta 3aX01ly 0OMEXKYIOTh IIUPOKY Ta PO3JIOTY HU-
3WHY y IeHHOMY pelnbedi. Ll HoBiTHS ynoroBuHa po-
3TamioBaHa y LEHTpabHiM yacTuHi JIHITPOBCHKOTO
rpabeHa i Bcs 3all0OBHEHA IIUTBHOI0 MEPEXEI0 1HTEH-
CHUBHO MEaHAPOBAHMX JIOJIMH PIYOK Ta iX MPUILINBIB,
371aMaHoi, Ayronofi6Hoi y miani Mopgororii. Ix 3a-
raJibHe MiBHIYHE MPOCTATaHHS Ta 30UIbIICHA BIIHO-
CHA HIUTBHICTH MPOSIBIISIETBCS Y MEXaxX CXiJHOI Yac-
TUHY JIOXBHUIIBKOTO Ta 3aXiHOT YaCTHHU [310MCBKOTO
CErMEHTIB 1 3arajioM 30ira€Tbcst y MpocTopi 3 ILIO-
IICI0 TIOHIMPEHHS! MPOTHO30BaHUX HAMH Yy 3EMHIiH
Kopi 3a MoppomerpuaHnmu (puc. 12, 13), reomnoriu-
HuUMH (puc. 3, 4), TektoHO(Di3MaHUME (puC. 3-5) mia-
THOCTHYHMMH O3HaKa-MH Ha I[iif TepUTOpii naneos3a-
MaJMHA HOBITHIX 30H PO3TATY.

Po3nori piukoBi MOMUHH PO3AUISIOTHCS BY3b-
KHMH, BHJIOBXCHUMH BHCOYMHAMM, SIKI 3aliMarOTh
CTPYKTYPHY MO3HUIII0 YCTYIIiB-111a0JIiB, 32 SKMMH CXi-
JTHUH Ta 3aXiTHAN CXHUIU KalfHO30HCHKOI YIOTOBUHU
3aHYPIOIOTHCS Y HAaIPSIMKY 11 penoueHTpy. HaiiBupa-
3HINIOKO 3 HOBITHIX MIO3UTHBHUX CTPYKTYp € [IpuBo-
PCKIISIHChKa BUCOUMHA, PO3TAIIOBaHa Haja Bopckisiu-
CBKUM BHCTYIIOM, MIPOSIBIICHUM Y (YHAaMEHTI 1, yac-
TKOBO, MAJIC030MCHKOMY CTPYKTYPHOMY ILIaHi (pHC.
17, undpa II). Bin copmoBanmii y migHATOMY KpHIIi
BepxoBuiBchKo-JIbroBChKOT 30HH NIMOMHHUX PO3JIO-
MiB (yHIAMEHTY, IO TEPUTOPIaTbHO TPACYETHCS Ha
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Mepuaiani M. [Tonrasa (rudpa 4 Ha puc. 6). Bopck-
JITHCBKUN BUCTYI y MOBEPXHI HOpH(peichkoro (hyH-
JAMCHTA YTBOPIOE CTPYKTYpHUH 11abenb, 110 po3Ii-
Jsl€ CerMEHTH 3axiHOI YacTHHHU TNajieo3anaJuHu
(Yepniriecekmii 1 JloxBumpkuid), Ae 30eperiiacs
cmabo nmedhopmoBana pudTOBa CTPYKTYpa 3E€MHOL
KOpH, icxigHol yacTuHM (I3toMchKHii cerMeHT i 3axi-
nHO-J{oHeTbKHiA TpabeH), 1e BOHA IHTEHCHUBHO nedo-
PMOBaHa aJIbIIACHKUMU PyXaMu.

Ha 6inbmocti Tepuropii JIJIA naneo3oiickki Te-
KTOHITH 3a3BHYail PO3TALIOBYIOTHCS Y TIHOOKOMY
€pO3iHHOMY 3pi3i I Me3030MCHKO-KaiiHO30MCHKIM
mwiatopMHuM  doxioMm. Y 3aximHo-JloHeubkomMy
rpabeHi, e BOHU BUBUCHI Yy IPUPOJHUX BiJCIOHEH-
HSX, 3@ CHCTEMaMH ITAJICO30MCHKHX Ta KalHO30MCh-
KHX TEKTOHITIB ()OPMYIOTHCS 30HU KaTakIa3yBaHHSI
Ta OpeKUitoBaHHS 0CaAOBUX MOPiJ Y po3pi3i pi3HOBI-
KOBHX cTparurpadiqyanx komrurekcis. Li 3001 mmpu-
HOIO Yy TIEpIIIi TECATKH METPiB CKIIAJCHI ITTHHUCTUMHI
MUJTOHITAMH Ta TEKTOHIYHUMH OpEKUisMH 3 YllaM-
KaM¥ BMIIYIOYHX TIOPiJl, pifiie - 6JacToKaTakiIa3u-
tamu [20].

Jlopudeiicbki TpaHCperioHaNbHI KOPO-MaHTIHHI
PO3JIOMU MEepPEeTUHAIOTH BCto JiTocdepy Capmarii To-
BrHOIO 180-260 KM, 3arTHOIIOI0YHCH Y MAHTIIO JIO
100-200 kM [28, 4]. Ha Ykpaincekomy muTi i Bopo-
HE3bKill aHTEKIi3l IHCTPYMEHTaJbHUMHU METOAaMU
BCTaHOBJICHO 1 32 JaHUMU JIeNIU(pPyBaHHS acpOKOC-
MO3HIMKIB IpoTpacoBano B Mexi JIJIA kinbka ix me-
PHUIIOHATBHX PE-aKTHBOBAaHUX CHUCTEM, SIKi YIOIe-
PEK, HE3TI1HO NEPETUHAIOTH CTPYKTYPY pUPTOrCHHOT
najeo3anaanau (puc. 6, 16, 17) [29].

[Taneo30iicbkuil CKUAOBUM KapKac KOHTPOJIO-
BaB JOpPMYBaHHS JHIHHOI CTPYKTYpH NasicopuTy, a
SIK 4aCTKOBO Pe-aKTMBOBAHUH, TAKOXK 1 YMOBH CHH- 1
nmocTpu(ToBOI OaceiHOBOI cemMMeHTaIli y majeo-
3anaauHi. Yepes nocTpuQTORI MiAKKI0-CKIIAIYACTI 1
MOKPUBHO-HACYBHI JiepopManii pu)ToBi CKUIM Yac-
TKOBO 30eperiucs IUlie y MiBHIYHO-3aXiqHIN dac-
THHI maneo-3amaauHu  (3axigHa MIKpOIUIMTA) 1
Maiike MOBHICTIO 3pyHHOBaHI B ii MiBJEHHO-CXiIHIN
yactuHi (CxigHa MikporumTa). PemikTi ckumo-pos-
CYBHOTO KapKacy pO3MillyIOTbCs HEPIBHOMIPHO Y Cy-
YacHii iHBepCOBaHill CTPYKTYypi Hopudeichkoro gy-
waamenty JJIA (puc. 17). HaliBupasnimre nposiBieHi
(hparMeHTH TApHUX CTPYKTYPHHX IIiHIA KpaoBUX
MOPYIIEHb Ta TPUOOPTOBUX 1 OCHOBUX MaricTpalib-
HUX CHUCTEM TEKTOHITIB, 32 SKMMH C(HOPMYBAIUCS
HaOIb1I aMILTITY/IHI TEKTOHIYHI Ia0i-yCTyIH, Io-
3MOBKHI J0 OpocCTiAranHsa J{HIMpPOBChKOro rpadeHa.
Ha miBnenHomy cxomi [3roMcbKoro cermMenTa i B 3axi-
nHO-/{oHenpbKOMy rpabeHi IHTEHCHBHICTh iHBEpCiii-
HUX JgedopManii pudToBoi cTpykTypH Oyna HanOi-
ne11010. CKuAu pudTOBOTO €TaITy TYT 3a3HAIN pe-aK-
TUBAIlii 1 31e01IbIIe Oy/IM MEPETBOPEHI Ha iAKW,
piale mpoCTeKyIOUHChH SIK PENIIKTOBI (PparMeHTH, Ha
KkmTanT KpacHOpIilbKOTO 30HAIBHOTO CKUAY Ha

miBHIYHOMY (uran3i rpabeHa (puc. 17, kpaiiHs mpaBa
JacTHHA).

Mazicmpanoni puTOreHHI CHCTEMU TEKTOHITIB
MiBHIYHO-3aX1THUX a3UMYTIB MPOCTATaHHs Pi3KO He-
3TiTHO, OPTOTOHAJIBHO Ta IiarOHaJLHO, MEepPETHHA-
FOTBCS 31 3MITIICHHAMM 10 JIITepai CHCTeMaMt JOPH-
(eiicbKUX peBEPCHUX CHCTEM TEKTOHITIB MEpUAiOHa-
JHHOTO Ta MMiBHIYHO-CXITHOTO HAIPSMKIB, pe-aKTH-
BOBAaHUX SK TOPU3OHTANIBHI 3CYyBH. 32 HUMU Y CTPYK-
Typi ¢yHZamMeHTy cHOpMyBaIUCs CiM IMOMEPEUHUX
JI0 HOTO MPOCTSTaHHsA JiHIHHUX 30H TOPU30HTAIBHO-
3cyBHUX Aedopmariid. 3 MBHIYHOTO 3aX0Qy Ha TIiB-
neHHuit cxin ue: YepniriBcbko-HixkuHcbka, [70-
ouHo-KoHoTOIChKA, Kobensaupko-JlebenuHchKa,
MuxaitmiBcpko-OXTHpChKa (IleHTpanbHa), Kapimis-
cpko-YyryiBchka, JloziBchko-CrapoObinbepka, [106-
porninbepko-CBariBCchbKa CTPYKTYpHI 30HH (puc. 6, 17)
[30]. Lli HoBiTHI TpaHC(HOPMHI 30HH 3aiMaIOTh CTPY-
KTypHY TIO3HUIII}0 HOBITHIX MiK-CErMEHTHHX KOPHO-
HiB JIJIA.

Kpim nonepeunnx aedopmartiii 3i 3MilieHHIMH
1 AyronoxiOHUMH BUKPUBJICHHAMH Y TUTaHI 33 TPaHC-
(OpMHUMH CKHJO-3CYBHUMH 30HaMH, TPACHIIAPHUX
KpailOBUX CKHIIB MEPEPUBAIOTHCS MOCTPUPTOBUMHU
TUTIKAaTUBHUMU AuciokamisiMu. JIiHii 000x mpubopTo-
BUAX CXWJIB JIHITPOBCHKOTO TpabeHa yCKIIAIHIOIOTh
KiJTbKa aHCaMOJIiB KPYIHUX CUTMOINAIBHUX TOPCTO-
BUX BHCTYIIIB (yHIAMEHTY, COPMOBAHHUX 33 CHCTE-
MaMH HOBITHIX CKHIIB. YCTYNHU PO3IIISIOTHCS JIaH-
IIOKKaMHU CTPYKTYPHHX 3aToK Ha miBHIYHOMY (Cu-
HiBCbKa, BankiBchka, LlleBYeHKIBCHKA) 1 TIIBACHHOMY
(F'opomasHChKa, JloxBUIlbKa, MUXaHTiBChKa) CXHITIAX
Juinposcekoro rpadena (puc. 11, 17).

[MpoctaranHs OIMBIIOCTI MaricTpaidbHUX PHUQ-
TOTE€HHUX JIiHIA y CTPYKTYpi nopudeichroro GpyHma-
MEHTY 1 TIaJIe0301MCHKOTO KOMIUIEKCY MPUOIH3HO 30i-
rarThcs y npoctopi JlHinpoBckkoro rpadena. [Tamne-
030MCBKI TEKTOHITH HEPIJIKO OHOBIIOIOTH JIiHIT IpeB-
HiX TEeKTOHIYHUX OJIOKiB, aje JacTimie ix Tpacu mpo-
XOJIATh MapaJieNIbHO 31 3MIIIICHHSAMH, HE 301raloumnch 3
HUMH, 1[I0 BCTAHOBJICHO HA MOPIBHIBHUX TEKTOHIY-
HuX cxemax(puc. 1, 6, 8, 16, 17). Hatomictb, y Mmexax
3axigHo-JloHenbpKoTo TpabeHy, Ha 3aXiTHUX CXUIIax
JACC mnuman iHBepciitHUX aedopMaliii MPUHIUIOBO
IHIIWIA: aNbIHOTUIIHI TEKTOHITH BHUKOPHCTOBYIOTH
TYT TaJIC030MCHKI JIiHIT JIWIIE YaCTKOBO HA JIOKAIb-
HUX JUISTHKAX, 31e0UIblIe MepeTHHAOYH X Mg pi3-
HUMH KyTaMH.

BigMiHHOCTI y IPOCTOPOBHX CIiBBiTHOMIEHHSX
TEKTOHITIB MAJIe030HCHKOTO Ta KalHO30HCHKOTO BiKY
MOXYTh OyTH 00YMOBJICHI JIOKOPIHHUMH 3MiHAMH Te-
OTEKTOHIYHUX YMOB 30€peKEHOCTI/pyHHYBaHHS pPH-
(TOBOTO Kapkacy y HampsIMKy 3 HiBHIYHOTO 3aXOmy
Ha miBaeHHu cxifl. CTpyKTypHa 1 reHeTHyHa aude-
pEHIlialisl TeKTOHITIB 3a MPOCTSATAHHSIM aBJlaKOTeHa
BUKJIMKAaHA THUM, 110 3 KiHI[Sl ME303010 — II0YaTKy Kaii-
HO30I0 Pi3HI CETMEHTH Tajie03anauHu M0-PiZHOMY
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pearyBaJIi Ha 3arajibHO ILTUTHI KOMi3ilHI pyXH depe3
BIIMIHHOCTI Oy/JIOBHU Ta 3MiHM IPOCTSTaHHS OCI Ipa-
OeHa B ix Mexax (puc. 16, 17). [liBnenHo-3axiaHa ya-
ctuHa (YepHiriBcpkuii 1 JIOXBULBKHI CETMEHTH), SIKa
30eperyna pedikToBy puTOBY KOpY, 1€ i T0Ci IOBO-
IUTHCS SIK € TMHUH )KOPCTKUM 0710K (3aXigHa MIKpOII-
JIUTA) 1 HE MiJAa€ThCs HEOTCKTOHIYHOI aKTHUBI3aIliil y
TakOMy CTyTeHI fK pemTa Tepuropii. HaromicTs
Isromcrkmii cerMeHT 1 3aximHo-JloHelnbkuii rpabeH
(CximHa MiKpOIUTUTA), SIKi MAalOTh CTOHIICHY KOPY
OKeaHIYHOro Tumy Oe3 TpaHITHOTO MIapy, 3a3Haiu
3HAaYHUX HEOTEKTOHIYHUX JeopMaIlliii.

Pesynbrarti nopiBHsUTBHOTO aHAJI3y a3UMYyTallb-
HO{ Opi€HTAallii Ta IPOCTOPOBOTO PO3MilIEHHS pUPTO-
BHX 1 TOCTpU(TOBUX CHCTEM TEKTOHITIB Ha TepeHaX
JJIA He miaTBEpIKYIOTh TOIEPEIH] yABICHHS PO
(hopMyBaHHS MOCTPUPTOBUX CUCTEM TEKTOHITIB Oca-
JIOBOTO YOXJIa 33 HaIIpsIMaMy pUGPTOBUX JIiHIN 3 ycIia-
IKYBAaHHSM T€HETHYHHX THIIB IATE€030HCHKOI cHucC-
TeMu TekToHITiB [31,32]. 3’scoBaHo, 1O i OKpeMi
CHCTEMH BUHUKIH y Pi3HUX T'€OJMHAMIYHUX 00CTa-
HOBKaX 32 IPOTHJIS)KHAX HAMPSIMiB Opi€HTYBaHHS OC1
MaKCHMAJIBHOTO CTPECY, TOMY BiAPI3HSIOTHCS 3a Te-
HETHYHHMH THIIAMH CKJIaJJOBUX CUCTEM TPIIIUHYBa-
TOCTi, KIHEMaTHKOI) Ta BEPTEeHTHICTIO PYXiB reomMac
3a HUMH. Y Tajeo30i Npu CyOIIMPOTHOMY CTHCKY
(hopMyBaBcsl EpEeBasKHO JIIBO3CYBHHUH CTPYKTYPHHI
aHcamOnb nedopmaliii, a B kaliHO301, B yMOBax Cy0-
MEpPHIIOHAIFHOTO CTHCKY — 3/1eOLIbIIe MpaBo3CyB-
Huil. [Ipo cTpyKTypHi nposiBH KOMi3iHHUX Aedopma-
il 1 KiHeMaTH4YHi MexaHi3Mu (opMyBaHHs 1HBEPCO-
BaHOI CTPYKTYypH aBJIaKOTreHy OUIbII PO3JI0ro inie-
THCS Y HACTYITHIHM YaCTHHI CTaTTi.

TakuM YMHOM, CUCTEMHU JTOPUPEHCHKUX TEKTO-
HITIiB, pe-aKTUBOBAHI y CKJIAJi KONi3iHOTO Kapkacy
nedopMariiif, 4acTKOBO yCHAIKOBYIOTh HAaNpPsIMH PH-
($TOBOT pelIiTKH i JOPUPTOBOTO CTAPOJABHBOTO Kap-
kacy. [Ipote, Tak camo, siKi KalilHO30MChbK1 TEKTOHITH,
BOHHM CKJIAJIAIOTHCS 3 «PEBEPCHOTO» THUITY PO3JIOMIB i
3MIHIOIOTH CBi¥ BMXIJHHMI T€HETUYHUI THII 1, BijIO-
BiJTHO, CTPYKTYPHHUI MpOSIB Yepe3 3MiHY TEKTOHiIY-
HOTO pexxuMmy nedopmauiil. Y miargopmHoMy pud-
TOBOMY PEXHMi BUXIJIHAM THIIOM PO3JIOMIB OymHu
CKWJIH, CKUJIO-3CYBH Ta PO3CYBH, HAaTOMICTbh Y pe-
UM KOJII31HOTO CTpecy BOHH IEPETBOPIOBAIINCS HA
MiAKUIM, HACYBH, 3CYBO-HACYBH 1 CIIyTyBajM KapKa-
COM iHBepCiHUX jaedopmarliii: TEeKTOHIYHUX 3pUBIB
y MiJBaJiMHI, CKJIQAYacTUX 1 IMMOKPUBHO-HACYBHUX
JHcToKaliil nopudeiicbkoro ¢yHaamenty ta daxe-
PO30HCHKHIX KOMIUIEKCIB 0CaI0BOTO YOXJIA.

OTtpumaHi pe3ynbTaTi NOPIBHIIBHOTO TEKTOHI-
YHOTO aHaJIi3y CBiAYaTh, 10 TEKTOHITH Yy 30HaX J0-
pUderchknX NMOMHHUX PO3JIOMIB, SIKI PO3MEKOBY-
I0Th JIPEBHI Te00JI0KH 3eMHOT KOPH, PE-aKTHBYBaJIHCS
Ha HEOTEKTOHIYHOMY €Talli pO3BUTKY PETiOHY HE I0-
BCIOZIHO Ta HE HA yChOMY CBOEMY IPOT3i, a iX iH]pa-
CTpYKTypa (JipiOHi, HEMIPOTSHKHI PO3PUBH) HE 3aBKIN

30iraeThCsi 3 BHYTPINTHBOIO CTPYKTYPOIO PO3JIOMIB
majeo3010. JIo Toro Il TEKTOHITH 3a3BHYall pe-ak-
TUBYBJIUCS 3 MPOTHJICKHOIO KIHEMAaTHUKOIO JlaTepa-
JIbHUX 3MIIICHb Ta iHIIOK BEPrEeHTHICTIO PYXiB, 110
O1ITBITIO0 MipOFO OYJI0 MOB'SI3aHO 31 3MIHOIO HAIIPSIMIB
i1 30BHINIHIX CHII.

Ha mux migcraBax 3po0JieHO Takwid 3arajibHUN
BHCHOBOK: CHCTEMH TEKTOHITIB PI3HOTO BiKy Ta a3u-
MyTanbHOi opieHTamii y 3emHii xopi JJA ckmana-
I0Th TEKTOHIYHI Kapkacu Aedopmaniii, TuHamiKa i Ki-
HEMaTHKa SIKUX IEPMAaHEHTHO TOHOBIIIOBAJIACS Yepes
pe-aKTHBAIIIIO TaBHIX CHCTEM PO3JIOMIB IUIIXOM (Ho-
PMYBaHHS «PEBEPCHHUX» CUCTEM Y ITEPEMiHHOMY HOJi
HanpyXeHb.

HaykoBa HOBH3HA.

1. Pesympratéi TOPIBHSUIBHOTO TEKTOHIYHOTO
aHaJlizy pi3HOBIKOBUX cHcTeM TekToHiTiB /1A 3ame-
PEUyYIOTh ITONIEPEAH] YSABICHHS, IOA0 MPSIMOIO ycra-
JIKyBaHHS KaHO30MCHKUMH CHCTEMaMH TEKTOHITIB
HanpsMiB i TeHETUYHUX TUTIB MAJIE030HCHKIX TEKTO-
HITiB pu(TOreHHOTO Kapkacy. 3’sicOBaHO, IO I Pi3-
HOBIKOBIi cUCTeMH C(hOPMYBaJIUCS Y Pi3HUX T€OINHA-
MIYHUX OOCTaHOBKax 3a MPOTHJIEKHOTO HampsMy
OpiEHTYBaHHS OCi MAKCUMaJIBHOTO CTPECY, TOMY Bifl-
PI3HSIOTBCA 38 TEHETUYHUMHU THIIAMH TPIiIIMHYBATO-
CTi, KIHEMaTHUKOIO Ta BEPTEHTHICTIO PyXiB TeoMac Tip-
CBKUX TIOP1JI 32 HUMH.

2. 3’sicoBaHo, 110 30iraHHs 3arajJbHAX HAMIPSIMIB
Mopu(eHCHKUX CUCTEM TEKTOHITIB, pe-aKTHBOBaHHIX
Yy MEpHIiOHANBHUX HAampsMax, 3 MOOUIBHUMH 30-
HaMH DTMOMHHUX KOPO-MaHTIMHUX PO3JIOMIB QyH/Ia-
MEHTY OOyMOBJIEHE TEKTOHIYHOK) MO3MIIE€I0 OCTaH-
HiX y37I0BX KOPOHIB METa0IIOKiB, M0 00’ €IHAIUCS
y sinpi CapMarii sik akpeliiiei TepeiHu.

3. Ilokazano, mo nepedynoBu iHQPACTPYKTypH
puQTOreHHo1 najseo3anaanHu OpoTAroM paHepo30i-
CBKHMX €II0X TEKTOHO-MarMarW4Hol aKTUBi3alii Bij-
OyBajucs y IepeMiHHOMY IOJIi TEKTOHIYHUX HalpyT
IUISIXOM 3MiH TEHETUYHOTO THITY, KIHEMaTHKH 1 Bep-
TeHTHOCTI PyXiB Y pe-aKTHBOBaHUX CHCTEMaX PO3JI0-
MiB pI3HOTO BiKy Ta a3MMYTaJbHUX HAINpPIMKIB 3a-
BASIKK (POPMYBaHHIO Y HUX «PEBEPCHUX» CUCTEM Te-
KTOHITIB, Kl CKJIaJaf0Th MOJIOAIII 3a BIKOM TEKTOHI-
YHI KapKacd 1 KOHTPOJIOIOTh HOBI IUTaHU Jedop-
Marlii.

4. PeKoHCTpYHOBaHO BUWXi/JHI TEHETWYHI THIH
PUQTOTeHHNX 1 pe-aKTUBOBAHHUX Y CKJaJli «peBepcC-
HUX)» CHCTEM IMOCTPUPTOBHX TEKTOHITIB. Y 1Maneo30i,
B YMOBax MEPHIIOHAIBHOIO PO3TCY i HIMPOTHOTO
ctucky kopu Capmarii, chopMyBaBcsi pudTOreHHHN
PO3TIOMHHIA KapKac 3 MaricTpajbHUX CKUJI0-PO3CYBIB
Ta TpaHC(OPMHUX CKHI0-3CYBiB, HATOMICTb y KaifHO-
301, B oO0cTaHoBLI iHTEepdepeHwii 3aranpHO-1aTdO-
PMHOI'0 MEPHII0HAIBHOTO KOJII31HHOrO cTpecy 1 pe-
rlOHAJILHOTO 3CYBHOTO TOJS HANpyr YTBOPHUBCS Jie-
¢dopMaliiiHUii MiOKWAO-HACYBHUM, MIIKHAO- Ta
CKHUJI0- 3CYBHUM KapKac.
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5. Briepiire BCTaHOBIICHO 3araibHi 3aKOHOMIPHO-
CTi PO3MIIIIEHHS Y CTPYKTYpl IHBEpPCOBAHOTO aBJIAKO-
TeHy HOBITHIX 30H PO3TATY/CTHUCKY 3€MHOI KOpH,
0B’ S13aHMX 3 JIIAHKAMHU IT1ABUILEHO] IIIJIBHOCTI IIe-
BHUX TCHETHYHHUX THUIIIB TEKTOHITIB 1 medopmarriii-
HHX TIapareHe3iB, SKi BOHA KOHTPOJIOIOTb.

BucHoBku. 3 BUKOPHUCTaHHSIM OPHTiHAJIBHOI
METOAWKHN PEKOHCTPYKIIi HampykeHo-1edopMoBa-
HOTO CTaHy 3€MHOI KOpPH 1 MiarHOCTUKHA KiHEMaTH4-
HUX MEXaHi3MiB pO3PUBHUX Ta CKJIaA4acTux nedop-
Malliii 3eMHOT KOpH Ha OCHOBI reoiH(opMaIiiiHux Te-
XHOJIOT1H OTPUMaHO HACTYITHI TEOPETHYHI BUCHOBKHU
JUISL TII3HAHHS 3aKOHOMIPHOCTEH CTPYKTYpHO-KiHE-
MaTu4HOi eBomromii 3eMHOi Kopu Capmarii y cknaai
KpaTOHHOTO sifpa CXiTHOEBPOIEHCHKOT TIIAaThOPMH.

1. ITaneo3oficbki TMHAMIYHO CHPSDKEHI MaricT-
paJIbHI CUCTEMH TEKTOHITIB Cy4acHOTO MiBHIYHO-3a-
X1JIHOTO TIPOCTSATAHHS CKIAIM KapKac JEBOHCHKOTO
pudToBoro mosicy. HanpukiHii maneo3oro 3a iX Ha-
npsMamu chopMyBasncs 30JIMKeH1 napasebHi JiHii
repIUHCHKOI (3aa1bCchbKa (ha3a) CKIaI4acToOCTi B iHBE-
pcoBaHOMY OcagoBomy Yoxii JJHinpoBchKo-/]oHenb-
KOI IaJIe03alaiuHu.

2. IuBepciitni nedopmarii pudToBoi CTpYKTYpH
KOHTPOJTIOBAINCS TEKTOHIYHHUM KapKacoM, SKHU
CKIIaIaeThes 3 NOpU(eHChKUX 1 MaIe030HChKUX CHC-
TeM PO3JIOMIB, PE-aKTUBOBAHUX Y CKJIaJll «peBepc-
HHX» CHUCTEM TEKTOHITIB IHIIHUX T'€HETUYHHUX THIIIB,
Ta HOBITHIX CUCTEM KaifHO30MCHKUX TEKTOHITIB KOJIi-
3iitHOTO eTammy. OOMBa KapKacH HE3T'1IHO, OPTOTOHA-
JILHO Ta JiarOHAJILHO HAKJIaJauCs Ha BHUXIIHY, JIi-
HiliHY pu]TOreHHy penrTKy Ta c(hOpMOBaHi 3a HEO
JiHIT TEPIIMHCHKOI CKIIQT4acTOCT.

3.V nasneo30i, B yMOBaX MEPHUI10HAIBHOTO PO3-
TATY 1 LIMPOTHOTO CTUCKY KopH Capmarii, chopmyBa-
macsi pudToBa penriTka CKUIO0-PO3CYBIB Ta CKHIO-
3CYBIB, HATOMICTh y KaiiHO30i, B 0OCTaHOBIII 3ara-
JBHO-TUIUTHOTO ~ MEPUIIOHAJIBHOTO  KOJi3iHHOTO
CTpECY 1 perioHaJIbHOMY TOPHU30HTAIBLHO-3CYBHOMY

MOJII HAmpyT YTBOPHBCS MiAKUIO-HACYBHUH, IIif-
KHJIO- Ta CKHI0-3CYBHHUH Kapkac aedopMarriii.

4. 3a KOMIUIEKCOM JiarHOCTUYHUX O3HAK BCTa-
HOBJICHO 3arajibHi 3aKOHOMIPHOCT] TIOIIUPEHHS Y 3€-
MHI kopi JIJIA HOBITHIX peTiOHAJLHUX 30H PO3-
TATY/CTUCKY, TIOB’SI3aHUAX 3 NIITHKAMU ITiIBUIICHOT
[IIJIBHOCT] IIEBHUX IN€HETUYHUX THIIIB TEKTOHITIB 1
nedopmariitHux mapareHesiB, MO HAMHA KOHTPOJIO-
10TbCA. JIUTSSHKY HOBITHIX 30H PO3TATY Y MEXaX aB-
JIAKOTeHY 3aliMalOTh TEKTOHIYHY MO3HUIII0 y IEHTpa-
JIbHIN, 3aHypeHill YacTUHI najeo3anaguau. CTpyKTy-
PHO y A€HHOMY penbedi BOHU BiIOMBAIOTHCA Y Hop-
MYBaHHI IPOCTOPOBO 30JIKEHUX Ta OXHOCTIPSIMOBA-
HUX, BUJOBKEHOI MEPUAIOHAIBHO, TEPUTOPIaIbHO
30TMKEHOT CHCTEMH PIYKOBHX JIOJIHH JTIBOOSPEHKIKS
Oaceitny Jlmimpa, po3TaloBaHUX Ha MiBHIYHOMY
cxumi [TpuaninpoBcbkoi HU3UHM. JiMsIHKM HOBITHIX
30H CTHCKY 3€MHOI KOPH SICKpaBO BiIOMBAIOTHCA y
(hopMyBaHHI HOBITHIX HITHATTIB y IiJOIIBI KaifHO-
3010 Y MiBACHHO-CX1/IHIN YaCTHHI Ta Malc030HChKUX
KOMIIIEKCAX y3/I0BX YChOTO MiBIEHHOTO MOHOKJIMHA-
TIpHOTO cxmny JIHIMpOBCHKOTO rpabenHa. Y maneo30ii-
CBKOMY KOMILJIEKCI 1Ie PO3JIOTi CTPYKTYPHI TepacH,
YCKJIaJHEH] JiHIsIMU IpiOHOT MPUPO3TOMHOT paHHBO-
KalfHO30MCHKOI (JTapamiiichKoi) ckimamgacrocti. Haii-
OLBII SICKPaBO Ta HAOYHO CTPYKTYPHI PE3yIbTaTH
HEOTEKTOHIYHHX PYXIiB BiIOMBaIOTHCS B (hOpMyBaHHI
Cy4acHMX BHIIMH Ha KITaNT J[OHEUBKOTO KPSIKY,
IIpra3zoBcbkoi BUCOYMHHM Ta MEHIIUX 3a PO3MipaMu
no3utTuBHUX GopM penbedy y Mexax 3axigno-/oHe-
IILKOTO TpabeHa.

VY HacTynHil yacTUHI CTaTTi Ha MiACTaBl OTPH-
MaHMX JaHUX L1010 IPOCTOPOBOTO PO3MONLTY i CTPY-
KTYPHOT MO3MIIii OCTPH(TOBUX TEKTOHIYHUX KapKa-
ciB gedopmariii po3rIsSAaTUMYThCS TEKTOHIUHI pe-
JKUMU eopMaltiii i mpupoaHi KiHeMaTHIHI MeXaHi-
3MHU (HOpMYBaHHS PO3PUBHUX Ta CKIAIYaCTUX CTPY-
KTYPHHUX TIapareHe3iB y MeKaxX HOBITHIX 30H pO3-
TATY/CTUCKaHHS 3eMHOT Kopu y Mexax J[JIA.
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Tectonic Evolution of the Intra-plate Structures of Sarmatia
in the Phanerozoic. 2. Tectonic frameworks of deformations
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ABSTRACT

Objective. Based on data from the Dnieper-Donetsk Aulacogene, the role of different-age systems of crustal faults
as tectonic frameworks of deformations of the Sarmatian plate was investigated.

Methods. An integrated method for reconstructing the stress-strain state of the crust was proposed based on geoin-
formation technologies, morphometric, tectonophysical methods, and comparative structural analysis of discontinuous
and folded deformations.

Results. Four main fault systems were identified in the pre-Rifean basement and Phanerozoic sedimentary cover of
the Aulacogene. There are pre-Rifean cratonic, Paleozoic riftogenic, and two post-rift systems of early (Laramian phase,
Senonian-Early Eocene) and recent (Attic phase, Neogene-Quarter) Cenozoic activation. It is established that Paleozoic
tectonites formed a riftogenic lattice and a framework of the Hercynian (Zaalian phase) folding of the Dnieper Graben
cover. It is found that the inversion deformations of the Aulacogene are controlled by the frameworks of reactivated pre-
Rifean and Cenozoic tectonites, which are unconformably superimposed on rift lines. Previous ideas about the direct
reactivation of the latest tectonites with the inheritance of the directions and genetic types of Paleozoic tectonites were
not confirmed. The coincidence of the directions of the latest tectonitic systems, reactivated in meridional directions, with
the suture zones of the basement is due to their position on the moving boundaries of megablocks, which united in the
core of Sarmatia as accretionary terranes. The original and reactivated genetic types of "reverse" tectonites were recon-
structed: in the Paleozoic, under conditions of meridional stress and latitudinal extension of the Sarmatian crust, a thrust-
shear rift framework was formed, while in the Cenozoic, a thrust-shear framework was formed in a regional shear field.

Scientific novelty. The kinematic mechanism of the natural phenomenon of spatiotemporal inversion of stress field
parameters was determined. Geodynamic axes in the Phanerozoic underwent a counterclockwise shift of ~15° during the
tectogenesis epoch, which caused their general displacement from the Paleozoic to the Cenozoic by ~60°. Because of
this, four deformation planes were formed in the Sarmatian crust: rift (D—C1), inversion (C2—-P1), two collisional (T-K1)
and (K2-KZ). The distribution patterns of the latest tension/compression zones in the aulacogen in areas of increased
density of certain genetic types of tectonites and deformation parageneses have been established.

Conclusion. A theoretical conclusion has been obtained for understanding the patterns of formation and evolution
of the Earth's crust: the restructuring of the platform infrastructure occurs in a variable stress field due to changes in the
genetic type and kinematics of tectonites with the formation of "reverse" reactivated systems that constitute younger
tectonic deformation frameworks.

Practical significance. The application of the original method of reconstruction of the stress-strain state of the
Earth's crust made it possible to identify tectonic modes and kinematic mechanisms of fault and fold deformations of the
Earth's crust in Sarmatia.

Keywords: Dnieper-Donetsk aulacogen; geoinformation technologies, morphometric and tectonophysical analyses;
pre-Ryphean, Paleozoic, Cenozoic tectonic systems; "reverse” faults; tectonic frameworks of deformations.
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JiB PO3WICHYBAHHS Ta KOPEISALil MPCHKUX IOPiJ 3 METOIO BUIUICHHS CBIT — OCHOBHHX TAKCOHOMIYHUX OJJMHHIb MICLIEBUX CTPaTUTPa-
(IYHUX TiIPO3UTIB i OCHOBHUX KapTyBaJbHHUX OIMHHMIIL PErioHaNbHOI (OaceitHoBol) ctparurpadii npu BeIHKO-cepeaHbOMACIITA0HIH
3HOMITi, TEOJIOTOTIOIYKOBHX Ta F€0JIOr0-PO3BiyBaIbHIX poOOTaX. ABTOPaMH CTATTi, 32 KOMIUIEKCOM METO/IIB Ha reo()i3u4Hii OCHOBI
(kapoTax) 3 ypaxyBaHHSIM PE3yJIbTaTiB PEriOHATBHUX CEHCMIYHUX JOCIIKCHb, TTAJICOHTOJIOTTYHIX BH3HAUYCHD BiTHOCHOTO I'€OJIOTIY-
HOTO BIKy IOpij, JiTepaTypHUX Ta (GOHIOBHX MarepiaiiB y HIKHBOKPEHIOBOMY pO3pi3i yKpAiHCHKOTO CEKTOpa IMiBHIYHO-3aXiTHOTO
menb(y YopHOTro MOps MPOBEAEHO PEBI3i0 MiCIIEBHX CTpAaTUTpa(iqHUX MiAPO3ALIIB (TOBIL), IO YBIHILIN 10 CTpaTUrpadiqHol cXeMu
2013 poky, a TakoX MICIIEBUX CTpaTurpadiyHuX migpO3aiTiB y paH3i CBIT, BUAUICHUX aBTOpamu cTarTi y 2015 poui. 3a pedynsraramu
JOCIIKEHb aTbOChKI BiIKIaIH MIPOTIOHYETHCS BUAUIATH y CKJIal TEHAPIBCHKOI (BIEpIE) Ta €BOATOPIHCHKOI CBIT. TeHapiBCchbKa cBiTa
Bix Ha3BM TeHIPIBCHKOT KOCH Ha MiBHIYHO-3axifHOMY menbgi YopHoro Mopsi, mo Ha y30epesxoki XepcoHChKol obnacti. Buninserscs
Bepuie. Paninie Buiisacs sik Tosma. CTpaTtoTun — po3pi3 cBepu1oBHHN TeHnpiBcbka-19 B inTepBaii nmbuH 2626-2500 M, BctaHO-
BireHn# 3a reodiznunumu ganumu (I71C). Posnoscromxena B Mexxax IliBneHHOYKpaiHCEKoT MoHOKIiHAMI. CKilajeHa KapOOHaTHUMHU
noponamu. ToBmmHa BinkmaaiB 230 M. €Bnaropilichka cBiTa BiJl HA3BU CTPYKTypH Ha KanamiTchbkoMy MiZHSTTI, IO HA MiBHIYHO-3aXi-
nHOoMYy mienbdi HopHoro Mopst. Panime Buaiisiiacs K KaJaMiTchKa cBiTa. CTpaToTHII — po3pi3 CBEPIIOBHHU CBIATOpilichKa-2 B iHTe-
pBaiti mmubuH 560-1060 M, BcTanosnenuit 3a [JIC. PosmoBciomkeHa Ha akBaTopii mBHIYHO-3ax11HOTO menbhy YopHOTO MOps B Mexkax
Ckitepkoi iy, CrtaieHa mepeBaXHO CHITIKaTHIMU roponaMu. ToBmuH Binkinanis 500 M. Po3pi3u CBIT, 10 MPOMIOHYIOTECS 0 YBard,
CYIIPOBOIKYIOTHCS T€0I0TO-Te0()i3NIHNMH TUTaHIeTaMu, nooynoBanumH L.1. Imenkom mig yac poboru B A1 «Haykanadrorasy.

Knrwuoei cnosa: cmpamuepaghis, HusiCHbOKpetioosi 6i0K1a0u, nieHiuHO-3axiOHUll wienvg) Yoprozo mops.

SAx nutyBaTn: Imenko Irop, SAxymmn Jleonin (2025). JIo nuTaHHS npo MicleBi cTpaTurpadivHi miApO3Tiny KpeiHI0BUX BifKIa/iB YKPAaiHCHKOTO
CeKTopa MiBHIYHO-3aXiqHoro 1enbdy Yopaoro mops. Crarts 1. Huwxkus kpelina. BicHuk XapkiBcbKoro HaljioHanbHOro yHiBepcurtety imeni B. H. Ka-
pasina. Cepis «['eonoris. 'eorpadis. Ekonorisy, (62), 50-58. https://doi.org/10.26565/2410-7360-2025-62-03

In cites: Ishchenko Thor, Yakushyn Leonid (2025). To the question of local stratigraphic subdivisions of Cretaceous sediments of the Ukrainian
sector of the northwestern shelf of the Black Sea. Article 1. Lower cretaceous. Visnyk of V. N. Karazin Kharkiv National University. Series Geology.
Geography. Ecology, (62), 50-58. https://doi.org/10.26565/2410-7360-2025-62-03 [in Ukrainian]

Beryn. YemimHIiCTE  Teosoropo3BigyBaibHUX
poOiT 6ararTo B YoMy 3aJI€KUThH BiJl IPaBUIIBHOI CTpa-
turpadivHoi imeHTHdIKaNil ripchkux nopia. Ocoo-
JIMBOTO 3HAYCHHS 11e Ha0yBae MPH BCTaHOBJICHHI I'e0-
JIOTIYHOTO BiKy 0CaIOBUX YTBOPEHb 3aKPUTHX Oaceii-
HiB. Haxans, B Ctparurpadiunomy kozpekci Ykpainu
BijcyTHi [IpaBuiia BUAIIICHHS Ta OMUCY cTparurpadi-
YHMX M1IPO3ALTIB B pO3pi3ax CBEpAJIOBUH, a JIUIIE 3a-
3HAYA€ThCS MOXIIMBICTE iX BufineHHs [1]. I Tomy
NpH iX JOKyMeHTamii (BUALICHH], ONKCI 9M i Yac
CTBOPEHHS CTparurpadiqHux cXeM) JOCHTiTHUK CTH-
Ka€TbCs 3 NMEBHUMM TPYIHOLIAMH, IIOB’SI3aHUMH 3
0COOJIMBOCTAMHU CTPAaTUIrpadiyHOTO PO3UICHYBAHHS
0CaJIOBUX TOBII| [TOXOBAaHUX OacelHiB. Y TakoMy pasi
KOMIUIEKCHE 3aCTOCYBaHHSA YCiX HasiBHUX CTpaTurpa-
(iYHHUX METOMIB cTa€ 0O0B’ A3KOBHM.

3rifHo 13 cxeMoro cTparurpadii Kpei10BuX Bij-
KJIaJiB MiBHIYHO-3aXimHOTO 1mIeibdpy YopHOTO MOpH,
3aTBep/KeHO0 HarioHanbHUM  cTparurpadivHuM
komiTeToM Ykpainu y 2013 porii B Mexax JOCHTiKY-
BaHOTO PETiOHY y SKOCTI MiCIIEBUX CTPAaTUTpaiaHAX
MiPO3AUTIB BUAUIEHO TUIBKH TOBIII: IIICTh JJIsl HU-
KHBOT Kpeiiin Ta ciM it BepxHboi [2]. Buainenns
Ha Hifl JOMOMDKHHUX TaKCOHOMIYHUX Ta KapTyBaib-
HUX OJMHHUIL MICIIEBUX CTpaTturpadivHux miaposmi-
JIB MOSICHIOETHCS 3aCTOCYBaHHIM TUTBKU 010- Ta Ji-
TOCTpaTUrpadiuHOro METOIB, 10 IIPU HEIOCTATHIN
po30ypeHocTi menbdy, HE3HAYHOMY BiJICOTKY BHU-
HOCY KEPHOBOTO Marepiaiy, 0e3 BpaxyBaHHA reodi-
3UYHHUX, CEMCMIYHMUX JOCHIIKEHD Ta 1HIINX YNHHM-
KiB, 3HAYHO OOMEKY€E MOXIIUBOCTI cTparurpadii.

B oMy acrnekTi TijbKH 3aCTOCYBaHHS CUCTEM-

© IlweHKo leop, AkywuH JleoHid, 2025
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HOTO cTparurpadiyHoro aHamily, IpyHTOBAaHOIO Ha
BUKOPHCTaHHI (DaKTOJOTIYHNX JaHUX CHPUSTUME BU-
PILICHHIO TOJIOBHUX 3a]a4 cTpaTUrpadidyHuX HOCHi-
JOKeHb [3].

OnHuM 3 TaKMX 3aBAaHb € YTOYHEHHS Ta AETali-
3amisl ICHyIOUMX CcTparurpadidyHuX cXeMm KpeHHIoBHUX
BIIKJIQIIB MiBHIYHO-3axXimHOrO 1neiabdy YopHOro
Mops, SIKi € HadTOra30HOCHIUMH.

He3spakatoun Ha 3HaYHY KUTBKICTH TTAIIEOHTOJIO-
TYHUX, JITONOTIYHUX, cTpaTHrpadidHuX, reodiznd-
HUX Ta CeHCMIYHMX POOIT, MPOBEJCHUX Ha MiBHIYHO-
3axigHomy 1menbdi YopHoro mops, crparurpadis
KpEeH0BUX BiJIKJIa/IiB IIBOTO PETiOHY MOTPeOye mosa-
JIBILIOTO BAOCKOHAJICHHS 1, IEpII 32 BCE, B YACTHHI Ba-
JITHOCTI BUIUICHHS MICIICBUX CTpaTUTrpadigHux
ITiIPO3ILITiB.

OTxe, BUIICHHS CBIT, OCHOBHHUX KapTyBaJIbHUX
OJIHHIIb B peTioHaNBHIN (baceitHOBI) cTparurpadii
TIPH T€OJIOT19Hi# 3OMIIi, T€0JIOTO-TIOITYKOBUX Ta Te-
0JIOTO-PO3BIAYBAIBHUX POOOTAX JJIs KPESHIOBUX Bil-
KJIa/1iB MiBHIYHO-3aXi1HOTrO menb(py YopHOTro Mops,
Ha CHOTOJHI € HE BUPIIIICHNM Ta aKTyaJbHUM.

Mema oocnioxcenns. 3a KOMILIEKCOM T€0sIoriu-
HUX METO/IiB MPOBECTH PEBi3i0 MiCLIEBUX CTpaTUTPa-
(bigyHUX TAPO3MLTIB KPEHIOBHUX BiAKIAIIB YKpaiHCh-
KOTO CEKTOpa MiBHIYHO-3axiAHOTO ey YopHOTro
MOpsi, 3aMPONIOHOBAHUX KOJIEKTUBOM aBTOpiB y 2013
poti [2], a Takok MEPENIIHYTH, BIACHI MPOIMO3UIIIT
oo crparurpadii mporo periony [4,5], siki He yBil-
Ty 1o crparurpadiuamx cxem 2013 poky.

06’cxkm  Oocnidocennsi. Kpelmosi Bimkiamu
YKPaTHCHKOTO CEKTOpa IMiBHIYHO-33aX1THOTO IIENb(y
YopHoro mMopsi.

Ipeomem docrioscenns. Crparurpadisi Ta CBiT-
HU TI0J11J1 O3HAYEHUX BiIKIIAIIB.

Otpumani aBTOpaMu B X0[i AOCHIHKEHb PE3yIb-
TaTH 3aIlUIAaHOBAHO BUCBITIIMTH y JIBOX MyOJiKAIlisX.
[Nepmia 3 HUX OyJe mMpuUCBsYeHa BUIIJIGHHIO Ta Xapa-
KTEPHUCTHUII MICIIEBUX CTPATUTPpapiIHNAX TiIPO3/ILITIB
Yy HIKHBOKPENIOBHX, a Ipyra — BEpXHbOKPEUI0BUX
BIJIKJIQIaX JIOCJIIKYBaHOTO PETIOHY.

CrpykrypHi miapo3ninu «Berym» Ta «AHami3
OCTaHHIX JTOCHI/KEHb Ta IMyONiKamii» 3arajabHi JIs
000X cTareii.

AHaJi3 0CTaHHIX JOCJHiI:KeHb Ta MyOaiKamii.
3 moyaTrkoM iHTEHCHBHOTO PO30ypIOBaHHS Ha Ioya-
TKy 70 pOKIB MHUHYJOIO CTOpidYsl MiBHIYHO-3aXiJ-
Horo menbdy YopHOro Mopsi Ha HaTy Ta ra3 3’siB-
JSAI0TbCA  mepli  myOJikamii  MajJeoHTONOTIYHOrO,
cTparurpadivuHoro, majgeoreorpagiqvHOro CHpsMy-
BaHHsI, IPUCBSYCHI BU3HAYCHHIO BiJIHOCHOTO I'€0JIO-
riYHOrO BiKy IMOpiA, KOpemsiuii OMHOBIKOBUX OCaI0-
BUX YTBOpPEHb, 3’SICYyBAHHIO YMOB OCAJKOHAKOIIH-
YeHHsT Ta TaneoreorpadivHAM pPEKOHCTPYKIISIM
KpeiaoBoro nepioxny [6,7].

[lepmmM  dyHAaMEHTaNBHUM  y3arajabHEHHAM
OTPUMAHMX PE3YJBTATIB T€0JIOr0-PO3BiTyBaIbHUX

pobiT cTama kojnekTuBHa MoHorpadis [8], me Hase-
JIEHO JIITOJIOTIYHY, TAJICOHTOJIOTIYHY Ta 010CTpaTHT-
padiyHy XapaKTEpUCTHKY DPETIOHATbHUX, MICIICBHX
Ta JOMOMDKHHUX CTparurpadivHux miapo3iniB Kpeii-
JIOBOi CHCTEMH TMiBHIYHO-3aXimHOTO mensdy Yop-
HOTO MOpS Ta HOTO y30epexoKs; 3IiHCHEeHOo iX po3d-
JieHyBaHHs 3a OiocTparurpadiuHIM METOAOM Ta KO-
PEIIAIIIO 3 M APO3IJIAMH 3aTJIbHOI cTpaTUrpadigHol
ITKaJIM; HaBeAeHO iH(opMariio mpo iX JTONOTivHI
0COOJIMBOCTI Ta PO3MOBCIOKEHHS Ha TEPUTOPIT JTOC-
JIIKEHHS.

Haxxans, mogansin poOoTH 3 06i0- JIITOCTpaTHr-
padii KpelI0BUX BiJKIa/(iB MIBHIYHO-3aX1THOTO IIIe-
ey YopHOTO MOps pa3oM 3 y3arajJbHEHHSIM Mare-
piajiB momepeaHiX AOCHIHKEHb HE 3HAWIIUIA CBOTO
BiTOOpayKeHHS Y KOMIUIEKTI CTpaTurpadiyHuX CXem
(haHepo30iCbKUX yTBOPEHb YKpaiHHU IJIsi TEOJIOTid-
HUX KapT HOBOTO MOKOJIHHS, BUAaHux y 1993 pori.

3 HaOyTTSAM YKpaiHOIO HE3aJeKHOCTI MBHIYHO-
3aximHuil menbd HYopHOTO MOpS pO3MIAAAETHCS, SIK
PETiOH 31 3HAYHMMHU 3allacaMy BYTJIEBOAHIB. B ioro
MeXax MPOBOAUTHCS BEIHUKHI 00’ €M TeoI0ro-ToIry-
KOBHX POOIT.

Pesynbratu 31 crparurpadii Ta mameoHToNOTIT
KpeHI0BUX BIAKIAAIB I[HOTO CKJIATHOTO 33 T€OJIOTid-
HOTO OYZTOBOIO Ta IEPCIIEKTHBHOTO HA BYTIIEBOJHI pe-
rioHy YkpaiHu BiloOpakeHO y MOHOTpadisix, HayKo-
BUX CTaTTAX, T€3aX, MUCEPTAIliHHUX poOOTax i 3BiTax
PO BUKOHAHHA HAYKOBO-AOCIITHUX pooiT [2, 5, 8-17
Ta iH.]. BoHU cTamu ocHOBOIO /I MTOOYIOBH Cydac-
HUX cTpaTUrpadivHuX CXeM JOCIiIKYEMOTO PErioHy
[2, 14], po3yMiHHS 0COONMHMBOCTEl HOTO TEOJIOTIYHOT
OyZ0BY Ta IiIBUIICHHS JI0CTOBIPHOCTI MTPOTHO3Y Ha-
¢drorazonocHocri [15; 18-24 ta in.].

Ha crorogni, BamigHumu crparurpadiyHIMA
CXeMaMH KPEeWOBHUX BIJKJIaJliB IiBHIYHO-3aXiIHOTO
menbPy YopHOTO MOps € cXeMu, 10 YBIWILIN J0
MEPUIOT0 TOMY KOJEKTHBHOT MoHOrpadii «Crparur-
padist BepXHBOTO MIPOTEPO30I0 Ta PaHEePo3010 YKpa-
iHm» g pepakiieto [1.dD. Toxuka [2] 1 3aTBeppKEH]
CrparurpadiYHIM KOMITETOM YKpaiHu.

Marepian Ta Merogu gociaixxeHHs. [Ipoana-
mizoBaHo Marepianu OypiHas 10 THOOKMX cBEpIIO-
BUH, 1110 PO3KPUJIN HIXKHBOKPEUIOBI BIAKIIA M TiBHI-
yHO-3aXimHor0 menbdy YopHoro mops ta 10 cBepa-
JIOBHH TIPUIIENNIOTO cyxonony (puc. 1), HOBITHI naHi
ceficMOpO3BIIyBAILHUX POOIT Ta pe3yNbTaTH ITOTe-
PEIHIX re00ro-reoisuuHuX 10CIiHKEHb B PErioHi,
BJIACHI HANpPALIOBaHHS Ta y3arajbHEHHS, a TAKOX iH-
(dopmaliiro mpo reosoriyHy OyIoBy TEPUTOPIl ITOCITi-
JOKEHHS!, OTPUMaHYy 31 3BITIB PO BUKOHAHHST HAYKOBO-
JTOCITITHUX POOIT 3 TEOJIOTIYHOTO BUBYCHHS HAJIP, 1110
36epiratotecst y JJTHBII «I'eoindopm Yipainm».

VY SIKOCTi OITOPHUX CBEPJNIOBUH 00paHi Taki, po-
3pi3M SKHMX 3a KOMIUIEKCOM I'€OJIOTTYHMX YMHHHUKIB
(mameoHTONOTIYHI  BU3HAUEHHS BUKOIHUX TPYII
(dayHu [1si BCTAHOBJICHHSI BIZIHOCHOT'O I€OJIOTIYHOTO
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TexkToHiuxi enemenTi. Cxidnoesponelcska nnamopma: |1 - MNisaeHHOYKpPalHCbKa MOHOKNIHAND, |2 - KpHNOBCLKMA NPOTHK;
Cxigpcoka nnuma: I - Kinlidceko-3miine nigHaTTs, I12 . san MNyGkina, I3 - Kpaiosni yeryn, 114 - KapkiniTcoko-TliBHIMHOKDUMCEKMA NPOTMH
(114" - 308HILHA 30Ha, I14%- BHyTPiWHA 30Ha), 115 - KanaMiTCbko-LieHTPansHOKPHUMCLKE NIAHATTA

Puc. 1. Kapra-cxema teputopii nocmimxenns / Fig. 1. Map of the study area

BiKy MOpiJI, JITONOTIYHUI OIKC KaM’ sTHOTO Matepi-
aiy, reodi3udHi JOCIHiPKEHHSI CBEPAJIOBUH TOIIO)
HaWO1bIN iH(pOPMATHBHI U CTpaTUTpaivHUX TT0-
Oy/10B.

OCHOBHI METOJIM JIOCHIJKEHHs: 010- JITOCTpa-
TUTpadivHUH, JTITOIOTIYHIIA Ta Te0]i3NIHAN.

B crarti BUKOpHCTaHO TEKTOHIYHE paiioHY-
BaHHS MIBHIYHO-3aXxigHOrO menbdy HYopHoro mops
3a [15].

Bukiaa ocHOBHOT0 MaTepiay J0CTiIxKeHHs.
Binknagy kpeimoBoi CHCTEMH PO3MOBCIOKEHI IO
BCiii akBaropii miBHIYHO-3axigHOoro mensdy Yop-
Horo Mopsi. Bonu npexacrasneni kapooHarHuMU (Ba-
MTHSIKAMH, MEPTelisiMK ), CHITIKATHUMU (TTiCKaMHu, Tic-
KOBHKaMH, aJeBpOIITaMH, apriliTaMu, TIIMHAMHU) Ta
BYJIKAHOTEHHO-0CaJOYHUMH MTOpOAaMH (TydamH, Ty-
¢itamu, Ty(omickOBUKaMu).

KpeiinoBi Bikiaam 3 epepruBOM 3aJIArar0Th Ha
JIOKeMOPifCHKHX, MAIe0301ChKUX (?) Ta Tpiac-FopCh-
KuX (?7) 1 IEpeKpUBAIOTHCS NAJIEOTCHOBUMU YH O1JIBII
MOJIOIMMU YTBOPEHHSIMU. BuinstoTses y cknai Hu-
JKHBOTO Ta BEPXHBOI'O BIJUILIIIB.

Po3kputa ToBmuMHa BiakmaiB 6inbire 2000 M.

HwoxHil BiUIUT KPEHIOBOT CUCTEMHU.

Binkimaau HWKHBOTO BIAIUTY KPEHIOBOI CHC-
TEMH BCTAaHOBIIEHO y po3pizax 10 cBep/uioBMH Ha
romax: besimenniii, 'amOyprieBa, JlecantHiii, €B-
naropiicekii, LunigiBebkiit, Onecbkilt, [TiBneHHOOO-
pToBii, [liBneHHOTOMIIMHCHKIH Ta [IpagHInpoBChKii
1 XapaKTepu3yThCs KapOOHATHO-TEPUTEHHO-TIIMHU-
CTHUM JIITOJIOTTYHAM THIIOM PO3pi3y.

Binkmaam y3romkeHo 4 3 MEepepuBOM 3allsra-
I0Th Ha JOKEeMOpIHCHKUX, mManeo3ohchkux (?) Ta
Tpiac-topchkuX (?) i mepeKpruBaIOThCS YTBOPEHHIMH
BEPXHBOI KpEHIH.

Buninsrorbes y ckiiafi amp0CHKOTO SPYCY.

Po3kpura ToBuinHa Biakaamie 0nuzpko 1000 M.

3a pesynbpraraMu JOCTIIKCHb ajbOCHKI BiJK-
Jany BUIIISIOTHCA Y CKIIaJi TEHAPIBCHKOI (BrEpIe)
Ta €BNATOPIHCHKOT CBIT.

Anp0.

Tenapiscoka cBita (K ten) Big Hazsu TeHmpis-
ChKOi KOCH Ha IMiBHIYHO-3axiHOMY 1enbdi YopHOTO
MOpsi, 110 Ha y30epexoki XepCcoHChKoT 00acTi. Bu-
IISETbCs Brepine. Pawiiie BUAUIAIACh SK TOBIIA
[2, 8; 25]. Ctparotun — po3pi3 cB. Tenapiscrka-19 B
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Puc. 2. Ctparorun tenapiBcykoi cBitH / Fig. 2. Stratotype of the Tendrivska Formation

iHTepBaNi mMOWH 2626-2500 M, BCTaHOBIIGHHH 32
I'’IC (puc. 2). PosnoBciomkena B Mexkax [liBneHHo-
YKpaTHChKOT MOHOKJTiHAUTI MiXK THITITYIIECEKAM JTUMa-
HOM Ta TeHypiBchKoro Kocoro. CKItajieHa BalmHsIKaMu
CBITJIO-CIpUMH 3 KOBTYBAaTHM BiJITIHKOM, OpraHO-
T€HHO-JICTPUTOBHMHU, KPYITHO3EPHUCTUMH, MIITHUMH,
LITBHUMH. 3aiisirae 31 ctparurpadiuHuM nepeprBoM
Ha aprijziTax Ta IMHAX apTiliTOMoMiOHNX 3 polIap-
KaM¥ aJIeBPOJIITIB Ta MICKOBUKIB CEPEHBOTO, BEPX-
HBOTO aJIbOY YW KOHTHHEHTAJIBHUX BiJKIagax HUK-
HBOTO aNTy Ta TEPEKPUBAETHCS 3 TIEPEPUBOM IIi-
MIAHO-IIMHUCTUMH 3 TIPOIIIApKaMHK BaIHSAKIB BiJIKJa-
JaMy ceHoMaHy. [ paHuIli cBiTH YiTKO (iKCYIOThCS Ha
CJIEKTPOKApOTAKHUX JiarpamMax Ta 3a iHIIUMH BH-
JIAMU KapOTaxy.

TosmuHa Bigkiagis qo 230 M.

HaroBana mi3zHiM anpOoM 3a dopaminipepamu
Paraphillum primaevum Lemolne, Rotalipora ap-
peninnica (Renz.), R. ticinensis (Gand.) [14].

O06’etHy€e 4epBOHOYKPATHCHKY, BEIUKOKIIMHIB-
CBhKY Ta TEHJIPiBChKY TOBIII [2].

€Bnaropiiiceka cBita (Kievp) BiJl Ha3BU CTPYK-

Typu €Brnaropiiickka Ha KanmamiTchKkoMy MiAHATTI,
IO Ha MiBHIYHO-3axigHOMY menbdi YopHOTO MOPSL.
Panime kanamitchka cBita [5]. HasBy 3miHeHo uepe3
npeokynanito. CrparoTuil — po3pi3 cB. €Bnaropiii-
cpKka-2 B iHTepBaii mbun 560-1060 M, BcTaHOBIE-
Huii 3a [JIC (puc. 3). PosnoBciomkena B Mexax Baja
I'y6kina, Kinificeko-3miiHoro migasrts, y Kapkinit-
CbKOMY MpOruHi, Ha KamaMiTchbkoMy MiTHATTI Ta
KpaiioBomy ycrymi. CkiiazieHa aprijiTaMmu TeMHO-Ci-
PHMH JI0 YOPHUX aJEBPUTHCTHMHU, MICKOBHKAMH Ta
aJIeBpONiTaAMHU 3 MPOIIAPKAMH BYJIKaHOT€HHO-YJIaM-
KOBMX TIOPiJI, ICKOBHKIB, BAITHAKIB Ta MEPIeIiB M-
HUCTHUX. 3aysrae 3i crparurpadiyHuM nepepuBoM Ha
TEPUTeHHO-TIIMHUCTUX CHJIBHO MeTaMOop(hr30BaHUX
YTBOPEHHSX CEPEHBOT0 Tpiacy Ta MepeKPUBAETHCS 3
€pO3iiHMM KOHTAKTOM DIMHHUCTO-MIIIAHUCUTHMU
BiJIKJIaJlaMH PaHHBOTO CEHOMaHy. [ paHuIi cBiTH 4i-
TKO (IKCYIOThCS Ha €JIEKTPOKAPOTAXKHHX JliarpaMax
Ta 32 IHIIMMHU BUaMHU KapoTaxy 3a 3MiHOKO JIITOJIO-
TiYHOTO CKJIaay MOpij.

TosmmHa Bigkiagis 10 2750 m.

JaroBana anpbom 3a popaminidpepamu Hedber-
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gella infracretacea  (Glaessn.), H. planispira
(Tappan),  Rotalipora  appeninnica  (Renz.),
R. ticinensis (Gand.), Haplophragmoides rosaceus
Subb., H. nonioninoides Rss., Trochogaudryina fili-
formis (Berth.), Gavelinella infracretacea Moroz.,
G. biinvoluta Mjatl., Gyroidina kasahstanica Mjatl.,
G. infracretacea Moroz., G. biinvoluta Mjatl., Hed-
bergella globigerinellinoides (Subb.) Ta in. [2, 8, 14].
Bxurrouae BepXHIO 9aCTHHY ONIMITIHCHKOT TOBIII,
JICCAHTHY, UUTIYiBChKY Ta O€3IMEHHY TOBIII [2].
Bucnosku. [IpoBeneHo peBi3ito MicIIeBUX CTpa-
TArpadiIHUX MAPO3IITiB HIDKHBOKPEHIOBHUX BiJIK-
NaniB yKpaiHCBKOTO CEKTOpa MiBHIYHO-3aXiJHOTO
menbdy YopHOro Mopsi, o0 yBIHIIIN 1O CTpaTurpa-

HUX ITAPO3AUTIB (TOBI), III0 YBIMIIIIN 10 CTpaTUTpa-
¢dignoi cxemu 2013 poky.

AnbpOCHKi BiJKIaAH IPOMOHYETHCS BUAUIATH Y
CKJIaJi TEHAPIBCHKOI (BIepIle) Ta €BIaTOPiHChKOL
CBIT.

Po3pi3u cBiT, 0 MPOMIOHYIOTECS 10 yBaru, cy-
MPOBOKYIOTECSI  T€OJIOTO-TeO(i3NIHUMH  TUIAHIIIE-
TaMH.

OTtpumaHi pe3yasraTd yBiiimyTs 1o [loscaroBa-
JILHOT 3alMCKU 10 CTpaTurpadivyHoi cxeMu Kpenmo-
BUX BiJIKJIaJliB MBHIYHO-3aXiqHOTO 1Ieb(py YopHOTO
MOps TS TIOAAJIBIIIOTO pO3MISIy 11 Ha 3acifaHHi 1Mo-
cTifinux komiciit HanionansHoro CtparurpagiqHoro
Komitery Vkpainu.

(ignoi cxemu 2013 poky [2], a TaKoXK, BUIIIEHUX aB-
Topamu crarti y 2015 pori [5].

3a KOMIIEKCOM METO/iB Ha reo()i3n4Hil OCHOBI
(kxapoTaxx) 3 ypaxyBaHHSM pe3yJbTaTiB perioHalb-
HUX CEHCMIYHMX [JOCHIUKEHb, ITaJE€OHTOJIOTIYHUX
BU3HAYECHb BITHOCHOTO I€ONOTIYHOTO BiKy MOPi, Ji-
TeparypHuX Ta (POHIOBUX MarepiaiiB y HUKHBOK-
peiimoBoMy po3pisi miBHIYHO-3aXigHOTO MIenbdhy Yo-
PHOTO MOpSl BUJIJIGHO MicueBi cTparurpadivHi miji-
PO3IinK y paH3i CBIT Ha BiIMiHY Bia ctparurpadiy-

Ionsixka. B crarTi BUCBITIIEHO pe3ylbTaTH POOIT 3a
temamu: «CTpaTeriuna MiHepaibHA CHPOBHHA JUIS BiJTHO-
BJICHHS €KOHOMIKM YKpaiHH: aHasi3 pecypciB Ta 3armacis,
PO3po0OKa KpUTEpiiB MOMIYKY Ul HapOILyBaHHS iX MiHe-
panbHO-cupoBUHHOT 6a3m» (JIP Ne 6541230) ta «bioctpa-
turpadis Me30-KaifHO30MChKHX BiIKIAAIB HadTOra3oHOC-
HUX PEerioHiB YKpaiHu sk (pyHIaMeHTadbHa 0a30Ba OCHOBA
CHCTEMHOTO 3a0e3IEeUCHHS T'eoNIoTivHnX podit» ([P Ne
01220001604), sxi BukonyBamuck B II'H HAH VYkpainu
npotsirom 2022-2025 pokiB.
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BHecOK aBTOpiB: BCi aBTOpW 3p06MAN PiBHUI BHECOK Y L0 pobOoTY
KoHdniKT iHTepeciB: aBTOpu NOBIZOMAAIOTb NPO BiACYTHICTb KOHDNIKTY iHTEpECiB

To the question of local stratigraphic subdivisions of Cretaceous sediments
of the Ukrainian sector of the northwestern shelf of the Black Sea.
Article 1. Lower Cretaceous
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ABSTRACT

Introduction. One of the tasks of the modern stratigraphy of the closed basins of Ukraine is to clarify and detail the
existing stratigraphic schemes of Cretaceous sediments of the north-western shelf of the Black Sea, which are oil and gas
bearing. The aim of the study. To revise the local stratigraphic units of the Cretaceous sediments of the Ukrainian sector
of the northwestern Black Sea shelf proposed by the team of authors in 2013, as well as to revise our own proposals for
the stratigraphy of this region, which were not included in the stratigraphic schemes of 2013, using a set of geological
methods. Object of study. Cretaceous sediments of the Ukrainian sector of the north-western shelf of the Black Sea.
Subject of the study. The stratigraphy of these deposits.

Materials and methods. The article analyses the drilling materials of 10 deep wells that uncovered Lower Creta-
ceous sediments of the northwestern shelf of the Black Sea and 10 wells of the adjacent land, the latest seismic data and
results of previous geological and geophysical studies in the region, own developments and generalisations, as well as
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information on the geological structure of the study area obtained from reports on the implementation of research works
on geological study of the subsoil.

Results. A revision of local stratigraphic subdivisions of the Lower Cretaceous sediments of the Ukrainian sector of
the northwestern Black Sea shelf was carried out using a set of geophysically based methods (logging), taking into account
the results of regional seismic studies, paleontological determinations of the relative geological age of rocks, literary and
stock materials. According to the results of the research, the Albian sediments are distinguished as part of the Tendrivska
(for the first time) and Yevpatoriyska Formation. The Tendrivska Formation is named after the Tendrivska Spit on the
north-western shelf of the Black Sea. It is identified for the first time. The stratotype is a section of the Tendrivska-19
well in the depth interval 2626-2500 m. It is distributed within the South Ukrainian monocline. It is represented by light
grey limestones with yellowish tinge, organogenic detrital, coarse-grained, strong, dense. It occurs with a stratigraphic
break in the Lower Aptian formations and overlies erosion contact or transgressively Cenomanian deposits. Deposits are
up to 230 m thick. The Yevpatoriyska Formation is named after a structure on the Kalamitsky Rise on the north-western
shelf of the Black Sea. Formerly known as the Kalamitska Formation. The name was changed due to pre-occupation. The
stratotype is a section of the Yevpatoriyska-2 well in the depth interval 560-1060 m. It is distributed in the waters of the
north-western Black Sea shelf within the Scythian plate. It is composed mainly of silicate rocks. It is divided into three sub-
sections. Sediments are 500 m thick.

Conclusions. Based on the results of the research, it is proposed to distinguish the Albian sediments as part of the
Tendrivska Formation (for the first time) and the Yevpatoriyska Formation. The sections of the formations offered for
consideration are accompanied by geological and geophysical plates.

Keywords: stratigraphy, Lower Cretaceous sediments, northwestern shelf of the Black Sea.
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MOKpPOMOCKOBCHKHH MacUB CKJIaJIeHUH CBITIO-CIPUMH I'PaHITaMH Ta TEMHO-CIpUMH IpaHogiopuTamu. CBIiTIIO-Cipi TpaHIiTH CKIIa-
JeHi omirokiazoM (35-40%), mikpokitiHoM (20-25%), kBapuoM (30-35%) ta 6iotutom (2-5%). TemHO-Cipi TpaHOAIOPUTH MICTATh Oi-
roknas (40-55%), mixpoxiid (18-20%), kBapu (25%) ta 6i0TUT (5-7%). CBITI0-Cipi IpaHiTH HA OKPEMHX AUIAHKAX MIKpOKIiHI30BaH1
Ta HaOyJIM POXKEBOTO KOJILOPY B PE3yIbTarTi Jii MOCTMAarMaTHYHUX METACOMAaTHYHHUX IPoOLeciB. B mpuKkoHTaKTOBHX 30HaX Mokpomoc-
KOBCBKOTO MacCHUBY 3YCTPiHYTi MyCKOBIiTOBI I'paHiTH, B IKHX MICTUTBCSI MyCKOBIT B KinbKocTi Bif 1 g0 15%. Lli mopoxu MaroTh Takuii
MiHepansHu# cKina: onirokias (35-40%), mikpoxiin (20-25%), kBapriom (30-35%), myckosit (1-15%) Ta 6ioturom (0-4%). Ha minc-
TaBi reoJIOTIYHIX MapIIPyTiB Ta OMKCY IUTi(iB, B Meskax MOKPOMOCKOBCEKOTO TPaHITHOTO MAacHBY, BUJIUICHI J{Ba THITY TIETMaTHTOBUX
XKW — GIOTHTBMICHI Ta MyCKOBITBMICHI. MyCKOBITOBI IIErMaTHTH 3yCTPI4aIOTECS B IiBIEHHOMY, MiBICHHO-CXiTHOMY Ta MiBICHHO-3a-
X1THOMY €HJIOKOHTaKTaX MOKPOMOCKOBCHKOTO MacuBy. biOTHTOBI merMaTuTy 3yCTpiHyTi B IIEHTpalIbHiil YacuHi MacuBy. B miBieHHOMY
Ta MiBICHHO-3aX1THOMY €K30KOHTAKTaX MErMaTHTOBI KHJIH 3yCTPIHYTi y BMICHUX MOPOJAAX Ta YTBOPIOIOTH MOKPOMOCKOBCHKE IerMa-
TUTOBE M0Je. BIOTUTBMICHI IETMAaTUTH CKIaal0THCS 3 010TUTY, MiKPOKIIiHY, KBapIly Ta OJNirokiasy. MyCKOBITBMICHI MICTATbh MYCKOBIT,
MIKPOKJIiH, KBapll, OJIIrOKJIa3, anb0iT. BusABIeH] 30HaNBHI Ta a30HANBHI IETMAaTUTOBI KHJIH, a30HAIBHI Ci4yTh 30HAJBHI XWIH. bioTn-
TOBI [TETMATUTH MAIOTh TAaKy 30HAIBHICTh: 30BHIIIHS 30HA KPYITHO3EPHUCTA 010 TUT-MiKPOKITiH-KBapI[-0OJIiroKiIa30Ba, MPOMiKHA 30Ha —
IIICHMOBa KBapIl-MiKpOKJIiH-0JIITOKIIa30Ba, BHYTPIIIHS 30Ha — KBapIoBa. 3OBHINIHS 30HA iHOAI 30araueHa 0i0THTOM, MIPOMiXKHA 30Ha
HE 3aBXIHM Ma€ IMHCbMOBY CTPYKTYpy. BHYTpIIIHS KBapIioBa 30Ha B ISSIKHX 30HAIBHUX JKMJIAaX BiCyTHS. MyCKOBITOBI 30HAJBHI ITer-
MAaTHTH CKJIAQIAIOTHCS 3 30BHINIHBOI MyCKOBIT-KBapIl-MiKpOKITIHOBOI KPYITHO3EPHUCTOI 30HH, IIPOMIKHOIT KBapIL-MiKPOKJIIHOBOT ITUCh-
MOBO{ 30HH Ta LEHTPAILHOT MIKPOKJIiH-KBapI[0BOi a00 KBapIIoBOl 30HU. [HO/I MyCKOBITOBI ITErMaTUTH MicCTATh anbOiT Ta 10 30% My-
CKOBITY. B MyCKOBITOBHX IErMaTUTOBHX KHJIaX MOKPOMOCKOBCHKOTO IIETMAaTUTOBOTO OJISI BUSIBJICHI ITiIBUINEH] BMICTH TaHTaIYy, HiO-
0Oiro, Jitito, Oepimito, py0Oiniro, e3ito0, IHOAI — PiAKICHO3EMEIBHUX METAIIB.

Knrouosi cnosa: 3anopisvra obnacms, MoKpoMOCKOBCOKUIL SPAHINMHULL MACUS, NE2MAMUM, Ne2MATUMO8A HCULd, 2PAHIM.

Sk uuryBatu: JlutBunenko FOmis (2025). Ilermatutu MOKPOMOCKOBCHKOTO IPaHITHOr0 MacuBy. BicHuk XapKiBChKOTO HAIiOHATIBHOTO YHiBep-
curery imeHi B. H. Kapasina. Cepis «I"eonoris. I'eorpadis. Exomnorism, (62), 59-71. https://doi.org/10.26565/2410-7360-2025-62-04
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Beryn. MOKpOMOCKOBCBKHMI MAacHB — 1€ BEJIU-
KMt MacuB, rtometo oinbie 1000 kM2, 3axigHuii Ko-
HTaKT SKOTO PO3TAIIOBAHWIA HA CXiTHIN OKOJHII M.
3amopixoks. MacuB BUTATHYTHI 3 MiBHOYI Ha TIiB-
JeHb 1 Mae (popMy HAOIMKEHY 710 TPUKYTHHKA, IITHU-
POKa CTOpOHa TPUKYTHHKA PO3TALIOBaHa 3 IMiBHOYI,
BY3bKa — 3 MiBJIHA. MOKPOMOCKOBCHKHUI MacHB 3Ha-
XOAMTHCS B Mexkax CepeIHbONIPHUTHINPOBCHKOTO Me-
ra0ioky YKpaiHCBKOTro muTta. MOKpPOMOCKOBCHKHI
MAacCHB MICTHUTL YKMCJIEHHI TIETMATUTOBI XKUJIU, TAKOK
MErMaTUTOBI KM CIIOCTEPIraloThCS Y BMICHUX T10-
ponax. 3yCTpiHyTi 1Ba TUIIH [IETMATHUTIB: O10TUTBMI-
CHI Ta MyCKOBITBMIiCHI MT€rMaTHUTOBI YKHJIH.

MOKpPOMOCKOBCHKHIA MacHB BiJTHECEHUH JI0 OK-
pemoro MoKpOMOCKOBCHKOTO KoMIIiekcy B 1973 p.
Opcoro B.1. [1], 10 nporo MacuB HalexkaB 10 XKUTO-
MHUPCHKOTO KOMIUIEKCY. MacHB Ma€ BCi 03HAKH Mar-
MaTHYHOTO TIOXOJ[)KCHHS: aKTHBHI KOHTaKTH, BUTPU-
MaHICTh MiHEPAJIOTIYHOTO Ta XiMIYHOTO CKJIagy Ha
BenMKii mwomi[2]. B paasHCBKI yacH 3 pi3HUM CTy-
MEHEeM JIETATLHOCTI MOKPOMOCKOBCHKI I'paHITH BH-
puanu H.IT. Cemenenko [3], O.O. TkauoB [4], I.C.
VYcenko [5], B.I. Opca [2, 6], b.3. bepzenun ta B. M.
Kuaypuak [7]. B nux poborax oxapakTepu3oBaHi Mi-
HEpaJIbHUIM CKJIaf, METPOJIOTIs Ta reoXiMis TPaHITiB

MOKpPOMOCKOBCHKOI'O MAacHBY, METMaTHTH HE PO3T-
JISTHYTI.

B 1981 p. Buiimna crarta bep3enuna b. 3., bo-
oposa A. b. Ta Kuuypuaka B. M., B sikiii BOHM BU3Ha-
Yalii TEMIIEpaTypy YTBOPEHHS PiIKOMETAILHUX TIET-
MmatutiB Cepennporo lpuaHinpoB’s 3a roMoreHiza-
I€F0 PO3IUIABHUX BKIIIOYCHb. TeMmneparypu KpHucTa-
Ji3anii merMaTHTiB, OTPUMaHi aBTOPaMH, CKJIaJat0Th
540-620°C. ABTOpW B CTaTTi JOXOASTH BHCHOBKY,
10 MIErMaTUTH MArOTh TIEPBUHHO-MarMaToreHHe 1o-
xomkeHHs [9]. 3a cyyacHumHu ysBaeHHsAMU [10] myc-
KOBITOBI MErMaTUTH MalOTh TEMIIEPATyPH KPUCTATi-
3aii 675 £ 50 °C, MmycKoBIT-pifKicHOMeTaIeBi 535 +
25 °C, piakicHO3eMenbHi exeMenT: ~525 £ 20 °C.

B 2004 p. 3akiH4€HO T'€OJIOTiYHE JOBUBYCHHS
wiomii jucra apkyma L-36-VI(3anopixoks), L-37-1
(ITonorwm), BimnoBinanpHMii BUKOHaBEb A.A. [leTpe-
HKO. B mosicHroBaibHIM 3alMCIll OMMCaHl IIErMaTH-
TOBI WM. MiHepanbHUN CKJIaJ Ta 30HAIBHICTD I1e-
IMaTUTOBHUX KW HE po3rsiHyTi [11].

B 2007 Bupmana JlepkaBHa TeojioriuHa Kaprta
VYkpaian macmrady 1:200 000. apkymiie M-36-
XXXVI (Aninmponerposchk) [12].

B 2006-2008 p.p. Buiinia HU3Ka cTaTed 3a aB-
TopctBoM IcakoBa, Cykada, boOpoBa, B IKMX IeTab-
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Puc. 1. 'eonoriuna kapra MOKpOMOCKOBCHKOT'O MacUBY Ta Horo otoyeHHs [8]:

31 — IBOMOJILOBOIITIATOBI TPaHITH MOKPOMOCKOBCBKOTO KOMITIIEKCY; 33 — rpaHiTH i MirMaTHTH, IJariorpa-
HITH, eHIepOIT-4apHOKITOI I TOKMAI[FKOTO i MIeBYCHKIBCHKOTO KOMIUIEKCY; 35 — MeTarticKoBUKH, MeTaae-
BPOJIITH, METAKOHIJTIOMEPaTH, 3a1i3UCTi KBapuuTH (6ino3ipceka cepis); 37 — Komariitu, metToneitu, merapi-

OJIiTH, ciaHIl (KIHChKa Cepis, OCUIIEHKIBChKA cepisl, KOCIBI[IBChKA TOBIIA), TAPIOYPTiTH, TYHITH, MPOKCE-
HiTH (BapBapiBChKUH, BEPXiBIEBCHKHI KOMIUIEKCH); 39 — Mapmypu, kanbpudipu, CKapHOiIH, THEHCH, 3aITi-

3MCTI KBapLUTH (XalyBaTO-3aBajliBChKa Ta €M’ SHIBChKa CBITH, Oy3bKa i IEHTPAIILHOIIPHA30BChKa cepii);
40 — BucokornnHo3eMHCTi 1 TpadiToBi rHEWCH Ta ciaHIi (oJIeKCaHIPiBChKa 1 TEMpIOLIbKa CBIiTH); 42 — AM-

(i6ooBi rHeiicH, am(iOOoITiTH, 3aTi3UCTi KBApIUTH (aylbChbKa cepis); 44 — ['Helicu rpaHaT-0i0THTOBI, rpa-

(iT-010TUTOBI, THEWCH i KPUCTAJIOCIIAHI TiepCTeHOBI i mipokceH-aM(piboIoBi (AHICTPOBCHKO-0y3bKa,
3axiHONPHA30BChKA cepii, CIaBropoJchka ToBIIa) /
Fig. 1. Geological map of the Mokromoskovsk pluton and its surroundings [8]:

31 — difeldspar granites of the Mokromoskovsk complex; 33 — granites and migmatites, plagiogranites, enderbite-char-
nochitoids; 35 — Metasandstones, metasiltstones, metaconglomerates, ferruginous quartzites; 37 — Komatiites, mettoleites,
metaryolites, shales, harzburgites, dunites, pyroxenites; 39 — Marbles, calphyphyres, skarnoids, gneisses, ferruginous
quartzites; 40 — High-alumina and graphite gneisses and schists; 42 — Amphibole gneisses, amphibolites, ferruginous
quartzites; 44 — Garnet-biotite, graphite-biotite gneisses, hypersthene and pyroxene-amphibole gneisses and crystal schists

HO PO3MJISHYTI MYCKOBITOBI NErMaTHUTH MiBJICHHO-
CXiJTHOTO EHJOKOHTAaKTy Ta E€K30KOHTAakTy. B mux
CTaTTSX ACTAJIbHO PO3IJISTHYTa MiHEPAJIOTisl MyCKOBi-
TOBUX TETMAaTHUTIB, 30HAIBHICTH Ta PYIAOHOCHICTH
[13, 14, 15].

J1J1s1 TUPKOHIB TUIIOBOTO Ciporo rpaHity Mokpo-
MOCKOBCBHKOTO MAacHBY BHU3HAa4€HO Bik 2827 +£7 MiH
pokiB [16], B iHmmx mxepenax 2835 muH. pokis [17,
18] Bik MOKPOMOCKOBCHOTO I'DaHITY 32 MOHAI[MTOM
craHoBuTh 2700£8 MiH pokiB [19].

BioTUTOBI MMErMaTUTH LEHTPAJLHOI YACTHHH
MOKpPOMOCKOBCHKOTO MacHBY ITOBEPXHEBO OXapaKTe-
pPHU30BaHi B MOSCHIOBAIBHUX 3aIMCKaX JIO TeOJIOri-
HuX KapT macmrady 1:200 000 [11, 12]. B uux pobo-
Tax HaBEJICHWI MiHEpaJbHHK CKJaJ Ta reoXiMiuHa
crerjagisanisa Ol0THTOBUX IErMaTUTIB, 30HAIbHICTD

Ta PO3MOBCIOMKEHICTh MIETMAaTUTOBHUX JKWII HE OIH-
cana. CrarTi 3 JeTaTbHUM OMKCOM 000X THIIIB TIer-
MaTUTOBHUX JKUJI, 3 TOPIBHSAHHAM O10TUTOBHX Ta MYyC-
KOBITOBHX II€TMaTUTIB BiJCYTHI.

B crarti bepsenina ta Kuuypuaka [7] ctBep-
JUKYETBCS, IO KUTBKICTh MErMaTUTOBUX JKWII OijbIla
B IEHTPaNbHIA YacTHHI MOKpPOMOCKOBCHKOTO Ma-
cuBy. B iHmux onyOmikoBaHux mprepenax [13, 14, 15]
aBTOPH CTBEPIKYIOTh, 110 OUIBIIICTh MTErMaTHTOBUX
JKUJT PO3TAIIIOBAHI B MPUKOHTAKTOBUX YaCTHHAX Ma-
cuBy. HasiBHICTH Ta BiCYTHICTh 30HAJILHOCTI B IIET-
MaTHTax, XapakTep 30HAJbHOCTI, CITiBBIIHOIICHHI
30HAJILHUX Ta a30HAJBHUX XKW cJ1a00 BUCBITICHE B
omyOnikoBaHiil niTeparypi. I[loBHa XapakrepucTuka
MErMaTUTIB, 110 MOB’s3aHI 3 MOKPOMOCKOBCHKHM
MacHBOM, HABOTUTHCS BIEPIIIC.
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B 2005 p. Iletp Yepni ta T. CrotT Epcit [20]
omyOITiKyBaJld HOBY KjacHQiKaIliio MEerMaTuTiB , B
SKii 3aMpONOHOBAaHO MOUIATH ErMaTHTH Ha alica-
JIbH1, MyCKOBITOBI, MYCKOBIT-P1IKICHOMETaJIbHI, Pif-
KicHO3eMeNnbHI Ta MiapojioBi. AbicalbHI IMETMaTHTH
3a mi€ro Kiacu]ikaimiero He MarOTh 3B 3Ky 3 IHTPY-
3iIMHU.

B 2020 p. 3’sBunack crarts [21], B sKiit po3ris-
HyTiI IIBHIKOCTI POCTY KpPHCTAIIIB B METMaTHTI Ha
npuknani nermaruty CtroapTa B miBaenHii Kamido-
puii, CLHA. Konuenrpattii MikpoeJIeMeHTIiB B KBap1ii
IIETMATHTIB 3HAYHO BiAXUIISIFOTHCS BiJl pIBHOBaYKHUX.
Lle Haiikpaimie MOSCHIOIOTHCS KIHETHYHUMH eQeK-
TaM¥, TIOB'SI3aHUMH 31 IIBUJIKUM POCTOM KPHUCTANIB.
3a pe3ynbTaraMu JOCIiHKEHHS KPUCTAIA METPOBOTO
PO3MIpY B IIETMAaTUTaX MOIIM YTBOPUTHUCS IIPOTAIOM
KUJIBKOX JHIB.

B 2023 p. ony6nikoBaHa crarts [22], B sKiit 10-
cmmrernii [laHkenaHChKUN TpaHIT-IErMaTHTOBHMA
MAacCHB, BiIOMHH CBO€I0 BHYTPILIHBOIO 30HAJIBHICTIO
Ta BOJIB(PPaMOBOIO MiHepalizaili€eto, B Kuraiicbkomy
AnTai. ABTOpaMH BCTAHOBIICHO, IO B METMATUTAX €
BTOPHHHHMIA MYCKOBIT, IO 3’SIBUBCSI B pe3yJbTari
rpeli3eHizailii Ta Ma€ BUCOKUH BMICT (pTOpY Ta BOJIb-
hpamy.

B crari npo nermaruToBi xuinu y 6aromiti My-
¢ymans y [TiBnennomy Kurai [23] Takox mociimke-
HUI MYCKOBIT 3 IErMaTuTy. ABTOPH JIOXOISITh BUCHO-
BKY, III0 TIPOCYBAIOYHCh Bil MPUCTIHHOI 30HH JI0 II€H-
TpaJIbHOI 30HH B IETMaTUTOBHX YKHUJIAX, MyCKOBIT Jie-
MOHCTpYE€ 3pocTaroue 30araueHHsI HECYMICHUMH elle-
MeHTaMu (JiTii, pyOimii, me3iii, TaHTax, MaHTaH Ta
¢drop), ame 30iMHEHHS THUTAHOM, ITUPKOHEM, CBUH-
1IEM, 1110 CBIYUTH PO TEHACHILIIO /10 Tud)epeHIIiallii.

B 2024 B crarTi KUTAWCHKUX TOCIITHHKIB [24]
BHBYABCSl TEHETUYHHUH 3B'A30K MIX MaTepUHCHKUM
TPaHITOM Ta 30HAIBHUM PiJIKCHOMETAJICBUM IerMa-
THUTOM Y TPaHIT-IerMaTuToBii cuctemi Permi-Uyans-
mauroanb y IliBnerHomy Kwurai. ABTOpm HOXOASTH
BHUCHOBKY, 1110 MyCKOBITOBHI MOHI[OI'PAHIT JIEMOHCT-
PY€E 4iTKO BU3HAYEHI IPOCTOPOBI Ta YaCOBI1 3B'SI3KU 3
MEerMaTUTaMH PiIKICHUX METalIiB.

Metonu. Ilpy HanucaHHiI CTaTTi BUKOPUCTaHI
pe3ysbTaTH Onucy CTiHOK 10 Jif04HX Ta BUPOOICHUX
Kap €piB, pO3TAIIOBAHUX B MeXaxX MOKPOMOCKOBCh-
KOro mMacuBy 1o p. Mokpa MockoBka Ta BinbHsHKa,
npoBeneHi aBropoM. CroCTepeKeHHs TPOBOJIIUCH
Takok B 6 TEOJIOTIYHUX MaplIpyTax 3a MeKaMH
Kap epiB. Takox ans crarti Oyiu onucaHi neTporpa-
¢iuni noridu (54 wr.), BigiOpaHi 3 TpaHITIB Ta 1er-
MaTHTiB MOKPOMOCKOBCHOTO MacuBy. [1Jist moOymoBH
KapTu (aKTUYHOTO MaTepiay, CXeMU pO3TallyBaHHs
PI3HUX THIIIB METMATHTIB BUKOPHUCTAHUN MpOrpam-
Hult komruiexke QGis. [yist oTpuMaHHS J1iarpaM BUKO-
pucroBana mporpama MS Excel. XimiuHi aHanizu
rpaniTiB (15 mpo6) Ta mermarutis (6 MpoO) BUKOHAHI
B HayKOBO-JIOCIJTHOMY IHCTUTYTI XiMii XapKiBChKO-

ro yHiBepcureTy iMeHi B.H. Kapa3una.

Pe3ynbraTi. MOKpOMOCKOBCEKHIT MacHB 3/1€0i-
JIBILIOTO CKJIAZIGHUH CePeAHbO3EPHIUCTUMH CBITIO-Ci-
PUMHU TpaHiTaMU, Cepel SKUX 3yCTPIHYTl JaiiKu Te-
MHO-ciporo rpaHomioputy. CBiTIO-Cipi TpaHITH Ha
OKpeMHX TUISTHKaX MIKpOKJIiHI30BaHI Ta HAOyIH po-
JKEBOTO KOJILOPY B Pe3yJNbTaTi Jii mocTMarMaTuyHuX
METaCOMaTHIHUX IPOIIECiB.

3a omricoM MUTi(hiB BCTAHOBJIEHO, IO CBITIIO-Cipi
rpaHiTH ckiajeHi onirokiaazom (35-40%), MikpoKJIi-
HOM (20-25%), kBapoMm (30-35%) ta Giotutom (2-
5%). CTpyKTypa IMOpo/IH TiligioOMOPHO3EPHHUCTA.

TeMHO-Cipi TPaHOOIOPUTH MICTATH: OJIrOKJIA3
(40-55%), mixpoxin (18-20%), kBapir (25%) ta 6io-
TuT (5-7%). CTpyKTYypa — Timi1ioMOPHO3EPHHCTA.

B poxeBux rpaniTax 30ibIIeHa KUTBKICTh MiK-
poxitiny 10 35% 3a paxyHOK OJITOKJIa3y, KiIbKiCTh
SIKOTO 3MEHILY€THCS 10 25%, O10THUT 3aMiIIEHUH XJ10-
PUTOM Ta 3yCTPIiYarOThCS 3elIeH] emiToT-aab0iT-110i-
31TOBI KHJIH.

3rigao TAS-piarpami cBiTio-cipi mopoau Mok-
POMOCKOBCHKOTO MAacHBY BiTHOCSATHCS JO TPaHITIB,
OJIMH 3pa30K 3 TEMHO-CIpUX MOPiJ] — A0 IPaHOIIOPHTIB.

3a QAPF-giarpamoto Ginbiricts mopix Mokpo-
MOCKOBCHKOTO MacHBY TONAJAl0Th B IIOJIE TPAHITIB,
JIUIIIE JBa 3pa3ka 3 TEMHO-CipUX TPAHITIB MOTPATUIN
B T0JIC TPAHOIIOPUTY.

B nprkoHTakTOBUX 30HaX MOKpPOMOCKOBCBKOTO
MacHUBY 3yCTPiHyTi MyCKOBITOBi T'PaHITH, B IKUX MicC-
TUTHCSI MYCKOBIT B KiibkocTi Binm 1 no 15%. Li no-
pPOAM MalOTh TaKUH MiHEpaILHUHA CKIAJ: OJIIrOKIIA3
(35-40%), mikpoxmia (20-25%), xBapm (30-35%),
MycKoBIT (1-15%) Ta 6ioturom (0-4%).

[lermaTtuTOBI KU 3yCTPIYAIOTHCS B CBITIO-Ci-
pHUX Ta POXKEBUX TpaHiTaX, TEMHO-CIpUX TpaHITax Ta
MYCKOBITOBHX TPaHITax MPUKOHTAaKTOBHX 30H, a Ta-
KOX yTBOPIOIOTH BEJIHKE TOJIE B CXiJTHOMY €K30KOH-
TakTi MacuBy y BMicHUX mopoaax (MOKpOMOCKOB-
ChbKe rermarurose nose). [lermaruToBi xuiu, mo 3y-
CTpIHYTI cepe/l POXKEBUX TPAHITIB, TAKOXK MAIOTh PO-
’KEBUH Ta 3eJIEHKYBaTHH KOJIip.

OpieHTOBaHI IETMAaTUTOBI KU XaOTHYHO, BH-
JUTITH IepeBakarodi HaNpsIMKK He BIaeThes. [lerma-
THUTOBI HJIM YaCTO MAIOTh BUTHYTY (DOpPMY Ta po3ra-
JTy>KSHHSI.

[lerMUTHTOBI KWK BUALISIOTHCS B pelbedi mpu
BUBITPIOBaHHI.

[lermaruTOBI KUK B IIEHTPAIBHIN YacTHHI Ma-
CUBY CepeJl CipuX Ta POXKEBUX OiOTUTOBHX I'DaHITIB
MICTATh OIOTHUT. B TIPUKOHTAKTOBHUX 30HaX MacHBY
cepe/l MyCKOBITOBHX TPAHITIB 3yCTPIHYTI MYCKOBi-
TOB1 ETMaTUTH.

XiMiYHUH aHalli3 MPOBEACHUH 3a 3pa3kamH, Bi-
JIOpaHUMU 3 a30HANBHHUX MErMaTUTIB. 32 XIMIYHUM
CKJIAZIOM OIOTUTOBI ITErMAaTUTH OJIN3BKI 10 CBITIIO-Ci-
PHX I'paHiTiB OCHOBHOI (a3u, erMaTuTH MIiCTATh Me-
Hiry kimeKicTh CaO ta 6inbiry KO, 110 mos’si3aHo 3
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A i O e G R O
Puc. 2. Cxema po3ranryBaHHS pi3HUX THIIIB IETMATHTIB.
YepsoHum Kpanom noKazaua 30Ha pO3n0GCO0NCeHHs DIOMUMOBUX Ne2MATNUMIG 8 MENCAX MACUBY,
2COBMUM KPANOM — MYCKOBITNOBUX NE2MAMUNIE 8 MENCAX MACUBY, 3eTeHUM KOHMYpom — MoKkpomockogcvke
neamamumose nojie MyCKO8imogux necmamumis  eH0o- ma eK30KOHMakmi macugy /

Fig. 2. Plan of the different pegmatites types location.
The red dot shows the distribution zone of biotite pegmatites within the massif, the yellow dot shows muscovite pegma-
tites within the massif, the green contour shows the Mokromoskovsk pegmatite field of muscovite pegmatites in the
endo- and exocontact of the massif
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Puc. 3. TAS-niarpama [19] 3 pe3ynbraramu XiMivHOTO aHaITi3y IpaHiTiB MOKPOMOCKOBCHKOTO MacuBy /
Fig. 3. TAS diagram [19] with the results of chemical analysis of Mokromoskovsk pluton granites
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Puc. 4. QAPF-ngiarpama [27] 3 pe3yasraramu neTporpadiqHoro aHauiszy nopig MoKpoMOCKOBCEKOTO MacHBy /
Fig. 4. QAPF diagram [19] with the results of petrographic analysis of Mokromoskovsk pluton rocks

Puc. 5. TlermarutoBa *xwuia, IposiBieHa B penbedi B pe3yibTari BUBITpIOBaHHA y . [eoprieBcbke /
Fig. 5. Pegmatite vein, manifested in the relief as a result of weathering in the Georgiyevske village

Tabnuys 1/ Table 1
BMicTy OCHOBHUX OKCHIIB B IOpOJiaX MOKPOMOCKOBCHOTO MacHBY /
The content of basic oxides in the rocks of the Mokromoskovsk pluton

Hopo;[a/ Oxcupg SiO; | ALO;3 | TiO; | Fe;O3 | FeO MgO CaO | Na,O | KO
I'panit GiotutoBui ceiTino-cipui | 68,28 | 1594 | 0,18 | 1,60 | 0,65 | 0,77 | 4,65 | 342 | 4,38
I'panit GiotutoBuii TemMHo-cipuii | 64,10 | 18,28 | 0,25 | 2,78 | 1,23 | 0,69 | 4,49 | 3,55 | 4,55

I'paniT MyCKOBITOBHH 67,24 | 15,04 | 0,25 1,06 | 1,88 | 0,59 | 3,68 | 445 | 5,53
Ilermarut 010TUTOBUIA 66,76 | 16,12 | 038 | 147 | 1,74 | 0,58 | 3,50 | 3,84 | 5,35
ITerMaTtuT MyCKOBITOBHIA 65,74 | 15,20 | 0,53 | 098 | 1,88 | 044 | 2,77 | 447 | 6,75
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Puc. 6. Jliarpama BMiCTy OCHOBHHX OKCHIIB (OKpIM KpeMHE3eMY Ta TIIMHO3eMY) B TIOPOAax MOKPOMOCKOB-
ChOTO MacHBY: psif 1 — rpaHiTH GI0THTOBI CBITIIO-Cipi, psiA 2 — TPAaHOAIOPUTH OI0THTOBI TEMHO-Cipi, psig 3 —
TPaHITH MYCKOBHUTOBI, psill 4 — IerMaTuTy O10TUTOBI, PSJL 5 — IErMaTUTH MYCKBOBITOBI /

Fig. 6. Diagram of the content of major oxides (except silica and alumina) in rocks of the Mokromoskovsk pluton:
row 1 — light gray biotite granites, row 2 — dark gray biotite granodiorites, row 3 — muscovite granites, row 4 — biotite
pegmatites, row 5 — muscovite pegmatites

MEHIIIMM BMICTOM B TIETMaTUTaX OJIITOKJIAa3y Ta Oib-
MM MIKpPOKJIIHY B IOPiBHSIHHI 3 Tpa”iTamu. B myc-
KOBITOBUX METMAaTHTaX CIOCTEPIracThCsi MEHIIA Ki-
apkicte CaO, ane kinpkicth NayO Ouiblla, IO
OB’ s13aHO 3 HASBHICTIO ab0iTy B ermaruti. B myc-
KOBITOBOMY METMAaTHTi 3Ha4HO OinbIa KimbKicTh KO
B TIOpiBHSAHHI 31 CBITJIO-CIpUM TpaHiTOM, IO
MOB’S13aHO 3 TIOSIBOI0 MYCKOBITY 1 OUIBIIOIO KiJbKi-
CTIO MIKpOKJIiHY.

MyCKOBITOBI NErMaTUTH 3yCTPIiYalOThCS B ITiB-
JNEHHOMY, TIBICHHO-CXiTHOMY Ta IIiBJeHHO-3aXi]I-
HOMY €HJIOKOHTaKTaX MOKPOMOCKOBCBKOTO MACHBY.
B miBgeHHOMY Ta TiBIEHHO-3aXiJHOMY €K30KOHTaK-
Tax MErMaTUTOBI XHUIW 3yCTPIHYTI y BMiICHUX ITOPO-
Jlax Ta YTBOPIOIOTh MOKPOMOCKOBCBKE TIETMaTHTOBE
noJe.

BioruToBi mermaruTn. B nieATpanbHii Ta miB-
HiYHi# 9acTHHI MOKPOMOCKOBCHKOTO MacHBYy BUSIB-
JieHi GI0TUTBMICHI MErMaTuTh. bioTUT-KBapI-MiKpPOK-
JIH-OJITOKJIA30Bi IETMATUTH TIPEACTABIICHI APiOHIMHI
30HAJILHUMU Ta 230HaIbHUMH KHJIbHUMH TiJIaMH ITOTY-
xHicTio 10 10 M. TTommpeni 610TUTOBI IETMATHTH B Ce-
peIrHI MacHBY Ha JIUISHKAX, CKJIaJICHUX 010TUTOBUMHU
BiIMIHAMH TPaHiTIB MOKPOMOCKOBCHKOTO MacuBy. B
paiioHi p. BibHsIHKa BHsiBIeHHI BinbHIHCHKHI TerMa-
TUTOBUI BY3€JL.

B kap’epi HoBomy SIHUiBCEKOTO pomoBHILA 3Y-
CTPiHYTi 30H&JIbHI MErMaTUTOBI >KWIM. 3O0BHIIIHSA
30Ha JIpiOHOKpHCTaIivYHa cKiaieHa 6iotutom (30%),
kBapioM (30%), mikpokiinoM (15%), omirokiazom
(25%). Hactynna 30Ha — KpynHO3EepHHCTA, CKIIaZeHa

MikpokmnaoM (15%), omiroxmnazom (15%), kBapom
(55%) Ta GioturoM (5%). BHyTpimHs 30Ha CKiIaga-
€ThCSI KBApIIOM 1 HasBHA HE B KOXKHIN 30HAJIBHIN
KU,

Ha puc. 8 cnocrepiraerbcs 30BHIIIHS JpiOHO-
3epHUCTa Oarara OiOTUTOM 30Ha Ta OIOTHUT-
MIKpPOKITiH-KBapI[-0JIiIrOKJIa30Ba IIEHTPaIbHa 30Ha.

VY BiacnonenHi Oing c. [eoprieBcbke 3ycTpiHyTa
30HaJbHA TETMAaTUTOBA KHJa TMOTYXHICTIO 5,2 M.
BuninsroTbest Taki 30HA: 30BHIITHS — KPYTTHO3EPHHUC-
Ta 010TUT-MiKpPOKITiH-KBapII-0JIiTOKJIa30Ba, HACTYITHA
30Ha — MHCHMOBA KBapIl-MiKPOKIIiH-OJIrOKIIa30Ba,
BHYTPIIIHS 30Ha — KBapIIOBa.

3yCcTpivaroThCs TaKOXK Aa30HAJbHI JKWIH, IO
CKJIQJIAl0THCS 3 KBaPILY, II0JIbOBHUX IIINATIB Ta O10THUTY.
IHoni GiotuT BigcyTHIN. YacTile KpyIHi KWK 30Ha-
JIBHI, a APiOHI — a30HANBHI. AJle 3yCTpiv4aloThCs 1 He-
BEJIMKi 30HAIBHI JKIJIH.

A3OHaNBHI KUK TIEPECiKatoTh 30HAIbHI, TOOTO
a30HaJIbHI TIETMATUTH € OLTBIT MOJIOIUMH YTBOPEH-
HSIMH.

Y 010THTOBHX TpaHiTaX BHYTPIIIHBOI YaCTUHU
MOKPOMOCKOBCHKOTO MacHBY BUSIBIIEHO CHJIbHY I10-
3UTHUBHY T€OXIMIYHY CIIelliani3allito Ha MOiO/IeH, Ji-
Til, XpOM; TIO3UTHBHY Ha BiCMYT, CBUHEIIb, HIKEIb,
Mijib, Oapiii; HeraTUBHY — Ha cpibio, hocdop, map-
rasensp [16].

MyckoBiToBi merMmatuTi. MycKOBIiTOBI Ta My-
CKOBIT-010TUTOBI MIErMAaTUTOBI JKU/IN BUSBJICHI B €H-
JTOKOHTAKTaX B 3aXi/IHIiH 1 MBIEHHIN YaCTHHI MacUBY,
ajie HalOinbIIa KITBKICTh 3yCTPiHYTa B MiBACHHO-
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Puc. 7. Crinka kap’epa Kam’sHuii SIHIIIBCHKOTO POIOBHINA 3 BATHYTUMH Ta PO3raly>KEHUMH ITErMaTUTOBUMH
skunamu / Fig. 7. Kamyany quarry of the Yantsiv deposit with curved and branched pegmatite veins

CX1JIHOMY KOHTaKTi, Jic BUALJIeHe MOKPOMOCKOBChKE
HerMaTuToBe 1oje. MOKpOMOCKOBCHKE IOJIE IPOCTS-
raeThCs 3 MiBHOYI Ha MiBJICHb, B IPUKOHTAKTOBiH 30H1
MOKpPOMOCKOBCHKOTO MAacHBY Ta BMICHHX IMOPOJax
aynbChKO1, 017103epChKOi Ta KOHCBKOT cepill, JHIMpPo-
METPOBCHKOTO KoMIuTekey (auB. puc. 1) [28]. [lerma-
TUTH B MEXax I0JIsl MOIIMPEHI JOCUTHh HEepiBHOMI-
PHO, YTBOPIOIOTH OKPEMi CKyITYEeHHs — By3/1u. Buss-
JIeH1 YOTHPH BY3JIM NIErMaTUTiB, OB’ s13aHi 3 MOKpo-
MOCKOBCHKMM MaCHBOM: MYCKOBIT-TIOJIbOBOIIIATO-
BUH - Becenwii; iHII Tpy By31M YMOBHO PiJIKiCHOME-
TaJEeBUX Ta PIJIKICHOMETAIEBUX MYCKOBIT-TIOJIHOBO-

) -y - - "N
A " 3L > W0 "b

Puc. 8. 3oHanpHa 6i0TUTBMICHA IIErMaTHTOBA JKWJIa B CTiHLI Kap epy HoBuii SIHUiBCchKOTO pomoBuIa /
Fig. 8. Zonal biotite-bearing pegmatite vein in the pit wall of the Novyi Yantsivskoye deposit

MIMaToBUX nermarutiB: HoBocTenmHsHCbKMA, biaro-
BileHcrKuit Ta [Ipumopcrkuii [ 15].

MyCKOBIT-KBapLI-MiKpOKJIIHOBI, MyCKOBIT-KBap1I-
OJIITOKIIA3-MIKPOKJIIHOBI T2 MYCKOBIT-KBapIl-aib0iT-
MIKpPOKJIIHOBI TIETMATHTOBI JKWJIH, SIKi € TOJOBHHUMU
CKJIaIOBMHU TIETMaTHUTOBOTO TIOJISI, IIOLITHPEH] B €K30-
Ta €HIOKOHTAKTOBHX 30HAX MAacHBIiB MYCKOBITOBHX
Ta MYCKOBIT-010TUTOBHX TpaHiTiB MOKPOMOCKOBCH-
koro MacuBy. Lli mermaTtuTy BUSBIEHO Yy BENMKIiH Ki-
JIBKOCTI BiJICIOHEHB 110 p. Mokpa MockoBka, ix po3-
KPHUTO HU3KOIO CBEPIJIOBHH IIiJ] 4ac TeosIoro-31HoMo-
yHHX poOiT [15].
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Puc. 9. KBapiioBa nieHTpagpHa 30Ha 30HaILHOTO TIETM

aTUTy y BUBITPLIiH merMaTuTOBil sxumii y . [eopries-

ceke / Fig. 9. Quartz central zone of zonal pegmatite in a weathered pegmatite vein in Georgiyevske village

>

L

Puc. 10. AzonaybpHa 010TUTBMICHA TIerMaTuToBa X uiia B OCHOBHOMY Kap’e€pi SIHIIIBCHKOTO POJIOBHILIA B C.
Kawm’stie / Fig. 10. Azonal biotite-bearing pegmatite vein in the Main quarry of the Yantsiv deposit in Kam'yane village

VY ckenbHOMY BijicnoHeHHi 1o p. Mokpa Mocko-
BKa 3yCTPIHYTi MErMaTUTOBI KWK TIOTY>KHICTIO JI0 2
M 30HaJIBHOI Oy0oBH. B 1ux *Xuiax MpUCYTHI TPHU
30HH: 30BHILIHS MYCKOBIT-KBapL-MiKPOKIIIHOBa KpY-
IMHO3EPHUCTA 30HA, KBapI-MIKPOK/IIHOBA MHChMOBA
30Ha Ta IEHTpaJbHA MIKPOKIIH-KBAapI[OBa OJIOKOBA
30Ha. J[piOHI erMaTruTOBI XUIM B IIbOMY X BiJICIIO-
HEHHI a30HajbHI [12].

Hwxue 3a teuiero mo p. Mokpa MockoBka 3y-
cTpinyTi Api6HI (20-30 cM) 30HANBHI METMATUTOBI
sknid. B HUX 30BHIITHS 30HA MYCKOBIT-KBapII-0JIiro-
KJIa3-MiKpOKIIIHOBA Ta BHYTPIIIHS 30HA KBapIIOBa.

30Ha 010K0BOTO KBapIly 3aiimae 10 50% 00’ emy mer-
MaTUTOBUX JKWJI. BMICT MYCKOBITY B MYCKOBIT-
KBapL-MiKpOKIiHOBIH 30Hi gocsirae 30%.

VY paiioHi c. BeceniBcbke y BiJICIOHEHHI cepen
JIBOCITIONISTHUX TPaHITIB 3yCTPiHYTI YMCIICHHI IerMa-
TUTOBI KWK Ta THi3Aa. [1oTyXHICTh )KUI ocsrae 2-
3 M, IPOTSDKHICTH — AecaTku MeTpiB. [lermaruTosi
JKUITM Q30HANBHI, CKJIaJIeHI KPYITHUMH Ta TiraHTCh-
KHMH 3epHaMH KBapIly, MyCKOBITY Ta IIOIbOBHX IITIa-
TiB. Po3mip sycok myckoBiTy - 5x5 cm. Cepenniii
BMICT MycKOBiTy csirae 15-30% [14].

ITermatuty 3 OLIBIIMM PI3HOMAHITTSIM MiHEpa-
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Puc. 11. 3oHanpHa MyCKOBITBMiCHA IIETMaTUTOBA JKWJIA Y BiACIOHEHH1
o p. Mokpa MockoBka y ¢. HarauiiBka /
Fig. 11. Zonal muscovite-bearing pegmatite vein in the outcrop along the Mokra Moskovka River in Nataliivka village

Puc. 1. A30HaHbH MycC
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KOBITBMICHA IIETMaTUTOBA XWJIa Y BiJICJIOHCHHI Oiis ¢. BecemiBebke /

Fig. 12. Azonal muscovite-bearing pegmatite vein in an outcrop near Veselivske village

JBHOTO CKJIA/Ty 3yCTPiHYTi MiBACHHIIIE B €HJI0- Ta eK-
30KOHTaKTI MacuBy. [lerMarWToBi KHIM CKJaja-
IOTBCSI 3 MYCKOBITY, KBaplly, OJIirOKJIa3y, ajip0iTy Ta
MIKpOKITiHY. B 1nux mermarutax 3adikCOBaHHU ITijI-
BHUIIIEHUI BMICT TaHTaly, HI00it0, JIiTiIO, pyOinito Ta
uesito. Bucokuii BMiCT TaHTay 3yCcTpiHyTUH B Opi0-
HHX NErMaTHTOBUX JKUJIaxX IMiBICHHO-CX1JIHOTO €HJIO0-
KOHTaKTy MoxpomockoBcbkoro macusy — 0,005 %, B
acoriarfii 3 aiobdiem — 0,009 %, 3 mitiem — 0,065 %,
py6imiem — 0,050 %, nesiem — 0,005 %. Bmict Tan-
tamy 0,001% BUsABIIEHO B IETMaTUTOBHX KHJIAX, PO-
3KpUTHX cBepioBuHamMu Ne 3266, 3267, 3268.

[lermaruTH, sIKi YMOBHO MOKHA 3a4UCITUTH JIO PiJIKi-
CHOMeETaJIeBHX, BUSBIIEH] y cBeputoBrHax Ne 6, 10,
11, 12 (cBepmnoBunu, npoOypeni mig yac I'TK-50)
[12]. Onucani noponu GopMyIOTs TPH BY3JIU PiaKic-
HOMETAJIEBUX Ta PIiJKICHOMETAJIEBUX MYCKOBIT-
MOJILOBOIIIIATOBUX MEerMaruTiB — HoBoCTemHsSHCH-
kwuii, barosimeHcekuit Ta [lpumopckkwmii [15].
HoBocTenHusiHcbKHiE By3001. Y CBEpIUIOBHHI
Ne6 B inTepBam 166,9-170,5 M 3HaleHO IerMaTh-
TOBY XKWy a30HaJbHY, CKiIajeHy anb0itoM (35%);
kBapuoMm (31%); omiroknazom (20%); MycKOBITOM
(11%), 3yctpinyrwuii rpanar ( 10 3%). Konip nopoau
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pOKEBHI Ta 3eJIeHKyBaTuii. BMicT Hi00i0 B merma-
trti ctanoBuTh 0,01-0,02 %, TanTamy — 0,001 %. Ta-
KOX 3yCTPiHYTI MiABHIIEHI BMiCTH Oepilito, JiTifo,
pyOiniro, riesiro [13]. Y cBepmtoBuHax Nel8-21 omwm-
CaHl YMCIEHH] XWIN MErMaTUTIiB MYCKOBIT-MiKpOK-
JH-TUIATi0KIa30BOT0 CKIIaay moTyx)HIicTio 0,7-3,5 M.
Hanpuxnazn, y cB.Ne 20 B inTepBani 216,6-219,8 m
OMHMCaHWH TIETMATUT POXKEBUH, MIKPOKIIHOBUH, KPY-
ITHO3EPHUCTHH, 3 BETUKUMH JIyCKaMH CBITIIOI Ta Oy-
poi cimtonu. 3ycTpiHyTi KPUCTAI MiKPOKIIiHY PO3Mi-
poMm 110 3 cM. 3a TaHUMH CHIEKTPAIBHOTO aHaMmi3y, y
HUX TiABUIICHUH BMICT Hi00it0 Ta 6epwiito [12].

I[pumopcbkuii By304. Llg npinsHka posramio-
BaHa B €K30KOHTAKTi TPaHITOIAiB XOPTUIBKOI cepii,
aje 3a JyMKOIO HU3KH mochigaukiB [13, 14, 15] He
HaJIe)KUTHh 0 XOPTHIBKOI acoriarii, a ToB’s3aHi 3
MoX0BaHUM MOKPOMOCKOBCHKUM MacuBoM. Kisb-
KicThb nermaruTis B nopoxi csirae 30%. Ilermaruru 3a
MiHEpaJILHUM CKIIAZIOM 1 TEOXIMiTHUMH OCOOIHBOC-
TSMU TIOAI0HI 10 ierMaTuTiB HOBOCTEMHACKKOTO By-
3na. [lermMaruTu By3na SIBISIIOTH COOOIO CBITIIO-Cipi,
1HOII 3 3eJIEHKYBAaTHUM BiTIHKOM Pi3HO3EPHUCTI Ta Ti-
ranTo3epHUCT mopoau. JXKuinu azoHasbHi a00 30Ha-
JIBHI 3 MIOTaHO BUPaYKEHOIO 30HAJIBHICTIO, IO BKJIIO-
YaroTh aIUTITO-TIETMATOIqHY 30HY, KBapIl-MiKpPOKIIi-
HOBY, KBapI-aJbOiT-MiKPOKIIIHOBY, = MIKPOKIIiH-
KBapI-aib0iTOBY (3 rpadiqHOI0 CTPYKTYPOIO) 30HH.
[lermatuTu MarOTh Takuit MiHepanbHUH ckian 3 (%):
kBapity — 30, omirokmasy — 15, ans6ity — 40, Mmycko-
BiTy — 10, rpanary — 3—5. BMmicT Hi00it0 B mermaru-
toBux xkuiax ckmanae 0,013-0,017 %, tanramy —
0,001-0,002 %, cyma piIKiCHO3€MEIbHUX METAIIB —
10 0,14 %, nitito — 0,005-0,007 % [14].

JlocTaTHbO BeMKa MEerMaTUTOBA JKKjla (BUIUMA
noTyxHicTs — 47,0 M) po3kpuTe cBepaaoBuHOIO Nell
B inTepBani 102,6-149,6 m. [lermarut Mae MyCKOBIT-
KBapII-aIb0IT-MIKPOKITiH-TUIAT10KJIA30BHH CKIIal, pO-
JKEBHUH KOJIIp, TIFAHTOKPHUCTAJIIYHY CTPYKTYpy. Y Tie-
TMaTUTIOBIA JKWJI, 32 JaHUMHU IIOJILOBOTO OITUCY,
YMOBHO MOYXHA BUJIITUTH TaKi 30HU: 30BHIIIHS - Tpa-
(ivyHa; HACTyIMHA - MErMaToiHOTO TPaHITy, BHYTPi-
IIHS CKJIAZIeHa TIraHTCHKUMH KpPUCTAaMU albOoiTy,
KBapity i Mikpokiiny[12].

3a JaHWMU CTIIEKTPaFHOTO aHaNi3y, y MerMaru-
Tax MicTUThCA, %: HioOiro — 0,007-0,030; mitiro —
0,002-0,011; omoa — 0,001-0,005; iTpiro — 0,001—
0,007; pinkicHozemenbaux metamis —0,03-0,11 [14].

bnazosiwmencokuii eyszon. IlerMatutoBi >KUIU
BUSIBIICH] cepel] KBapL-CEPULIUT-XJIOPUTOBHX, KBapL-
XJIOPUTOBHX, KBapI-0i0TUT-XJIIOPUTOBHX, 1HOJI Tpa-
HaTOBMICHHX, KBapIIl-CEPUITUTOBUX CJIAHIIIB, a TAKOX
METaIICKOBUKIB. Pimmie TparistoThes (rpaHar)-0io-
TUT-aM(iOOJIOBI ClaHIli, YacTilie B acoliaiii 3 Mar-
HETHTOBUMU CIIAHISIMU 1 KBapIuTochaHmsMu. [ler-
MaTUTH 3yCTPIHYTI HU3KOK KapTyBAIBHUX CBEPIUIO-
BUH Ta NPEACTABICHI JKWIAMH TMOTYXHICTIO HepIi
METpH, BOHH a30HaJIbHI, MyCKOBIT-KBapII-AJIL0ITOBI,

IPiOHO-CEePEMHBO3EPHUCTI, MICIIMA  TTUCHBMOBOL
cTpykrypH. I1im MIKpOCKOIIOM BH3HAUYCHO KBapIl-Mi-
KPOKJIIHOBY aJlbOITOBMICHY MOpPOAY TimigioMopdHo-
3€pPHUCTOI CTPYKTYPH 1 MAaCUBHOI TEKCTYypH; MiHepa-
JTBEHUH CKIIaa: MIKpOKITiH — 75 %, kBapiy — 20 %, anb-
0iT — 5 %, MYCKOBIT — IOOAMHOKI 3€pHa. 3a TaHUMU
CHEKTPAJIILHOTO aHaNmi3y, B MerMaTuTax 3aikcoBaHO
BHCOKHUH BMICT Hi00it0, Oepiitito Ta 010Ba, TOMY I
BY30J1 YMOBHO MO)KHA BiTHECTH J0 piAKiCHOMeTaIre-
Boro [14].

Takum unHOM, B Mexax MOKpPOMOCKOBCBKOIO
MTETMaTUTOBOTO TIOJISI CEpe] TPAHITIB 1 BMICHHUX ITOPIiT
aynbCbKoi, 017103epChKOi Ta KOHCBKOI cepil, AHIIpo-
METPOBCHKOTO KOMIUIEKCY 3YCTPiHYTiI MErMaTuTOBi
KWIA  MYCKOBIT-KBapI-OJTOKJIa30Bi, MYCKOBIT-
KBapIl- MIKpOKJIiH- omirokia3oBi. Ilermaturrn Mok-
POMOCKOBCHOTO TOJISL OiJli, POXKEBYyBaro- W >KOBTY-
BaTO-3€JICHKYBaro-cipi. [lermarutu cxmamaroThCs 3:
oniroknasy Ta ans0ity — 30-55%; mikpokiiny — 15—
40%; xBapiry — 25-60%; myckoBity — 5-30%; akiie-
COpHI MiHepaIH MPeACTaBJICHI KOJIyMOITOM, THTaHi-
TOM, LIUPKOHOM, IPaHaTOM, allaTUTOM MarHeTHUTOM,
piame MoHanmuTOM i TypMaiiHoMm. CrocTepiraloTbes
30HaJIbHI Ta a30HAJbHI IETMATHTOBI YKHUJIH. 30HAIBHI
JKUJIM BKITIOYAIOTh TPH 30HHU: 30BHILIHS 30HA IErMa-
TOIMHOTO TPaHITy MYCKOBIT-KBapI-MiKPOKIIIHOBOTO
CKJIaJy; HaCTyITHa 30Ha MMMChbMOBOTO TPaHITy; BHYT-
pilIHS 30Ha OJIOKOBOTO MErMaTUTy KBAapI-MiKPOKJIi-
HOBOTO CKIIafy. 3yCTPidaroThCsl TAKOK APIOHI XKHITH 3
YiTKOIO 30HANIBbHICTIO [15].

B NpuKOHTAaKTOBHX 30HaX MacHBY KiJIbKICTb Tie-
TMaTUTOBUX JKHJI 3HAYHO 301iJIbIIIEHa B TIOPIBHSIHHI 3
LHEHTPAJILHOIO YaCTHHOIO, 110 CIIOCTEPIraeThCs B YH-
CJICHHUX Kap’epax 1o p. Mokpa MockoBka Ta Bisib-
HSHKA, a TakoX Oyio 3aikcoBaHO TIpH MPOBEICHI
I'TK-200.

B MyCKOBITOBHX METMaTUTOBHX XHIax MOKpO-
MOCKOBCBKOTO ITErMaTUTOBOTO ITOJISl BUSIBJICHI ITiJ[BH-
IIeH1 BMICTH TaHTaIy Ta Hio0ito [4]. B mermaruToBrx
JKHUJIaX MiBICHHO-CX1IHOTO €HIOKOHTaKTY MOKpOMO-
CKOBCBKOTO MacHBY 3YCTPIHYTHI HaWBUIIWI BMiCT
tantany — 0,005 %, wiobiro — 0,009 %, 3 mitiro —
0,065 %, neziro — 0,005 %, pydimito — 0,050 % [14].

BucHoBku. [TerMaTtuToBi XU 3yCTPIYaOTHCS
MOBCIOHO B MeXaX MOKPOMOCKOBCHKOTO MAcCHBY,
ajie B KpaHOBHX YaCTHHAX MacHBY 3pOCTA€ KiNbKiCTh
METMaTUTOBUX JKWJI B MOPIBHSIHHS 3 IEHTPAIHHOIO
gacTuHO0. [lermaruTy, 1moB’s3aHi 3 MOKPOMOCKOB-
CBKHUM MacHUBOM, TAKOX BUSIBJICHI Y BMICHHX TIOpOJax
aynbChbKoi, 017103epChKOi Ta KOHCHKOI cepil, JHIpO-
METPOBCHKOTO KOMILIEKCY TIEPEBAXKHO B IMiBJCHHO-
CXiTHOMY €K30KOHTaKTi MacHBYy. 3ycTpidaroTbcs 0io-
TUTBMICHI Ta MYCKOBITBMICHI HerMaTutu. TUm >Kui
3aJIeKUTh BiJI CKIIaJly TPAHITIB, B SKHX BOHHU 3yCTpi-
HYTH: y OI0TUTOBUX TpaHiTax 3ycTpivarThes 0i0TH-
TOBMICHI IETMTaTHUTH, B IBOCIIOSTHUX Ta MyCKOBITO-
BUX TpaHiTaX 3yCTPIYarOThCS MYCKOBITOBMIiCHI
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IerMaTuTH. biOTUTOBI MMErMaTUTH 3yCTPIHYTI Maixke
BHKJIIOYHO B CEpEIUHI MacHBY. biOTUTBMICHI mermMa-
TUTH CKJIAJIAIOTHCS 3 O10TUTY, MIKPOKJIiHY, KBapIly Ta
oJtiroksazy. MycKOBITBMICHI MIiCTATh MYCKOBIT, MiK-
POKJIiH, KBapIl, OJITOKJIa3, albOiT.

B Mexax MOKpPOMOCKOBCBKOIO MacHBY Ta B
HOT0 CK30KOHTAKTI BUSBJICHI 30HAJIbHI Ta a30HAJIbHI
IIETMAaTUTOBI KWJIH, a30HAIBHI MEpPeciKaroTh 30Ha-
TBHI JKWIH. MyCKOBITOBI MErMaTUTH 3yCTPiHYTI B
MPUKOHTAKTOBUX 30HAX MacHBy Ta y BMICHHX

MTOpOAaXx, Ii IErMaTUTH YTBOPIOIOTH B CXiTHOMY CH-
JTOKOHTAKTI1 Ta €K30KOHTaKTi MOKPOMOCKOBCHKE TTeT-
MaTuTOBE mMoOJNie. MOKPOMOCKOBCHKE MErMaTHTOBE
noJie 00’ €IHy€E YOTHPHU BY3JIM NIETMaTuTiB: Becemnuii
MYCKOBIT-TIOJIbOBOIITIATOBUX IEeTMaruTiB, biarosi-
meHckkuid, HoBocTemusaebkuit Ta [IpuMopchkuii pi-
JIKICHOMEeTaJeBuX rnermaruTiB. s nermarutie Mo-
KPOMOCKOBCBKOTO TIETMaTHTOBOTO MOJISI XapaKTepHi
MiBUIIEHI BMICTH TaHTAaITy, Hi00if0, JTiTit0, Oepiiiro,
pyOimiro, 1e3it0, IHOMI - PiIIKICHO3EMEIILHUX METAJIIB.
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Pegmatites of the Mokromoskovsk granite pluton
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ABSTRACT

Introduction. The Mokromoskovsky pluton is composed of light gray granites and dark gray granodiorites. Light
gray granites are composed of oligoclase (35-40%), microcline (20-25%), quartz (30-35%), and biotite (2-5%). Dark gray
granodiorites contain oligoclase (40-55%), microcline (18-20%), quartz (25%), and biotite (5-7%). Light gray granites
are microclinized in some areas and have acquired a pink color as a result of post-magmatic metasomatic processes.
Muscovite granites containing muscovite in an amount from 1 to 15% are found in the contact zones of the Mokromoskov-
sky pluton. These rocks have the following mineral composition: oligoclase (35-40%), microcline (20-25%), quartz (30-
35%), muscovite (1-15%), and biotite (0-4%).

Materials and Methodology. The classification of pegmatite is based on field observation of pegmatite and de-
scription of 54 thin sections. The map was created with QGIS, and the diagram was created with MS Excel. Chemical
analyses of granites (15 samples) and pegmatites (6 samples) were conducted at the Research Institute of Chemistry of
V.N. Karazin Kharkiv University.

Main Results. Biotite-bearing pegmatites. Zonal pegmatite veins are composed of biotite (30%), quartz (30%),
microcline (15%), oligoclase (25%). The next zone is coarse-grained, composed of microcline (15%), oligoclase (15%),
quartz (55%) and biotite (5%). The inner zone is composed of quartz and is not present in every zonal vein. Sometimes
zonal pegmatites contain a zone of written granite. Azonal pegmatites are composed of coarse grains of oligoclase, mi-
crocline, quartz, and biotite. Muscovite-bearing pegmatites. Zonal veins include three zones: an outer zone of pegmatoid
granite of muscovite-quartz-microcline composition; a subsequent zone of written granite; an inner zone of blocky peg-
matite of quartz-microcline composition. Azonal pegmatites are composed of coarse grains of oligoclase, albite, micro-
cline, quartz, and muscovite. The muscovite content reaches 30%.

Conclusions. Two types of pegmatite veins have been identified - biotite-bearing and muscovite- bearing. Muscovite
pegmatites occur in the southern, southeastern, and southwestern contact zone of the Mokromoskovsk pluton. Biotite
pegmatites are encountered in the central part of the pluton. In the southern and southwestern contact zone, pegmatite
veins are encountered in host rocks and form the Mokromoskovsky pegmatite field. Zonal and azonal pegmatite veins
have been identified. Biotite-containing pegmatites consist of biotite, microcline, quartz, and oligoclase. Muscovite-con-
taining ones contain muscovite, microcline, quartz, oligoclase, albite. Zonal and azonal pegmatite veins have been dis-
covered; azonal veins intersect zonal veins. In the muscovite pegmatite veins of the Mokromoskovsky pegmatite field,
high contents of tantalum, niobium, lithium, beryllium, rubidium, cesium, and sometimes rare earth metals have been
discovered.

Keywords: Zaporizhia region, Mokromoskovsky granite pluton, pegmatite, pegmatite vein, granite.
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CrarTs npuCBsIYCHA JOCTIHKEHHIO IMiUTYKHOT CBITH IOpCchKoi crcteMu [TiBHIUHO-3axiqHO1T okonmumi JJoHebKoi cKilaq4acToi cro-
pyznu. BeraHoBneHui ii pedOBUHHMH CKJIaA Ta 0COOIMBOCTI HOTO 3MiHH IO PO3pi3y Ta IO IUIOMIi B MEXaxX OKONHIL c. Kam’sHka, 1110
Ha miBAeHHIN [3romMmumHi. JlocmiaKeHHs BKIIOYAo aHaJi3 JTepaTypHUX JaHHUX Ta PE3yIbTaTiB KapTyBaHHs, a TAKOXK BIIACHI CIIOCTEpe-
»keHHs1. [IpoBeaeHO TaIeOHTONOTIYHIN, B TOMY YMCIIi BIIEpIle JeTAIBHUI NMaIiHOMOTIYHUI aHaJi3|, Ta y3arajlbHeHi JaHi [Ipo MOIIn-
PEHHSI BCIX BHKOITHHX PEIITOK, 0 Oy/In BCTAHOBJIEHI B IiTy>KHIH CBiTi. B cTaTTi 3BeneHi Bei monepeHi ajJeoHTOJIOTIYHI JaHi Hay-
KOBIIIB Ta JIOTIOBHEHO BITACHUMH JOCIIDKCHHSAMH. 3arajioM Iie — Opaxiornoju, roJI0OBOHOTT MOJIFOCKH, YePEBOHOTT MOJFOCKH, TBOCTYII-
KOBI MOJIFOCKH, MaJIaKOCTPaKH, OCTpaKoay, popamiHipepy, KyTHKYIHU Ta Tpaxeiny JepeBUHH, PEIITKH IPasHHO(DITOBUX Ta AUHO(ITO-
BHX BOIOPOCTEH, aKpUTApXH Ta CHOPH 1 MIJIOK BUIUX pociuH. [limmykHa cBiTa, B MeXax JOCIIIKEHOI TEpUTOpii, IpeacTaBIeHa
JOCUTh OOJHOMAHITHUMH IMTMHAMH. [ TTHHU T1APOCITIONHCTI 3 HE3HAYHOIO JOMIIIKOI0 MOHTMOPULIOHITY Ta Kaominy. Komip miuH TemMHO-
cipuii MicusMH 3 OTaKUTHUM BiATiHKOM. [TTHHH MiCTATH KapOOHATHI (CHASPUTOBI Ta KaabIUTOBI) KoHKpemii. [TaneonTomoriuni 3anu-
LIKH 3yCTPIYalOThCA YacTo 1 IO BChOMY po3pidy cBiTH. [IpeacTaBineHi MOPCHKUMHU IPyTaMH, B TOMY YHCIi BRKIMBHMH 3 TOYKH 30pY
ctparurpadii. BcranosneHi 301U 3a amonitamu Garantiana garanti, Parkinsonia parkinsoni ta nona Pseudocosmoceras michalskii,
1110 JO3BOJISIE BIIEBHEHO JaTyBaTH BiAKJIa U BEPXHIM 0allocOM — HH)KHIM OaTtoM. XapaKTepHOIO 03HAKO0 Oaifocy € JOMiHyBaHHS Haro-
porenonionux Dictyophyllidites Ta mosiBa Neoraistrickia rotundiformis, Duplexisporites anagrammensis, Converrucosisporites
disparituberculatus, Laevigatosporites ovatus, Leptolepidites major, Densoisporites velatus Ta nunky rononacinuux Callialasporites
dampieri, Araucariacites australis, Vitreisporites pallidus. TTosiBa G11bII0T KITBKOCTI POJIIB TUIABYHIB, By’Ka4KOBUX Ta iH. Foveosporites,
Klukisporites, Lycopodiacidites Ta Uvaesporites, a Takox mamnopotenonionux Clathropteris obovata var. magna Ta NTOMiHyBaHHS
Concavisporites Bupi3Hse 6archKi Binkinagn. @opMyBaHHS CBITH MPHUIAJAE HA MAKCHMYM CEpPeIHbO-TII3HBOIOPCHKOI TpaHCTpecii 3 HO-
PMaIbHO MOPCHKHMH YMOBAMHU HAKOTIMYEHHS OCaly, POIOBXKYIOTHCS TU(EpeHIiiOBaHI TEKTOHIYHI PyXH JIOKATEHUX CTPYKTYP.

Knrwuoei cnosa: opcoka cucmema, nionyscna ceima, Ilisniuno-3axionuii /Jonbac, cmpamuepaghis, 1imono2is, naieoumonoziui
pewmxu.

SAx nntyBaTtn: MatseeB Aunpiii, [lleBuyk Onena (2025). CtpaTturpadis ropcbkoi cucremu paifony cena Kam’saka. Yactuna 3. IimmyxHa cBira.
Bicauk XapkiBchkoro HamioHanabHoro yHiBepcutery imeni B. H. Kapasina, cepis «['eonoris. Ieorpadis. Exonoris», (62), 72-84.
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of V. N. Karazin Kharkiv National University. Series Geology. Geography. Ecology, (62), 72-84. https://doi.org/10.26565/2410-7360-2025-62-05 [in
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Beryn. L5 ctarTs € npofoBXKEeHHIM HU3KU y0-
JKaIlid, MpUCBsiYeHUX cTparurpadii OPChKUX BigK-
JIAIIB OTHOTO 3 KIIFOUOBHUX B IIbOMY BiJTHOIIICHHI paii-
OHIB MiBHIYHO-3axigHOr0 JloHbacy — okonwuip C.
Kam’staka Ta M. [3tom. CraH nmpo6ieMu Ta aHai3 1mo-
nepeaHiX poOiT NpUBeAeHI HaMU y TEPIIi CTaTTi
[16].

[ligny>xHa cBiTa CKJIaZieHa MaiKe BUKJIFOYHO Te-
MHO-CIpUMH TJIMHAMU Ta HE MPEACTaBICHa Ha BEJH-
kux BifcnoneHsx. Yac Gopmysanus 11 npumnagae Ha
mi3Hili Oaifoc — paHHii 6aT Ta 100pe 00TrpyHTOBAHHIA
MAJICOHTOJIOTITYHUMH 3aJTUILIKAMH.

AHaJti3 monepeaHix myosrikamii.

B cxemi O.0. Bopucsika 1917 poky, Binknamu mi-
JUTY’KHO1 CBITH BXOASATH B €/JMHY 1CKYBaTO-IJIMHUCTY
CBITY, SIKa Bi/IMIOBiTa€ BCil cepeHiil 1 YacTuHI Bepx-
HBOi Fopu. Briepiiie 115 cBita ujisiena JI.®. Jlynrepc-

ray3eHoMm y 1941 poui [12] Ta onucana y 1942 poui
[13], HUM BiIMIYA€THCS OAHOPITHICTH JITOIOTIYHOTO
CKJIQ/Ty Ta JIENIO Pi3HUIA XapaKTep BiJIKIa/iB B 30HAX
BiJIHOCHOTO IMiHATTS Ta HPOTUHAHHS.

B nopanbromy 1i BiKJIaau B paH3i CBITH HE PO-
3MISAAANNCH, a BIHOCHIINCH JO OO0'€HAHUX BEpX-
HBOTO Oaifocy — HIKHBOTO Oary.

Hapewrri, B y3aranbHIOBajJbHI MoOHOTrpadii
2013 poky [6] BOHUM 3HOB OIMCaHi B paH3i CBIiTH, BTIM
HOBHX JIaHWX HE HABEJICHO, & OIHC JIOCUTh CXEMAaTH-
YHUH.

Binkiagu 6aiiocy Ha Teputopii /13 3a nonomo-
TOI0 CIIOPOBO-ITMJIKOBOTO aHaji3y Oynu crpaTthdiko-
Bani K.B. Cemenosoto [19], I'B. IlIpamkosoro [28] B
pansi spycy. O.A. IlleBuyk HONOBHEHO HOBUMH [ia-
HUMHU, BKIIFOYAF0YH CTIOPOBO-TTHIIKOBUI aHaIi3 Ta BU-
BYCHHSI IHITUX MIKpodOCHITiii, a TAKOXK BIEpIIIe BCTa-

© Mameees AHOpiIl, LLlesuyk OneHa, 2025
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HOBJICHI 01030HAJIBHI MIiAPO3IIIN 32 AWHOIUCTAMH
0e3nocepentubo mimmyxHoi ceitu /3 [21, 24-26,
30-33]. ITaninomopdu pPOCIMHHOTO MOXOKEHHS 3
IOPCHKHX BiAKIAAIB, TaKi SK KyTUKYIH Ta Tpaxeiau
Oynu omucaHi paHilie Ha TepUTOpii YKpaiHu BKIIFO-
gyHo 3 JI/I3 Ta Ha Tepuropii Hdonbacy [22-23].
Marepiaj Ta meroau. [1ijuryxHa cBiTa Mae mm-
poke momupeHHs Ha KaM’sTHCBKiH TUToIIi ane ocKi-
JBKHA CKJa/IeHa BOHA IEPEBAKHO TIIMHAMH, OiTBII
MEHIII 3Ha4Hi ii BiJCIIOHCHHS BifncyTHI. Cami HUXHI
BIJIKJIQ/IM CBITH BiJICJIOHIOIOTHCSI B KOJHUIIHBOMY XY-
topi Ilimmyxuuit (Byn. 3acmonosa, M. [3tom). binbm
MOBHE BificToHeHHA € B sipy B ¢. Cyxa Kawm’sHka,
SIKMH MPOCTATAETHCS MiBHIYHILIE AOPOTH Ha c. Spe-
MiBKy. Takox 11i Biikiaanu Oylid BCKPUTI CBEPIIOBH-
Hoto 6730, miBHiuHiIIE c. Mana KomurryBaxa (puc. 1).
Hamu Oynu nmpoaHaizoBaHi JlaHi, OTpUMaHi i
Yac KapTyBaJbHUX Ta MONIYKOBHX POOIT Pi3HOTO Ma-
cmrady, sSKi MPOBOAMINCH B paiioHi ¢. Kam'sHka, a

TaKOXK y3arajlbHEHI BIIOMOCTI 3 BIaCHHX 300piB Ta
JTepaTypHUX JAaHUX IMPO 3HAXIIKH BHUKOITHUX DPEIII-
TOK.

Takok, MPOBEICHO Malepamilo JOCTIHKEHNX
mopig B nabopatopii [HCTUTYTy TreonoridHuX HayK
HAH VYxpainu 3a cTaHIapTHOIO METOIMKOIO TIEPBUH-
HOi 00p0oOKHM 3pa3KiB Ha MATIHONOTIYHUAHN aHaMI3.

PesyabraTtu Ta o0roBopenns. IlixmyxHa cita
Buninena JI.@. Jlyarenpcrayzesom y 1941 por,
CTpaTOTUN BKa3aHWil He OyB, IMOBIpPHO Iie BUXOAM
TEMHO-CipuX TuH 61t xyTopa [ligmyxuuii (3apa3 B
Mexax M. [3tom). Haxkams, cTpaTtoTruiioBa MicIieBiCTh
3apa3 3HaXOAUTHCS ITiJ] MiCHKOI0 3a0y/T0BOXO 1 BiJICIIO-
HIOIOThCA JHIIE 11 HeBelIWuKi ¢parMeHTH. B sxocTi
HEOCTPATOTHITY MOXXHa BKa3aTH BiJICTIOHEHHS CBITH
oins c. Cyxa Kam’stHKa, B SIpY, KU MPOCTITAETHCS
Ha miBHIY mapanensHo qoposi Cyxa Kam’siaka — Spe-
MiBka. [Tommupena sk B JI/13, Tak i Ha miBHIYHO-3aXi-
nHiH okpaini JJorOacy.

o pore

Tonanscbke

&,

¥k c6pd.6730

o

Man.Komuwysaxa Cyxa Kam'siHka

Puc. 1. Cxema po3millieHHs TOCITIIKEHUX po3pi3iB / Fig. 1. Scheme of placement of the investigated sections

Jimonozia. JliTonoriunuii ckman mimTyKHOL
CBIiTH AeTainbHO nociimpkenuii [.B. Kaprnosoro Ta B.I.
KocmadoBum [11]. OcHOBHa, TIHHWCTA, YacTHHA
CBITH CKJIaJICHA T1JIPOCIIOIaMH 3 HE3HAYHOIO JIOMIIII-
KOI0O MiHepally MOHTMOPIJIOHITOBOI Ipynu Ta Kao-
niny. [TMHE MalOTh NIEPEBAXKHO OJJHOPIJHY TEKCTYPY
aze 3ycTpivaloThes 1 mapysari Teketypu. Komip me-
PEBaXHO TEMHO-CipUH 1HOMI 3 OJTAKUTHUM BiATiHKOM.

B ToBIIIi TIMH, 0CO0IMBO B TX HIDKHIN 4acTHHI
3ycTpivaroThes KapOOHATHI KOHKpEIIii eninconomio-
Hoi popmu 1o 1,2 M giamerpom. CkIaieHi BOHU CH-
JIEpUTOM ab0 KaJbIMTOM. 3a3BHUYail B TOPU30HTAX
KOHIEHTpalii KOHKpeUill Ta B cCaMUX KOHKPELisiX 3y-
CTPIYaAIOTHCS 3AMIIKY Ta BIIOUTKH MakpodayHH.

B BepxHiil yacTuHI CBITH 30UIBIIY€ETHCS BMICT
MiCKYBaToOro marepiany OO MOSBH JIiH3 IIIMHHUCTOTO
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MICKOBUKY Ta aJieBpoNiTy. Baxkka hpakiris y1aMKoBOT
CKJIQIOBOT IIIMH CKJIQIAETHCS 3 IIUPKOHY, TypMaJliHy,
eMiIoTy, IICTeHyY, CTaBpOIIITY, TpaHary, pyTity. Bre-
pliie B IOPCHKUX BiJKJIaaX KaM'sTHCHKOT TUIOIII 3'sIB-
JISIETHCS] poroBa 0OMaHKa, AKa CKiagae 1o 6-7% Bciel
Baxkkoi dpakiii [7].

Haneonmonoziuni pewmku. B xinui Oaiiocy
BIIEpIIIE B FOPCHKOMY IIE€PiO/i HA TEPUTOPIi MiBHIYHO-
3axigHoro [loHOacy BCTaHOBIIOETHCS HOPMATHHO-
MOpPCBKHiT peskuM. BTim, pu cyTTEBOMY 3pOCTaHHI,
MOPIBHSHO 3 KOKYJIMHCHKUM Ta YE€PKAaChbKHM 4acoM,

- 0

010piI3HOMAHITTA, KUTBKICTh 30€pEKEHUX PEITOK Bi-
JTHOCHO HEBEJHKA. 3JINIIKN MaKpo(hayH! MPeICTaB-
JIeHI TepeBaKHO y BUMIAAL BinOuTkiB. Haiikpara
30epeKeHICTh MPUTAMaHHA 3aJUIIKAM B CHACPHUTO-
BHX KOHKpEIIiSiX, ajie JajieKo He Y BCiX KOHKPEIisx
3IMIIKK  3ycTpivaloTbesa. MikpodayHa 3ycTpiva-
€THCS 10 BC1H TOBIII B HEBEJIHMKIN KIIBKOCTI.

Cnopu ma nunok suwux pocaun. IlaniHonoriasi
KOMIDIEKCH 3 BiAKIIA IiB MiITyKHOI CBiTH paiiony Ka-
MSTHKH (pHC. 2-5.) XapaKTepu3yIoThCs MOCITiAOBHIMU
THIIOBUMU OAUlOCLKUM Ta OAMCbKUM CTIOPOBO-TTHI-

Puc. 2. Criopu BUIIMX POCIIMH 3 BiAKJIaAiB HiUTY>KHOI CBITH MiBHIYHO-3aXiHO1 okpainu JoHbacy.
A. Converrucosisporites disparituberculatus Vin. (6aiioc). B. Matonisporites phlebopteroides Coup.
(6atioc). C. Matonisporites elegans Hunt (6at). D. Clathropteris obovata var. magna Tur.-Ket. (6ar).
E. Cyathidites australis Coup. (6aitoc). F. Cyathidites asper (Bolch.) Dett. (6ar). G. Cyathidites mesozoicus
(Thiergart) Potonie (6aiioc). H. Foveosporites pseudoalveolatus (Coup.) M. Voronova (6ar).

1. Concavisporites sp. (6ar). J. Concavisporites junctum (K.-M.) Semenova (0ar). K. Dictyophyllidites morto-
nii (de Jersey) Playford & Dettmann (6atioc). L. Dictyophyllidites vulgaris (Mal.) Semenova (6aiioc).
M. Retitriletes cerniidites (Ross.) Sem. (6at). N. Retitriletes austroclavatidites (Cookson) Doring et al. in
Krutzsch (6at). O. Retitriletes rotundus (K.-M.) Semenova (0ar). P. Duplexisporites anagrammensis (Kara-
Murza) Playford & Dettmann (6aiioc). Q. Biretisporites sp. (6atioc). R. Hymenozonotriletes sp. (6aiioc).
S. Laevigatosporites ovatus Wilson & Webster (6aitoc). T. Osmundacidites wellmanii Couper. (6aitoc) /
Fig. 2. Spores of higher plants from the sediments of the Pidluzhna formation of the northwestern outskirts of Donbas
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Puc. 3. MimkoBwuii MWJIOK TOJIOHACIHHUX 3 BiJIKJIa IIB IMiJUTy>KHOT CBITH MIBHIYHO-3aX11HOT oKpainu JloHoOacy.
A. Alisporites australis De Jersey (6aiioc). B. Alisporites similis (Balme) Dettmann (6at). C. Piceaepol-
lenites sp. (0at). D. Alisporites robustus Nilsson (6aiioc). E. Parvisaccites sp. (6atioc). F. Parvisaccites sp.
(6art). G. Protopinus sp. (6aiioc). H. Protopinus subluteus Bolch. (6aiioc). I. Podocarpidites sp. (6aiioc).
J. Quadraeculina sp. (6aiioc). K. Podocarpidites major Couper (6atioc). L. Podocarpidites sp. (6at) /
Fig. 3. Gymnosperm (saccate conifer) pollen from the sediments of the Pidluzhna formation
of the northwestern outskirts of Donbas

KOBHMH KOMIUTEKCAMH, TOOJMHOKUMH JMHOIIUCTAMU
Ta THITUMHA MIKPO(POCHITISIMH.

BceranoBnenuit 6atiocekuii CIIOpOBO-TTHIIKOBHIA
KOMIUIEKC TIPEJICTABICHUH CIIOpaMH, 110 CTAHOBIISTh
66%, TUITKOM TOJIOHACIHHUX pociuH — 31%, iHmi —
3%. Cnopu HanexaTb MOXONONIOHHMM, IUIaByHaM,
XBOIIaM 1 mamoporenoaioHuM. 3adikcoBaHO 3HAUHY
yuacth crnop Dictyophyllidites spp. (Dictyophyl-
lidites vulgaris (Mal.) Semenova, Dictyophyllum ru-
gosum (Linaley and Hutter) emend. Krutch, Dictyo-
phyllidites mortonii (de Jersey) Playford & Dettmann
Ta iHmi). [TocTiiHO HasBHI BUAHU, 10 MAIOTh IIUPO-
KMi Aiana3oH po3BUTKY B topi — Cyathidites spp.,
Marattisporites sp., Biretisporites sp., Hymenozono-
triletes sp. Tpamsiotbes criopu ponaue Gleicheni-
aceae, Matoniaceae, MOOAWHOKI CIIOpPH POJUHHU
Dicksoniaceae — Concavisporites sp. Criopu miayHo-
BUX, Y)KOBHUKOBHUX Ta CEJATTHENIEBUX TPAIUISIOTHCS
MOCTI¥HO, ajie B He3HauYHi# KibkocTi: Ophioglossum
sp., Selaginella sp., Leptolepidites sp., Den-
soisporites velatus Weyland and Krieger, Os-
mundacidites jurassicus (K.-M.) Kuz. Haiixapakrep-
Hillla O3HAKa JUIsl CHEKTPiB Oaiiocy — HAasBHICTB CIIOp
Neoraistrickia rotundiformis (K.-M.) Taras (2 %).
Bceranosneno criopu Duplexisporites anagrammen-

sis (Kara-Murza) Playford & Dettmann, Laevi-
gatosporites ovatus Wilson & Webster, Converruco-
sisporites disparituberculatus Vin., 1o XapakTepHi
Juts 0alioChKHX MaliHocHeKTpiB. Bussieno dopmu,
3auuClieH]l 10 WITy4yHOI Kinacudikamii rpym: Leiot-
riletes sp. ta Trachytriletes sp. TuroBumu 1151 cepe-
MHBOIOPCHKHUX CHEKTPIB € cropu Lygodioisporites
perverrucatus Coup. (puc. 2). Cepen roJoHACIHHUX
3HaYHUH BiZICOTOK CTAHOBUTH MHJIOK Alisporites spp.
Ta MMWIOK TPaJaBHIX COCHOBUX, ONM3BKHUX /0 Cydac-
HuX poaunu Pinaceae (Protopinus sp., Pseudopicea
sp.), mnoomuHoki Podocapaceaec (Podocarpidites
spp.). Takok BCTAaHOBJIEHO MHIIIOK XBOWHUX HE3 SICO-
BaHOTO CHCTEMAaTUYHOTO MostoxkeHHst: Quadraeculina
sp. (puc. 3). OnHOOOPO3HI MUIKOBI 3¢PHA TOJIOHACIH-
Hux npeacrasneHi:  Callialasporites  dampieri
(Balme) Sukh Dev., Chasmatosporites elegans Nils-
son, FEucomiidites troedssonii (Erdtmann) Pot.,
Monosulcites minimus Cookson, Cycadopites sp.,
Equisetites variabilis Vin., Cerebropollenites macro-
verrucosus Schulz, C. mesozoicus Nilsson. Takox
4acTo TparuisieTbes MIOK poanH Ginkgoaceae, Ar-
aucariaceae 3Ha4HO MeHIIe muky Cupressaceae, mo-
OIMHOKI ex3eMiusipu nuiky Classopollis sp. (puc. 4).

Ipasunogimu. Y nOCIKSHHUX 3pa3Kax 3 BiJK-
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Puc. 4. OnHo60pO3AHMI MMIOK TOJIOHACIHHUX 3 BiAKJIAiB MiJUTY>KHOI CBITH MIBHIYHO-3aX1JHOI OKpaiHH
Houb6acy. A. Classopollis cf. classoides Pflug emend. Pococket Jansonius (6at). B. Chasmatosporites
elegans Nilsson (6atioc). C. Eucomiidites troedssonii (Erdtmann) Pot. (6aitoc). D. Monosulcites minimus
Cookson (6atioc). E -F. Cycadopites sp. (6aiioc). G. Taxodiaceaepollenites hiatus (Potonie) Kremp (6ar).
H. Perinopollenites elatoides Couper (6ar). L. Jiaohepollis flexuosus Miao (6ar). J. Equisetites variabilis
Vin. (6atioc). K. Araucariacites australis Cookson (6atioc). L. Inaperturopollenites dubius (Potonié et
Venitz) Thomson et Pflug. (6at). M. Callialasporites dampieri (Balme) Sukh Dev. (6aiioc).

N. Cerebropollenites macroverrucosus Schulz (6aitoc). O. Cerebropollenites macroverrucosus Schulz (6ar).
P. Cerebropollenites mesozoicus Nilsson (6atioc) /

Fig. 4. Monosulcate gymnosperm pollen from the sediments of the Pidluzhna formation
of the northwestern outskirts of Donbas

JIQJIB MiUTY>KHOT CBITH BHSIBJICHO PEIITKH 3€JCHHX
BomopocTeit Tasmanites spp. Ta TOOIUHOKI akpu-
mapxu -Micrhystridium fragile Defl. [27] (puc. 5).
Kymuxynu, mpaxeiou. CuctreMaTnuHe MOJI0XKEH-
HsI BCTAaHOBJICHHUX TUCIIEPCHUX KYTHUKYJ MOXKHA TTOB'-
SI3aTH 3 TAKUMHU KPYTTHUMH TAKCOHOMIYHHUMU OJMHU-
LSIMU SIK TIHKTOBI, [IUKAI0B1, XBOMHI 1 1H. MakcuMa-
JILHUH po3Mip (parMeHTIB KyTHKyd Onau3bko 150
MkM. Jlocmimkena Hamu JiiHroragoduiopa — Tpaxe-
inu, 1110 BCTAaHOBJICHI B 0all0ChKUX Bigkianax (mepe-
BaYKHO TIIMHUCTHX ITPOIIAPKaX ) BUSBHIIMCH [TEPEBAXK-

HO TEMHUMH (pparMeHTaMH, 0 MOXJIUBO Oysin 00-
JIIMOBaHi cMOJI010 (pHC. 5).

BcranoBnenunit 6amcvkuii  CIOpOBO-TIMIKOBHN
KOMIUIEKC TPECTABICHUH CIIOpaMH, 10 CTAHOBIISTh
68 %, MUJIKOM TOJIOHACIHHUX POCIHH — 29 %, 1HIi —
3 %. Cropu HasieXaTb MOXOINOAIOHUM, IJIaByHaM,
xBolLIaM 1 marmoporenonioaum. Cepen crop AOMiHY-
totb Coniopteris sp., Cyathidites australis Coup. Cy-
athidites asper (Bolch.) Dett., nemio MeHie B opis-
HSIHHI 3 0allOCBKUM KOMILIEKCOM Biretisporites sp.,
Dictyophyllum sp. 3011bIIy€ThCS Yy4YaCTh IIJIaByHIB
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F

H

Puc. 5. Mikpodocwuii 3 BigkiIaaiB miTy>KHOI CBiTH IiBHIYHO-3aXigHOI oKkpainu Jlonbacy. A. Dinocyst -
Kallosphaeridium sp. (6at). B. Dinocyst — Trichodinium sp. (0at). C. Tasmanites sp. (6aiioc). D. Acritarchs -
Micrhystridium fragile Defl. (6atioc). E-F. Tracheids (0atioc). G. Cuticle - anakcianpHa KyTHKyIa (0aT).
H. Cuticle - abaxkcianpHa KyTHKyna (6aiioc) /

Fig. 5. Microfossils from the sediments of the Pidluzhna formation of the northwestern outskirts of Donbas

Neoraistrickia rotundiformis (K.-M.) Taras., Reti-
triletes austroclavatidites (Cookson) Doring et al. in
Krutzsch, Retitriletes cerniidites (Ross.) Sem., Reti-
triletes rotundus (K.-M.) Semenova. Y He3HauHIH Ki-
npKocTi HasiBHI criopu ponunu Gleicheniaceae - Glei-
cheniidites laetus (Bolch.) Bolch, Plicifera delicata
(Bolch.) Bolch. Beranoeneni Clathropteris obovata
var. magna Tur.-Ket., sixi € xapakrepHuMHU U1t O6aT-
ChKUX CIIOPOBO-TMJIKOBHX KOMIUIEKCIB. Tparuis-
IOTBCSI  MTOOMMHOKI  eK3eMIuIsipu  Matonisporites
phlebopteroides Coup. M. elegans Hunt, Con-
cavisporites junctum (K.-M.) Semenova, Os-
mundacidites sp., Densoisporites sp., Sellaginella
sanguinolentiformis Sach. and lljina, Foveosporites
pseudoalveolatus (Coup.) M. Voronova. Bigmiueni
CTHIOpH HE3’SCOBAHOTO CHCTEMATHYHOTO TOJIOKCHHS
Calamospora mesozoica Coup. (puc. 2). Cepen roso-
HACIHHUX TepeBaxkatoTh Alisporites spp., Pinuspol-
lenites sp., Piceapollenites sp., Parvisaccites sp. Ta
MWIOK JIaBHIX TPENCTaBHUKIB Protopinus  sp.,
Protopinus sublutes Bolch. [33]. TlocrifiHo HasBHI
MUJIKOBI 3epHa pociuH pomuHu Podocarpaceae. Xa-
PaKTepHHUM € THJIOK OHOO0pO3HOTO TUTY Quadrae-
culina sp., Taxodiaceaepollenites hiatus (Potonie)
Kremp., Perinopollenites elatoides Couper, Arau-
cariacites australis Cookson, Jiaohepollis flexuosus
Miao, Inaperturopollenites dubius (Potonié et Ve-
nitz) Thomson et Pflug. 30inbuiena ygacts mopis-
HSHO 3 0aHOCHKUMU CIIEKTPaMH, TIHTOBHX, KUIAPH-
COBUX Ta OCHETUTOBHX, & XEHUPOJIEIiJiEBUX BCTAHOB-
JICHO MOOAMHOKI ek3eMiuisipu - Classopollis cf.
classoides Pflug emend. Pococket Jansonius (10 2%).

Hunoyucmu. Y BEpXHIX BEpPCTBaX MiJUTyXKHOT
CBITH BCTAHOBIIEHI IIOOAWHOKI JIMHOLMCTH, IIIO

npencrasneHi Kallosphaeridium sp., Batiacasphaera
sp. Ta Trichodinium sp., SKi € TpaH3UTHUMH (Op-
MaMH Ta HE MalOTh BAXXJIMBOTO CTPATUIPIYHOIO 3HA-
YEHHSI.

Kymuxynu, mpaxeiou. TIpoBeaeHo TOpiBHAHHS
HOBHX JaHMX, sIKl BUCBITJIEH] B 1[Il CTATTI 1 OXOILIIO-
10T paiion KamsHku (miBHIUHO-3aXimHA OKpaiHa
Jlonb6acy) MiCTSTh PEIITKH TUCTIEPCHUX KYTHKYI Ta
Tpaxein, 10 3yCTpivaroThCs 10 BCii TepuTopii Ykpa-
THU B OJHOBIKOBUX 0alioc-0aTChbKHUX BIAK/IAAaX, B OC-
HOBHOMY Il¢ ()parMeHTH TiHKIOBHX, ITUKAJIOBHX Ta
XBOWHMX. Y MNaJIiHOKOMIUIEKCaX O0alOCBHKOrO BIKY
(parMeHTH MOKPiBHOI TKAHWHH JIUCTA BHIIUX POC-
TMH (KyTHKYIT) Ta MIKPOCKOMIYHI ()parMeHTH MPOBi-
HOI TKaHWHU JiepeBUHM (Tpaxeinu) cranoBuats 10%,
BMICT CIIOp Ta NMWIKY BUIIKX pociuH 90%. Y nanino-
KOMIUIEKcax 0aTChbKOTO BiKy TaKe CIiBBIIHOIICHHS
BiamosigHo 15 ta 85%.

Dopanminipepu. Haxxans, MoHOTpadiuHe 10CIHTi-
JOKEHHSI 1i€l HaBAXXIIMBOT IPYIH, TAKOX 5K 1 OCTpa-
KOJI, JUIA IOPChKUX BinknaaiB Jlonbacy He mpoBoOmIu-
nock. Huska pobit O.K. Kanrapenko-HopHoycoBoi
[8-10] mpucesiueHa moCIHiHKEHHIO OKPEMHUX TPy 200
cTparurpadiqyHuM JTOCIHiKeHHSIM B J{HITPOBCHKO-
Jonenpkiit 3amaguni, podorn M.I. bnanka [1] —
onucy HoBUX BUiB. Crincok BuaiB ¢opaminidep Ha-
BeJleHmid Jumie B poborti [20]. V Bigkiamax mimryx-
HOi CBiTH Oynu 3ycTpiHyTi: Ammodiscus baticus
Dain, A. crassus (Kubeler et Zwingli), A. infimus
(Strikland), A. varians Kaptarenko, Haplophrag-
moides canariensis (Orb.), Trochammina squama-
taformis Kaptarenko, Ophthalmidium infraoolithi-
cum (Terquem), Nodosaria fontinensis Terquem,
N. metensis Terquem, N. prima Orb., Lagena bradyi
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Kaptarenko, L. stutzeri Franke, Frondicularia
lignaria Terquem, F. nodosaria Terquem, F.oolithica
Terquem, F spatulata Terquem, Fvarians Terquem,
Lenticulina alfa Blank, L. angulata (Kaptarenko),
L.atheria Dain, L.biexcavata (Mjatluk), L. centralis
(Terquem), L. imcurvare Gerke, L. interrumpa
Blank, L.irregularia (Blank), L. oreliensis Blank,
L. perlucea Blank, L.poligonata (Franke), L. poli-
morpha (Terquem), L. primarea Blank, L. pulchella
Kaptarenko, L. salva Kaptarenko, L. subinvoluta
Kaptarenko, L. umbonata Kaptarenko, L.varians
(Bornemann), L. variabilis Kaptarenko, L. volganica
(Dain), L. volubilis Dain, Astacolus bicostatus
(Deecke),  A. dainae  (Kosyreva),  A. obesus
(Kaptarenko), A.subradiatus (Kaptarenko), Planu-
laria anceps (Terquem), P. arietis (Issler), P. breoni
(Terquem), P. compta Kaptarenko, P delicatula
Kaptarenko, Pinstabilis (Terquem), P. semiinvoluta
(Terquem), P. tricarinella (Reuss), Marginulina de-
slongchampsi Terquem, M. pergrala Kaptarenko,
M.senilis Terquem, Dentalina pseudocommunis
Franke, D. vasta Franke, Vaginulina metensis Ter-
quem, V.praemucronata Kaptarenko, V. simplex Ter-
quem, Citharinella instabilis (Kaptarenko), Glob-
ulina oolithica (Terquem), Garantella asterigeri-
noides Kaptarenko, G. floscula Kaptarenko, G.mar-
ginata Kaptarenko, G.rudia Kaptarenko, G. stellata
Kaptarenko, Epistomina peregrina Kaptarenko, La-
marscella epistominoides Kaptarenko, L. incrassata
Kaptarenko, L. perforata Kaptarenko, L. plana
Kaptarenko, Pseudolamarckina lamellose
(Kaptarenko), P. marmorea (Dain), Spirillina ukrain-
ica Kaptarenko, Trochlina nana Kaptarenko.
Ocmpaxodu. JlaHi 1o CUCTEMaTHYHOMY CKJIay
ocTpakoj HaBesieHi B pooorti JIro6imoroi I1.C. [14] ix
cTparurpadiyHe  TMOMIMPEHHS  JOCIIIKYBalloOCh
[epmsikoporo M.M. [18]. [lomupeni BoHu mnepesa-
KHO Yy BHUIVISAI OKPEMHX TMOOJUHOKUX MYIIETb.
[Ipencrasneni HactynHumu Buaamu: Cytherella lim-
pida Blaszyk, C.oblonga Permjakova, C. perennis
Blaszyk, Paracypris bajociana Bate, Monoceratina
amygdaliformis Blaszyk, Homocytheridea ovalis
(Lubimova), Ljubimovella pariformis Malz, Balow-
ella attendens (Lubimova), B.pteriformis (Blaszyk),
Paranotacythere ~ monocarinata  (Permjakova),
Schuleridea  krasnopaviovkaensis ~ Permjakova,
Progonocythere? posteriohumilis Blaszyk, Glypto-
cythere aspera (Habarova), G.concentrica Brand et
Malz, G. crassicostata Permjakova, G. losoviensis
Permjakova, G.multa Permjakova, G.regulariformis
Brand et Malz, G. tuberodentina Brand et Malz,
Fuhrbergiella postsauzei Permjakova, Pleurocythere
impar Triebel, P regularis Triebel, P richteri
Triebel, Palaeocytheridea laevis Permjakova, P. rara
Permjakova, P subtilis Permjakova, Naviculina
longa  Lubimova, Procytheridea  bajociensis
(Habarova), P. concinna Permjakova, P. szestocho-

wiensis Blaszyk, P. kaptarenkae Permjakova, P. [ju-
bimovae Permjakova, P tricostata (Habarova),
P. ukrainika Permjakova, Southcavea concentrica
Permjakova, S. pumcticulata Permjakova, Cytherop-
teron tenuis Blaszyk.

Manaxocmpaku. B xepri cepmimoBuau 6730 3
rnbunu 118-126 M, pazom 3 Parkinsonia parkinsoni
3yCTPIHYTO  BiIOMTOK  CEPeIHBOTO  CTYIICHIO
30epekeHocTi  pakomomioHoro Francocaris  cf.
grimmi Broili, onucaHoro 3 MOpPCHKHUX BiIKIaiB
Himeuunnu (puc. 6.1).

Lsocmynxosi _monrocku. Haibimemn momupeHa
rpyna BHKOIHHX PEIITOK Oyjia ommcaHa B cepii
monorpagiii O.0. bopucsaka [2-4]. B mimty:xHUX
IJIMHAX HUM BcTaHOBIeH1: Meliagrinella doneziana
(Boriss.), Isodonta cf. buvignieri T. Et J., Astarte sp.,
Gresslya sp., Pecten sp., Nucula eudorae d’Orb,
N.sana Bor., N.lola Bor., N.kowalewkensis Bor.,
N.maga Bor., N.cf. subovalis Goldf., N?symmetrica
Bor., N? circuliformis Bor., Leda diana d’Orb., Mac-
rodon verevkinense Bor., M. jakovlevi Bor., M. ko-
valevkense Bor., Cucullaea corallina Damon.,
C.goldfussi Rom., C.oblonga Goldf., Dicranodonta
sp., Modiola tulipaea Lam., M.gibbosa Sow., Pseu-
domonotis echinata var.doneziana Bor., Pecten de-
missus Goldf., Pspathulatus Roem., P.vitreus Roem.,
Plens Sow., Pnalivkini Bor., Ppumilus Lam, Oxy-
toma ex gr. inacquivalvis Sow, Liryodon triangulara
Goldf.

Yepesonoei momocku. B THMHAX MiIUTY>KHOT
CBITH MOJCKYH 3yCTPI4alOThCs MOOJUHOKI TpecTa-
BHUKM Amberleya, Pleurotomaria, Ceritium. Oxpim
Toro, B 1958 pori [.M. fIMEMYEHKO B IOPCHKUX BiJK-
nanax JIHInmpoBchbko-/|OHEIBKOT 3amafuHu Ta OKpaiH
Jonbacy Oyna omucana cBoepifgHa (ayHa ApiOHHX
4epeBOHOTMX MONIOCKIB [29]. B iHTepBam mommu-
peHHst aMMoHiTy Garantiana garanti ONvcaHi HACTY-
MHI BHJIM YEPEBOHOTUX MOJIOCKIB: Zygopleura
gradata Jamn., Z. devexa Jamn., Z. innumera Jamn.,
Z. innumera var. improcera Jamn., Z. innumera var.
aticulosa Jamn., Z. clivosa Jamn., Katosira compacta
Jamn., Anoptychia limpida Jamn., A. contempta
Jamn., A. calva Jamn., A. expolita Jamn.

Tono6on0ei MoniocKku 3yCTPiUaIOTHCS TOCUTH Ya-
CTO TI0 BCiH CBITi, 3a3BUYalil y BUIIIA/I BiIOUTKIB ce-
penHboro cryneto 30epexenocti. ¥ 1908 poui O.0.
Bopucsik [5] onncas ¢ayHy roOJTOBOHOTHX MOJIFOCKIB,
B TOMY YHMCIIi, HACTYIIHI BHJM aMOHITiB: Garantiana
garanti d’Orb, G.minima Wetz., G. bifurcata Ziet.,
G. baculata Ziet., Oppelia sp., Pseudocosmoceras
michalskii Bor, P. cf masarovici Mourach., Parkin-
sonia parkinsoni Sow., P. doneziana Bor., P. subar-
ictis var. acris Wetz., P. cf. neuffensis Oppel.

3HAYHO PiJIIe 3yCTPIYarOThCs POCTPU OeIeMHi-
TiB: Belemnites giganteus Schlith., B. sulcatus Mill.,
B. breviformis Volz., B. subclavatus Voltz., B. ellip-
ticus Mill., B. aalensis Voltz., B. quinquesulcatus
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Puc. 6. Makpodocuii 3 BikIaiB miUTy>KHOI CBITH MIBHIYHO-3aXi{HOT OKkpainu JJoHGacy.

1. Francocaris cf. grimmi Broili; 2 a, b. Astarte sp.; 3 a, b. Nucula sana Bor.; 4. Pseudomonotis echinata var.
doneziana Bor.; 5. Oxytoma ex gr. inacquivalvis Sow.; 6. Parkinsonia doneziana Bor.; 7. Belemnites quin-
quesulcatus Blainv.; 8. Anoptychia calva Jamn.; 9. Zygopleura innumera Jamn.; 10. Zygopleura gradata
Jamn.; 11. Zygopleura sp. Mipuino 1-7— 1 cm, 8-11 — 1 Mmm /

Fig. 6 Macrofossils from the sediments of the Pidluzhna formation of the northwestern outskirts of Donbas
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Blainv.

bpaxionoodu 3ycrpivaroThes Juiie B 0aHOChbKii
yactuHi cBitu. B.I1. Makpininum onucani [15]: Lin-
gula beanie Phill., Ptyctothyris remisovi Makridin,
Acanthothyris ex gr. spinosa (Schloth.), Flabellirhyn-
chia lotharingica (Haas et Petri).

Cmpamuczpagin. TlinnyxHa cBiTa yTBOPUIACh
BIIPOAOBXK I3HKOTO 6a0CY — paHHBOTO OaTy B yMO-
Bax HOPMAJIBHOTO MOPCHKOTO OaceiiHy. 3a JiTonorid-
HUMU O3HaKaMH BOHA OJHOPIJHA 1 Ha MEHIII JITO-
cTparurpadiuni oguHMII OyTH MOAiNeHa HE MOXe
(puc. 7). CxiameHa BOHa TIIMHAMH TEMHO-CipHMH,
iHO/I 3 ONTAKUTHUM BiqTiHKOM. B TOBIII TiMH 3ycTpi-

Jar0ThCsI KOHKpeTii kapOoHaTiB (KaJbIIUTOBI Ta CHIe-
PHUTOBI) STINTHYHOT OPMH PO3MIPOM BiJ IT SITH — JI€-
CSATU CaHTUMETPIB 110 1,2 M 1Mo OiIBIIOMY JiaMeTpy.
B HIWKHIM 4acTHHI CBITH KiJIbKICTh KOHKpELil Ta ix
po3Mmip OibIlie, 9acTO BOHH YTBOPIOIOTH MPOIIAPKH.

[laneoHTONOTIYHI PEIITKH, B TOMY YHCII KepPiBHI
BUJIM aMOHITIB, 3yCTPIYalOThCS Y MY KHil CBITi 10-
CHUTB YacTo, IO BITEPIIIE JIsT FOPCHKUX BIAKIIAIB paii-
oHy c.Kam’sHka mae 3MOry BHUAITUTH BIIEBHEHO
30HU, B TOMY YHCJIi 32 aMOHITaMH. B HYKHIi 9acTHHI
cBiTM BUAiNAeThcs 30HAa (arantiana garanti Ta
Parkinsonia parkinsoni, B BepXHiii yacTHHI — JIOHA
Pseudocosmoceras michalskii.
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Puc. 7. Crparurpadis mimryxHoi cBiTH / Fig. 7. Stratigraphy of the Pidluzhna formation

3araiibHa OTY>KHICTB IMiJTY’KHOT CBITH B MEKax
KaM’sIHCBKOTO ToJtirony cknagae 70-80 m.

Ymoeu naxonuuenns. llimnyxuna ceita cdop-
MyBajach B YMOBaX MakCHMyMYy CEPEIHbO-ITI3THbO-
1opcbkoi (balioc — kuMepuK) TpaHncrpecii. [TouaTok
TpaHcrpecii mpumnazaB Ha Mi3IHBOYEPKACBKUN Hac

[17]: B meii "ac 30imbIIy€eThCs ITMOUHA Oacelny, co-
JIOHICTh CTa€ HOPMAITLHOTO, 3’ SIBISIETHCSI HOPMAaJIbHA
MOpCbKa (ayHa.

[IpotsroM miJUTy’)KHOTO Yacy MOpPCHKI YMOBH
OyJIH JOCTaTHBO CTAO0LTBHUMH, 1110 MPUBEJIO JI0 HAKO-
MUYEHHS [IPAKTHYHO OHOPITHOI TOBIII ITUH. [ 1rou-
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Ha OacelfHy BiATOBimana HWKHIN JiTOpali, B TPH-
JIOHHIN YacTWHI CIOCTEpITaNCh 3aCTOWHI SBHUIIA,
IO TPUBOAWIIO N0 yYTBOPEHHs KapOOHATiB 3aii3a.
AHTUKITIHANBHI TiAHATTS TPOAOBXKYIOTH PICT, IO
MIPUBOJUTH A0 HE3HAYHOTI'O 3aIliCOYyBaHHS BIIKIIaliB
Ha iX CXuiax.

VYcepenHeHa IIBUIKICT OCAJKOHAKOIMYECHHS
MIPOTSTOM TTI3HBOTO 0alioCcy — paHHBOTO 0aTy TOCUTh
BHICOKa Ta CKIamae 3,6-4,2 cM/THC. POKIB.

BucnoBku. Ha mianmyxHuii yac mpuxomuTbCs
MaKCHMYM CEpeIHbOIOPCHKOI TpaHcrpecii. BcTanos-
JIIOETHCS CTaOIILHUN HOPMAIBHOMOPCHKUH PEKUM.
OTtpumae po3BHTOK pi3HOMaHITHa MOpChKa 0ioTa. Y
JOCHITHUKIB cTparturpadii ropcbkux Biaknanis JoH-
Oacy HeMa CyTepevoK, 00 BU3HAYEHHS BiKy Ta 00'-
€MY IIi€] CBITH.

3a JaHMMU MaJiHOIOTIYHOTO aHaji3y MiATBEpA-
YKYIOTBCS BUCHOBKH OO0 BiKYy BiIKJIAIIB ITiTY>KHOT
cBiTu paiiony Kam'suku. Binkmaawm cepeqaporo Bif-
JITy I0PCHKOi CHCTEMH BUPI3HSIOTHCS 32 MOSBOTO M-
JIKOBUX 3€peH ToJoHaciHHuX Eucommiidites troeds-
soni ta Cerebropollenites mesozoicus. IIpencraBHu-
KiB I[MX BUJIB MU BiMI4a€MO BXE€ y 3HAYHIN Kijlb-

KOCTi y OalfoChkuX Bimkianax paiiony Kamsaku. Ta-
KOX XapaKTEepHOIO 03HAKOIO, caMe 0aiiocy, € ToMiHy-
BaHHs nanoportenofiouux Dictyophyllidites Ta mosisa
Neoraistrickia rotundiformis, Duplexisporites ana-
grammensis, Converrucosisporites disparitube-rcu-
latus, Laevigatosporites ovatus, Leptolepidites ma-
jor, Densoisporites velatus Ta MWKy TOJIOHACIHHUX
Callialasporites dampieri, Araucariacites australis,
Vitreisporites pallidus. I1osBa GibIIOl KITBKOCTI Po-
IIiB TUIaBYHIB, BY)KauKOBHX Ta iH. Foveosporites,
Klukisporites, Lycopodiacidites ta Uvaesporites, a
Takox nanoporenonionux Clathropteris obovata var.
magna Ta noMminyBanHs Concavisporites BUpi3HSE
0archKi BIAKIAIM, 10 MU 1 CIIOPCTEPITaeMO y Kamsi-
HCBKHUX po3pi3ax.

Moaska. V niil my6mikaiii BUCBITIEHO pe3yJabTaTH
MaTIHOJOTIYHUX JOCHTIKEHh BUKOHAHUX Yy paMKax Ofo-
JokeTHOI Temu «bioctparurpadis Me30-KailHO30HCHKHX
BiJIKJIa/1iB HAQTOra30HOCHUX PETiOHIB YKpaiHu sk QyHIa-
MEHTaJIbHa OCHOBA CHCTEMHOTO 3a0€3Me4eHHS I'eoJorid-
HUX poO0iT», MO po3po0IsIeThCs B [HCTUTYTI TeOIOTIIHAX
Hayk HAH Vkpainm (HOMep [IepkaBHOI peecTparii
01220001604) Ta gactkoBO npohiHaHCOBaHA.
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Jurassic system stratigraphy at the Kamianka village.
Part 3. The Pidluzhna formation
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ABSTRACT

Introduction. The paper is devoted to the study of the Pidluzhna Formation of the Jurassic system of the North-
Western outskirts of the Donetsk folded structure and is a continuation of a series of publications highlighting the stratig-
raphy of Jurassic deposits in key areas near the town of Izyum and the village of Kamianka.
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Analysis of previous publications. The Pidluzhna Formation was first identified by L.F. Lungershausen in 1941,
he noted the homogeneity of the lithological composition and the somewhat different nature of the sediments in the zones
of relative uplift and subsidence. Later, these deposits were not considered in the rank of Formation, but were attributed
to the Upper Bajocian - Lower Bathonian.

Material and methods. The Pidluzhna Formation is widespread in the Kamianskaya area. Since the deposits are
composed mainly of clays, there are no more or less significant outcrops of it.

The scientific search was based on the analysis of literature, results of previous drilling and mapping works, as well
as own field, laboratory and analytical studies. Micropaleontological analysis and generalized data on the distribution of
fossil remains were carried out. The palynological analysis of these deposits was also carried out, namely, stratified de-
posits with the help of microphytofossils.

Results and discussion. Since the stratotype of the Pidluzhna Formation has not been precisely specified and cur-
rently the stratotype area is under urban development and only its small fragments are exposed, it is possible to propose
as a neostratotype the outcrop of this Formation near the village of Sukha Kamyanka, in a ravine that extends north
parallel to the Sukha Kamyanka - Yaremivka road.

Lithology. The lithological composition of the Pidluzhna Formation was studied in detail by G.V. Karpova and V.G.
Kosmachev. The main, clayey, part of the formation is composed of hydromicas with a slight admixture of montmorillo-
nite group minerals and kaolin.

Paleontological remains and Stratigraphy. This work summarizes previous paleontological data of scientists and
supplements them with their own research. In general, these are brachiopods, cephalopods, gastropods, bivalves, mala-
costraca, ostracods, foraminifera, wood cuticles and tracheids, remains of prasinophyte and dinophyte algae, acritarchs,
and spores and pollen of higher plants.

Paleontological remains, including leading ammonite species, are found in the Pidluzhna Formation quite often. In
the lower part of the Formation (Bajocian) - the Garantiana garanti and Parkinsonia parkinsoni zones stand out, in the
upper part (Bathonian) - lones of the Pseudocosmoceras michalskii.

According to the data of palynological analysis, the conclusions regarding the age of the sediments of the Pidluzhna
Formation are confirmed. A characteristic feature, namely the Bajocian, is the dominance of fern-like Dictyophyllidites
and the appearance of spores of Neoraistrickia rotundiformis, Duplexisporites anagrammensis, Converrucosisporites dis-
parituberculatus, Laevigatosporites ovatus, Leptolepidites major, Densoisporites velatus and pollen of gymnosperms
Callialasporites dampieri, Araucariacites australis, Vitreisporites pallidus. Foveosporites, Klukisporites, Lycopodiacid-
ites and Uvaesporites, as well as fern-like Clathropteris obovata var. magna and the dominance of Concavisporites dis-
tinguishes the Bathonian deposits, which we observe in the Kamianka sections.

Keywords: Jurassic system, Pidluzhna formation, North-Western Donbas, stratigraphy, lithology, paleontological
remains.
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Ha ocHOBi KOMIITIEKCHUX T€010T0-Te0()i3MIHMX AOCiIKeHb KpyKkeHnIbKa 3amaanHa npeicTaBieHa sK CKIaJ0Ba YaCTHHA JIOHe-
OTeHOBOI epo3iifHoi crucTeMu 30BHIMIHBOT 30HU [lepenkapmnarcbkoro nporuHy. OCHOBHIM YHHHUKOM (pOpPMYBaHHS pO3PUBHHX Ta IjIe-
KaTUBHUX TOPYIIEHb BBAXKAIOTHCS CHIIM IpaBiTallii, IO € MiJCTaBOIO I HOBHMX IMONNISAMAIB HAa YTBOPEHHS BYIVIEBOIHEBHX IAacTOK B
Po3pi3i BepxHix Moiac. MeTa HOCHiKeHs! BUSBUTH BIUIUB JOHEOTEHOBUX €pO3ifHUX mpoleciB Ha (opMyBaHHs majgeoreoMopdoori-
YHUX 0COOJIMBOCTEH JTOHEOTEHOBOTO JIOXKA IMiBHIYHO-CXiTHOT prbopToBoi yactiuHu KpykeHnipkoi 3anaaran. KpykeHuIpKa 3amnaiimHa
BiZIPI3HAETHCA Bijl CyMiXKHBOT KOCiBChKO-YrepchKoi mifj30HU 30BHINTHBOT 30HU [IepenkapnarchKoro NporuHy, Hacamrepe, NTHONHaAMU
3aJIATaHHs JOHEOTCHOBOI OCHOBH, IO CTAl0 OCHOBHUM YHHHHKOM CKa4KOIOMIOHOTO 3pOCTaHHS TOBIIMHH MiOLIEHOBOTO KOMILIEKCY,
IIPE/ICTAaBICHOTO, B OCHOBHOMY, TEPUI'€HHUMH YTBOPEHHSAMH 0aleH-capMaTChKOTO BiKY, sIKi B MeXax 3alaJiHU 3 KyTOBHM i CTpaTur-
padiuHIM HEy3TOMKEHHIM IEPEKPUBAIOTh CHIIFHO IUCIOKOBaHI Ta MeTaMopdi3oBaHi yTBOpEHHS pUdero. Me30301UChKHiA Ta Tajeo-
30/CBKHI KOMIUIEKCH B TOHEOT€HOBIH OCHOBI YKpaiHChKOI yacTWHH KpyKeHHIBKOi 3amaiHu BiACYTHI 1 MOSIBISIOTHCS, MOCTYIOBO
OMOJIO/IXKYIOUH OCTaHHIO TUTBKU Ha KPyTOMY HiBHIYHO-CX1THOMY CXHJIi Ta B MeXax ii 3apomkeHns Ha Tepuropii [loxpmii. 3rinHo icHy-
10401 Mozeri KpykeHunIipKa 3amagiaa npeacTaBIsIeThes SK MOrpyKeHui o KpakoBebkoMy po3inoMy MerabiIoK aBTOXTOHHOI YaCTHHU
[NepenxaparcbKOro IMPOTHHY, B MEXKaX SIKOTO MiOIIEHOBHI BEpXHHOMOJIACOBHI KOMIUIEKC 31 CTpaTUrpa(igHuM i KyTOBHM HEy3TOJPKECH-
HSIM TepekprBae MeTaMopdizoBaHi i AUCIOKOBaHs Hopoau pudero. B moneoreHosilt ocHoBi 30BHIHBOT 30HU [lepenkapnarcpkoro
MIPOTHHY MiBHIYHO-CXi/1Ha OKpaiHa KpyKeHHIIbKOT 3ara{iHu BIepIIe MPEACTaBICHa K KPYTHH TOB3IOBXKHII CXUII TITHOO0KOT epo3ilHOT
TIAJICO/IOJIHY, YCKIIQJIHEHUH 0araTo4nceIbHIMHU eIeMEHTaMH I'PaBir€éHHOTO CHOB3aHHSIMHU Me30-I1aje030ichKol ToBi. JJoMiHyroua
poib nipu hopMyBaHHI OJI0KOBOT OyIOBH MOCTIKYBaHOI AUISTHKH BIEPILIE BiABOOUTHCS CHIIAM TpaBiTalii B CyKYITHOCTI 3 aJeoreo-
MOPGOJIOTIYHUME OCOOIMBOCTSAMH JOHEOTEHOBOTO JIoxka. OTpUMaHi JaHi JO3BOJSIOTH IO HOBOMY OILIIHUTH YMOBHU ()OPMYyBaHHS BYT-
JICBOIHEBHX MACTOK, SIK y TEPUTCHHOMY KOMIUIEKCI MiOLIEHY, TaK i B HOpOJax JOHEOT€HOBOI OCHOBH MiBHIYHO-CXiTHOI MPHOOPTOBOT
yacTHHA KpyKeHUIBKOT 3ama il 3 METOO O1TBII HiJICHAIPABICHOTO MPOBEACHHS T'€0JI0T0-PO3BIAYBAIBHUX POOIT HA Wil AUTSIHI 30-
BHIIIHBO1 30HU MPOTHHY.
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Beryn. Ha chorouinHii geHb OiibIllia 4acTHHA
BEPXHBOMOJIACOBOTO KOMIUIEKCY HEOT€HY, SIK 1 Me30-
30HchKOi 0cHOBH binsue-Bomumbkoi 3001 [epenkap-
MaTChHKOTO MPOTHHY OINOIIYKOBaH1 Ha TIPEIMET BYyTIIe-
BOIHIB. Pe3epB HEONMyITyKOBaHUX JIOKAJIbHUX CTPYK-
TYp, IO TIOCTOBIPHO (hiKCYIOThCS CEHCMIYHUMU JOC-
JDKEHHSIMH, IIBUAKO CKOpouyeTbcs. Ha mopsimok
JICHHHWI BUXOAMTH MOTpeda B peanizailii HOBUX Ha-
OpSAMKIB  NPOTHO3YBaHHS  Ha()TOra3oNOLIYKOBHX
00’€KTIB, SIKI MOXKYTh 3a0€3MEUNTH HAPOIIEHHS pe-
cypcHoi 6a3u B [lepenkapnarcbkomMy perioHi. YCmiri-
HICTh IOIIYKiB MEPCHEKTUBHUX 00’ €KTiB MOTpedye
HOBHMX METOAWYHUX MiJXO/iB, PEBi3ii iCHYIOUHX YsIB-
JIeHb TIPO YMOBH (DOpMYBaHHS €JIEMEHTIB perioHalb-
Hoi Mozeni 3oBHIHBOI 30HM [lepeakapnarchbKoro
nporuny. OZHUM 3 TAKHX €IEMEHTIB € BEpXHbOMOJIa-
COBa TOBINA HA CTHMKY, BUALJICHUX HA ChOTOIHIIIHIM
JIeHb, PEerioHalbHUX TEKTOHIYHMX MerabmokiB: Ko-
ciBcbKO-Yrepebkoi mig3oHu i Kpykenuipkoi 3ama-

JquHA. TyT BOHA BiIPI3HSETHCS CTPIMKHAM 3pOCTaH-
HSIM TOBILIMH MPOAYKTUBHUX TOPH30HTIB, 3HAUHUMHU
KyTamH MMaJ{iHHs, CKIIAJO0M IOPiJI, 3HAYHOK MIHIIUBI-
cTI0 (piTBTpaniiHO-EMHICHHX MapaMeTpiB TOPiJI-Ko-
JIEKTOPIB, & TAKOXK OJIOKOBOIO OYIOBOYO, 3yMOBJICHOIO
PI3HOAMIUTITYIHUMH IUICKaTUBHUMU Ta PO3PUBHUMHU
MOPYUICHHSIMH, B OCHOBHOMY, O€3KOpEHEBUMH CKH-
JIOBOTO Ta CKUJI0-3CYBHOTO THIIIB.

Bue 3ranani gpakropu Ha npsiMy 3aexars Bix
YMOB 0aJIeH-CapMaTChKOr0 0CaJKOHATPOMAJIKEeHHS,
30KpeMa Bij majeoreMopdooriyHux 0CcoOIUBOCTEH
nmHa OaceliHy cemuMeHTarii. Y cTaTTi, SK OCHOBHUH
YMHHUK (OpMYBaHHS BEPXHBOMOJIACOBOIO JIOXKA, PO-
3MIAA€THCS €pOo3iiiHa AIsUTbHICTH JOHEOTEHOBOI CHC-
TEMH Majeopycen Ta ii akTUBi3allis Ha TOYaTKy Mio-
LEHY.

AHaJi3 ocTaHHIX AOCHiIKeHb i myOmikauiii.
PerionanbHa nepeppa ocaloHArpOMaJKEHHSI, IO ic-
HyBaja B 3oBHimHIA 30HI Ilepeakapmarcbkoro
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[IPOTHHY BIIPOAOBK NAJIEOTeHY - KapIIaTiio 3yMOBUIIA
AKTHBI3aIlil0 €pO3IMHMUX TPOIECIB HA 3HAYHIN TepH-
Topii cyuacHoro [lepenkapmarts. OcoOIMBO BOHU
MPOSIBUJIMCH Ha MOYaTKy MiOIIEHOBOTO Yacy, B Haci-
JOK 40ro c(opMyBajlach CHCTEMa Iajeopycen, Ta
mOOKKX TaneoBpi3iB.. Brmepre ii ommcaB y 1958
poui B.YTpo6in. Hamani epositiny npupoay aoHeo-
reHoBoi ocHoBu llepenkapmnartsa NpUAHSTO 3a OC-
HOBY uia moOynoBu [eonoriunoi kapTé 3axigHOTO
periony Ykpainu macmtady 1: 100 000 (MypaBiHch-
Kuii Ta iH., 1966 p.). ITo mipi Hapomenns Hanpukinmi
XX - Ha novyarky XXI cT. 3HauHy yBary BUBYEHHIO
3aXOpOHEHOTr0 JoHeoreHoBoro mnaneopenbedy Ile-
penKaprnarchbkoro MporuHy NpUALIISIIN BITYM3HSIHI Ta
3apy6ixHi reonoru (I. Bummasikos, T. [3otosa, B. Ba-
menko, FO. Kpyncekuii, I1. Yemnins, B. Kotuk, I1. bo-
mak, B. 'uesym, J1. IlerpoBebkuii, M. Anapeituyk,
O. Ilaemrox II. Kapukoscbkuii, T. Jlenk, E. SBop,
M. KcpomxkeBud, 1. CaMcOHOBHY Ta iH.

VY 2010 pomui TBopunM konektuBoM YkpHIIPI
i kepiBHUITBOM . BuriHskoBa 0ys10 CKJIaaeHo pe-
TiOHAJBHY CTPYKTYPHY KapTy MiJONIBH BEPXHBOOA-
JNEHChKUX BinkianiB binsae-Bonunbkoi 30uu [lepen-
KapraTchbKOTO TPOTHHY 3 JIOKaJi3alli€lo qUISHOK, Te-
PCHEKTUBHUX AJISI PO3BUTKY MNAcTOK HPUPOSHOIO
ra3y 3 Bukopuctanasam marepianiB 3YI'PE, 111 «3a-
ximykpreomnoris» 1 AT «YkprazBugoOyBaHHS».

ITo mipi HapomieHHsT 00'€MIB MOITYKOBO-PO3Bi-
JyBallbHOTO OypiHHSA, a B OCTaHHIH 9ac — IpOBEIEHHS
JIeTaJbHBIX CEHCMOPO3BiAyBAILHIX POOIT 32 METO-
koo 3D, perioHajabHa MOJIIENb JIOHEOTCHOBOT ITOBe-
pxHi 3oBHimHKOI 30HU [lepeakapnaTcbKOro NporuHy
MOCTIHHO yHIOCKOHATOETHCSl. OHOBJIEHI 1 YTOYHEHI
MoJieNi HaBezieH1 B mpaipsix M. Anapeitayka [2], X.
3asup [7], S. Jlazapyka [13], FO. Kpyncekoro [9,11]
Ta 1HIIMX JOCIIIHUKIB.

Buie BkazaHUMH HAyKOBISIMH BHCBITJICHO Ta
OOIPyHTOBAHO HOBI METOJMYHI ITi{XO/I{ JI0 BUBYCHHS
TEKTOHIYHUX, JTITOJIOTO-CTpaTurpadigHux 0coOIMBO-
CTel OyloBU HEOTEHOBOTO KOMILIEKCY binbue-Bosu-
npKoi 30HU llepenkapnarcbkoro nporuHy, BKIIKOYa-
toun KpykeHHUbKy 3anaauny, mo 0a3yroThcs Ha J0-
CJIIJDKEHHI 3B’SI3KiB 0aJIeH-CapMaTChKOTO OCaIKOHA-
TPOM/DKCHHSI 3 TaJeOCTPYKTYpPHHUMH OCOOIHBOC-
TCTSIMU JOHEOTE€HOBOTO JIOXKA, BCTAHOBJIEHO IepcIie-
KTUBHI [UUISTHKU TIOIIMPEHHS TOPiJ-KOJIEKTOPiB Ta
CHPUSTIMBUX CTPYKTYPHHX YMOB sl (DOPMYBaHHS
MTOKJIaJliB BYTJICBOHIB.

Bupinennsi HeBupilIeHHUX paHille YacTHH 3a-
rajibHoi mpodaemu. Ha nanwii yac HeBHpIMICHOO
po0IEeMOI0 € IPUPO/Ia 3WICHYBaHHS BEPXHiX MoJac
mIMOOKO 3aHypeHoi KpyKeHHuIbKO1 3anaiuHy 3 IpH-
maaaruM MeradiokoM binpue-Bomuipkoi 300u Ile-
penkaprarcekoro mnporuHy (KociBchKko-Yrepcbkoro
mi30HO000). B HayKkoBiii JiTepaTypi Mexa MiXk HUMH,
HE 3BaKar04W Ha TPHUHSITI TPAKTyBaHHS €pO3idHOI
MPUPOJIN JOHEOTEHOBOI OCHOBM 30BHIIIHBOI 30HH,

HaJaJIi IPOBOIUTHCSA 10 perioHanbHOMY KpakoBels-
KOMY CKUy. 3p00IeHI OKpeMi CTipoOr MOIETIOBAHHS
AKTHUBHOTO MPOTMHAHHS MPHPO3JIOMHOI CMYTH TpH-
MiAHATOrO MeTabIoKy /10 MIOMIKMHH AU3 IOHKTHBHOTO
MOPYILIEHHS, IPOTE BOHU HE JAr0Th ITOACHEHHS Ha BCI
IMATAHHS CIIIBBIAHOIIECHHS MK BUIIE 3ralaHUMH Te-
KTOHIYHUMH OJMHHUISIMH, OCHOBHE 3 SKHX — 3Ha4Ha
PI3HHUIIA Y BIKYy TOPiJ JOHEOTEHOBOI OCHOBH.

Bukaan ocHoBHoro marepiaiy. KpykeHumpka
3amajiiHa BiAPI3HAETHCS BiJl CyMikHBOI KociBChbKO-
VYrepebkoi migzonn 3oBHiMHBOI 300U [lepenkapmar-
CHKOT'0 IIPOTHHY, HacaMIIepe, IMHMOMHAMU 3aJIsITaHHsA
JIOHEOT€HOBOI OCHOBH, 1[0 CTAJI0 OCHOBHMM YHHHHU-
KOM CKa4KOTIO[iI0HOTO 3pOCTaHHs TOBIIMHHI MiOLICHO-
BOT'O KOMILIEKCY, IPEICTABIECHOTO, B OCHOBHOMY, Te-
PUTEHHUMH yTBOPEHHSAMH 0aJIeH-CapMaTChKOTO BiKY,
AKi1 3 KyTOBHM 1 cTpaTUrpadiyHUM HEy3rOoKEHHIM
MEPEeKPUBAIOTH CHIIFHO JWCIOKOBaHI Ta MeTamopdi-
30BaHi yTBOopeHHS pudero [4,17]. Me3030ichkHii Ta
MaNe030HUCHKII KOMIUIEKCH B JIOHEOTCHOBi OCHOBI
yKpaiHChKol yacTHHU KpyKeHUIbKOT 3anaguHu Bif-
CyTHI 1 TOSIBIISIIOTHCS, TOCTYIIOBO OMOJIOMKYHOUH
OCTaHHIO TUIBKM HAa KPYTOMY MiBHIYHO-CXiTHOMY
CXWII Ta B MeXax ii 3apolKeHHS Ha TEepUTOpil
[Mompmi [12].

3a pesyipraTamMu CelHCcMOpO3BiAyBaIbHIX POOIT
Ta mmbokoro OypinHs KpykeHuilpbka 3amaguHa Mae
KIMHOTIONIOHY (hopMYy, BiCh SIKOi Opi€HTOBaHA ITiJ| KY-
ToMm 6inst 30° o Kapmnarcekoi HacyBHOT criopynu. AB-
TOXTOHHI BiJIKJIZIM CapMaTCHKOTO SIPYCY BUXOISTH
il YTBOPEHHSI aHTPOIOTEHY TiNBKM B il MiBHIYHO-
CXiJTHI YaCTHHIi, B MiBIACHHO-3aXiJHOMY HAIPSIMKY
BOHHM TOCTYIIOBO 3pi3al0ThCsl IOKPOBOM TEPUI€HHO-
XEMOTeHHUX yTBOpeHb CaMOipChKOi 30HH, a MOTIM
M0 TIOPIBHSHO BY3bKiil cMy3i (4—6 KM) 0OCaloBi T0-
poau 30BHINIHBOI 30HU IO Cepii CKUIB, siKa 30ira-
€TBCSI 3 PETIOHATBHUM MIHIMyMOM CHIIM TSOKIHHS
(ITepenkapnarchbkuii po3JIOM) CXiJIEMONIOHO 3aHY-
PIOIOTHCS B TIBICHHO-3aX1THOMY HAIIPSAMKY ITiJ| eJIe-
MEHTHU Mi3HBOAIBIIIHCHKOTO OpOTreHe3y. 3a cercMi-
HUMH JIaHUMHU aMIUTITyZIa PO3JIOMY JOCSTae 3 KM.
(puc. 1).

Haii6inbin 3aragkoBoto € miBHIYHO-CXiHA TIPU-
0opToBa YacTHHA 3alaJvuHH, KPYTH3HA CXUIY SKOT
BHU3 I10 PO3pPi3y CTPIMKO 3pOCTa€, HAOIMKAIOUHCh 1O
BEPTUKAJILHOT'O MOJIOKEHHS. BoHa B OCHOBHMX pucax
opiertoBaHa 1Mo KpakoBelnbkoMy TIMOMHHOMY pO3-
JIOMY, TIepioJl PO3BHUTKY SKOTO MPHIAJae Ha JJOHEeOTe-
HOBHH yac. AMIUTITYAH BEPTHKAJIbHHUX 3MIIEHb I10-
BepxHi po3MuBy KpyKeHUIIbKOT 3araJinHu BiTHOCHO
npunigaaToi KociBehko-Yrepebkol MijJ30HU 3pocTa-
I0Th B3/IOBXK PO3JIOMY B MiBIEHHO-CXiZIHOMY Hampsi-
MKY — BiJl HEBEJIMKUX 3HAaYeHb Ha TepuTopii [lonpmii,
Jie B TIBHIYHO-3aXiJJHOMY HaNpsIMKy Ha BIJICTaHi
12,5 kM BijI JIepKaBHOTO KOP/IOHY 3 YKpaiHOI BOHH
MOBHICTIO 3aTyXaroTh, 10 4,5-5 KM B 30HI IEpETHHY 3
[NepenkapmaTcbKuM PO3JIOMOM.
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Puc. 1. CxemarnyHa CTpyKTypHa KapTa JJOHEOTCHOBOI IOBEPXHI MIBHIYHO-3aX1THOT YaCTHHU 30BHIIIHBOT
3ouU [lepenkapnarcekoro mporuny [2] / Fig. 1. Schematic structural map of the pre-Neogene surface of the north-
western part of the Outer Zone of the Precarpathian Trough [2]

[ponec popmyBanus KpykeHunnpbkoi 3anaanHu,
SIK TIIICOMETPUYHO OMYIIEHOTO E€JIEMEHTY 3OBHIll-
HBOT 30HH [lepeakapnarchbKoro MporuHy 10 KiHI HE
BuBUeHMA. OIHUM 3 YMHHUKIB MOTIIM OyTH epo3iiiHi
MPOLIECH, IO BiI0YBaJIUCH MPOTATOM IIEPEPBU B OCa-
JIKOHArpOMaKEHHI, sIKa TpUBaJia B MEXKaxX PO3BUTKY
3oBHIHKOI 301U [lepeakapnaTchbKoro NporuHy OiJist
45 MJIH., POKIB Bijl IaTCHKOTO Yacy Mi3HBOI Kpeuiu
710 TIoYaTKy MioleHy. 3a ueil nepioq Ha micui popmy-
BaHHS [lepeakaprnarchKoro NPOTHHY YTBOPHIACH
CKJIQJIHO TIOOy/I0BaHa MajaeoreoMopgosioriuia cuc-
TeMa, TPEeACTaBICHa 30HAMH PO3BUTKY 3aXOPOHEHUX
JONMH [JpeBHiX mnaneopycen. llpuranbBerosi uac-
THHH OINIBIIOCTI 3 HUX 3aXOpPOHEHI i/ HACYBHUMH
enemenTamMu Kapmarcbkoi criopyau, Jie OmyIieHi 1o
KacKaJy TIOB3/IOBXKHIX CKHIiB. Ha 1ie Bka3ye monepe-
YHA 30HAJBHICTh PO3BUTKY JUISHOK 3 TiJIBUIICHOIO
MICKYBAaTICTIO B aJUIOXTOHHOMY (urimeBomMy po3pisi
BuyTpimHpoi 30HM [lepeakapnarcbKoro nporuHy ta
Kapmnar. B aBTOXTOHHI# 4acTHHI NPOrvHY HaHOUIBIL
BUpakeHi XomopiBchka Ta Konomwuiichka majieomo-
JIMHHU, YCKJIAJAHEH] CITKOIO MIMOOKHX IMAaleoBpi3iB Ta
MaJICONPHUTOK, OUTBIIICTD 3 AKUX 3apOIXKEHI B MEKax
miarhopMu.

[ToBepTarouuch J0 MUTAHHS MPUPOIHU HIBHIYHO-
cxizHoro cxminy KpykeHuIpKoi 3anajuHu ciiz 3Bep-
HYTH yBary Ha Te, IO IIEHTpaJIbHe Pycio XOHopiB-

CBKOI MMaJICOIOJMHH, TANbBET SIKOTO OPIEHTOBaHUH B
CTOpoHy 3amajauuu mijg kytoMm 70°, mo mipi HaGmu-
JKeHHS 10 TIBHIYHO-CX1IHOTO Kparo OCTaHHBOI 3a Jja-
HUMH CEHCMOpPO3BiyBaIbHUX POOIT Ta TIHUOOKOTO
OypiHHs TpaHCcHOPMYEThCS Y By3bKUI TTHOOKHIA Ta-
JIEOBPI3, SIKUH Iepe] yTBOPEHHSAM PO3PUBHUX JAUCIIO-
kaniit [lepenkaprnarcbkoro po3jioMy Mir yTBOPIOBATH
3 HEI0 CHUIBHY NaleoreoMopoJoriyHy CHCTEMY
(puc. 2) [2,10].

Ha novaTtoky MiolieHy MEHII BUpaXkeHi epo3iiiHi
BpI3U 3apOJKEHI B3JIOBXK MMIBACHHO-3aXITHOIO KParo
KociBcrko-Yrepebkoi nigzonu Mixk CigHuibpko-Cy-
JTOBOBHIITHSIHCHKOIO, OpXOBHUIIBKO-/]yOaHEBUIIHKOIO,
MakyniBcbkoro 1 KonmbaeBuiibko-YalkoBHIIBKOTO,
[oripuiscekoro i [Tomonenpkoro, [TiBHIuHO-I py1IIiB-
cpKkoi0 1 ['pymriBcbko-OnapchKol0 Ta iHIIUMH Tpy-
MaMu JIOKaJIbHUX CTPYKTYp. TalibBeru majeoBpi3iB
HalpaBlieHI B CTOpoHY KpyKeHHIbKOI 3amajnHy,
MPOTE BC1 BOHU MOIIMPEH] TIIBKH B CMY31 IOMIPHOTO
Haxuily MiBHIYHO-CXiHOT MPUOOPTOBOT YaCTUHHM 3a-
MaJIMHY 1 B MONEPEYHOMY MEPETHHI MOCTYIOBO PO3-
LIMPIOIOTBCS Ta HIBENIOIOTbCA MO Mipi 3pOCTaHHS
KPYTH3HH PET10HAIEHOTO CXUITY.

Haii0inbin getasbHO CTPYKTYPHI OCOOIMBOCTI
CMYTH KpyTOTO 3aHypPEHHS JJOHEOT€HOBOI OCHOBH BH-
BYAJIMCh [IMOOKUM OypiHHIM B 3aiy’KaHCBKOMY Iie-
peruni Ha ainsHOi CyconiB-Maitauyi. TyT, He 3BaXka-
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Puc. 2. [Taneoreomopgomnoriuna cxema Bysina 3nuTTs KpykeHunpkoro i XonopiBChbKOro J0HEOr€HOBUX MHasie-
opycen [2] / Fig. 2. Paleogeomorphological diagram of the junction of the Krukenytsky and Khodorivsky pre-Neogene
paleochannels [2]
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Puc. 3. [Tonepeuni reosorivni po3pi3u 30BHIIHKOI 30HU [lepenkapnarchkoro MporuHy Mo JIHIsAX:
a) Muxaiinesuui- [oponok, 0) I'ai-Bep0ix [aBT.] / Fig. 3. Cross-sectional geological sections of the Outer Zone of
the Precarpathian Trough along the lines: a) Mykhaylevychi-Horodok, b) Gai-Verbizh [auth.]

I0YM Ha 3Ha4HI Tiepernajy aOCOMMOTHHUX BIIMITOK, Bill  TPOCTEXYEThCS MOCTYIOBE 3POCTAaHHS BiKy MOPiI,
CBEpIUIOBHHU 10 COYBEpAJIOBHHU 3 TONIUOJICHHSM IO BUXOMSATH HAa JOHEOTCHOBE JIOKE.
JTHA HEOreHOBOTo OaceilHy ocaJKOHArpoOMaKEeHHS [lonibHa kapTHHA MPOCTEKYETHCS B3AOBK BChO-
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TO MBHIYHO-CXiMHOTO cXmiy KpykeHHIbKoi 3ama-
IUHU, 30KkpeMa Ha mimsakax Ocenst, Kaponnaa, Hik-
noBuyi, MakyHiB, [lybaneBuui, [pymis, ae no mipi
3aHypEeHHS, Ha TOBEPXHI JOHEOT€HOBOTO PO3MHUBY
BEPXHBOIOPCHKI BIAKIAAM 3MIHIOIOTHCS HIKHBOIOP-
CHKHMH, @ Ti B CBOIO 4epry — MaJC030HCHKIMH, IO
HE3TIJTHO 3ajsraloTh Ha MeTaMop(i3oBaHHX YTBO-
penHsx pudero. Ha kpyTux cxuiax po3MHBY, BY3bKi
MIOB3IOBKHI CMYTH BHUXO/y Ha JJOHEOTCHOBY IOBEp-
XHIO TIOPiJl OKPEMHX CTpaTUrpadiuHux migpo3aiiiB y
0araTb0X BUMAJIKaX MPOMYyIIEH] MHOOKUM OypiHHAM
10 CITpaBIIsie XMOHE BpaKeHHS IIPO HAsABHICTH Pi3HO-
aMIUTITYJHUX TOB3JOBXKHIX PO3PHBHUX AWCIIOKALil
CKHIOBOTO TUIY (pHC. 3).

B miBHIYHO-3aXiTHOMY HampsMKy TpH HaOIu-
JKeHHI 10 KopaoHy 3 Ilompimeto kpyTH3Ha Ta aMIwi-
TyZa MiBHIYHO-CXigHOTO cxmiy KpykeHumpKoi 3ama-
JIMHY TIOCTYIOBO 3aTyXaloTh. SIKIIO Ha MiBACHHOMY
cxofi, B 30H1 epetuny 3 [lepenkapmnarcbkum po3io-
MOM, TIOBEPXHSI JIOHEOTEHOBOTO PO3MUBY 3a CeHCcMiy-

Bryca Canyen

Zian Ganpan

Puc.4 I'eonoriunmii po3pi3 yepe3 Benukuii kaHbiioH [19]

- ey R
A

——y
’f’}/’/u%

HAMH JTaHUMHU 3aisarac Ha nmounax 6000-6500 M, a
KkpyTH3Ha cxuiy gocsarae 70° To Ha miBHiUHOMY 3a-
X011, 01111 yKpaTHCHKO-TIOJILCHKOTO KOPJIOHY, BOHA HE
nepesuiye 3500 M pu kpyTusHi 1o 40°. Ha Tepuro-
pii Iloxpmii BinOyBaeThCS MOCTYIIOBE HiBEIIOBAHHS
KpyxeHu1ipKkoi 3amainHu 3 OMOJIOKEHHSIM BiJIKIIa/IiB
JIOHEOT€HOBOTO JIOXKA.

Ha cy4acHOMY CTpYKTYpHOMY IUIaHI MaTepHKO-
BOT MTOBEPXHI 3eMJIi aHAJIOTOM KPyTOTO TiBHIYHO-CXi-
nHOTO cXily KpyKeHHIIBKOT 3amaquHu B IEAKii Mipi
Moxe OyTu OopToBa yacTMHa Benmkoro kaHeioHY,
BHCIYEHOTO B OCQI0BUX ITapaxX MiCKOBHKA, BAITHAKY 1
CJIaHIIO, @ B HW)KHIH YaCTUHI IEpEBaYKHO B METAMOP-
(iYHMX CIaHIAX 1 MarMaTHYHHX rpaHiTax, Komnopaz-
cpkoro Turato. JlomknHa KaHbHOHY csarae 446 kw,
BKITFOYar0uN 96-kinmomerpoBuii MapMypoBuii KaHb-
1oH Bropi 3a teviero. [TMOWHA TOOBHOT AUISTHKY Ka-
HbiOHY nocsirae 1800 M, mmpuna — 10 29 kM. IIpo-
TsTOM (popMyBaHHS Benmukoro kaHbitoHy Oyio 3pyii-
nosano 4000 kM ripcekux mopix [19].

A

~

Fig. 4 Geological section through the Grand Canyon [19]

B po3pizi Benukoro kanbiioHy npuiiMaroTh y4-
acTh (3HU3Y - BBEPX): KpUCTANIYHI mopoau pyHmame-
HTY, TIOXHJII IIApH OCAJOBUX TOPiJ 1 BEPXHS TOBIIA
TOPU30HTAIBHO 3IATAI0UYHX TOPiJ, SKi TepeKpuBa-
I0Th BCE IJIATO 1, B JCSIKUX BUMAJIKAX, 3HAYHY TEPH-
TOPiI0 MiBHIYHOAMEPHKAHCHKOTO KOHTHHEHTY (pHC.
5). Ilpotsrom dopmyBanus Benukoro kaHbHOHY
Oys10 3pyitHOBaHO 4000 KM ripchkux mopin [20].

IcHye nekinbka Bepciil yTBOPEHHS i€ YHIKaIb-
HOT reoMOp(OIOTIIHOT CIIOPY/IH CHOTOJICHHS, SIKi MO-
KHa 00’€THATH y JIBi TPYIH — €BOIIOLIIHI (JOBro-
TpuBami) i karactpodiuni (panrosi). [lepmi 6a3y-
IOTBCSI Ha JTOCITIPKEHH] €pO3iiHOT MisTEHOCTI PiYKO-
BOTO pyciia i MOIJIM TPUBATH 3a TBEPHKEHHSIM Pi3HUX
BYCHHUX BiJ 6 710 70 MIIH. POKIB, SIK CHHXPOHHO 3 ITiJI-
HIMaHHSAM IUIATO , TaK 1 micis Horo QopmyBaHHS.
Jpyri 1ociiTHUKK 32 OCHOBY IPUIMAIOTh PAIITOBY, B
TeoJIOTIYHOMY BiJIHOIIEHHI, epo3ito. Ha kopucts
OCTaHHbBOI CBIIYUTH LUK psia (aKTOpiB, cepe sIKUX
OCHOBHI HaCTYIIHi:

- BIICYTHICTH BEJIMYE3HOT ICNBTH B THPIII PIUKU
Kanopano, B sikiit Majia O MOMICTUTUCH 3HAYHA KiJib-
KiCTh 0CaJI0BOT0O MaTepiay;

- JIOBOJII BEJIMKA CTIWKICTh €pO3IHHUX OCTaHIIIB
(MacHBHHUX CKeJib, CKJIQJICHUX 3 OCAOBHX TIOPi);

- He3HauH1 3MIHH PETKTOBUX (opM penbedy Ta
BiJICYTHICTh B OCHOBI CKEJIb OCHIIIB T'iPCHKHX IO,
AKi 0 MaJi HarpoOMaJKyBaTUCh [IPOTATOM JJOBIOTPH-
BaJIOro Te0JIoriYHOro yacy [18].

[MoBepratouncek a0 ictopii popmyBanHs Kpyke-
HUIIBKOI 3aITafuHy 5K 1 KPYIMHUX €pPO31HHNUX JOJHH i
MaJICOBPI3iB B MEXKax MPHITIAHATOI YACTHHU 30BHIIII-
HBO1 30HHU [lepekapnarcbkoro MporuHy, 3 KpUCTai-
YHUMHU IOpoAaMu (QyHIAMEHTY MOXKHA IOPiBHATH
¢imiTr30BaHi ciaHii prudero, MOXWIi Mapu — e He-
PO3WICHOBAHHUIA PO3pi3 MAJIC0300, KU Ma€ JIOKa-
JIbHE TIOIUPEHHS 1 31 cTparurpadivHiM Ta KyTOBHM
HEY3rO[DKEHHSIM TepeKpuBae MetamopdizoBaHy ToO-
BIIy pudero, a BEpXHi mIapu — 1€ B Pi3HIA CTyneHi
JIUCIIOKOBaH1 TepUTeHHO-KapOOHATHI YTBOPEHHS HU-
JKHBOI 1 CepeHbOI I0PH, IEPEKPUTI YACTKOBO PO3MHU-
THUM, B OCHOBHOMY KapOOHAaTHUM KOMIIIEKCOM BEpPX-
HBOI IOpPH Ta TEPUTEHHO-KapOOHATHUMHU IIapaMH HU-
JKHBOT 1 MMi3HBOT Kpetiau [2, 10,11].

CyTTEBOIO BIAMIHHICTIO MK Benukum kaHbiio-
HOM 1 KpyKeHUIbKOO 3amajiiHoI0 € Te, M0 MepIIri
YTBOPHUBCSI B YMOBaX CHOKIHHOTO Mali’Ke TOPU30HTAa-
JILHOTO 3aJIsITaHHsI TIOPiJ, B TOW Yac K JOHEOT€HOBE
JIO)KE€ aBTOXTOHHOI 4actuHU Ilepenkaprnarcbkoro
NporuHy (OpMyBalloCch B MeXaX CMYTH PO3BUTKY
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Pre-Flood ¥~
sediments

Basement
formations

Puc. 5. Cxemarnunuii po3pi3 npuOopToBoi yacTuHu Benunkoro kanpiiony [20] /
Fig. 5. Schematic section of the rim of the Grand Canyon [20]

CKIIQIYaCTHX IUCIIOKAIlH, 0 y 3HAYHIN Mipi MO3Ha-
YHIIINCH, B TIEPIITYy YepTy, Ha 3HWKEHHI CTIHKOCTI 1M0-
pia Ta mpuBeNO OO PO3BUTKY OOLIMPHHUX PIUYKOBUX
MeaHjip. BHU3 1o Tewisix majeopycia nonmoitoBa-
JIUCH 1 YaCTKOBO BUIPSIMIISUIMCH B3IOBXK PErioHalb-
HUX TEKTOHIYHUX MOPYIIEHb OUIBII APEBHBOTO 3110~
KEHHSI.

YTBOpeHHsT epo3iiiHuX (OpPM JOHEOT€HOBOTO
7102 30BHILIHBOI 30HU IIPOTUHY PO3IIOYAIOCH Ha 3a-
BEpILIEHHI KPEHIOBOTO Mepiofy, Mpo 10 CBiIYUTH Ha-
SIBHICTb B PO3pIi3i CTPUICHKOI CBITH T'aJIbKH €K30THY-
HUX TOPiJl pi3HOTO BIKY.

B nopanbmomMy BOHO TPOXOJMIIO B KiJlbKa eTa-
MiB, IO MiATBEP/KYETHCS] yTBOPEHHSIM B JIOHEOTEHO-
BOMY JIOJKE PSITy HPOTSDKHHX TMAJICOTEPAC 3 BUXOIOM
Ha PO3MUTY MOBEPXHIO Pi3HOBiKOBUX mopij. [IpoTs-
TOM TaJICOTEHOBOTO Yacy epo3iifHi MPOIECH B MexKax
[lepenxapnarts BinOyBaIrch LUKIIYHO, IO Mipi o1my-
ckanHs (rimoBoro Gaceiiny. lle miaTBepmKyeTbCS
HasBHICTIO B 0CaJI0OBOMY KOMILJIEKCI Pi3HOOKATaHUX
yAaMKiB OUTbII ApeBHIX mopia. Tak y cTpoKaTokodi-
PHOMY FOPU30HTI IMHEHCBHKOT CBITH nasieorieHy Bry-
TpitHboi 30HKM [lepeakaprnarchbKoro MNPOTUHY Ta
CkuboBoi 30uu Kaprar BcraHOBJIEHI IpaBiiiHi 1 qpi0-
HOTJIBKOBI KOHITIOMEPATH, CKJIaJeHi i3 YJaMKiB 3e-
JICHUX CJIAHINB 1 QiniTiB pudero, 3eJIeHUX METaMop-
(hi30BaHUX IMICKOBHKIB 1 aJIEBPOJITIB, TEMHO-CIpUX
apriniTiB, KBapLMTiB, MEPreliB i MCKOBUKIB MaJeo-
30/CbKOT0, HIKHBO- TA CEPEeIHBOIOPCHKOTO BiKy a

TaKOK BEXHBOIOPCHKUX Ta BEPXHBOKPEHIOBUX Barl-
HSKIB, TaKOXX 3YCTpPIYarOThCS MEPEBIAKIAACH] yia-
MKH TIOpiJ KpeiinoBoro ¢uinry. B po3pisi BUroncekoi
CBITH €0lleHy B Mexxax BHyTpilIHBOI 30HH 3ycTpiva-
I0ThCSI 3eJIeHl puderchbKi QiTiTH, aleBpOIIiTH KeMO-
pito, CHIypiliChKi apriliTH 1 MICKOBHKH, Mepredi,
KOHIJIOMEpaTH Ta TPaBeliTH, BEPXHBOIOPCHKI Ball-
HsKU. Po3pi3 OucTpuipbkoi cBiTH B OCHOBHIM Maci
CKJIaJCHUH 3 apTiliTiB, 3€JeHi (UIITH 3ycTpiuaroThes
pigme. HuwkHs YacTHHA HMOKHBOMEHLTITOBOI Tijic-
BITH oOJiroueHy 30arauyeHa BepCTBaMH TI'PABENITIB,
CKJIaJICHHUX yJIaMKaMH pU(eNHChbKUX 3eJIEHUX CIIaHLiB
1 QiniTiB, MeTaMOp}i30BaHUX MICKOBUKIB 1 aJeBpOITi-
TiB, @ TAKOXX IOPCHKUX BamHsKIB [14].

[TaneorenoBuii epioa PO3BUTKY MajICOPIIKOBOI
CHUCTEMHU B MEXKax Cy4YacHOTO IIOJIOKCHHS 3OBHIII-
HbOT 30HU [lepeakapnaTchbKoro NPOruHy Bi0yBaBCs
BIJHOCHO Y CIIOKifHMX TEKTOHIYHMX yMoBax. Bin
03HaMEHYBABCSl YTBOPEHHSIM MIJIKOT PiBHUHHOI pid-
KOBOi CHCTEMH, YCKJIaJHEHOI Oararo4ucebHUMHU
MPUTOKAMH Ta MEaHJPaMH PIYKOBUX PyCesl OCHOBHI,
cepen sxux Kpykenunpka, Xonopiscbka, Komomuii-
cbka, KpacHoinbcbka Ta iHIm. Binbln akTUBHO epo-
31#HI MpolecH BiA0yBaIMCh 1O Mipi HAOIMIKSHHS 10
¢nimeBoro Oaceliny. Ilepion eBomoniiiHoro po3su-
TKY epo3iiiHoi cucteMu 30BHINIHLOT 30HU [lepeakap-
HaTCHKOTO NTPOTHHY 3aBEPIINBCS CTBOPEHHSAM pO3Tra-
Jy’KE€HO1 CHCTEMH TMaJeopyCe 3 BiTHOCHO TOJIOTUMH
NaJIeOCXUJIaMH Ta OOLIMPHUMH ManeoTepacaMu Opi-

-90-



ISSN 2410-7360 BicHuk Xapkiecbko20o HauioHanbHo20 YHieepcumemy imeHi B.H. KapasiHa

€HTOBAaHUMM, B OCHOBHOMY, B3JIOBX IPEBHIX TEKTO-
HIYHUX MOPYIIEHB [5-8].

Hpyruii mepion ¢opmMyBaHHS JOHEOT€HOBOTO
noxa 3oBHIHBOI 30HH [lepeakapmarchkoro mpo-
THUHY B T€OXPOHOJIOTIYHOMY BiJHOIIEHHI TOCUTH KO-
pPOTKOTpHBaIMA. BiH TOB’s3aHUl 3 aKTHBHUM IIif-
HATTAM (GOpIaHIy MPOTATOM erep-OTHAHTCHKOTO
Yacy 1 HarpoMapKEHHSIM B HIKHBOMOJIACOBOMY Oa-
CeliHI B po3pi3i MOJSHHUIIEKOI 1 BOPOTHIIEHCHKOI Ta
HU3aX CTEOHHUIILKOI CBIT TOBIII KOHIJIOMEPATIB, CKJIa-
JICHHX, B OCHOBHiH Maci, 3 BiIKJIaiB pudero, I0pu Ta
kpeian. [lizHie OCHOBHUM KEpeNoM 3HOCY Oyl
¢mnimrosi yrBopenHs Kapmar [6].

Le#i nepiox po3BUTKY aBTOXTOHHOT yacTuHU [le-
peaKapmarTs ITO3HAYWBCS 3HAYHOIO AKTHBI3alli€lo
€pO31HUX TPOIIECiB, YTBOPEHHIM Ha MICITi TPUTAIb-
BETOBHX YaCTHH Majieopyces NMOOKUX KaHbHOHOIIO-
TiOHMX BPi3iB. Y BEpXHROMOIIACOBOMY OaceiiHi cemu-
MEHTAIIil TPOTITOM TOCUTHh CTHCIIOTO erep-ereHoyp-
ICBKOTO 4acy MIOLEHY BigOy/loCch HarpoMaiKeHHs
MOTY>KHOI 0CaJI0BOI TOBIII, B PO3pi3i IKOI 3HAYHY Ya-
CTHHY 3aliMalOTh €K30TH4YHI KOHTIoMeparu. Haii-
OLTBII OIIMPEH] 3 HUX — CII00IACHKI, CKIIa/ieHi 3 yia-
MKIB 3CJICHUX XJIOPUT-CEPEIIUT-KBAPIIOBHUX, 1 KBap-
[IOBUX CJaHIIB, (imiTiB, kBapuuTiB. OCHOBHY Macy
YIIAMKOBOTO Marepiaily CKJIaJaroTh 3€JeHI METaMOop-
(iuni ciaHii. MarMaTtuy4Hi 1 KWIbHI MIOPOAU IPEI-
cTaByieHi nopdipamu, aiadbazaMu, MOJIOYHO-OUIUM i
JUMYacTUM KBapLOM. YIaMKH OCaJOBHX IOPix — Le,
B OCHOBHOMY, MICKOBHKH YJaMKH KOHIJIOMEpATiB
TUILY «BEPPYKaHO», YEPBOHI 1 (hi0JeTOBI OITyMiHO3HI
apriTiTH, OpPraHOTEHHI BAITHAKH, JOJOMITH, Iy¥kKe
PiZIKO YEepBOHI KPEMHI 1 «POTOBHKH» MEHLIITOBOTO
tuny. OCHOBHUM JIKEPENIOM MOCTa4aHHs 0CaJ[0BOTO
Marepiaidy OyB aBTOXTOHHHM komiuiekc I[lepeaxap-
nartsi, monofa Kapnarceka ciopyzna npu ipoMy mMania
MIOPSIKOBAHE 3HAYCHHS.

Le#i mepion po3BUTKY €pPO3iiHOT CHCTEMHU 30B-
HimHbBoOI 30HM [lepenkaprnarcbkoro NporuHy MoXKHa
MOPIBHATH 3 yTBOpeHHsIM Konopaachkoro KaHbHOHY,
JIOMYCKAIO4M HOTO JOCUTH CTHCJE B T€OJOTiYHOMY
qaci popmyBaHHSL.

CyTtreBuM (aKTOpOM, IO XapaKTEPHUH AK IS
Benmxkoro Kanbitony Tak i kpaitoBoi cMyru KpykeHu-
[IbOT 3ama/INHU, BKIIOYAIOMN KPYITHI €po3iifHi Bpi3u
npunigHATOoro Merabiaoky 3oBHiHBOI 30HU Ilepen-
KapraTchbKoro MPOTHHY, € HasSBHICTh MaJO3MIHEHUX
3aXOPOHEHHUX €PO3IHHUX OCTAHIIIB, CKIAJCHUX 3 Mi-
uHUX nopia. Jdna Kpykenunpkoi 3anaguam — e ¢isi-
TU30BaHI CJaHIl, a i 11 CXMJ1y 1 MPHUIIAHATOT Yac-
THHH TIPOTUHY — OPraHOTE€HHI 1 XeMOTEHHI BalHsIKH
Ta JoomitH [1].

B ocHOBI KpyTHX CXWJIiB BiACYTHi ynaMku a0o
OCHITH TipChKUX NopiJl. [TiMHIKKS KaHBHOHY 3aHAJITO
«UUCTI», 3 JOy)KE HEBEIMKOK KIIbKICTIO HACHIIIB.
[Ipotarom MinbHOHIB POKiB epo3ii OIS MiAHDEKOKS
ckenb B I'pann-Kanboni mokHa Oyno 6 ovikyBaru

BEIIUKY KUIBKICTB TTOPIJT IIPH BiICYTHOCTI aKTHBHOTO
JDKepelia BOAW JJIA BUIAICHHS Marepianmy. [logione
MPOCTEXKYETHCA 1 B MIAHIKKI KPYTOTro MiBHIYHO-CXi-
qHOoro cxuiny KpykeHWIBbKOi 3amaguHH Ta B3IOBXK
epo3iifHuX Bpi3iB NpHImiaHATOT YacTuHU llepemkap-
MaTCHKOTO MPOTHHY, A€ 0e3MOCepeHhO Ha PO3MUTII
MOBEPXHI 3aJISTal0Th MilIaHO-aJICBPOJITOBI BIAKIIA N
HIDKHBOTO OajieHy abo mepemrapyBaHHs XeMOTCHHIX
1 TEpUTEHHUX YTBOPEHb CEPETHHOTO OaIeHy.

Ax B rupni piuku Konopano, Tak i OCHOBHOTO
pycna KpyKeHHUIbKOI Maneopiku BiICYTHI BEIHKI 3a
po3MipaMH ACNBTH B SKUX MaJld O TOMICTHTHCH 3Ha-
4yHi 00’€MM 0CaJI0BOrO Marepiany. B Hamomy Bura-
JKy — 1Ie, B OCHOBHOMY, MIIIHUX KapOOHATHUX IOPix
IOPCBKOTO 1 TEpUTeHHO-KapOOHAaTHUX YTBOPEHB
KpeigoBoro Biky. IIpoTe, B HAaCyHyTOMY KOMIDIEKCI
Kapmnarcbkoi criopynu BOHM MaroTh MiAIOPSIKOBaHE
3HAYCHHS.

BucHoBku. [lincymMoBytoun BUIle CKa3aHe MO-
JKHA MIPUITYCTUTH, 10 (JOPMYBAHHS CKIaTHOTIO0YI0-
BaHOI epo3iitHoi cuctemu 30BHINIHBOI 30HU [lepen-
KapraTrchbKoro MpOTuHY, BKIoYaroun KpyKeHUIbKY
3amajuHy, BiJI0yBanock B Kiibka eTamiB. Ha moyarky
1ie OyB €BOIIOLITHNHN TIEpiof pO3BUTKY, 10 TPOXOIUB
Y BiIHOCHO CTIOKIHHUX T€OJIOTIYHUX YMOBaX, PO IO
CBITYUTH HASIBHICTH MiAMOPSAKOBAHOTO BMICTy BEpX-
HBOIOPCHKOTO KapOOHATHOTO MaTepiany B pi3HOBIKO-
BUX GK30THYHHMX KOHIVIOMEparax BiJ BepXHBOKpEii-
JOBHX IO OJITOLICHOBHX.

Hpyruii nepion ¢opmyBaHHS JOHEOT€HOBOTO
Joxka 30BHIIIHBOT 30HM [lepenkapnarchkoro mpo-
TUHY B T€OXPOHOJIOTIYHOMY BiJHOIIEHHI KOPOTKOT-
puBanmid. BiH MOB’sS3aHWN 3 aKTHBHHUM ITiTHATTSIM
(doprany TpOTATOM KOPOTKOTPUBAIIOTO Hacy i Ha-
IPOMA/IKCHHSIM B HIPKHBOMOJIACOBOMY OaceiiHi rpy-
00yIIaMKOBHX OCaJliB, CKIIQICHUX, B OCHOBHi# Maci, 3
BigkmaziB pudeto, topu Ta kpeiau. [lizHilme ocHOB-
HUM JDKEpenoM 3Hocy Oynu (urimoBi yTBOpeHHS
Kapmnar.

Leit mepiox po3BUTKY aBTOXTOHHOT yacThHH [le-
pelKaprarTsi MO3HAYMBCS 3HAYHOIO aKTHUBI3aIli€lo
€pO3iIHNX TporeciB, MOTMONeHHIM KpykeHHIbKo1
NaJICOJOJINHY, 3 MOCTYIIOBUM 3MIIICHHSIM MPHUTAIb-
BEroBOi YaCTHMHU OCHOBHOTO Majieopyciia B Hampsi-
MKy KpakoBenpkoi cuctemMu perioHajbHUX CKHIB,
3aJI0KEHOi y JIoHeoreHoBui 4ac. [lpu npomy yTBO-
PIOBAaBCS KPYTHM YCTyMN, YCKJIQOHEHUU IO MPOCTS-
TaHHIO cepiclo KaHbHOHOMOMIOHUX Bpi3iB. OcTaHHI
(opMyBaUCh Ha MPOIOBKEHHSX MAJIE0pyCe, 3apo-
JOKEHUX B MEXax IMaJIeOBHCOYMH MPHUIIITHATOTO Me-
rabnoKy. [XHi IPUrUPIOBi YACTHHHU TOCTYHOBO Mir-
PYBaJIM Ha MiBHIYHUHN CXiJl CHHXPOHHO 31 3MiIIEHHIM
KpyToro Oepera KpykeHHIIEKOTO perioHajIbHOTO Ma-
Jieopyciia yTBOPIOIOUH PSIJl BOJAOCTIAIIB, IO TO3HAYH-
JIUCh YTBOPEHHSM B MIAHDKXKI CKJIaJIHONOOYI0Ba-
HOTO PErioHaJILHOTO YCTYIly aCUMETPUYHUX €pO3iii-
HUX 3alajdH 3 IOJOTMMH MIBIEHHO-3aX1JIHUMH 1
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KpYTUMH HiBHIYHO-CX1THIMH ITaJICOCXHJIAMH.
banen-capmarcekuii iepio po3BUTKy KpykeHu-
IIBKOI 3aIaInHY sIK 1 Beiel 30BHIMHKOI 30HU [lepenka-
PIIaTCHKOTO MPOTHHY CYIMPOBOKYBABCS PETiOHAIb-
HOIO TPAHCTPECIEI0 3 HArPOMAKEHHSIM IOTY>KHOT
TOBIII OaZeH-CapMaTChbKUX, B OCHOBHOMY, TEPUTEH-
HUX Bifkianis. CTBOpeHa B paHHbOMY MiOIICHI epo-
3iifHa cucTeMa Ha AUITHKAX, He BTATHYTHUX B IPOIECH
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BHI CTPYKTYPHI PHCH ITiJl TOBIIEIO BEPXHIX MOJIAC.
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npubopToBOi 4YacTuHU KpyKeHWIbKOi 3amajvHu 3
METOIO BUIIJICHHS ra30MePCICKTUBHUX 00’ EKTIB.
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An alternative view of the conditions of the formation
of the pre-Neogene bed of the Krukenychi depression
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ABSTRACT

Purpose. The Krukenytsk Depression is considered a deep erosional valley formed at the beginning of the Miocene.
A comparison of the pre-Neogene paleo-relief of the northwestern Outer Zone of the Pre-Carpathian Trough with the
modern structural plan of the surface of the Grand Canyon carved out of the sedimentary layers of the Colorado Plateau
is given. An assumption is made about the erosive nature of the narrow strip of articulation of the Krukenytsk Depression
with the hypsometrically uplifted Kosiv-Ugrian Subzone of the Outer Zone of the Pre-Carpathian Trough.

Method. Based on comprehensive geological and geophysical studies, the Krukenytsia Depression is presented as
a component of the Pre-Neogene erosional system of the Outer Zone of the Precarpathian Trough. The main factor in the
formation of discontinuous and plicative faults is considered to be gravitational forces, which is the basis for new views
on the formation of hydrocarbon traps in the upper molasses section. The purpose of the study is to identify the influence
of Pre-Neogene erosional processes on the formation of paleogeomorphological features of the Pre-Neogene bed of the
northeastern marginal part of the Krukenytsia Depression.

Results. The Krukenytsia Depression differs from the adjacent Kosiv-Uhersk subzone of the Outer zone of the
Precarpathian Depression, primarily, in the depths of the pre-Neogene basement, which became the main factor in the
abrupt increase in the thickness of the Miocene complex, represented mainly by terrigenous formations of Badenian-
Sarmatian age, which, within the depression, overlap strongly dislocated and metamorphosed Riphean formations with
an angular and stratigraphic unconformity. The Mesozoic and Paleozoic complexes in the pre-Neogene basement of the
Ukrainian part of the Krukenytsia Depression are absent and appear, gradually rejuvenating the latter only on the steep
northeastern slope and within its origin in Poland. According to the existing model, the Krukenytska Depression is repre-
sented as a megablock of the autochthonous part of the Precarpathian trough submerged along the Krakovets fault, within
which the Miocene Upper Molasses complex with stratigraphic and angular unconformity overlies metamorphosed and
dislocated Riphean rocks.

Scientific novelty. In the pre-Neogene base of the Outer zone of the Precarpathian trough, the northeastern margin
of the Krukenytsia depression is first presented as a steep longitudinal slope of a deep erosional paleovalley, complicated
by numerous elements of gravity slides of the Meso-Paleozoic stratum. The dominant role in the formation of the block
structure of the studied area is first assigned to the forces of gravity in conjunction with the paleogeomorphological
features of the pre-Neogene bed.

Practical significance. The obtained data allow us to assess in a new way the conditions for the formation of hy-
drocarbon traps, both in the Miocene terrigenous complex and in the rocks of the pre-Neogene base of the northeastern
marginal part of the Krukenytsia depression in order to conduct more targeted geological exploration work in this area of
the Outer zone of the trough.

Keywords: deflection, depression, abutment, tectonic disturbances, denudation, erosion surface.
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ABSTRACT

Purpose. This study investigates the tectonic and sedimentary evolution of the transition zone between the South Caspian Basin
and the Middle Caspian Basin. The research aims to analyze seismic stratigraphic sequences to improve understanding of the basin’s
geological history, sedimentary processes, and hydrocarbon potential. It also seeks to clarify the structural features and tectonic mech-
anisms responsible for the formation and evolution of this complex geological region.

Methodology. The study employs seismostratigraphy, focusing on seismic sequence and seismic facies analysis. Seismic data
were analyzed to identify sedimentary structures, stratigraphic sequences, and tectonic features. The seismic sections oriented in north-
west-southeast and northeast-southwest directions were divided into ten seismic stratigraphic sequences (SS-1 to SS-10). These se-
quences were studied to determine their depositional environments, tectonic settings, and reflection characteristics. Seismic facies
analysis helped interpret depositional conditions and sedimentary dynamics within each sequence, contributing to identifying structural
traps and hydrocarbon reservoirs.

Results. Key Seismic Features: Features such as onlaps, toplaps, pinch-outs, clinoforms, and erosional truncations were identi-
fied, suggesting favorable conditions for hydrocarbon accumulation, particularly in SS-3 (Upper Cretaceous), SS-5 (Maikop Series),
and SS-7 (Productive Series). Tectonic Evolution: The region's tectonic evolution includes subduction, rifting, and the platform devel-
opment. These geodynamic processes controlled the sedimentation conditions and structural deformations. Seismic Reflection Patterns:
Seismic reflections indicate significant variations in sedimentation rates and depositional environments. For example, Jurassic and
Lower Cretaceous sequences (SS-1 and SS-2) show chaotic and discontinuous reflections, while Late Pliocene and Quaternary se-
quences (SS-8 and SS-10) have continuous, high-amplitude reflections, suggesting contrasting depositional conditions. Tectonic Influ-
ence: Evidence of syn-sedimentary tectonics, including fault-related deformation and subsidence-driven sedimentation, was observed,
emphasizing tectonic activity's role in shaping the region’s stratigraphy and influencing hydrocarbon distribution.

Scientific Novelty. The study offers new insights into the tectonic and sedimentary history of the transition zone of the South
Caspian Basin and the Middle Caspian Basin. It refines existing theories regarding the basin's formation by integrating seismostratig-
raphy with geological interpretations. The research advances the understanding of subsurface structural complexities, highlighting the
interaction of tectonic forces and sedimentary processes in shaping the region's geological framework.

Practical Significance. The findings have significant implications for oil and gas exploration. Key geological structures such as
pinch-out zones, onlap unconformities, and erosional truncations provide critical information for hydrocarbon exploration. Particularly,
the Upper Cretaceous and Oligocene-Miocene sections show favorable conditions for non-anticlinal traps, suggesting promising ex-
ploration targets. The study also highlights the role of tectonic activity in reservoir formation and distribution, aiding future exploration
and drilling efforts in the region.

Keywords: South Caspian basin, Middle Caspian basin, seismostratigraphic analysis, reflection, seismic sequences, seismic fa-
cies analysis, seismic sections, sediments.

In cites: Namazli Nurlan, Abdulla-zade Murad (2025). Geological interpretation of the wave field in Mesozoic and Cenozoic sedimentary com-
plexes of the transition zone between the South Caspian and Middle Caspian Basins using seismostratigraphic analysis method. Visnyk of V. N. Karazin
Kharkiv National University. Series "Geology. Geography. Ecology", (62), 95-103. https://doi.org/10.26565/2410-7360-2025-62-07

Introduction. This study focuses on the western
flank of the transition zone between the South Cas-

the Greater Caucasus-South Caspian-Kopetdagh
marginal sea (also referred to as the Greater Caucasus

pian Basin (SCB) and the Middle Caspian Basin
(MCB). Tectonically, this region represents the ma-
rine extension of the southeastern termination of the
Greater Caucasus Meganticlinorium [17] (Fig.1).
The question of the timing and mechanism of the
SCB formation has long been a subject of debate,
with several theories proposed regarding its genesis.
One perspective suggests that this basin is a relic of

marginal sea) and represents a product of back-arc
rifting and spreading associated with the develop-
ment of a magmatic arc. The buried structure of this
arc is well-imaged on seismic profiles, extending
from Talysh through the Saatly-Geychay-Minga-
chevir Mesozoic uplift zone and further beneath the
Alazani Valley towards the Black Sea [29].

Another hypothesis posits that the SCB formed

© Namazli Nurlan, Abdulla-zade Murad, 2025
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as a result of the closure of the Mesozoic Tethys
Ocean [15,16].

Another perspective views the SCB as an oce-
anic pull-apart structure formed through rifting along
a Late Cretaceous strike-slip zone parallel to the Cau-
casus and Kopetdagh [24].

A different hypothesis interprets the SCB's for-
mation as a result of meridional rifting. Additionally,
it has been suggested that the SCB could have
emerged due to the densification of mafic rocks in the
lower part of the continental crust, driven by a phase
transition from gabbro to eclogite, leading to increa-

sed density and subsidence [5].

Despite the abundance of theories, the insights
from ultra-deep seismic sounding using the Common
Depth Point (CDP) method cannot be overlooked.
These data reveal rift-related extensional structures
on the marginal part of the Turan Plate in the Central
Caspian, a buried volcanic island arc in the Kura De-
pression, the subduction of thin oceanic crust beneath
the thick (25-28 km) sedimentary cover of the SCB,
and the complexly deformed accretionary prism
structures with associated compressional features
[10].
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Fig. 1. A) Combined bathymetric and topographic map of the South Caspian Sea and its surrounding regions.
The elongated subsea ridges visible in the bathymetry correspond to prominent anticlinal folds beneath the
seafloor; B) Key structural features of the South Caspian Sea and adjacent areas
[adapted from 3, 6, 11, 21, 22, 26]

The convergence zone between the SCB and the
MCB, recognized as the primary oil and gas generat-
ing area of the region, has been a subject of research
for several decades [2]. The SCB, characterized by
the Absheron-Prebalkhan tectonic zone, originated

and evolved within the Alpine-Himalayan orogenic
belt. The sedimentary fill of the SCB remains rela-
tively undeformed in certain areas compared to the
neighboring folded and thrust complexes of the Cau-
casus, Kopetdagh, and Elburz regions (Fig. 1).
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The South Caspian lithosphere is believed to
subduct beneath the continental lithosphere of the
MCB in this area [1, 8, 9, 13, 14, 18]. The formation
of the SCB is attributed to various periods, including
the Paleocene, Late Jurassic, and Early Mesozoic
[12]. The SCB's sedimentary fill comprises over 20
kilometers of Mesozoic to Cenozoic deposits [7].

Materials and methods. Seismostratigraphy
was employed as the primary method in this study.
This geological technique is widely used for the

stratigraphic interpretation of seismic data. Seismic
reflections are generated from physical surfaces that
exhibit abrupt changes in properties such as density
and velocity, with unconformity and stratification
surfaces serving as key boundaries between layers [4,
20, 27]. The analysis involves both seismic sequence
analysis and seismic facies analysis [23, 25]. To
achieve the study's objectives, seismic sections from
the research area were divided into seismic sedimen-
tation complexes.

>

>
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<

- %..‘

South Caspian Basin

<O

&

__— | — seismic profiles

@ — structures

‘ | Transition zone from the South Caspian basin
to the Middle Caspian basin

Fig. 2. Location of the study area and the arrangement of seismic profiles

These sections, oriented in the northwest-south-
east and northeast-southwest directions, were ana-
lyzed to identify ten seismic stratigraphic sequences
[19]. Seismic facies analysis was conducted by eval-
uating the dynamic parameters of seismic reflections
within each sequence.

Results and discussion. In the article, seismic
sections along 14 seismic profiles in the study area
have been analyzed. The seismic profiles and their
corresponding seismic sections have been conven-
tionally named from A to N (Fig. 2). The seismic se-
quences are denoted by the abbreviation "SS" in the
article (Fig. 3).

SS-1 and SS-2: These sequences represent Ju-
rassic and Lower Cretaceous sediments. SS-1 marks
the period of rift basin formation and opening. Dur-
ing the Late Jurassic, a marine transgression was

actively progressing, accompanied by further basin
expansion. Time seismic sections provide a clear
view of the development of shelves and continental
slopes during the process of sea expansion and plat-
form margin inundation in the Middle Jurassic.

The Cretaceous surface exhibits an uneven relief,
and in the lower part of SS-2, distinct clinoforms char-
acteristic of carbonate escarpments along the shelf
edge are identified. The irregular surface of the reflec-
tive boundaries observed in this interval is typical of
deposits accumulated in shallow-water basins. Tracing
reflections within these sequences is challenging due
to their chaotic, low-to-medium amplitude and discon-
tinuous nature (Fig. 4A). Some sections exhibit semi-
continuous reflections, particularly near the upper
boundary, which are likely associated with volcano-
genic-carbonate deposits (Fig. 4B).
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SS-3: This sequence corresponds to Upper Cre-  phases: low-to-medium amplitude, subparallel, and
taceous sediments. It is characterized by two distinct  discontinuous reflections near the lower boundary
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(Fig. 5A), transitioning to high-amplitude, continu-
ous reflections near the upper boundary (Fig. 5B).
The sea-level drop in the shelf zone led to active rock
erosion, contributing to the formation of erosional
truncations. Such areas are evident on the eroded

surfaces of Upper Cretaceous deposits. Onlap uncon-
formities are evident along the upper boundary, indic-
ative of falling sea levels [28]. Pinch-out zones are
observed above SS-3 (Fig. 5C).

Fig. 5. A) Low-to-medium amplitude, subparallel, and discontinuous reflections (seismic section “N”);
B) high amplitude, continuous reflections (seismic section “B”);
C) pinch-out zones (seismic section “G”’) within Upper Cretaceous sediments

SS-4: Representing Eocene sediments, SS-4 lies
on Upper Cretaceous deposits in the northern part of
the study area. The reflections within SS-4 are
weaker in amplitude and frequency compared to the
overlying and underlying sequences (Fig. 6A). Paleo-
cene and Eocene deposits lie on the eroded Creta-
ceous surface in the northern and north-northeastern
parts of the area. The Eocene interval is predomi-

nantly represented by clayey lithofacies, though
dense sandstones and fine-grained sands are occa-
sionally encountered. Compared to the Cretaceous
and Maikop (Oligocene-Early Miocene) deposits, the
Eocene deposits display lower reflection frequency
and weaker reflection amplitude. Pinch-outs of Eo-
cene sediments are observed in both the northeastern
and north-northeast profiles (Fig. 6B).

Fig. 6. A) Weak amplitude reflections (seismic section “G”) and
B) pinch-outs (seismic section “K”) observed within Eocene sediments

SS-5: This sequence represents the Maikop Se-
ries (Oligocene-Early Miocene). Seismic reflections
within SS-5 are predominantly medium- to high-am-
plitude, parallel, and semi-continuous (Fig. 7A). Cha-
otic reflections occur in areas affected by tectonic
faults and uplifts (Fig. 7B). The Maikop deposits are
primarily represented by clayey lithofacies, as well as
sandy-carbonate clays, dense sandstones, and thin

interlayers of clay. A detailed analysis of time sec-
tions reveals that during the Oligocene-Early Mio-
cene period, the Absheron-Prebalkhan threshold was
a zone of relative uplift, separating the South Caspian
subsidence area from the Middle Caspian region.
Pinch-outs of Maikop sediments overlying Upper
Cretaceous deposits are noted in both regional pro-
files (Fig. 7C).
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Fig. 7. A) Chaotic reflections (seismic section “J’); B) Medium-to-high amplitude, parallel,
and semi-continuous reflections (seismic section “K”); C) pinch-out zones (seismic section “F”)
within Oligocene-Early Miocene sediments

SS-6: Corresponding to Late Miocene sedi-
ments, SS-6 shows nearly uniform thickness across
the study area. Near its lower boundary, continuous,
subparallel reflections become increasingly chaotic
upward, suggesting a high sediment influx during this
period (Fig. 8A). In terms of reflection intensity, den-
sity, and configuration on time sections, this seismic
complex differs both from the Maikop SS-5, repre-

sented by lower fine-clastic molasses, and from the
overlying seismic complexes associated with the Me-
otian-Anthropogenic upper coarse-clastic molasses.
Erosion truncations at the upper boundary indicate a
sharp sea-level drop towards the end of the Miocene.
In some sections, synclinal-shaped "hollows" are ob-
served, which may correspond to paleo-riverbeds
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Fig. 8. A) Subparallel and chaotic reflections (seismic section “H”); B) synclinal-shaped "hollows"
(seismic section “I”’) within Late Miocene sediments

SS-7: This sequence represents the Productive
Series (Early Pliocene) sediments. Reflections within
SS-7 are medium-to-high amplitude, parallel, and
continuous, with weaker amplitudes near the lower
boundary (Fig. 9A). Analysis of seismic dynamics
suggests deep-water basin sedimentation, with a
higher sedimentation rate compared to other se-
quences. The six-kilometer-thick Productive-Red
Bed Formation was formed during the Early Plio-
cene, a period estimated at 1.8-2.2 million years ac-
cording to a new chronostratigraphic scale. Numer-
ous laterally extensive horizons are observed within
the Productive-Red Bed Formation, which are un-
doubtedly associated with prolonged sedimentation
hiatuses. Onlaps are observed in the northeastern di-

rection (Fig. 9B).

SS-8: Representing Aghjagil (Late Pliocene)
sediments, SS-8 features medium- to high-amplitude,
subparallel, continuous reflections (Fig. 10). Such re-
flection characteristics indicate uniform sediment ac-
cumulation and/or stable conditions at the relatively
stable basin-floor.

This suggests that the sedimentation process oc-
curred in relatively deep-water conditions, with these
deposits interfacing with unconformity surfaces that
bound SS-VIII both above and below, following a
toplap and downlap -contacting pattern.

SS-9 and SS-10: These sequences represent
Quaternary sediments. The boundary between the
two sequences is consistently traced across all seis-
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Fig. 9. A) Medium-to-high amplitude, parallel, and continuous reflections (seismic section “M”);
B) onlaps (seismic section “E”) within Early Pliocene sediments

Fig. 10. High-amplitude, subparallel, continuous reflections (seismic section “L”)
within Late Pliocene sediments

mic sections. Reflections are medium-to-high ampli-
tude, parallel, and continuous, with notable sig-
moidal, prograding clinoforms observed within SS-

10 (Fig. 11). Analysis suggests an increase in sedi-
ment accumulation rates and rising sea levels during
sedimentation.

N S —

Fig. 11. Sig‘moidal,»pfograding

Conclusions. This study has provided valuable
insights into geological structure of the transition
zone between the South Caspian and Middle Caspian
Basins, focusing on the region's tectonic evolution
and its potential for oil and gas accumulation. The
following conclusions can be drawn from the analy-
sis of seismic data:

1. Tectonic and Sedimentary Evolution: The
seismic sequences reveal a complex tectono-strati-
graphic history for the region, characterized by sig-
nificant changes in sedimentation patterns linked to
both eustatic sea-level fluctuations and tectonic ac-
tivities, including subduction processes. These

changes are reflected in the various seismic se-
quences identified, ranging from Jurassic to Quater-
nary deposits.

2. ldentification of Key Geological Features:
Several key geological features conducive to oil and
gas accumulations were identified through seis-
mostratigraphic analysis. These include onlap, toplap
unconformities, clinoforms, and pinch-out zones,
which suggest favorable conditions for the formation
of hydrocarbon traps, particularly in sequences SS-3
(Upper Cretaceous), SS-5 (Maikop Series), and SS-7
(Productive Series).

3. Stratigraphic Division: The seismic stratigra-
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phic sequences identified in the study area show dis-
tinct variations in reflection characteristics, corre-
sponding to different sedimentary environments and
tectonic events. For instance, chaotic and discontinu-
ous reflections in the Jurassic and Lower Cretaceous
sequences (SS-1 and SS-2) contrast with the contin-
uous, high-amplitude reflections in the Late Pliocene
and Quaternary sequences (SS-8 and SS-10), indicat-
ing changes in depositional processes and sea-level

4. Oil and Gas Exploration Potential: The anal-
ysis highlights several intervals with potential for hy-
drocarbon accumulation, particularly the Upper Cre-
taceous and Oligocene-Miocene sections, where tec-
tonic activity has created favorable conditions for
non-anticlinal traps. The identification of pinch-out
zones, erosional truncations, and onlap unconformi-
ties in these sequences provides crucial information
for future oil and gas exploration in the region.

variations.
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I'eostoriyHa iHTepnpeTaniss XBUJIbLOBOIO I0JIS Y Me3030MCHKHUX | KAaTHO30MCbKHX
0CaI0OBUX KOMILJIEKCAX MepexiaHoil 30Hu Mixk IliBaeHHOKacHiiiCbKUM i
CepennbokacniicbKUM 0aceiiHaMM METOA0M CelcMOCTPATUIPAGIYHOIO aHAI3Y

Hypnan Hamaznu '

aCIipaHT, MOJI. HayK. CIIiBPOOITHHK, / IHCTUTYT reomorii Ta reopizukn

MiHicTepcTBa Hayku Ta ocBith PecryOniku AsepOaiimkan, baky, AzepOaiimkaH;

Mypao Aboynna-3ade >

1. inocodii, BuKkianay,

2 AzepOaliKaHCHKHUI IepKaBHUM yHIBEpCUTET HATH i IIPOMHUCIOBOCTI, baky, AsepOaiimkan

e mocmimkeHHs BUBYA€ TEKTOHIYHY Ta 0CaJIOBY €BOIIOIII0 MepexinHoi 30an Mix [liBneHHo-Kacmiiicekoro ta Ce-
penHboKacHiiicbKolo 3amnaanHaMu. JlocimipkeHHsT Mae Ha MeTi NpoaHalli3yBaTu celicMocTparurpadivyHi HOCHiIOBHOCTI
JUTSL TIOKpAIleHHS PO3YMIHHS T€OJIOTIYHOI icTopii OaceiiHy, 0caJoBHX TMPOIECIB Ta BYIJICBOJHEBOTO MOTEHIATy. BoHO
TaKOXK CIIPSIMOBaHE Ha 3’sICyBaHHS CTPYKTYPHHX OCOOIMBOCTEH Ta TEKTOHIYHUX MEXaHi3MiB, BiIIOBIIANBHUX 33 (GOpMY-
BaHHS Ta €BOJIIOLIIO I[HOTO CKIIAJHOTO TEOJOTIYHOTO PETiOHy. Y poOOTi 3aCTOCOBAaHO METOX ceiicMOCTpaTHrpadigHOTO
aHaJIi3y, 30KpeMa aHaJi3 CelCMIUHMX MOCIIIOBHOCTEH Ta ceiicMiunux dariil. Byno BuKoHaHO aHali3 CeCMIYHMX JaHUX
JUTA iTeHTH(DIKAIlT 0CaTOBUX CTPYKTYD, CTpAaTUrpadigHIX MOCTiTOBHOCTEH 1 TEKTOHIYHUX 0cobmuBocTelt. CelicMiuHi po-
3pi3u, OPIEHTOBAHI B HANPSAMKAX MIBHIYHHIA 3aXiA-MIBACHHUI CXiJ Ta MIBHIYHUN CXI-MBACHHUHN 3aXi/, Oyinu po3aiieHi
Ha JIecsTh ceficMocTpaTturpadiqyaux nocuigoBHocteit (SS-1 go SS-10). Lli mocmigoBHOCTI Oyiy BUBYCHI IJIsT BU3HAYCHHS
IXHIX YMOB BiJKJIa/IcHHS, TCKTOHIYHMUX 00OCTAHOBOK Ta XapaKTEPHCTUK BiOUTTs. AHali3 ceficMidamx (artiii 1omomir iH-
TEpIPETyBaTH YMOBH BIAKJIAACHHS Ta OCAJOBY JHHAMIKYy B MeEXaxX KOXXKHOI MOCIIJZOBHOCTI, CIPHUSIOUN iNeHTU(IKAIIT
CTPYKTYPHHX [ACTOK Ta BYIJIEBOJHEBHUX pe3epByapiB. OCHOBHI celicMiuHi 0coOMMBOCTI: Byno Bu3HaueHo Taki 0coOIMBO-
CTi, SIK OHJIAIHM, TOTUIATIH, BUKIMHIOBAHHS, KJIIHOMOPMHE Ta epOo3iiiHi 3pi3H, 0 BKa3yIOTh Ha CIPUATINBI YMOBH I Ha-
KOMUYEHHS BYIJIEBOJHIB, 0CO0OMUBO B SS-3 (BepxHs Kpeiina), SS-5 (Mmaiikorceka cepis) i SS-7 (MpOMYKTHBHA TOBIIA).
TexroniuHa eBOMIOMIs: TEeKTOHIYHA €BOJIOIIS PETIOHY BKIIOYAE CYOMYKIIiF0, pUPTHHT i po3BUTOK Tuiardopmu. Li reoqu-
HaMi4Hi MPOIeCH BU3HAYaIM YMOBHU OCaJ0HAKOIIMUYEHHS Ta CTPYKTYpHI Aedopmalrii. 3aKOHOMIPHOCTI CEHCMIUYHUX BijI-
OWTTIB: celicMivHi BiOWTTS BKa3ylOTh HAa 3HAYHI Bapiallil MIBHIKOCTI CEIUMEHTAIlil Ta yMOB BigKiIaneHHs. Hampuknan,
IOPCBKi Ta HIDKHBOKPEHoBi mocmimoBHOCTI (SS-1 1 SS-2) neMOHCTPYIOTh XaOTHYHI Ta TIEPEPUBYACTI BiIOUTTS, TOMI K
i3HBOILTIOLEHOBI Ta YeTBEpPTUHHI nociigoBHOCTI (SS-8 1 SS-10) xapakrepu3ytoTbest Oe3repepBHIMHU BHCOKOAMILIITY/I-
HUMH BiIOUTTSAMH, 10 CBITIUTH ITPO KOHTPACTHI YMOBH BinkaneHHs. TexktoHiuHul BrumB: CriocTepiraiucs T0Ka3u CHH-
CeIMMEHTAaLTHOT TeKTOHIKHM, BKIIIOYar04H ie(opMaliifo, MoB's3aHy 3 PO3JIOMaMH, Ta CEUMEHTAIlI0, CIPHYUHEHY OITyC-
KaHHSIM, 10 ITJKPECIIIOE POJIb TEKTOHIYHOT aKTUBHOCTI y (hopMyBaHHI cTparurpadii periony Ta BIUIMBI Ha PO3NOLI BY-
IJICBOIHIB.
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V crarTi po3mIsiHyTa CHTYyalis, sika ckianacsi y badaBcrko-boprkaBcekoMy cyOnokpusi JykissHCEKO-UOpHOTOPCHKOTO ITOKPHBY
3akapmarts, y 3B’ 53Ky 3 HEBH3HAUCHUM PaHiIlIe XapaKTepOoM CIiBBIAHOIICHHS MK BiIKJIaJIaMH HIKHBOKPEHIOBOI IIMITOTCHKOI CBITH
3 6aYaBCHKOIO MIMIAHOIO TOBIIEIO BEPXHBOKPEHI0BOTO BiKy. BifcyTHs smoBelbKa CBiTa, ika Majna OM PO3MIlyBaTHCh MiX HUMH. Ii
BIJICYTHICTh MOXHA TAYMa4UTH MPUCYTHICTIO JIOKAJBHOTO PO3MHUBY a00 (aliaJbHUM 3aMillleHHSIM B IIIOMY IIMHHCTOI SUTOBELBKO1
CBITH, MIIaHOI 0a4aBCHKOIO CBiTOM0. Jl0Ka3y, sIKi JO3BOJSIOTH CXIJIMTHCH JI0 1711 1po (arrianbHe 3aMilieHHs, OyJIu OTPUMAaHi IUIIX0M
aHaJi3y MarepialiiB reoJoriqyHoi 3HOMKH MHUHYIHX POKiB. BOHM MONSTaroTh y BiICYTHOCTI O3HAK, SIKi O CBIJUUIIH IIPO PO3MHUB SUIOBE-
LBKOI TOBIII (0a3aJbHUX KOHIJIIOMEPATiB, KyTOBOI He3rou). Take 3aMillleHHs MPOCTEKCHE B OMHOBIKOBUX BIJKIIaNaX B CYyCiTHbOMY
Kpacnomopcrko-I'oBepIstHCbKOMY CyOIIOKpHBI, po3TanioBaHoMy miBHigHiNIEe. Tam B Oacelinax piuok Yopua Tuca ( B paiioHi cMT.
SlciHst) BepXHs 4aCTHMHA MAJIOIIOTYXKHOT SUTOBEIBKOT HEPO3WICHOBAHOT CBITH 3aMIIy€ThCS MIITAHOIO0 YOPHOTOPCHKOIO CBITOIO CTPATHI -
padiuHoro niana3zoHy BepXHA Kpeiiaa (ceHoH). JIiTomoriune 3aMilieHHs] CTPOKATOKONIPHUX ITa40K Ha MilaHi Big3Ha4eHo i B OaceliHax
pigox Maxna Hlomypxka, Cepens Pika Ta KociBcbka Ha oxpemux ninstHkax BypKyTChKOTO HOKPHBY, pO3TALIOBAHOTO MiBAEHHIIIE, 3adi-
KCOBaHe Maii)ke MOBHE 3aMillleHHS INIMHUCTO] SUTOBELBKOT CBITH MILIAaHOI0 OYPKYTCHKOIO CBITOIO BEpXHBOKPEHI0BOTO BiKy. Ha cycimHiit
3 Hamu Tepurtopii [lonpmii y Cinespkiil TEKTOHIYHIN OAMHUII CTPOKATOKOJIIpHA TOBIA AHAJIOT HAIIOI SUTOBEIBKOI CBITH, JITOJIOTIYHO
3aMIIIy€EThCSI OTHOBIKOBHUMH TOMYJILCHKHMH MiCKOBHKaMHU. DaKT 1bOTO JITOJOTIYHOTO 3aMillleHHs Ha JiNsHIli bayaBchko-bopikaBch-
KOTO CyOIOKPHBY J03BOJIMB 3MIHHUTH MOTIEPEIHIO IHTEPITPETAIlif0 HOTO reoorivyHoT OyI0BU. Y CTaTTi 3aCTOCOBAHO KOMITJICKCHHI aHa-
J1i3 TEOJIOTIYHUX JOCII/KEHb: JIITOJIOro-(ariaJbHui, aJCOHTONOTIYHHI Ta CTPYKTYPHO-TEKTOHIUHI TOOYJOBH.

Knrwwuosi cnosa: noxpusu, cyonokpusu, @riwi, posmus, gayianvhe 3aMiujerHs, WunomcobKi i 6auascoki epcmeu, 3akapnammsi.
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Beryn, mocranoBka mpooiaemMu. JyKisHCHKO-
YopHOTOpCHKUH TOKPHB B YKPaiHCHKOMY CETMEHTI
Cxnangyactux Kapnar cknamaeTbes 3 mecTd cyOnok-
puBiB [7]. Y miBHIYHO-3aXiHi}l YaCTHHI 1€ HACTYITHI
CyOTIOKpHBH, SIKi HACYHYTI O/IHI Ha JpyTi: bayaBcbko-
bopxascekuit, [lononuncekuid, bepe3HsaHcbkuil Ta
CraBHSIHCBKUH; y MiBAEHHO-CXiAHIN ['0BEepIsSHCHKO-
Kpacnomopcbkwii i CKyMiBCbKHIA. Y TEHTPaILHOMY
cexropi bauaBchko-bBopikaBehkuii CyOITOKpHUB Hacy-
HyTHi Ha loBepmsHcbko-KpacHomopeskuil. OTixe,
MPOCTOPOBO OCTaHHIW MoXe Oyt ToTokHIM [loo-
HUHCBKOMY a00 bepe3HsIHChKOMY CyOmOKpHBaM.
Amnani3 cienudiuHIX BIACTHBOCTEH LHX CyONOKpH-
BiB, SIK Ha CTaJlii 0CaJOHATPOMAKCHHS TaK Ii3Hi-
IIMX TOAIH moyHeMo 3 bayaBchko-BopikaBchkoro cy-
onokpuBy OpnHOIMEHHa cCBiTa, SKa HaJajla Ha3By

MiBHIYHO-3aX1/IHIi YacTHHI cyOmOKpuBYy Oyna BHIIi-
neHa 'y 1967p. [3]. bauaBchka cBiTa CKJlajieHa MacHB-
HUMH Ta TpyOOBEPCTBYBATHUMHITICKOBHKAMH 3 TTaKe-
TamMu putMmivHoro ¢urimny. [TickoBukwu (0,7-10 M) cipi
1 OMaKkuTHO-Cipi MpH BUBITPIOBaHHI JKOBTYBaToO-Cipi
Ta ipKaBO->KOBTi, APiIOHO- 1 PI3HO3EPHUCTI LIIBHI.
Mix milani NakeTH CKJIaIal0Th IPiOHO3EPHUCTI ITic-
KoBUKHU Ta aneBpoiitu (5-10 cm), TeMHO-cipi 1 Ona-
KHUTHO-Cipi aprimitu (5-15 cm). ToBmmHA Takux ma-
KeTiB fosTae 3-5M. XapaKTepHOI OCOOIUBICTIO PO3-
pi3y € HasBHICTH TpyOoMIapyBaTHX MICKOBUKIB 3 3a-
KPYUEHOIO IIAPYBATICTIO Ta CPEPHUYHOI0 OKPEMIIITHI-
cTr0. ToBIMHA CBITH CTAaHOBUTH HaOmxeHo 1500 M.
Yepes 3Haxiaky XK. C. KoBanem y npurup:iosiii yac-
TuHi p. Jlrora amonita Euphylioceras sp. Ta Mikpo-
tbaynun Hormosina ovulum (Grz.) var. gigantea
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Geroch, Trochammina  sp., Plectina  sp.,
Plectorecurvoides alternans Noth., aBropy BiTHECITH
0a4aBCBKy CBITy N0 BepXHBOi Kpeinu. OcTaHHA Ha
iXHIO TyMKy MpeacTaBisie co000 cTparurpadiuHuii
BIIITOBITHUK STOBEIILKOI CBITH 1 HIDKHBOOEPE3HSH-
CBHKOI MiJCBITH.

Marepiaiau Ta MeToau aociaigxens. OOrpyH-
TyBaTH BiJICYTHICTh y bauaBchko-bopikaBcbkoMy cy-
OTIOKPHBI SUTOBEITLKOT CBITH BEpXHBLOI KpeHau depes
po3MuB abo JiTonoro-amianbHe 3aMilleHHA. Y
CTaTTi 3aCTOCOBaHO KOMIUICKCHUH aHalli3 reoyioriv-
HHX TOCTIKEHb Ha TepeHaX MOIUPEHHS 0a9aBChKOL
CBITH.

OcHOBHI pe3yJbTaTH A0CaiIKeHb. bauaBcbko-
BopxaBchkwuii CyONIOKPWB € HAWITIBIEHHIIIAM 3 TIIe-
cTH cyOonokpuBiB [lykisHCEKO-HOPHOTOPCHKOTO TI0-
KpuBY [7]. BiH Mae mommupeHHs y miBHIYHO-3aXiHIN
yactuHi YKpaincekux Kapmar. 3 miBmHS cyOmoKpuB
00MeXyeThCsI HaCyBOM bypkyTchkoro i Marypch-
KOTO MOKpHBIB. BiH ckilafaeThcs 3 1BOX 4acTuH ba-
YaBChKO1 Ha MiBHIYHOMY 3axo/i i Bop»kaBcbkoi Ha Ti-
BJIEHHOMY CXOJIi, IKi MikK COOO0 HE CTUKAIOThCA. Bi-
JICTaHb MDDK HUMM cTaHOBUTH 20-25 kM. 3axigHiiie
BepXHbOrpaOOBHUIILKOTO TEKTOHIYHOTO IiBBIKHA
BOHH PO3’€IHaHI CTPYKTypaMu bepe3HIHCHKOTOo Cy-
OmoKpUBY, Ha sIKi HacyHyTa bauaBchka J1aHka cyoro-
kpuBy. CXijIHIIIE IILOTO MiBBIKHA BifKIaau bepe3ns-
HCBKOTO CcyOmokpuBy mnepen (poHToM BopkaBch-
KOTO CEeTMEHTY BiAcyTHi. BiporimHo, BoHH 3HaXo-
JATHCS 11 HOTO HACYBOM 1 Ha JIEHHIN MOBEPXHI BiJIl-
cytHi. CtpykTypHO BopikaBchkuii cerMeHT ckiaaa-
€THCS 3 JIBOX MPOTSIKHUX JYCOK: 3aHBKIBCHKOI (30B-
HinrHbo1) 1 KpacHoi ['panku. Bonn (sik i bauaBcbka
OJIMHHIIS) CKIIaJICH] 31e01ILIIOTO MIl[AHOK TOBIIEIO
BEPXHBOI Kpelan- cepeanboro eoneny [10, 11]. 3a-
HBKIBCBKA JIyCKa B MIBHIYHO-CXiJHOMY HaNpsMKy Ha
BiJpi3Ky Onm3bko 50 KM HacyHyTa Ha OJIrOIEHOBI
Bikiaau BiTinsHChK0-CBUIOBEILKOTO CYyOIOKPUBY
KpocueHchkoro nokpuBy, a B paiioHi cc. Piuku i Tro-
KU MiXTipcbKOTO palioHy Ha Kper0BO-€OIeHOBI
Bimkiaau KpacHomopcbkoro cyornokpuBy JykiisiH-
cbKO-UOpHOTOpChKOT0 TOKPUBY. B310BK 30BHIMI-
HBOTO Kparo 3aHBKiBCHKOI JIYCKH Cepej MilllaHOTO
Gy y 11 ppoHTaIBHIN YaCTHHI 110 MPOCTATAHHIO B
YOTUPHOX MICISIX BUXOJSATh TEMHOKOIIPHI BiAKIaIH
Ha TeoJIOTIUHINA KapTi 300pakeHi SK 3aMKHEHI KOH-
TypH (3 BHIYHOTO 3aX0/ly Ha MiBJCHHUH CXiJ): TiB-
neHHiie ¢. XKneHieBo; B paioHi 3a1i3HUYHOT CTAHINT
3aHpKa y BUTJSAI HEBEIIMKOTO BUXOJY Ha IiBHIiY-
HOMY cxui . Bo3era. miBaeHHimie cMt. Bonosels Ha
MmiBHIYHOMY cxwti T. [Tnaii; B po3pizax morokis ITio-
manka 1 [Tmmnenskiii 6utg ¢. [Mununens. Bimmami
MDXK HUMH CTaHOBJIATH 6-8 KM.

Ha Bupnaniii B YkpHAT' Pl 'y 1977 p. reosoriuniii
KapTi Ykpaincekux Kaprnar macmrady 1:200000 mi-
[IaHa TOBILA BiJHECEHA IO MAaJEOLEH-EOIeHy, a o-
pHa ToBIIA 10 6epe3HSHCHKOI CBITH BEPXHbBOI KpEii-

o [5].

Jlana 4opHa TOBIIIA [TPE/ICTABIEHA YEPTYBaHHIM
TaKuX MOpiA. APTiJiTH YOpHi, TEMHO-Cipi 1 3eneHy-
BaTO-Cipi HeKapOOHATHI HEPiJKO KPEMEHHUCTI (0c00-
TuBO YopHi) 3 roctpuM ckojioMm (0,1-0,5 mo 1,0 m).
JpiOHO3EpHUCTI MTICKOBUKH 1 aJIEBPOJIITH YOPHI 1 Te-
MHO-Cipi 1HOJIi KBAPLIUTOBHUIHI 3 IOPOBUM ONATIOBUM
IIEMEHTOM a00 IIEMEHTAIIEI0 PO3POCTAaHHS 3EPEH,
Iy>ke miTeHi 1 mimai (1o 0,1-0,2 M) iHOAT 3 TOHKUMHU
JKUJIKaMU XallleoHy. [liCKOBHKH OJIITOMIKTOBI i TIO-
JMIKTOBI cipi 1 TEMHO-Cipi, pi3HO3epHUCTI abo cepe-
IHBO3EPHHUCTI, HeKapOOHaTHI ab0 crabokapOOHATHI,
KpeMeHHUCTI mibHi 1 MitHi (0,5-1,2 m). Mepreni do-
PHI KPEMEHHUCTI 3 TOCTPUM PIXKYUIHM CKOJIOM, TOHKO-
mmuTdacti (0,05-0,2 m). Cxirameni 3 nemtoMopdHOi
TJIMHACTO-KapOOHATHOI MacH 3 JOBOJIi PIBHOMIPHOIO
JOMIIIKOIO KPUNTOKPUCTAIIYHOTO KpeMHE3eMy (10
20%). Aprimitu 3eneni HekapOonatHi (0,05-0,3 m)
3yCTpIiYarOThCS y BEPXHIH YaCTHHI OMHCAHOTO PO3-
pi3y. 3ycTpiualoThcs TOHKI MPOIIAPKH KPEMEHUCTUX
BamHsIKiB 1 kpeMmeHiB (710 0,05 m). Bik iux BepcTB BH-
3HAYeHHH 3a 3HaXiJIKaMH KOMILIEKCY dhopaMiHidep y
3pa3Kkax 3 BEpXHbOT YaCTUHH PO3Pi3y TOBIIII:

Ammodiscus eggeri Majz., Reophax minutus
Tapp., Thalmannammina neocomiensis Geroch,
Plectina grzybowskii Neagu., Trochammina imiaten-
sis Tapp., Hipocrepina depressa Vas. 3a Bu3Ha4CH-
HsM B.M. 3aBoJITHCHKOT BiK TOBIII- BpakoH. OTxe 3a
JTOJIOTIYHUMH O3HAKAMH 1 BIKOM TEMHOKOIIIPHY TO-
BIIY MO>KHA OXapaKTepPHU3yBaTH SIK HIUIIOTCHKY CBITY
[10, 11]. Be3nocepenHiii KOHTAKT HEPO3YICHOBAHOT
MIAaHOI TOBII 3 BIJIKJIaJaMH IIUIIOTCHKOI CBITH, AKI
3aIATaloTh HIKYE, HE BcTaHOBIeHHW. ToBma ckia-
JIeHa 37IcOUIBIIOro MOTY)XHUMHU IIJIAaCTaMU TOBCTO-
IapyBaTHX MICKOBUKIB 3 TMPOIIApKaMH apTUTTIB i
aJIeBPOJIITIB Ta MAYKaMU TOHKO- 1 CEPEeTHHOPUTMIU-
Horo urinty. [TiCKOBUKH TOJIIMIKTOBI 1 OJIrOMIKTOBI
cipi, OIAKUTHO-CIpI 1 3eJIeHyBaTO-Cipi Pi3HO3EPHUCTI
3 TpaBieM KBapIIWTIB, apTiliTiB, BAITHSIKIB CITFOJIHC-
THX, KapOOHATHI 1 3piaka HekapOoHatHi. [Topsi 3 n0-
BOJIi IIIJTBHAMY 1 MIITHIMH Pi3HOBHJIAMH MTPUCYTHI H
MTOPHUCTI PI3HOBHUIU CePeAHBOI MIITHOCTI, YaCcTO TUIU-
TYACTi, XBUIISCTOIIAPYBATi 1 KOCOBEPCTBYBATI 3 UKC-
JeHHUMH skuiikaMu kaneiuty (0,7-1,0 mo 5-10 m).
[lickoBuku NpiOHO3EPHUCTI 1 aNeBPONITH Cipi, Te-
MHO-CIpi 1HO/I Maii)ke YOpHi, 3eJeHyBaTo-Cipi, Kap-
OoHaTHI 1 HeKapOOHATHI, CepeaHbO- 1 TpyOopo3Cia-
rpoBai (0,03-0,5 m). YopHi aprisiTe 3ycTpivaroThes
B HIDKHIM 4acTHHI po3pi3y 1 Iy’Ke PiIKO y BEPXHiM.
[MocTymoBo BBepxX 30UILIIYETHCS BMICT apTijliTiB 3e-
JeHyBaTo-cipux. B HWKHIH 1 BepXHill yacTHHAX po3-
pi3y IPUCYTHI MPOIIAPKU MEPTeliB 1 BaITHIKIB CipuX
1 ICHO-CipHX MIIHKX 3 kuikamu kanenuty (0,04-0,2
M). TOBIIMHU TAa4YOK PUTMIYHOTO YEPryBaHHS 3Mi-
HroeThes Bia 0,5-3,0 1010-30 M. Bik mopix 3 HUKHBOT
JacTHHI po3pisy (3a B. M. 3aBonsHCHKOK) BU3HAYA-
€TBbCS 32 BEPXHBOKPEHIOBUM KOMILIEKCOM MIiKpO-
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tbayuu: Bogdanavicziella complanata (Franke),
Dendrophya maxima Friedb., Hyperammina cylin-
drica cylindrica (Glaessn.), H. nova Mjatl. B 3pa3kax
$3 CepelHbOi YaCTUHU BU3HAUCHHUN TAKOXK BEPXHBO-
KpeiaoBuii komruieke Qopaminidep: Silicobathysi-
phon gerochi Mjatl., Carpathiella ovulum gigantea
(Geroch.), Bogdanavicziella complanata (Franke),
Hyperammina nova Mjatl. ToBma 3rifHO TIepexpH-
BA€THCS CTPOKATOKOIIPHUMH BiKJIaTaMHU BEPXHBOTO
eoteny. [lotyxuicte ToBHI Big 1000 mo 1500 m.
BBaxaeTscs, 110 MillaHa TOBIIA CTpaTUrpadivHo 3ri-
ITHO TIepekpuBae Binkinaan mumnoty [10, 11]. Snose-
IbKa CBITa (CEHOMaH-KOHBSIK), IKa IpUCYTHS y JIyk-
JSTHCbKO-YOPHOTOPCHKOMY IMTOKPUBI MiXK BiIKIIa1aMU
IIUTIOTCHKOI CBITH 1 CEHOHCHKOIO JIAHKOKO PO3Pi3y
BEPXHBOI Kpeian y 3aHbKiBCHKIi JTyCIli HE BUSBIICHA.
Besnocepenniii nepexia He cioctepiraeTses (He Bif-
cioHeHui). HeBicmoHeHi TUISHKA CTaHOBJIATH TIC-
pII AecsSTKu MeTpiB. SIKIO mpumyckatd, oo TYT
SUTOBEIIbKa CBiTa IMPOCTO HE BiJICIIOHEHA (Yepe3 Po3-
MUB), TO TaKi IUISIHKH TPOTSHKHICTIO, Hanpukinag 40-
50 M, IBHO HE BKIIAQJAIOTHCA B MiHIMAJIbHY TOBIIUHY
sutoBerbKol ¢Bith — 130 M. OTiKe, € BCl MiACTaBH Ii-
JI03pIOBATH, 10 KOHTAKT MiX ONMCAHUMHU KOMILJICK-
cam¥ BigkiaaiB aHopMmanbHuil. [Ipo e cBigauTs Bif-
CYTHICTB (hopaMiHiep CEHOMaH-KOHBIKCHKOTO BIiKY
y BIJKJIaJax MilaHol TOBIIi, HATOMICTh BOHA OXapa-
KTEepH30BaHa MiKpo(ayHOIO CEHOHCHKOTO BIKOBOTO
inTepBany. Ilicns BcTaHOBNEHHS (PaKTy aHOPMAIb-
HOTO KOHTaKTy MDK IMMH TOBIIaMH, HEOOXIJIHO
3HAUTH HOTO MPUYMHHU. MOKINMBO, IIUITOTCHKI Bi/IK-
JIAJW 3HAXOMATHCSA Yy TEKTOHIYHHMX BiKHaX 1 BiICIO-
HIOIOThCA 3 Tij mimanoi Tosmti? [TpoTtu el Moxiu-
BOCTI  TPOMOBIISIE  3HAXO/DKEHHS  HIMMOTCHKUX
“msiM” y 1000Bil YacTHHI HaCyBY 3aHbKIBCBKOI JIy-
cku. JIoBOIMTHCS BU3HATH, IO BOHU € 1i CKJIAIOBOIO
YaCTUHOIO, HE3BKAIOUHM HA aHOPMaJIbHUH KOHTAKT 3
BHILE3assrarounmMu Bifkiaagamu [18]. Lle o3nauae,
10 200 MaB MicCIle PO3MUB 1 TO/i KOHTAKT aHOPMalTb-
HUH 200 BiI0YJIOCH JIITOJIOTIYHE 3aMIIIeHHS BiJIKJIa-
B sJIOBEILKOT CBITH MIIIaHOI TOBIICIO 3 HOPMaJIb-
HUM CTpaTUrpad)iyHUM KOHTAKTOM 3 IIHUIOTCHKUMU
Binkmagamu? Tum Oinbiie, mo MikpodayHa CEHOHY
MOXOMJIA HE 3 CAMOI HWKHBOT JIAHKU MII[aHO] TOBII.
[IpunymienHs npo JOKaIbHUI PO3MHUB BUIIAETHCS He-
HMOBIPHHM, aJDKE TaKU PO3MUB Y LIbOMY 4aCOBOMY
inTepBasi B Kapmatax nHe 3adikcoBanmii. lle Tak,
MPOTE MOTJIU iCHYBaTH OKpeMi MOOUIBHI JISTHKH Oa-
ceiiHy, Ae Taki moaii Mornu BinOyBaTHck. g npuk-
JlaJy MOJKHA 3ICJIaTHUCh Ha 3adiKCOBaHI SIBHINA PO3-
MUBY 1 MJBOJHHUX 3CYBIB MACHUBIB HIMIOTCHKUX
BEPCTB Y BEPXHOSIOBELIbKI, YOPHOTOPCHKi Ta TapHi-
YOPCHKI BiAKJIaJM BEPXHBOI KpEHIu y CyCiiHbOMY 3
bopxaBcekum  cermeHTOM bauyaBcbko-bopkaBch-
Koro cy6mnokpuBy KpacHomopcsko-I'oBepisHCh-
KoMy cyOmokpuBi. TaM BepXHBOKpEHI0Ba OJICTO-
CTpOMa 3acBi[ieHa Ha BIJIPI3KYy CYONOKPHUBY

npoTsokHICTIO Y 80 kM Bix p. Jlazemnmuau 1o p. Jlyxa-
HKH [17]. B 6acetini p. Jlazemunau i p. Yoproi Tucu
OJIICTOCTPOMA 3 MEPEBIAKIAACHUMH TOPOJAMH IH-
MOTCBHKOI CBITH 1 KOHTIIOMEpaTaMu 3 TaJbKOIO IpaHi-
TO1/TiB JIOKaTi30BaHa y CepeaHiH 1 BepXHii YacTHHAX
SUTOBEITLKOI CBITH 1 B HU3aX YOPHOTOPCHKOT CBITH (Ce-
HoH-TianeoneH). Y 2017 p. B. lllnamincekuii B MicTi
BIaAiHHA cTp. Popecok B p. JlazemmHy Biq3HAYHB He
Bigcnonennii y 1983-1985 pp. 100- merpoBuii cy-
UITBHUH JOOpe BUAUMUIA BUXIJ BiIKIaJiB HUKHBO-
HIMIIOTCHKOT MiZICBITH, 3aTUCHYTHH MiX CTPOKATHMU
BEPCTBAMH SUTOBEIHKOI CBITH (0€3 CyMHIBY OJIiCTO-
7iT). B OJHOBIKOBHX 3 HOPHOTOPCHKMMH BiAKJIanax
TapHidopchKoi cBiTH KpacHomopcekoro cyOmok-
puBy B ii Huzax f. O. Kynpunupkwuii ormcas 100 me-
TPOBHUH OJICTOCTPOMOBUH TOPH30HT, CKJIAICHUN TO-
CTPOKYTHUMH yJaMkamu (5-15 cMm), 4opHHX aprifi-
TiB, CIpUX MEpreliB i YOPHUX IMICKOBHUKIB IIUTIOTCh-
KOTO THITY, 10Ope 00KaTaHMX yJIaMKiB MOJIOYHO-0i-
joro kBapiy i meramopdiuaux mopin Llemenryro-
YOI € TEMHOKOJIIpHA IIMHUCTA Maca [4]. 3a naHuMu
B. B. Ky3oBenka y Bifgkianax suioBenpkoi cBitu Kpa-
CHOIIOPCHKOTO CyOITOKPUBY Y IPUTOKaX pik Bimbiia-
Hka 1 Jlyxanka (6aceiin TepeGui) cepen cTpokaTHX
apriliTIB SUTOBEIBKOI CBITH, CIIOCTEpiraiach raibka
crimiTiB 1 Opnnm aiabazoBux mopdipiTiB (HiameTp 10
4 m). 3a 35 KM MiBJCHHO-CXiHIIIE B MPABUX IPUTO-
kax p. Cepennpoi Piku B HMXHIM YacTHHI MilaHoi
TOBIIII BEPXHBOKPEHTOBO-CEPETHFOCOIIEHOBOTO BIKY
3a qanumu B. O. Bamenka 3agikcoBaHo rajibKy Ta
Opwnu niabasis [18, 19]. YV 1BOX HEBEIMKHUX MPHUTO-
Kax Ti€l xk piku 3axingHime 1. ['pedouens (1137,6 m)
B. O. AreeBum omnucani y 1984 p. cepexn Takux x Ii-
IIAHUX BIJKJIAIIB, TJIUHUCTAN (Il [IHUIOTCHKOT
CBiTH TOBIIMHOIO 70 45 M. Lli mpuxmagu cBig4ats,
110 i 9ac popMyBaHHS BEPXHBOSUIOBELIBKHUX Ta HU-
31B CEHOHCHKMX BIIK/IAJIB MaJli MiICLE BHMCXIIHI
PYXH, SIKi CyIPOBOKYBAJIHMCS PO3MHUBOM 1 3CyBaMH
LIMIIOTCHKUX BEPCTB 1 CyNPOBOIKYIOUHX iX ByJIKaHi-
TiB. 3rajiaHi Ha TMOYaTKy CTaTTi YOTHUPHU i30JIbOBaHI
“IUIIMU” TIMITOTCHKUX BEPCTB, Cepell MIaHuX BEPX-
HBOKPEWOBUX BIJKIIAiB, TAaKOXK MOXHa Oyso Ou
BBKATH 32 ONICTONITH ab0 OJICTOIUIaKH, TPOTe
[IBOMY CYIEpPEUNTh IXHE MOJIOKEHHS B JIOOOBIii yac-
TUHI 3aHBKIBCHKOI JIycKH. TOMY He 3aJIMIIAETHCS 1H-
LIOTO MOSICHEHHS, SIK MPUITYIIEHHS, PO JIOKAIbHUH
PO3MHUB SJIOBEIILKOI CBITH abo JiiToJIOriYHe 11 3aMi-
HICHHS, 3 MOJAIBIIMM HAarpOMaJKEHHSIM MilaHOT
BEPXHBOKPENU0BOI TOBIII HA IUIIOTCHKUX BEPCTBAX.

CkopHucTaeMoch iH()OPMAIIIE OTPUMAHOIO TIPH
po3rsii bop)KaBChKOTO CErMEHTy €IMHOTrO badas-
CbKO-BOpKaBCHKOTO MOKPHUBY Ta CHPOOYEMO BHKO-
pucTtaTH ii U aHaii3y cTpaTurpadiyHux CIiBBiAHO-
IIeHb B cerMeHTi bauaBchkomy. Y HhOMY BiiacHe Oa-
YaBCHKI ITICKOBUKH TMOIIMPEH] Y JBOX JIyckax: bauas-
cekoi 1 [leriroBus (puc. 1A) [6]. Ha miii reonoriuniit
KapTi MUMOTCHKI BEPCTBU BIIOKpEMIICHI HACYBOM
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BiJ 0a4aBCHKMX ITICKOBHUKIB.

B. B. [lanui B6a4aB B MIMIOTCHKMX BEPCTBAX
paitony c. YopHorosioBa JIyCKH BUIaBIIOBaHHA [2],
TOOTO BBa)KaB iXHiil KOHTAKT 0AYaBCHKUMU MiCKOBH-
KaMH TEKTOHIYHUM.

TIpo MOKITMBHI PO3MUB SUTOBEITEKOI CBITH 1 0€3-
MocepeHe 3ajsraHHs Ha MIMMOTCHKUX BepcTBax Oa-
YaBCHKUX IMICKOBUKIB BKa3yBaJIOCh B poboTax [4, 13,
14]. Y 1975 p. B paiioni c. YopHOroiosa B cMy3i 1o-
IIMpEHHsT 0a4aBChKHUX MICKOBUKIB OYJIO 3aBEPIICHO
OypiHHs mapameTpuuHoi cBepmiioBuHH 1-UopHOoro-
noBa. [HTEeppeTytoun po3kputuit Hero pospiz O. C.
BsutoB 31 cmiBaBTOpaMu BBaXKald, MO JO TIHOWHHU
2100 M BOHa MPOXOAMIA TOBILY 0auaBCHKUX IiCKO-
BHKIB HOPMAJIFHO 3aJISITAI0UMX HA TEMHOKOIIPHOMY
(imri (3a710MCBKI BEPCTBH), SIKI MICTATH TYpPOH-KO-
HBSIKCBKUH KoMIuiekc Mikpodaynu [1]. Takoi x my-
Mku gotpumyBaBcsi C.C. Kpyrmnos, momnpaena BiH
BBXKaB IIi MCKOBUKY HE 0a4aBCHKUMH, a TEPEIIOB-
cekuMu [lopkynenpkoro nokpusy [9].

KOHTaKTH MIMIOTCHKOI CBITH MOKHA ITOOAYUTH
B mpaBux mpurokax p. Jlrora (ctpymox CreOHUI;
foro Tupno HaBmpoTH p. bayara) i B niBoMy posra-

N 4
Kb, gt 040
S

Koy

— Crisprn

Typremar

epenm L
/ Ciseep " \

Ty>KeHHi cTp. Bemukuit, mo B ceni Kocresa [lacTins.
OTxe B IEPIIii HEBEINKIN mpaBii mpurorti ctp. Cre-
ouuii (puc. 1b) Ha miBaeHHi# okomuui c.YopHoro-
noBa B 200 M BHUIIE YCTS CIIOCTEPIrarOThCsl YIaMKH
MMCKOBHUKIB CHJILHO KPEMEHHCTHX Maike KpeMEHIB
munoTchKkoi cBith (3a B.B. Ky3oBenkom. MapmipyT
Big 09.X. 1992 p.) [11]. ¥V 330 M Bume ii ycTs B pycii
KOPIHHHUH BUXiJ] TOHKOPUTMIYHOTO YePTyBaHHS apri-
mitiB (0,05-0,15 M) 3eneHyBaTo-CipuXx 3 AEKiTbKOMa
npoapkaMu aprinitiB (1o 0,2 M) 4opHUX HEeKapOo-
HaTHuX. JloBxkuHa-33 M. Bumie Oe3 mepepBu mauka
apriTiTiB YepBOHUX HEKApOOHATHUX, TOBIIHHOIO 4 M.
Brputyn 1o nmauku 4epBOHHUX apriliTiB: YepryBaHHs
aprimitis (0,5-1,2 M) YOpHUX 1 CipUX 3 TOHKUMH MPO-
MmapKaMH{ aJICBPOJITIB 1 MICKOBHKIB cipuX. Ha Bin-
mami 150 M okpeMi BHXOAH 3 TIEpepBaMH TaKUX JKe
MopiJ 3 MpomapkaMu KPEMEHUCTHUX ITCKOBHKIB. B
kiami mickoBuku (0,2-0,6 M) cipi i cTaneBo-cipi, ce-
PEIHBO- Ta PI3HO3EPHUCTI, TPy00- 1 HEPIBHOIUINTYA-
cTi 3 mmactamu nickoBukiB (0,5-0,7 M) MacuBHOI Te-
KCTYypH; BCi mopoau kapOonaTHi. Mikpodayna Binio-
paHa 3 Madyky 4YepBOHMUX aprimitiB B 1967 p. Uvi-
gerinammina jankoi Majz (B3ipens 3 Bigcm. 954/1.

{Typeraxn

-l —~—
.
Thepesnin | T —

[ B0, [, B s T Wl s B D o0 i B s ia

Puc. 1. ®parment reosnoriuHoi kaptu paitony cc. Cumepku-HopHoroiosa.

A — BapianT kaptu 2007 p.; b — 3MiHeHunl BapiaHT TOT K KapTH, BAKOHaHMA y 2025 p.
l—omironieH. TypuIlbKa CBiTa; 2—€O0IeH HIKHII; 3—€0IeH HUKHIH-CepeHil; 4—BepXHs Kpeiina-eoleH
cepenHiil, bauaBchKka CBiTa; S—BepxHS Kpelia, Oepe3HsIHChKa CBiTa; 6—BepXHs Kpeiaa (mepexinHa ToBIIa);
7—HIKHS Kpeiiia, NIMIOTChKA CBiTa; 8—Te0NOTIYHI TPaHHUIli cTpaTurpadivyHo 3riaHi;

HacyBu: 9—cyOnokpugiB, 10-mokpuBiB, 11-ycok; 12—ckumo-3cyBu; 13—napameTpryHa CBEpUIOBHHA
1-YHopHoronoBa; 14-HaceseHi MyHKTH.

TexToniuHi enemenTr: [-Marypcbkuii mokpus; 1yKiIstHCEKO-YOpHOTOPCHKUHN TTOKPUB 3 CYyOIIOKPUBAMHU:
[I-bauaBcrro-bopkaBcbknm, ITI-TTonornachkuM, [V—-BepesnsiHcbkum /

Fig. 1. Fragment of the geological map of the area of the village of Symerki-Chornogolov.

A — version of the map of 2007; B — modified version of the same map, made in 2025. 1-Oligocene. Turyts'ka suite;
2—Lower Eocene; 3—Lower-Middle Eocene; 4—Upper Cretaceous-Middle Eocene, Bachava suite; 5—Upper Cretaceous,
Berezhnya suite; 6-Upper Cretaceous (transitional layer); 7-Lower Cretaceous, Shipots'ka suite; 8—geological bounda-
ries are stratigraphically consistent; thrusts: 9—sub-nave, 10-nave, 11-flakes; 12—slip-slips; 13—parametric well 1-Chor-

nogolov; 14-settlements. Tectonic elements: [-Magursky nappe; Duklja-Chornohora nappe with subnappes:
[I-Bachava-Borzhavskiy, I[II-Polonynskiy, [IV-Bereznyanskiy
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mromti JIrota). I1i3Hime 3 110ro X BiACITOHEHHS OyIra
BimiOpana MmikpodayHa y SKiif KpiM IIbOTO BHIY BH-
3HAYWIM A0AatkoBO: Plectina grzybowski Neagu.,
Trochammina globigeriniformis (Parker et Jones)
Plectorecurvoides alternans Noth. [16], mo Bu3Hadae
BIK ITAYKW YEPBOHUX apPTiJIiTIiB, IO BITHOCATHCS IO
HIDKHBOSJIOBEIBKOT MiACBITH. JlOoCTigHUKH Bin3Ha-
YK, 0 3yCTPIHYTI YepBOHI aprijiTH MpeacTaBs-
I0TH 00010 JTiH30BHIHE yTBOpeHHs. Lli uepBoHi ap-
TUTITH IO MPOCTSTaHHIO Hijfie He Bif3HaueHi Jluiie B
HACTYMHIA BepxHil mpaBiii mpuroui ctp. CreOHMI
3adikcoBani ApiOHI yIaMKH YEPBOHHX apTiliTiB. Y
JBUX MPHUTOKaX CTP. Bemukuii Kyau mpocTaraeTbes
CMyra OuX MOpiJ BOHU BiACYTHi. | HE TUBHO, TOMY
110 I1i BEPCTBH BiJOKPEMIICHI Bij iXHBOTO IiBHIYHO-
3aXiIHOrO TMPOAOBXKEHHS IONEPEYHUM CKUAO0-3CY-
BoM (puc. 1B). XapakTepHo 110 3CyB MPOCTEKYETHCS
10 3MIIIEHHIO IPAaHHLIb CMYTH LIUIIOTCHKUX BEPCTB B
30H1 HOTO TIPOCTATAHHS, 3 MOIOM iX Ha JBa OJIOKH
Ta MO MOHWKCHHSX B peNbe]i TiINBKH B MeXax IIH-
MMOTCHKOI TOBIIII; BHIIIE B TOBII 0AYaBCHKUX ITICKOBH-
KiB BiH HE IpOrIsiaeThesi. MOXKIIMBO, 110 3CYB BUHUK
i 9ac 0caJloHarpOMaKeHHS IMUTIOTCHKUX BEpCTB?

VY camili BepxHiil JdiBii mpuTowi cTp. Benmkwuii
Mapmpyrom npoiinui B. B. Kyzosenko i B. €. [lna-
mincekuid (03.X.1992 p.). Bropi 3a Tedi€to 1o moToky
Ha Bignam 230 M 3 mepepBaMH BiJICTIOHIOIOTHCS TiC-
koBuk (0,15-0,5, 3pigka 1,0 m). Bonu cepennbo- Ta
KPYITHO3EPHHCTI, ApiOHOCTIOAWCTI, KapOOHATHI Ta
cnabokapOOHaTHI, IesIKi pi3HOBHIM KPEMEHHUCTI, Ma-
CHBHOT TEKCTYPH 1 IIApyBaTi, pi3HOi MII[HOCTI.

[TickoBuku uepryrorbes 3 aprimitamu (0,1-0,4-
1,2 M) cipuMH, TEMHO-CipUMH, 3€IE€HYBaTO-CIpUMH
Ta YOPHUMH HE KapOOHATHHMH, TpyOOpO3IIapoBa-
HUMH, M’ SKUMH. TOBIIMHM TakuX madok 1o 10 m. 3a-
rajibHa TOBIIWHA Ii€i YacTHHU po3pi3zy 150-180 m.
Taka TOBIIA BiJICJIOHIOETBCS B YCiX IMOTOKAX, SIKI ITe-
PETHHAIOTH JJaHy CMYTY.

Hwmxde 3adikcoBano Oe3mocepenHiii KOHTaKT
i€l TepexifHOT TOBINl 3 MOPOJAMH IIUIOTCHKOI
CBITH. 3 HIMHU KOHTaKTy€ MadKa YepryBaHHs aprifi-
TiB (70 0,15 M) 9OpHUX KPEMEHHUCTHX, a TAKOX Te-
MHO-cipuXx i 3enenyBarux (mo 0,2 M) He kKapOOHaT-
HUX, 3 TOHKUMH TPOIIAPKaMH MEPTeJliB TEeMHO-CIpUX
KPEMEHUCTHX IyXe MiHuX. JloBXHHA BUXOY BiAK-
JIAIIB MIMIOTCHKOI CBITH, MPUIOMY JIITOJIOTIYHO IS
SIKHX MTPOSIBIB PO3MHBY Ha KOHTAKTi He 3a(hikCOBaHO,
HaIpUKIIA] HAsSBHOCTI 0a3aJlbHUX KOHTJIOMEPATiB
a00 KyTOBOI HE3roju, SIK JI0 pedi 1 CJIi/IiB TeKTOHIY-
HUX JACIOKALiH.

Iono koHTaKTYy wi€l TOBIII 3 MOpoJaMH HIOHUTO
HWKHBOILIHMIIOTCHKOI MiACBITH, TO B yKistHCEKO-Yo-
PHOTOPCHKOMY TIOKPHBI iCHYIOTH JUISHKH, 1€ IIH-
MOTCHKY CBITYy Ha MiJICBITH HE MOKHA PO34JICHYBATH
B CHITY JIITOJIOTIYHOI OTHOMAHITHOCTI ii po3pi3y [20].
VY cycigniii nputoni (HW)XKYe TO TMOTOKY) Y Bij-

cnonenHi 2850 mromn Benukwit bepesnuii, mpencra-
BJICHOMY 4E€pryBaHHSM OIIMCAHUX IOPiX 3 IepeBa-
rorw mickoBukiB (10 1,3 M) 3Halinena mikpodayHa
BepxHbOKperaoBoro Biky [15]. Ilepeximna ToBIa
(Bimei. 2851) Mixk IIUTIOTCHKOIO Ta 0a4aBCHKOO CBi-
TaMH JITOJOTIYHO HAaraaye BiIKIaau Oepe3HSIHCHKOT
cBith. Buie nmo notoky Bigch. 2852, 2853 mominy-
IOTh B)K€ ITCKOBHKH 0a4aBCHKOTO THITY (TOBIIMHA
IJIacTiB A0 7 M). Y TIepIriid HEeBETUKiH MpaBiid mpu-
Toui cTp. Benmukwuii (ypounmie OcoBelb) BiACIOHIO-
IOTHCS TUITOBI IUIOTCHKI BEPCTBH, OMHUCAHI y BiJiC-
JmoHEeHHsIX 2561-2565 momti Bemwkuit bepesnuii.
upuna cMyru a00pe BiJICIOHEHUX MOPiA CTaHO-
BuTh noHaxa 400 M. Hmwk4e mo moToky BUXOIATH IIi-
CJIs1 HE3HAYHOI TIEPEePBH, TIOPOIH TIEPEXiTHOT TOBIII,
B AKMX BH3Ha4deHa MiKpodayHa BEpXHBOI Kpehmw
(Bimem. 2558 mn. Benukwuii bepesunit). [Ipoctaranns
HIKHBO- Ta BEPXHBKPEHIOBUX BIAKIAIIB — 3aXim —
MiBIEHHUI-3aXi1 100pe Y3roKY€ETHCS 3 TOBOPOTOM
Ha il AUISHI y IHOMY K HalpIMKY MacuBy OayaB-
cpkoi ToBuIi. Lle cBimUMTH MpPO iXHIO CTPYKTYpHY
TIPUHAJIEKHICTH JI0 HEf.

BauaBcpka nmycka HacyHyTa Ha Opoau Oepe3Hsi-
HChKOI cBiTH [lomoHMHCEKOTO Ta bepe3HsHChKOro
cybmokpusiB. Jlycka IleriroBis B cBOIO 4epry Hacy-
HyTa Ha badaBcbky nmycky. MiXk HUMH y TE€KTOHid-
HOMY TIBBIKHI 3HaXOAUThCSA HE JIy’Ke MPOTKHA JIy-
cka 3HamuH [lononuHCcbKOTO CYOOKpHBY (pHC. 1A).
Bona cknmagena mopogamu Oepe3HSHCHKOI CBITH 3
SIKUMH CITIBBIITHOCSITHCS BIAKIAIH IIUIIOTCHKOI CBITH
[6]. be3nocepeaHiit KOHTAKT Mi>K HUMH HE BiJ[3HA4e-
HUH. Y MiOIIBI MIHUNOTCHKOI CBITH y BEpXHiH Teuil
JiBOro posranyxeHHs cTp. Yeuosaroro (mpasa npu-
Toka p. Jlrora) 3. ®@. XKuryHosa omnucana KOHTJIOMeE-
patu BuauMoro ToBuIMHOW 80 M [8]. KonrnomepaTtu
CKJIaJeHl KBapLUTaMHU, KBaplEeM Ta KBaplEBO-CIIIO-
JITHUMH CIIAHIIMH. YJIaMKOBHU MaTepiaj TOraHo
BiJICOPTOBaHMUH (raJibKa Ta IUIACKi OPUIIM BiJ| ICKIJIb-
kox minimetpiB 1o 0,4-0,5 m.). LlemenT 3enenyBaro-
cipuii KpeMEHHUCTO-CEPUIIUTOBUH. Y TpaBiii mpuroii
ctp. Yeuoaroro B ii BepxHiii Teuii 3a janumu B. B.
Kyzosenka (mapmpyt Bix 7.X. 1992 p.) Bimcnonto-
to1bes mickoBuku (0,5-1,5 M) TemMHO-Cipi Ta YOpHI,
CepeIHbO- Ta PI3HO3EPHUCTI KapOOHATHI 1 CUIIbHOKA-
pOOHATHI JayXe MIllHI 3 TOCTPUM CKOJIOM, TPIl[UHY-
Bari. [licns mepepsu y Bifcnonenocti (220 M) BuXiz
mickoBuKiB (10 0,5 M) 3eJIeHyBaTO-CIpUX CePEAHBO-
Ta Pi3HO3EPHUCTHX, HEKAPOOHATHUX, TOHKOTUINTYAC-
tux. Ha rpe6ni Mix ctpymkamu YeqoBaToro npaBoro
ta [leroBoro (paBa mpurtoka p. Jltota, Bume ctp. Ue-
YOBATHI) BiJICJIOHIOETHCS MTAYKa apriJliTiB Y4ePBOHUX
1 3eJIeHnX HekapOOHaTHMX. Buile mo cxwiy momm-
peHi TICKOBUKHU 0a4aBCHKOI CBITH. 3 OMHCY IIHOT'0 Ma-
PIIPYTY MOXHa CKJIACTH TaKy IMOCHiIOBHICTh PO3-
pi3y. YV ¢dpoHTaNbHIN YacTUHI JTyCKH 3HAMUH BUXO-
JSITh IOPOAX LIUIIOTCHKOI CBITH, BULIE Bl HUX Iepe-
XilHa TOBIIA THNAa Oepe3HSHChKUX (KapOOHATHI
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TEMHO-CIpi 1 YOpHI MICKOBUKH) BEPCTB, a III¢ BHUIIC
0avaBCHKi MTICKOBUKH 3 YSPBOHUMH 1 3CJICHUMH apTi-
mitamu y migomsi. [llonpasaa, 1i yepBoHi aprisiTH i
aprinité 4epBoHi 3 bauaBcbkiil mycii 3aliMaroTh pi-
3He cTparturpadiune monoxeHHs. CKiIazaeTbes Bpa-
JKEHHSI, IO TYT CIIOCTEPIraeThCs Taka cama MoCIiao-
BHICTb MOPiA AK Y ppoHTaNBHIN yacTuHi bauaBcbkoi
mycku. ToOTo, TYT MPUCYTHE HE TEKTOHIYHE TIiBBi-
KHO, a (hparMeHT APEeBHIMIOT YaCTUHU JIyCKH 3 IIIHU-
MOTCHKUMH BiJIKJIalaMU Y TIEPEIOBIH YaCTHHI, SIKUH
30eperics YaCTKOBO HE 3pi3aHUi HACYBOM Ha IIii [ii-
nsai. ToOTo, Mycka 3HAMHH HACIIPaB/i MPEACTaB-
nsie co00r0 (QpOoHTANBHY YacTHHY Jiycku [leTiroBus
(puc. 2b). TakuM YMHOM, CHIOCTEPITAETHCS OJHOTH-
mHa OymoBa 000x mycok (bagaBcrkoi Ta [lerirosis)
3 MIUIIOTCHKUMH BepCTBaMHU y (DPOHTANBHINA dYac-
TuuHi. [liBneHHo-3aXiHIIIe 3 HUMU CTpaTUrpadhigyHo
HOPMaJThHO KOHTaKTYIOTh MEPEXiAHI BEPCTBH, MOTi-

apriTiTiB y momomBi ((hparMeHTH SUTOBEBKOT CBITH Y
BbadaBchkiii JrycIti), sSIKi HOpMaJIbHO KOHTaKTYIOTh 3
OayaBcbkuMU TickoBuKamu. J{o peui, y BopxkaBch-
KOMY CerMEHTi CyOTOKpHBY MPHUCYTHI JBi Iycku 3a-
HbKiBCBKOi Ta KpacHoi I'panku, skum B badaBch-
KOMY BIAITOBIAArOTH BiAIMOBIAHO JIycKM badaBchka i
IleTurosungd.

BucnoBku. O1xe, OUTHIICTE HaBEACHUX (ak-
TiB CBif4UaTh, MO BiACYTHICTH ¥ bopikaBcbkoMy cer-
MEHTI SJIOBELIEKOI CBITH IMOSICHIOETHCS (pariaabHUM
3aMilIeHHsaM 11 mimanuM ¢iimem, a y bagaBcbkomy
BOHA TiMbKH MicaMu mpucyTHs. llumoTchka cBiTa
HWKHBOI Kpeu cTpaTurpadivyHo 3riTHO KOHTAKTYy€
3 MEpexilHOI0 TOBIICI BepxHBOI Kpeiau. Dakt
IIHOTO 3aMIIeHHS 1 cTpaTurpadiyH0 HOPMAIHHOTO
KOHTaKTy IIWTMOTCHKHX 1 IePeXiTHUX BEPCTB J03BO-
JIMB 3MIHUTH TOMEPEAHIO IHTEPIPETAalilo TeoIoriy-
HOi OymoBHM badaBchko-bopkaBChKOTO CyOIIOKPHBY.

OHI 10 OEpe3HSIHCHKOI CBITH 3 JIIH3aAMH CTPOKATHX
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ABSTRACT

Statement of the general problem. The article considers the situation that has developed in the Bachava-Borzhav
sub-nave of the Duklja-Chornohora nappe, due to the previously undetermined nature of the relationship between the
deposits of the Lower Cretaceous Shipotskaya suite with the Bachava sandy stratum of the Upper Cretaceous age.

Research materials and methods.

To substantiate the absence of the Upper Cretaceous Yalovets'ka suite in the Bachava-Borzhav subcap due to erosion
or lithological-facies replacement. The article applies a comprehensive analysis of geological research in the areas of
distribution of the Bachava suite.

Presentation of the mail research material. The article considers the situation that has developed in the Bachava-
Borzhavsky sub-nave of the Duklja-Chornohorska nappe, due to the previously undetermined nature of the relationship
between the deposits of the Lower Cretaceous Shipotskaya suite with the Bachava sandy stratum of the Upper Cretaceous
age. The Yalovetskaya suite, which should be located between them, is absent. Its absence can be explained by the pres-
ence of local erosion or facial replacement of the clayey Yalovetskaya suite as a whole by the sandy Bachava suite.
Evidence that allows us to lean towards the idea of facial replacement was obtained by analyzing materials from geolog-
ical surveys of past years. They consist in the absence of signs that would indicate erosion of the Yalovetskaya stratum
(basal conglomerates, angular unconformity). Such replacement has been traced in the same-age deposits in the neigh-
boring Krasnoshora-Hoverla sub-nave, located to the north. There, in the basins of the Chorna Tysa rivers (in the area of
the village of Yasinya), the upper part of the thin, undissected Yalovetsya suite is replaced by the sandy Montenegro suite
of the Upper Cretaceous (Senonian) stratigraphic range. Lithological replacement of variegated units on sandstone is also
noted in the basins of the Mala Shopurka, Seredya Rika and Kosivska rivers. In some areas of the Burkut cover, located
further south, almost complete replacement of the clayey Yalovetsya suite by the sandy Burkutsya suite of the Upper
Cretaceous age has been recorded. In the neighboring territory of Poland, in the Silesian tectonic unit, the variegated
layer, an analogue of our Yalovetsya suite, is lithologically replaced by the same-age Godul sandstones. The fact of this
lithological replacement also in the area of the Bachava-Borzhavka subcover allowed us to change the previous interpre-
tation of its geological structure

Conclusions. Thus, most of the above facts indicate that the absence of the Yalovetskie suite in the Borzhavs seg-
ment is explained by its facial replacement by sandy flysch, and in the Bachavskie it is present only in places. The
Shipotskie suite of the Lower Cretaceous stratigraphically contacts the transitional thickness of the Upper Cretaceous.
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The fact of this replacement and the stratigraphically normal contact of the Shipotskie and transitional layers allowed us
to change the previous interpretation of the geological structure of the Bachavskie-Borzhavskie sub-roof.
Keywords: nappes, subnappes, flysch, erosion, facies replacement, Shipot and Bachava strata, Transcarpathia.
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Tpuriii, yTBOpeHH BHACTIIOK NMPHUPOAHUX UM TEXHOTCHHHX IPOIECIB, BKIIOYAETHCA B MIrpaLiifHi MOTOKH B 3aJIeKHOCTI BiX
¢dopwm ttoro 3HaxomkeHHs — ra3oBoi (HT), Boguoi (HTO) a6o opraniuno 38’s13an01 (O3T). [Ipu atMmochepHOMy mepeHOCi 3MEHIIEHHS
KOHLICHTPALii TPUTIiIO BiAOYyBa€ThCA 3riTHO 3aKOHIB Au]y3il y moBiTpsHuX nuerdax. YacTiuHa TPUTIO 3 aTMOCHEPHIMH OMalaMH O~
TpaIuLsie Ha IOBEPXHIO BOJOIM, Jie po30aBisieThes 10 (POHOBUX KOHIIEHTPALIH, HAa POCIHHHICTD Ta IPYHT. [loxankia reoximMiyna icto-
Ppist IUX BUMAAiHb BU3HAYAETHCS 3aKOHAMH 010T€0XIMIYHOI Ta TiIporeoXiMivHOT Mirparii i BKIFOYEHHSIM y KOPOTKOCTPOKOBHIA 1 TOBIo-
CTPOKOBHH K0JI000ir y Giocdepi. 3a pe3yasraraMi MOHITOPHHTY BMICTY TPHTIIO B CHIFOBOMY IIOKPHBI Ta B aTMOC(EpHiil BOJIOTI B 30Hi
BIUTUBY ITyHKTIB 30epexeHHs pagioakTuBHUX BixxoniB (II3PB) Bu3HaueHo, 1m0 (hopMyBaHHS aTMOT€OXIMIYHMX aHOMAJIH TPUTIIO 3a-
JISKUTP BiJl KOHCTPYKTUBHHUX OCOOMMBOCTEH KOH(pAHHMEHTY, reoMOp(OJIOTiYHNX Ta JTaHIAPTHO-TEOXIMIYHIX YHHHHKIB ((hopM pe-
needy, TUIY 1 CTPYKTYPH JTiCOBOT €KOCHCTEMH), HASIBHOCTI TEXHOJIOTTYHIX MPUMIILEHb, 1[0 BiTIrpatoTh POJIb MPUPOTHHUX Ta TEXHOTEH-
HuX 0ap’€epiB Ha MUIAXY PyXy MOBITPSIHUX Mac, a TAKOXK BiJl y3aralbHEHOI 32 KOHTPOJIBHUH Nepio po3u BiTpiB. bioreoximiuHa mMirparis
TPUTIIO BiIOYBAETHCS 3 BOIOIO aTMOC(HEPHHX OMAadiB B IPYHTOBO-POCIUHHINA cucteMi. TpuTiii, sK 130TOI BOJHIO, Oepe y4acTh B ycCix
nporecax GioreoMirparii, 110 nepeayciM BU3HAYA€THCS 010JIOTTYHOIO POJUTIO BOJH B OPraHiuHii pedyoBHHI. 3a pe3yIbraTaMy paaiori-
JPOTeO0JIOTIYHOTO MOHITOPHHTY TepUTOpii, mpuiernnx 1o [13PB, Bu3HaueHo royoBHi (akTopy, 110 BILIMBAIOTE HA (OPMYBaHHS IiJpo-
reoiNBTPaLiifHIX TOTOKIB TPUTIIO B TEOJIOTIYHOMY CepeloBHILi. JJ0 HUX BiJHOCATHCS: IHTEHCHBHICTh BUXOIY TPHUTIHOBaHOT BOIH 3i
CXOBHII pafioakTHBHUX Biaxoxis (PAB), rinpapiidHa MPOHUKHICTB, Iiapodi3uuHi MapaMeTpy Ta MiHepalbHHUI CKIIaj 30HM HeHacH4e-
Hoi (inpTparii, penbed MoBepXHi BOXOTPUBKOTO TOPU30HTY Ta CE30HHI KOJIMBAHHS HAAXOIKEHHS aTMOc(epHUX OTaiB O MiCIIEBOTO
BOJJOHOCHOTO TOpU30HTY. JloBroTpuBaie (yHKI[IOHYBaHHS TiAporeo(ibTpaliifHIX MOTOKIB TPUTIIO y CHCTEMi «30Ha aepaii (3A) —
mia3eMHu BogoHocHU Topu3oHT ([1BI7)» 00yMOBIIOE iX PO3NOBCIOIKEHHS Ha BiICTaHI, 0 3HAYHO MEPEBUIYIOTh IUTAHOBI PO3MIpH
emHOCTeH 1 TepuTopito [13PB.

Knrouoei cnosa: mpumiii, popmu 3Haxo0xcenHs mpumito, RpupooHe cepedoguiye, ammozeomiepayis, bioceomiepayis, 2iopozeo-
Mizgpayisi.
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Beryn. IeoximivuHa Mirpariist €JIEeMEHTIB € KOM-
IUIeKCOM (yHAaMEHTaJIbHUX MPHUPOAHUX MPOIECIB,
[0 BEAYTh JI0 MPOCTOPOBOTO MEPEMIIICHHS XiMid-
HUX €JIEMEHTIB, 31 3MIHOIO X KOHIIEHTpaLil B OqHii
JUISHI IPUPOAHOTO CEPEeIOBUINA Ta HAKOTMYCHHSIM
a00 po3ciroBaHHAM B iHIIUX. Mirparmis XiMidHHX eJie-
MEHTIB BiJITBOPIOE CYTh I'€OXIMIYHUX MPOIIECIB, BH-
KITUKA€ MepPeMillIeHHsI aTOMIB Y IPOCTOPI, TPUBOJUTH
JI0 3MIHM B3a€MO3B’SI3KIB MK HAMH Ta 10 3MIHH IX
KUTBKICHUX CHiBBiIHOLIEHD 1 BiAOyBa€ThCS B Pi3HUX
Cepe/IoBHIAX — B PIJKUX, Ta30MOMIOHUX, piie y

TBEpAUX cucTeMax. [eoxiMiuHa Mirpaiis eJIEMEHTIB
MOXe BigOyBaTucsi B aTOMHiH, 10HHIHA, MOJEKYISP-
Hill, KoJ10iHIN a00 rpy0o AucepcHii GopMi, BKITIO-
Yyae TepexiJi XiMIYHOTO EJIEMEHTY Yy CTPYKTYypHHH
cTaH Ta (OpMH 3HAXOMKEHHS, 0 3a0e3MeuyroTh iX
PYXOMICTb y JaHUX 30BHIIIHIX YMOBaX i € HEPO3PHUB-
HUM KOMILIEKCOM TIPOIIECIB, SIKI CIIPUSIIOTH IePepo3-
MOJAUTYy XIMIYHUX €NEeMEHTIB Yy TPUPOIHMX TiJIaxX.
Cran mirpauii Ta 11 IUISXU 3a0€XaTh BiJ ABOX IPyIl
¢axTopiB:

— BHYTPIIIIHIX BIACTUBOCTEH aTOMY, IEPEBAYKHO
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BiJI HOTO HAPDKHUX EJIEKTPOHIB 1, B MEHIIH Mipi, —
BIJ sA1Ipa;

— BiJl 30BHIIIHIX TEPMOAMHAMIYHUX YMOB, IO
00YMOBIIOIOTH MITPaLil0 y IPaJieHTHUX TOJIAX KOM-
MOHEHTIB MPHUPOJHOTO CEPETOBHIIIA.

Ho BHYTpimHIX (pakTopiB Mirpaiii BiTHOCATHCS
ix rpaBiTamiiiHi, XiMi4Hi, €TEKTPUYHI, PagiOaKTHBHI
BJIACTHBOCTI Ta I'pyMa BIACTHBOCTEH 3B’S13Ky (TOOTO
MBUAKICTh AU(y3ii, pO3YMHHICTG Ta iH.). 30BHIIIHI
(hakTOpH BH3HAUAIOTH CTAH CEPEelOBHINA Mirpamii Ta
¢i3uKO-XiMi4HI YMOBH Mirpatii.

TpuTiii, yTBOpeHHIA BHACTIIOK MPHPOAHUX HH
TEXHOTCHHUX TPOIIECCIB, BKIIOUAETHCS B MirpalliiHi
MOTOKH B 3aJIEKHOCTI BiJl popM HOTO 3HAXOMHKEHHS —
razoBoi (HT), Bogaoi (HTO) abo opraniuno 3B’s13a-
Hoi (O3T). Bximtouatounch B pi3HOMaHITHI pyXH ar-
MocdepH, MOBEPXHEBHX 1 MiJ3eMHHUX MOTOKIB, TPH-
Tili TOMIUPIOIOTECS B HABKOJHITHHOMY CEPEIOBHIII
3TiTHO 3aKOHOMIPHOCTEW KOJ000Iry BOTHIO B TpH-
poxi.

MeTo10 poGoTH € cucTeMaTH3allisi Ta y3araib-
HeHHs iH(opMaIii MoA0 MPOIECiB, IKi 00YMOBITIO-
I0Th TEOXIMIYHY MITpaiito pagioakTHBHOTO 130TOIY
BOJIHIO B IIPUPOAHOMY CEPEIOBHIIII.

ATMoreoximMiuna wmirpauiss TpuTtilo. ATmoc-
(hepa € BaXKIMBUM pe3epBYapoM i MEPEHOCHUKOM pa-
JTIOHYKITiIiB KOCMIYHOTO 1 MITYYHOTO MOXOIKEHHS.
Tpuriii HagXonUTH B arMocdepy IBOMA MUIIXaMHU —
MPUPOIHUM 1 TexHOTeHHUM. L1i 1Ba reHeTHYHHX (a-
KTOPH € BU3HAYAJILHUMH JJIS1 [TOJIAJIBIIOT TeOXIMIYHOT
icTopii TpuTito B aTMOCdepi.

Maca icHyrouoi B naHuii yac armocdepu 3oce-
pemKeHa y CTpaTHU(IKOBaHOMY IIapi TOBIIMHOIO
100 M, SIKWI CKIIQIA€ThCS 13 TPOMOCcepr TOBIIH-
HOto 16 kM, cTparocdepu (1o Bucotu 40 kM), Me30-
ctepu (o Bucotu 80 km). Bue, posramoBanutii cu-
JBHO 10HI30BaHMH Imap — ioHocdepa, e BHACTIIOK
3ITKHEHHSI BUCOKOCHEPTETHYHUX YACTOK COHSYHOTO

BITpY (HEHTpOHIB Oln , IPOTOHIB 1H , JIEUTPOHIB le )
3 MOJIEKYJIaMH TTOBITPS MOCTIHHO YTBOPIOETHCS TPHU-

Til fH (T) nepeBaxkno y ¢opmi HT [1]

UN+n—> H+'2C (1)
YN+ H = H +ockomxu (2)
{H+{H—>H+H 3)

VYTBOpEHi i BIUIMBOM KOCMIYHOTO BHIIPOMi-
HIOBAHHS aTOMHU TPHTIIO MalOTh BUCOKY KIHETHUHY
CHEPrito 1 JIETKO OKUCHIOIOTHCS KHUCHEM 10 YTBO-
pennst monekyn HTO [2]. Le#t npouec oOymosiro-
eTbes aHuoropuM nepersopeHHsM HT B HTO 3a
yuacTi oroximiunux peakiiit [1, 3]. 30ymkeni mixa
BIUIMBOM KOPOTKOXBMJIBOBOTO YNBTPadioiaeToBOTO
BUIPOMIHIOBAaHHSI MOJIEKYJIH KUCHIO LIBHIKO BHJIA-
nsitoTh HT 3 moBiTpsi. AToMU TpHUTIIO, 200 YTBOPEHi B
JIAHIIOTOBUX  (POTOXIMIYHHMX pEAaKIisgX pajrKaiu

TO,~, MmoxyTh pearyBaru 3 030HOM (O3) 3 yTBOpEH-
HaM pagukana OT™, skuii MoeTHy€eThCS 3 BOXHEM aT-
Mochepu, yrBoprotoun HTO. YTBOpeHi BHACIiIOK
KOCMIYHOTO BUIIPOMIHIOBAaHHS arOMH TPUTIIO MO-
XKYTh HEOJHOPA30BO BIIFHO 3IITOBXYBaTHCS 3 aTo-
MaMH TIPOTI0, IO CIPHSIE BiTHOBICHHIO KiJIBKOCTI
mosekya HT 3rigHo oOMiHHUX peakiiil Ty (4):

H,+T —->HT+H 4)

Hesenuka kinbkicte HTO, 1m0 CcTaHOBUTH
MmeHue 1% Bix 00cAriB iX yTBOPEHHS 3a 100y, TAaKOX
MOXKe OyTH OTpHUMaHa IILISXOM iHIIIFOBAHHS PEAKIIil
MK TPUTIEM 1 KHCHEM BHACHiIOK OeTa-BUIPOMiHIO-
BaHHJ IIPH po3Maji Tputiio [4, 5]. AtMmochepHe oku-
cuenHs kocmorernoro HT 3 yrBopernasim HTO Bin-
OyBa€eThCs MOBUTBHO 3 MEpiooM TpaHchopMaliii mo-
Hax 5 pokiB [6].

TputiiioBaHa BoisiHA TIapa 3 YTBOPEHUM BHACITI-
JIOK TpaHC(OPMAIIMHNX PeakKiliii CIiBBIIHOIICHHIM
HT/HTO mnepenocurbes 3i crparocdepu B Tporoc-
¢epy 3 miBnepionom B 1 pik. Husxigauii pyx B Tpo-
mocdepi Ta armocdepHi omamu € OCHOBHUMH
HUISIXaMH BUBEJICHHS TPUTito 3 atMocdepu. Yac me-
pebyBaHHSA TpuTiiioBaHOI TapW B HWXKHIA TpOIOC-
¢epi ctanoButs Bix 5 1o 20 ai0, micas 4oro BOHA IMO-
Tparuise Ha MOBEPXHIO 3eMIli Y BUIVIsII atMocdep-
HUX ONAaJiB 3 MOAAJBIIUM BKIIFOUCHHSM Y TiAPOJIOTi-
yHUi nuka [2]. binsg 21% yrBopenoi HTO Bunanae
Ha POCIIMHHICTB, MOBEPXHIO BOJIOWM Ta IPYHTY, 3Tr0-
JIOM YaCTKOBO BHUIIAPOBYETHCS 1 3HOBY MOBEPTAETHCS
B armMocdepy.

3HaYHA KUTBKICTh TPUTIIO, IO HATXOAUTh B HU-
KHIO YaCTHHY aTMOcC(epH, pO3UMHSETHCS B CBIiTO-
BOMY OKeaHi mpotsroM poky. Ilicist ocamkeHHsa Ha
MOBEPXHI OKEeaHy Yy BEPXHbOMY 3MiIIaHOMY IIapi
TpuTiiOBaHa BOjAa pO30aBNseThCs. B momanbmiomy
yactka HTO BunapoByeTbcst Hazan B arMochepy i3
Habararo MEHIIIOK KOHIIEHTPAIli€l0 TPUTi0. MeHIna
YaCTHUHA TPAHCIIOPTYETHCS B ITHOMHU OKeaHy [7].

HapnxomxkeHHst B cTparocdepy MITYYHOTO TPH-
TIF0 TIOYAJIOCS TICNIA TPOBENIEHHS cepii TepMosaep-
HUX BUOyXiB y 60—70-X poKkax MUHYJIOTO CTOJITTS. 32
JIAHUMH CIICI[IaIbHUX CTAHI[IN CIIOCTEPEKESHHS KiJlb-
KiCTh TEXHOTEHHOTO TPHTIiI0 B arMocdepi 3pocrana
BKJIIOUHO 10 1963 poky [8, 9, 10].

Jo moyarKy siiepHUX BUTIPOOYBaHb KOHICHTpA-
11is1 EJIEMEHTAPHOIO TPHTIIO B Tponocdepi (= 3,7x1077
Brxam ) Oyia, B cepesHbOMY, Ha MOPSIOK HUKYE,
Hix koHueHTpauis HTO, aje BHACTIIOK SASPHUX BH-
mpoOyBaHb koHueHTpaiis HT 3pocna Oiabin HidXK Ha
JIBa TIOPSIIKK 1 yTpuMyBajiack 10 1975 p. Ha piBHI
1,1x107* Bkxam>.

3 MOCTYIIOBUM 3MEHIIEHHSIM KOHIEHTpalii «60-
MOOBOTO» TPHTIIO JiIEPCTBO Y HAIXO/PKEHHI HaJ[Ba-
’KKOTO 130TOITy BOAHIO B arMocdepy mnepeHnuio 1o
HiANPUEMCTB SIEPHOTO NATUBHOTO E€HEPreTUYHOTO
KOMILIIEKCY. [epBuHHEMEI JoKepenaMu
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paxioOaKTUBHUX Ta30-aepo30abHuX BUKHAIB 3 AEC €
BEHTHWIS-ITIHI CHCTEMH TPUMIIIEHHS ITEPIIIOTO KOH-
TypY, CAMOTO pEaKTopa Ta NPUMIILEHHS, A€ PO3TaIIO-
BaHi OaceiiHM BUTPUMKH BHUCOKOAKTHBHOTO BijIpa-
IIOBAHOTO sepHOTo manuBa (BSIT).

Jns nerkoBogaux peakropie (PWR, BBEP i
BWR) Ginbiia 4yacTuHa TPUTIIO, IO BHIIISETHCS B
armocdepy, HaAXOIUTH BiJ OaceiHiB BUTPUMKH
BAIL. s BaxkoBogaux peakropis (HWR) mominy-
I0UUM JKEPEIOM HaJXOIKEHHS TPUTIIO B aTMOChepy
€ BaXKKa BoJla TEIUIOHOCiA. OCHOBHUMH TMPHUMIIICH-
v AEC, me MOXIMBHI IHTCHCHBHUN OOMIH TpH-
Til0O MK BOZOIO 1 TOBITpAM, € OaceiiHW BUTPUMKH
BiJIMTPAIbOBAHOTO IMaJIUBa, BUMIAPHI CUCTEMH 1 ama-
patH, XimMiuHi 1aboparopii, cicteMu 0OMUBKH 0071a-
TTHAHHS.

B razo-aepozonpaux Bukugax 3 AEC tpuriii ic-
Hye'y popmi T,. HT i HTO, pimgmre — TpurieBoro Me-
tany (CH;T) [11]. Haitbinpury yacTuHy B ra3o-aepo-
30JIbHUX BHKHJAaX CKIIAJa€ Mapa TPUTIHOBaHOI BOAH
(HTO) i TpuriiioBanmii razononionuit Bogens (HT).
l'azoBa ¢opma TpuTito HEMOBroBiuHa 1 Ha 4ac i me-
perBopennst B HTO BmiuBaioTh Temmeparypa moBi-
TpsI T BMICT B HHOMY BOJISIHOT MapH.

IBunkicts okucHenHs HT mo HTO mpomop-
HilfHa KBaJpaTy WOTo KOHIIEHTpAIlii y CyMiITi Ta 3Ha-
YHOIO MipOIO 3aJIC)KUTH BiJl HASBHOCTI Ta KiIBKOCTI Y
noBiTpi BoxsiHOT mapu [12]. HTO yTBOproeTses mpu
B32€MOIIi TPUTIIO 3 BOASHOIO MApOI0 32 PEaAKIIiSIMH
oOminy (5, 6):

I,+H,0—> HT +HTO (5)
HT+H,0— H,+HTO (6)

®dopma 3HAXOKEHHS TPHUTIIO BaXKITMBA [ HOTO
PO3MOLTY MiX KOMIIOHEHTaMH HaBKOJHIITHBOTO Ce-
penoBumia. ['azomonioumit HT pearye 3 iHmmMu 9ac-
TUHAMHU HAaBKOJMIITHLOTO CEPEOBHIIA TOBUIBHIIIIE,
Hixk HTO. [Tapa HTO noBoauThes sik 3BU4aiiHa Bojia
B arMocdepi i1 € OUIBIT TOMHUPEHO XIMIYHOKO (Hop-
MOIO Y BUKH/IaX 3 SJIEPHUX YCTAaHOBOK.

Tpurtiid, 1m0 moTpanus B atMochepy 3 BEHTHIIS-
HMIHHUX Ta OXOJIO[UKYBAJIBHUX CHUCTEM, (OpPMYyeE
nureru miIBUIIEHOT KOHIIEHTPAIli Y MOBITPi. Horo
MoJiaNbllia aTMOMITpallisi BU3HAYAETHCS 3aKOHOMIp-

2

0, y
—= _exp| -

2

o oM 20,

CA('X> s z)=

ne: Cy(x,),z) — KOHIIEHTpAIIisI TPUTIIO y TOBITPi
B Touwi (X, , ) y HANPAMKY BiTpy, Brxm3; x — Bijc-
TaHb 3a BITPOM, M; ¥ — O14HUI po3mip nuieidy, M; z —
BEPTUKAIBHUHA po3Mip nuieidy, mM; O; — MWBUAKICTH
BUKHJY palioHykmina, bx/c; o,, 0. — mapamerpu -
Gy3ii, sKi € QyHKITI€I0 BiICTaH1 X Y HAPSMKY BITpY 1
cTabinbpHOCTI atMochepH, M; U — CepeHs IBUAKICTh
BiTpY, MxC'; H — BUCOTa TOUKH BUKH]LY, M.

3naveHHs H sBisie o000 (Di3UYHy BHCOTY TOY-

exp

HOCTSIMHU a€pOAMHAMIKY TOBITPSIHUX MTOTOKIB Ta PO3-
CIIOBaHHS IOMIIIOK BHACTiMOK audys3ii. ArMochepHi
notoku TpuTito y ¢opmi HT abo mapu HTO mixna-
IOTHCSI aHAJIOT1YHUM UCIIEPCIHUM Tpouecam, siK i
iHm Tunu  arMocepHux 3a0pymHeHb. [limitom
ey 3anexuTh Big arMoc(hepHUX yMOB i Bif Xa-
PaKTEepPHCTHK JKepesia BUITYCKY.

Oxpim THITY BUKH/IIB TPHUTIiIO, aTMOC(hEpHA I¥iC-
mepcis chopMoBaHMX NMUICH(IB 3aJICKNUTH Bix Oara-
ThOX  (aKTOpiB, TMOB’S3aHUX 3 KOHKPETHUMH
00’eKTaMH, TaKUMH SK KIUIBKICTh BEHTHIIALIHHHUX
TpyO, BUCOTa BEHTWIAIHHIX TPYO, MIBUIKICTH BHU-
KUY, TEMIIEpaTypa rasy, 10 BUKUAAETHCS, BOJIOTICTh
MOBITPsI, pO3MIp 1 pO3TallyBaHHA CYMDKHHUX Oyi-
BeJIb, JIOKaJIbHA aTMoc(hepHa TypOyJIeHTHICTh 1 BIT-
POB1 YMOBH, a TakoX MiciieBa Tormorpadis.

ATMOCQepHi YMOBH 3HAYHOIO MipOIO BIUIMBa-
I0Th Ha TOPU3OHTAIBHY 1 BEPTHKANBHY AUCIEPCIIO
nuteidy, ska € HaOLIBIIO B CHOKIHHUX, SICHUX,
JEHHUX YMOBaX 1 HaliMEHIIOK — y CHOKIHHHX, fiC-
HUX, HiYHUX ymoBax [13]. KiHieBum pesyiasraTom
MaTeMaTHYHOTO MOJEITIOBaHHS arMochepHoi audy-
3ii € ['aycoBa Monens po3noALTy IOMIIIOK y XMapi
BUKUJY, sIKa B 3HAUHIM Mipi IPyHTY€eThCS HA pOoOOTI
[Nacksimma [14]. Po3paxyHOK MIBHIKOCTI TOMIHPEHHS
Ta qucnepcii JOMIMIOK y mmeidi ans posmoniny ['a-
ycca 3aJIeKHTh BiJ] OLIIHKH CTA0UIBHOCTI aTMOC(EpH.

Hucniepcist BMiCTy TOMIIIOK Y muteiidi BU3Haya-
€ThCsl SIK (akTop po3daeneHHs. Po3paxyHOK i#oro
3HaUCHb BUKOHYETHCS 3 YPaxXyBaHHSIM TaKUX Mapame-
TPIB, SIK CTPOKOBICTh BUKHJIIB, TOUYKOBE UM MOIINPEHE
JDKEpENIo BUKUJTY, KaTeropisi cTabiapHOCTI abo CTild-
KOCTi arMoc(epH, IOBTOPIOBAHICTh HAIIPSMKY BITPY
3a Yac BUKHJIY TPUTIIO 3 JpKepesa Ta Horo 00’ eMHOl
aKTUBHOCTI Y MTOBITPi HaJl OMHOPITHAM ITOBEPXHEBUM
JDKEpeIioM, TMepeBaKaHHs PO3U BITPIB y 3aaHOMY
HaIpsIMKY, BiZICTaHb PO3PaXxyHKOBOT MO3HIIIT BiJ JKe-
pela BUKWAY Ta TOBIIMHA IIApy IMepeMilllyBaHHS
TOIIO.

Jist Ge3niepepBHOTO BUKHAY 3 MiIHECEHOTO TO-
YKOBOTO JKEpea IpH MOCTIHHUX MapaMeTpax BiTpy,
HOro MIBUAKOCTI Ta iHIMX aTMOC(HEPHUX YMOB MO-
nenb [aycoBa nuretidy Moxke OyT po3paxoBaHa 3Ti-
nuo Bupasy (7) [8]:

_(Z—H)2 rexp _(Z+H)2 )

20 20

KM BUBUIbHEHHS 3 BEHTHIISALIMHOT CIIOPY/IH IUTIOC Ha-
n0aBKa 3a OyIib-sIKUH JTOAATKOBUH MTiiiioM ey 3a
PaxyHOK iMITyJIbCy (BHXJIONM BEHTHISATOPA i T. 1H.). Y
OUTBIIIOCTI BUMNAMKIB, OB’ SI3aHUX 3 BUKHJIOM Pajiio-
HYKJIiiB, epeKTHBHA BUCOTA TOYKH BUKHIY BiAIOBI-
nae Qi3uvHIi BUCOTI BEHTWIALINHOI criopyau. Koe-
(IiEHTH TOPU30HTAIBHOI Ta BEPTUKAIBHOI JIUCIIEp-
cii KOHIIEHTpaIlil TPUTIIO B IUICH(I PO3PAXOBYIOTH 3
BUKopucTaHHsaM Gopmyiu Cmita — Xockepa [8].
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MOoXJIMBAM JIKEPETIOM HaIXOMKEHHS TPHUTIIO B
arMocepy € MyHKTH 30€peIKCHHS paiOaKTUBHUX Bi-
mxoxi (IT3PB). 3rigqHo HammMM CrIOCTEpEKEHHSAM Ha
TakuX 00’€KTax BUXiJ| TPUTIIO B HABKOJIUIIHE CEpe-
JOBHIIIE 13 CXOBHWII MOXKE 3IIHCHIOBATHACS ABOMA
[UIAXaMH — €MaHaIlisIMH Ta30-aepO30JIbHOI CyMIITi
Kpi3b MEPEeKpHUTTS CXOBHI, abo iHGIIBTpaiiiHuM
nuaxoM y Bursai TpuriioBanoi Bogu (HTO) kpisp
MOpYIIEHHS CYLIIBHOCTI IHKEHEPHHUX 0ap’epiB — CTi-
HKH 1 THMIIA cxoBwin [ 15].

[Nepmum nmisxoM GOpPMYIOTECS aTMOPaIioreo-
XiMiI4HI aHOMAJTii, TOJaNbIIe ICHYBaHHSI Ta PO3BUTOK
SIKUX BU3HAYAETHCS METCOPOJIOTIYHUMHU (PaKTOpaMu
— MEPEBAXKHUM HAMPSMKOM i CHUJIOI0 PYXy MOBITpS-
HHAX Mac, THUIOM ¥ IHTEHCHBHICTIO aTMOC(HEpHHUX
OTIQJIiB, a TAKOXK BINTUBOM IHIIX TIPUPOTHUX TA TEX-
HOTEHHUX YMHHUKIB. [IpsiMuMu BUMipaMu KOHIICHT-
parii TpuTito B arMoc(epHiil Boto3i 3a MexamMu KOH-
(haltumenTa, cropymKkeHOro Haj cxoBumamu PAB,

OyJT0 TIOKa3aHo, M0 aTMOMITPAIlis TPUTIIO y CTa01Ih-
HOMY CTaHi ITOBITPS BiAOyBa€THCS, TOIOBHUM YHHOM,
JUQY3iHHAM IITSIXOM 3 TIOCTYIOBUM p030aBICHHIM
B MeXxax i3oMeTpuyHoro nuieridy [16] (puc. 1). Pos-
MipH cOopMOBaHOi y Iel Yac aTMOTeOXiMi4HOI aHO-
Maiii B koHTypi 10 BxxM > mopiBHIOBanM y miBHid-
HOMY HamnpsiMKy 180 M BiJl OCHOBHOIO JDXKepena BU-
TOKy TpuTifo i 110 M — B miBIeHHOMY HampsMKy. B
IIIPOTHOMY HANPSMKY PO3MipH aHOMaii He TIepeBH-
uryBaiau 250 M.

Buiydenns tputito 3 arMoc(hepHOro moBitTps B
3WUMOBHM TIEPiOA BH3HAYAETHCSI MOXKIIUBICTIO HOTO
EKCTpaKIii YaCTHHKAMH CHITY Ta Jboxy. OcamKeHHs
TPHUTIIO B CHITOBHH NMOKPHUB BiOYBA€TBHCS LUIIXOM
npsimoro obminy Mik maporo HTO Tta cHirom i
BIAMOBiae HOTO KOHIIGHTpAIlii B CEPEIOBHIII
¢opmyBanHni onaniB. Tak, 3rimHo [esicy i bappi,
MIBUJIKICTh TIEPEHECEHHS TPUTIIO B CHITOBHI ITOKPHB
cknagae 6ims (1,6+3,0)x107° mxc™!' [17, 18].

o e

3H. Bk M3
<10
10 — 100
! 100 — 500

B s00 — 1000
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I 0000

Puc. 1. [TommpeHHs TpUTiEBOT aTMOTeOXiMiUHOT aHOMAJTiT B caHiTapHO-3axucHii 30HI KniBckkoro [13PB 3a
JAHUMU aTMOC(EPHUX BUMIPIOBaHb. 3ipoukaMy MO3HaUYE€HO TOUKHU BiOopy mpod nositpst [16] /
Fig. 1. Distribution of tritium atmogeochemical anomaly in the Kyiv SFRW according to the data
of atmospheric measurements. Air sampling points are marked with asterisks [16]

[Mpouec oominy TpuTiem mixk naporo HTO i cHi-
rom OyB 3a(pikcoBaHUil B MEeXaX MPOMMaiJaHINKa Ta
caHiTapHo-3axucHoi 30HU (C33) Kuisckkoro [13PB.
BHaciok caMOYMHHOT BEHTUJIALIT BiIOyBaIoCs BU-
HECCHHS TPUTII0 aTMOC(HEpPHUMH IMOTOKaMHU uepes
BEHTWIALIHI OTBOPH KOH(paHMEHTY, pO3TalllOBaHi
Ha BHCOTi 61u3pK0 3 M. B yMOBaxX HEBENTUKUX Bifl’ €M-
HUX TEMIIEPaTyp Ta BHCOKOI BOJIOTOCTI MOBITPS BO-
Jora KOHJGHCYBajacs y NMPU3EMHOMY Ilapi aTMoc-
(epu Ta ocinana Ha MOBEPXHIO cHIrY (puc. 2). Sk Ha-
CJIIJIOK, BMICT TPHTIIO Y CHITOBOMY ITOKPHUBI 301TbIIIH-
BCa Big 4-8 Bxxam (mig wac omanis) go 100+3 000
Bxxam > (micas 30-1060B0i eKCro3uilii B yMOBax
CTIMKOTrO CHIFOBOTO MTOKPHUBY).

Ha ocHOBI y3aranbpHEHHsI OTPUMaHUX Pe3yJIbTa-
TiB MOHITOPHHTY BMICTY TPUTIiIO B CHITOBOMY ITOK-
PHBI Ta NPsIMUX BUMIpiB TPUTiIO B arMocdepHiid Bo-
71031 OyJI0 BCTaHOBJIEHO, IO MOIIUPEHHS TPUTIIO 3 aT-
MOC(EpHHUMHU TOTOKaMHM JIMIIE YaCTKOBO 3aJICKHUTb
BiJl y3arajbHEHOI 3a KOHTPOJBHUH Mepiof po3u

BiTpiB. BisblI 3HAYYIIMMI YHHHUKAMH BILTUBY Ha 1H-
TEHCUBHICTbH 1 HANPSMOK TEPEHOCY TPUTIIO y MpHU3e-
MHIH 4acTuHI arMocdepru € 0COOTMBOCTI penbedy,
HasBHICTh MPUPOTHHUX 1 TEXHOTEHHUX Oap’€epiB, sKi
00yMOBITIOIOTh TIEPEBAXKHHIN PyX MOBITPSHUX Mac.

[lomanpmia reoximMidHa icTOpist TPUTIFO, IO Tie-
PEHOCUTBCS aTMOC(EPHUMHU TTOTOKAMH, BH3HaYa-
€TBCSI MIPOIleCaMy HOTO BWIIyYEHHS 3 TIOBITps, Oca-
JDKEHHS Ha POCIIMHHICTB, TOBEPXHIO BOIOWM Ta IPy-
HTY Ta BKIIOUYCHHA Y KOPOTKOCTPOKOBHH 1 JOBIO-
CTPOKOBHIA KOJI000ir y Giocdepi.

Bioreomirpauist Tpuriro. Tpuriii, sik 130TOM BO-
IIHIO, Oepe ydacTh B YCiX Ipolecax OioreoMirpariii,
IO TMepeayCciM BH3HAYAETHCS OI0JOTIYHOI POJLTIO
BOJIM B OpraHi4yHill pedyoBHHI. BKiIFOUeHHs B 11l TIPO-
IIECH BAXKHUX 130TOIIB BOIHIO BiJI0OYBA€THCS HAA3BU-
YaifHO IIIBHUJIKO BHACIIJIOK 130TOIMTHOTO OOMiHY, OKHC-
HEHHS JI0 BOJHOT popMH, PpakIioHyBaHHsI B IIPOIIE-
cax (hOTOCHHTE3Y, KOPEHEBOTO KUBJICHHS Ta 1HIIMX
OioreoximMiyHuX npoueciB. OCHOBHUMH LUISIXaMH
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Puc. 2. Po3nozin TpuTito y CHIroBoMy MOKpWBi BHACTIZIOK Horo emicii 3i cxoBui Kuiscekoro I13PB
Ta arMocdepHoi Mirpaii [16] /
Fig. 2. Distribution of tritium in the snow cover due to its emission from Kyiv SFRW and atmospheric migration [16]

HA/IXOJKEHHSI TPUTIIO B POCIIMHY € 3aCBOE€HHS BOITHOT
Ta naposoi ga3 HTO, 1o nepeHocsAThCs pu aTMore-
OXIMIYHI} Mirparii Ta BAMHBAIOTHCS 3 TIOBITPS aTMO-
chepHHMH OTIaIaMHL.

OcHoBHI 0i0(i3u4HI TPOIIECH, 1110 BU3HAYAIOTH
OioreoMirpariito TpUTito:

— TIOYAaTKOBE OCA/KyBaHHS Ha IOBEPXHIO IPY-
HTY 1 pOCIIMHHICTB;

—neperBopernss HT 8 HTO B rpyHTi yepe3 Oak-
TepiallbHe OKHCHEHHS;

— nomuHaHHsA HTO pocnunamMu 3 nepeTBopeH-
M yactuan HTO B O3T;

— tpancnopryBaniss HTO B rpyHTi Ta momm-
HaHHa HTO xopinHsM;

—peewmicis HTO B armocdepy 3 IpyHTY 1 pOCTIHH.

Ilepenoc TpuTito B cucteMi «arMocdepa — poc-
JIUHHICTH — IPYHT» BiIOyBaeThes B Tpu ¢aszu. [lepma
(haza — e nepiof] OCaHKSHHS, KOJIU XMapa, 110 BMIIIYE
HTO, npoxonuts HaJl TEPUTOPI€IO, a KOHIIEHTPAIliS B
arMocdepi € pymIiifHOIO CHIIOI MOTIIMHAHHS TPHTIIO.
Hpyra ¢a3za — e tpancnipauis HTO 3 pocnuHHOCTI B
arMocdepy, sKa BiIOyBaeThCs Yepe3 MPOIUXH 1 KyTH-
KyJI{ Ta 3aJIeKUTh BiJl TEMIIEPATypH, BOJIOTOCTI, CHJIH
1 HaMPSMKY BITpY, IHTEHCHBHOCTI CBITJIA.

[Mepmra i apyra ¢asu mepeHocy TPUTIiIO B CUC-
Temi «arMocepa — pOCIHHHICTE — IPYHT» BifOyBa-
IOTBCSI BUKO Bifjpa3y Micisl HaIXOMKEHHS TPHUTIIO
3 arMoc¢epu. BoHU 4y TiHBi 10 iICHYIOUUX METEOPO-
JIOT1YHUX TapaMeTpiB (COHSYHOTO CBITIIA, BOJIOTOCTI,
TeMIIepaTypH 1 KUTbKOCTI ONaiiB), a Takox ¢izioorii
Ta cTafii poCTy POCIHH.

TpeTst a3a mouMHAETHCSA Yepe3 KijlbKa JIHIB Ii-
CJIsI TOTO, SIK BiJIOYJIOCS OCA/KEHHS TPHUTIIO 3 aTMOC-
(depu, KoM PYIIIHHOK CHIIOKO CTa€ TPAHCIIpaIis
TpuTiioBaHoi Boau. TpaHcmipallisi BOAX POCITMHAMU
MIPU3BOJUTH /IO ii ITIepeCyBaHHS 10 KCHIJIEMI 3 KOPIHHS
B JiucTA. PocimHa TpaHcmipye, Koiu BOJIOTICTH HaB-

KOJIMIITHBOTO TIOBITPS HIKYE, HiXK BOJIOTICTh MOBITPS
B [IOpax POCIMHHOI TKaHWHU. B 1HIINX yMOBax poc-
JrHa Oyze NPOJOBXKYBATH MOINIMHATH BOISHY Hapy 3
moBiTps 3 yrBopeHHIM O3T. 3B’ 30K MiX BOJIOTICTIO
IPYHTY 1 €Baro-TpaHCHipali€io BiMOBiAa€e 3a peeMi-
cito TpuTi0 B armocdepy W Mae BHUpilIajIbHE 3HA-
JeHHs I OioreoxXiMigHOi Mirparii TpuTito B 0io-
chepi.

B y3aransHeHomy Bunisi Hagxomkenus HTO 3
arMocdepu B mucts (0e3 BpaxyBaHHS YaCTKH TPUTIIO,
mo normuHaeTbesa B popmi O3T) sik pesynsrar B3ae-
MOJIii IMX Pi3HOCTIPSMOBAaHMX TMPOIECIB MOXKe OyTH
BimoOpakeHo piBHsIHHEM (8) [19]:

ac _wel  _pPC,
a M.\ " B M.

ne: C — xonuentpanis HTO y BuibHIN Bofi poc-

V e
—=(

p.-p)C. (8)

JvH (TOJIOBHMM YMHOM Boja y jucti), bxxkr'; C,,

— xounentpauis HTO y nositpi, bkxm?; C, — xoH-
nentpanis HTO y Bunapax (TpaHcmipariiHiid Bofi),
B pe3yNbTaTi eKCTPaKIlii BOAW KOPIHHAMHU Ha Pi3HIH
mmbuHi, Bkxkr!; P, — aBCcomoTHa BOIOTICTh TOBI-
TPsI IPH TEMIIEPATYPi POCIUHHOCTI, KIXM 5 p — BO-
JIOTiCTh MOBITPSA Ha BiAMOBIAHIN BUCOTI, KTXM >} V/ e
— MBUJIKICTH 0OMiHY MiXK aTMOC(EPOIO 1 POCTMHHUM
nokpuBoMm, mxc ' ; M — maca MOGiIBHOT BOJIOTH B

JUCTI, BiHECCHA HA OJMHHMINIO IOBEPXHI IPYHTY,
KIXM %; y — BiHONIEHHs BUAKOCTI 06Miny HTO —
H>O no mBuakocti ooOMiHy Bonu (3a3Buuaii = 0,95);
[ — 130TONHE PpaKioOHyBaHHS MK TPHTIEM 1 BOJHEM
(ycepennenwuii nokasHuk 1,1).

YacTtuHa TPUTIIO, siKa BHACHI 10K Audy3ii Ta Tpa-
HCTIOPTYBaHHS BOJIOK0 HaJIHIUIa B POCIHHHICTD Y
Bursiai HTO, BHacninok OTOCHHTE3Y HEPETBOPIO-
erbest y BymieBoau (O3T). YrBopenunit y mucti O3T
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TIEPEHOCUTRCS IO KOPIHHS A€ JTOKATI3yIOTHCS TIPOIY-
ktu Gorocunresy. Tam O3T 3arpumyeTbes a00 po3K-
nanaerbes 3 yrBopeHusiM HTO BHacizok aBToTpod-
HUX KOPEHEBHX TpaHchopMaliil Uu rerepoTpodhHUX
TpaHcdopmariif Ipu MIKpOOHOMY PO3KIIafaHHi 0i0-
KOCHOI PEYOBHHH (IPYHTOBOTO BYIVICHIO Ta MiJCTH-
nku). Tpuriii, 3aTpuManuii B IpyHTi 200 B OpraHiuHO
3B’s13aHii QopMi, BUKITIOYAETHCS 3 KOJIOOOITY B Bioc-
dbepi.

Buacnigok armocdepHoi eMicii TpuTito, 00ymo-
BJICHOT KOHBEKTUBHO-IN(Y31HHIM BUXOJIOM ra3zo-ae-
po3onpHOI cymimi 31 cxosuml PAB, B 30HI po3mi-
menns [I3PB Kuiscekoro Jlep:xaBHoro mixko0iac-
Horo cnenkom6inary (KAMCK) «PAZJOH» ytBopu-
J1ach pamiobioreoxiMivHa aHOMATisI BOAHIO B OTHOPI-
gHifi 1 OaraTtopiyHili pPOCIMHHOCTI. bBigbIl BHCOKI
KOHIEHTpalii TPUTiIIO B MeXax NpOMMaiaH4YHKa
[13PB O6ynm 3adikcoBaHi B MiCIsIX, HAOMIMKEHUX 10
cxosuil PAB, 1 3Ha4HO MEHIIMMH — B 1HIIIH YaCTHHI
CaHITapHO-3aXUCHOI 30HH [15].

CHiBBiTHOIICHHS TUTOMOI aKTUBHOCTI TPUTIIO Y
tparcmipaniiuiii (TB) Ta opraniyao 3B’s3aHiif
(O3T) dopmax BU3HAYEHO SIK KOEQIIIEHTH MPOTIOP-
HikHOCTI, 00UMCIeHi 3a Bupazami (9, 10, 11, 12):

Kr' = 46" /A6 )

Kr? = A.7F /4, (10)
Kr* =4/ /46 (11)
Kr't =45 7457 (12)

ne: A¢'" — nmroma axtuBHicTh TpmTiio B TB
tpasu (1 dpakuis); Ag”" — MMTOMa aKTUBHICTH TPH-
Tito B O3T Tpasu (2 ppakuis); 4, — nuroma akTuB-
Hicts Tpurito B TB mucts (1 dpakuis); 4,°" — muToma

aktuBHICTh TpuTito B O3T mucts (2 dpaxiris).

OcepenHeHi 3HaYeHHS ITUTOMOI aKTUBHOCTI TPH-
TIiIO Ta CIiBBITHOIIICHH HOTO BMICTY B Pi3HUX (hopMax
3HAXOMKEHHST B POCIMHHOCTI TNpOMMaigaH4YMKa
I13PB Ta fioro C33 HaBeaeHo B Tabmutti 1. JloBrorpu-
BaJjie iCHyBaHHS aTMOTEOXIMIYHOTO MIrpamiifHOTO 1o~
TOKY 00yMOBHWJIO Y3TOMKEHUH Mpolec HAKOMTUUEHHS
TpuTio y Tpascmipamiiaii Boai (TB, Temmeparypa
BrryderHas ¢pakmii HTO go 150 °C) i 8 O3T (¢ =
240-650 °C) y TpaBocTOi (OZHOpiIYHA POCIHHHICTB)
Ta B JIMCTi JiepeB Ta KyILIiB (0araropiuHa poCIWH-
HicTh). Lle marBepmkyeThesa koedimieHTaMu Kopems-
il MK JMHAMIKOIO rontiHaHHs TB Ta HakonmuueHHs
TpuTito 3 armocdepu O3T B onHOpiuHil Ta OaraTopi-
YyHill pocimHHOCTI B 30H1 BruuBy [13PB, sKi xonmBa-
1oTbes Bix 0,89 mo 0,98 (muB. Tabm. 1).

3a3HauuMo, 1o OiNbII e)EeKTHBHO, HiXK OTHOPI-
YHA POCIHMHHICTH (TpaBa), TPUTIH MOIIHMHAETHCS W
YTPUMY€ETbCS 0araropiyHOI0 POCIHHHICTIO — Ky-
amMM Ta JepeBamu (BIAMOBIIHO K’ = 1,44, Kr' =
1,19 (Tabmn. 2). BinmsHO Mirpyroda BoJa BHACIiAOK Oi-
JBIIOT MOOLTBHOCTI Ta OLIBIIOT 32JIEKHOCTI BiJ] 3MiH
MUTOMOI aKTUBHOCTI TpPHTIIO B arMmochepHOMY
nuieidi i HaCHYEHOCTI BOJIOTOIO TOBITPS, MA€ MEHIITY
MMUTOMY aKTHBHICTH TPUTIIO, HIXK OpraHidyHO (pikco-
BaHa (Bixmosigno K’ = 1,17, Kr* = 0,96). 3a yac emi-
cii Tputiro 3i cxoBuill PAB BifOynocs cyTTeBe Hako-
MUYCHHS Ba)XKOTO 130TOIY BOIHIO B OpraHi4uHO
3B’s3aHii ¢opmi. BimnmosinHo, 3HaYHA YacTHHA TIOT-
JMHYTOTO POCIMHHICTIO 3 TOBITPSI TPUTIIO 3aTPUMY-
€THCSI HA Yac iCHYBaHHS OpPraHiuHOi PEYOBHHH i Ha-
JIIHHO BUKITIOYAETHCS 3 010JIOTIYHOTO KOJIOOOITYy.

Tabnuys 1/ Table 1

[IuTOMa aKTHBHICTH TPHTIIO B Pi3HUX (hOpMax 3HAXOIKEHHS
B pocJIIMHHOCTI pommMaiinanurka [13PB ta fioro C33 /
Specific activity of tritium in various forms in the vegetation of the industrial site of the SFRW and its SPZ

) ] Tpasa JIncrs
[TuToMa akTUBHICTH TpHTiIO BK*cMm? TB 03T TB O3T
(cepenne)
685 800 659 952
KoeditienTn xopemnsiii Mix Cor.(fr) 0,98 0,89
BMICTOM TPUTIIO y Pi3HUX
(hpakIrisIx BOJIOTH Cor.(g/l) 0,98 0,95

IHpumimka. Koedinientn xopemnsmii: Cor: (fr), oduuncneri o (Gpakiiid BOJIOTH y KOKHOMY THITI pocuHHOCTI; Cor: (g/l)

— MiX TPaBOIO 1 JIUCTSIM IO KOXKHIH 13 (paKIiid.

Tabnuys 2 / Table 2

CHiBBiTHOIICHHS TUTOMOI aKTUBHOCTI TPUTIt0 y TpaHcmipalliitiit (TB) ta opraniuno 38’s3aniii (O3T) dop-
Max 3HaXoJKeHHs (KoeDillieHTH MPONOPIiHHOCTI) y pociarHHOCTI pomMaiinanyrka [13PB Ta iioro C33 /
The ratio of the specific activity of tritium in transpiration (TW) and organically bound (OBT) forms of occurrence

(proportionality coefficients) in the vegetation of the industrial sitte SFRW and its SPZ

DopMu 3HAXOIHKEHHSI TPUTIIO Tpasa JIUCTS TB O3T

Koeding . Kr'! Kr’ Kr’ Kr’
oediieHTH TPONOPIIITHOCTI

HIEHTHIPOTIOPH 117 1,44 0,96 1,19

IIpumimxka. Kr" — xoedimienTn nmponopuiiHocti, n =1, 2, 3, 4.
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JlaHi 110710 BMICTY TPHTIiIO B OXHOpIUHIH 1 Oara-
TOPIYHIA POCIUHHOCTI JTO3BOJISIOTH BU3HAYATH TIPO-
CTOPOBE IIOJIOKEHHSI aTMOTEOMIrpaliiHuX UIISAXiB
PO3MOBCIOIKEHHS TpuUTi0. PocnuHHI iHIUKaTopu
OTIOCEPEIKOBAHO BiOOPaKarOTh BILTHB ITLOTO Mirpa-
LIHHOTO MTOTOKY Ha MpsiMe MOTIIMHAHHS TPUTIIO Opra-
HIYHOIO PEYOBUHOIO 3 TOBITPS, 800 K BCMOKTYBaHHS
HOTO 13 KOPEHEBOTO IIapy IPYHTY, Ky[IH BaXKHH 130-
TOIl BOIHIO HAJXOAWTH 3 aTMOC(epHUMH omazamu
[16]. OkpiM TOTO, pe3yABTaT BUMIPY BMICTY TPHUTIIO
B POCIMHAX JIO3BOJISIIOTH OINIHUTH O10r€oXiMivHi
iMMoOimizariitHi BmacTuBoCTI (iTorieHo3y. Bpaxosy-
I04M OCepelHEeHi JaHi mpo O0i0JOoTriuHYy NpPOAYKTHB-
HICTb TPaBH Ta JIUCTS AEPEB, IO BiAMOBIIAIOTH YMO-
BaM Micns po3ramryBanHs [I3PB Kuiscskoro IMCK,
pO3paxoBaHO MUTOMI 3aIllacyd TPHTIIO, SKi TOTINHA-
IOTBCSl POCIUHHICTIO (Tabi. 3) Ha OAMHUYHOMY Maii-
NaH4uKy 1iomero 1 M2, Po3paxyHOK BUKOHAHO Ha OC-
HOBI JaHWX TIPO Bary IpoaHalli3oBaHOi HABAXXKHU PO-
CIIMHHOT OiomacH, 00’€M OTPUMaHOi 3 HEl BUTSHKKH
BOJIOTH, TUTOMY aKTUBHICTh TPUTIIO B Wil BUTSDKIII
Ta OCEpeTHEeHY PiuHy IPOMYKTHBHICTH POCIUHHOI Oi-
omacu Ha 1 M? mromi 3a Bupasom (13):

Z = AxVxBxP! (13)
Jie: Z — 3amac Tpurito B 6iomaci, bk; 4 — mutoma
aKTHBHICTH TPUTiIO, BxXcM™>; ¥ — 06’ eM oTpuMaHOi
BUTSDKKH BOJIOTH, CM °; B — ocepe/iHeHa piuHa IIpo-
JIyKTHBHICTH POCIMHHOI Giomacu, rxm %; P — Bara
MIPOaHaJIi30BaHOI HABAXKKH, T.
TakuM 9HOM, TPHTIH, IO BUKUIAETHCS B TIOBI-
Tpsl, TIOTIMHAETHCS OTHOPIYHOIO Ta 0araTopivyHOIO
pocauHHICcTIO. [IpH IbOMY TPUTIli 3aXOIUTIOETHCS Op-
TaHivHOI0 010Macol0 y BUIVISAI BUTBHO MITPyrOYOi
Boau (TB), sika 3HAYHOIO MipOIO BHACIIZOK TPaHCIIi-
pauii BUIapoBY€eThbCS Ha3a[ y MOBITPS 3 TPaBU Ta JIU-
CTs, Ta B MIITHO ITOB’ s13aHiit GopMi POCIHHHO] IIEITO-
no3u. | mepma, i mpyra ¢popMu BUIyHarOTh TPUTIH 3
BOJTHEBOTO KOJIOOOITY, ayie nepma (GopMa — JIHIe Ha
nepiof] BEreTauiiHoro mpouecy 3 Y4acTKOBUM IOBEP-
HEHHSM Y TOBITPS 32 paXyHOK TpaHCHipallii Ta micis
OMajiaHHs 1 HACTYITHOTO PO3KJIaJaHHs JIUCTS 1 TPaBH.
VY npyriii opmi TpuTiii QikCy€eThCS Ha Yac iICHYBaHHS
pocnuHHOI 1emtono3u. [Ipu oMy, KoediieHTH Ko-
pernsmii Mk TMHAMIKOIO TIOTTMHAHHS Ta YTPUMaHHS
TPHUTIIO B PI3HUX THUIAX POCIMHHOCTI JOPIBHIOIOTH
0,89-0,98 (muB. TabM. 2).

Tabnuys 3/ Table 3

3armac TpUTIO, 1110 HAKOIMYYETHCS POCIMHHICTIO 3 OMHUYHOI TUIOIII 3eMHOT IMOBEpXHi B 30HI BrutuBy [13PB

Kuiscekoro JIMCK / Tritium stock accumulated by vegetation from a unit area of the earth's surface in the area of
influence of the SFRW Kyiv SISC

3anac TpuTito, Bxxm >
TB O3T
Tpasa JIucts Tpasa JIucta
92 141 114 205
CryniHb TIODIMHAHHSA TPHUTIIO POCIMHHOIO  O10T€oXiIMiYyHIM KapTi Tpajaliil BMICTy HYKJIiIy Ta
0iomMacor0  3aJeKUTh  BiJ IHTEHCHBHOCTI I  BH3HA4YE€HO HAHOUIBIN HEOE3MEYHUI HarpsIMOK pasi-
HAaKOIMYCHHA 1 € TIOKa3HUKOM OIOTE€OXIMIYHMX  amiifHOTO 3a0pyIHEHHS TEPHUTOPIi MUIIXOM MOBITPS-
O0ap’epuux  BrmactuBocted  ¢irtomeHosy. ILle#t  Horo mepenocy. 3a gaHuMH 0i0r€OXiMIYHOTO KapTy-

napameTp B ONOCEPEJKOBAHOMY BHIVIS/II BPaXOBYE
B32€MO/Ii0 Pi3HUX (HAKTOPiB, TAKUX SK KOHIICHTPAIIis
TPHUTIFO B aTMOC(EpHUX OMaaax Ta iX KUIBKICTB,
CTYIiHb HAKOIIMYEHHS TPUTIIO HA TIOBEPXHI IPYHTY
Ta B HOro KOpeHeBoMY 1api To1o. BpaxoByroun Taky
BIIACTHBICTb  POCIMHHOCTI, MIirpaiiiHi MOTOKH
TPHUTIIO B MPU3EMHOMY TMOBITPI MOXYTh OyTH
3aikcoBaHi MPH 3aCTOCYBaHHI 0i10reoXiMigHOIO
ompoOyBanHs. Lled MeTonm  aOyxXe  JeTalbHO
OIpalbOBaHO B TONIYKOBiH Teoximii. 3a Horo
JIOTIOMOT0K0 Ha TMOTEHIIWHO aBapiiHUX 00’ €KTax
(ssxumu € [13PB, moOynoBani Ha moyatky 60-X poKiB)
Moxe OyTH 3a3[aJierifb BHU3HAYCHO IepeBakaroui
HaNpsIMKH aTMOC(EepHHUX IOTOKIB, 3a SIKUMH Oye
3IifiCHIOBAaTHCS TIOBITpsiHA MIrpalisi TPUTIiIO B pasi
BUHHUKHEHHS aBapiiiHUX BUKUIB.

Ha 06’€ekrax, /ie KOHIIGHTPOBAaHUI BUXiJ TPUTIIO
B arMocdepy BKe BiJIOyBa€ThCsI, TAKUM YHHOM MOXKE
OyTH BCTAHOBJIEHO apeall PO3MOBCIOMKEHHS 3a0pya-
HEHOI TPUTIEM POCIMHHOCTI 3 BiJOOPaKEHHSIM Ha

BaHHs Teputopii C33 Ta BpaxoByrouu AaHi Mpo MpH-
picT pociaMHHOI OioMacH MOXKHa OIIHUTH YacTKy
TPUTIIO, IO BHIIYYA€THCS 3 BOIHEBOTO KOJIOOOITY Ta
BUKJTFOYAETHCSI 3 TPOPIUHUX JIAHIFOTIB.

Iinporeomirpanist Tputito. binzeko 99% Bin
3arajbHOI KiTKOCTI TPUPOMHOTO TPHUTItO, M0 Oepe
y4acTh B NI00aJIHHOMY KOJIOBOPOTI BOJH, TIOTPAILISIE
Ha 3eMHY IOBEPXHIO y BUINISI TPUTIHOBaHOI BOAM
(HTO). YacTka TpwuTitO, 0 3HAXOMUTHCSI B arMOC-
¢epi y Bursiai mosnekyn HT, okuchioerses 1o HTO i
pasom 3 inmmmMu MonekytamMud HTO BkiodaeTsest B
3arajbHHUN KOJOOOIr TpUTito B Giocdepi. 3rigHo ic-
HYIOUHX OILIHOK, y I100ajibHOMY OanaHci mpHpoa-
HOTO TPUTIIO TOIIOBHUM J€TIO € Tinpocdepa [20]. [Tpu
LBOMY, ¥ CBITOBOMY OK€aHi po3urHeHo Oinst 65%, B
T.4. 35% y BepxHix 1 30% y muOUHHMX mapax okea-
HiB. 3ayuiikoBi 27% 1 7% po3nonijieHi MK CyXoz0-
JIoM 1 aTMOC(hEpOIO.

[IBuaKicT BKJIIOYEHHS! TPHUTIIO B TiApOJIOTiU-
HUH [IUKJI BU3HAYAECTHCS MIBUIKICTIO il 0COOIMBOCTS-
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MU MOTo HaIXOMKEHHS Ha 3E€MHY IIOBEPXHIO,
MMOBEPXHEBOr0 3MMBY, 1H(IIBTpallii Ta 3BOPOTHOIO
BUTIAPIOBAHHS.

Mirpallis TPUTIiIO y CBITOBOMY OkeaHi. TpwuTii,
0 HAAXOAWTH Yy HIDKHI Imapu armocdepw,
PO3UMHAETBCA B OKEaHI IPOTSAIOM POKY 3aBASKH
Mapo-oOMiHHMM TIpOIlecaM 1 BHACHIJIOK IHUX XKe
OOMIHHMX TIPOIIECiB YAaCTKOBO BHITAPOBYETHCS B
armocepy mpu Habararo MEHIIH KOHIIEHTpAIii
HTO [21]. Hdo mnoyaTKy SA€pHHX BHIPOOyBaHb
KOHIEHTpALlisi TPUTIIO B TIOBEPXHEBUX BOJAX OKEaHy
cranoBwiaa Omusbko 0,12 Bxxam™ [7]. 3 modarkom
SAEPHOI epH PO3MOALT TPUTIIO y CBITOBOMY OKeaHi
BU3HAYABCSl JTUHAMIKOIO DIOOANbHUX BHUMAMIHb 1
CIPSAMOBAHICTIO Ta TOTY)XHICTIO BOJHHAX Tedil.
[Ticns speprnx BunpoOyBaHs (cTranoM HA 1979 pik),
Oinpina yactuHa TpuTito (146 xr) Oyna BusBIEHA B
Tuxomy okeaHi Ta B ATNaHTHIl, 6 KT B APKTHYHOMY
Oaceitni 1 mo 6 kr B IHmilickkoMy OKeaHi Ta B
AwnTtapkrui [22].

['ooBHUMY TPAaH3UTHUMH LIIIXaMHU, SIKi 00yMO-
BUJIM TIEPEHECEHHSI TPUTIIO y BOAAX CBITOBOTO OKe-
aHy, OyJia cucTeMa IJIaHeTaPHUX OKEAaHChKUX Teuil,
SIKI HE TUIbKH TIEPEMIIIaId TPUTIH Y TTIOBEPXHEBOMY
mapi Bony, aie i 00yMOBITtOBali (hOPMYBaHHS TPO-
(himro meskoro 301NbIIIEHAS KOHIIEHTPAIlil TPUTIIO 110
rm6uan 1 000 M — 10 1,2 Brxam ™ y miBHivHiM yac-
tuni Tuxoro Oxkeany i g0 0,36 Bxxam ™ y 3axijuHiit
Atnartuni. Otpumani Octmyanom 1 ®aiftHoM aHaITi-
TUYHI AaHi, OyJIu MiATBepIKEHI O1IBIIT HOBITHIMU J10-
cimkeHHsaMu [23], sKi J03BOJIMIN BCTAHOBHUTHU IIe-
BHY HEpPIBHOMIPHICTb pO3MOALITY KOHIIEHTpAIliil Tpu-
TiI0 B BOJAX CBITOBOTO OKEaHy i, BUKOPHCTOBYIOUH
HOro SIK TeOXIMIUYHUIM 1HIUKATOp, BU3HAUUTH JESKI
3aKOHOMIPHOCTI TIOBEPXHEBOI Ta NIMOWHHOI Mirpariii
BEJIMKHMX BOIHHUX Mac, IIEPEMIILICHHS SIKMX Ma€ BEJH-
KWl BIUTUB HA CBITOBHI KJTiMaT.

Mirpartis TpUTIO V MOBEPXHEBUX BOIOWMAX i
BOJOTOKaX. B KOHTMHEHTaJNbHIA 4YacTUHI 3E€MHOI
6iocdepn TPUPOTHUH TPHTIH 00yMOBUB
(dopMyBaHHs (DOHOBHX KOHIICHTpAIlill y pi3HUX ii
KOMIIOHEHTax. B monmampmiomy BMICT TpHTiIO B
OLIBIIOCTI BOAOMM BHM3HAYaBCA HANXOKEHHSAM JI0
HUX TPUTIIO, O YTBOPHUBCS BHACIIIOK TIIOOATEHUX
saepHUX BUNpoOyBaHb. Ilicima  excTpeManbHUX
KOHIICHTpAIii TpuUTito, 3adikcoBanux y 1963 porii,
BimOyBajocs  TOCTYNoBe IX  EKCIIOHCHIIiHHe
3HWKEHHSI 3 TIEPi0JJOM HAIiBBUBEICHHS 3,2 POKH.

O0’eMHa aKTUBHICTH TPUTIIO, IOB’S3aHOTO 3
SJCpHAMHA  BUNPOOYBaHHSAMH, B IPICHOBOIHUX
BOJIOWMAX OCEpETHEHO OIHIOETHCS BEITUYMHOI S5—
15 Brxam™ [16]. V piukax cxigHoi €Bpomu Ta
MOBEPXHEBHUX BOAAX MOPIB, [0 MAOTh OOMEXKEHHI
BOJ00OMIH 3 okeanamu (banriliceke, HopHe Mope Ta
iH.), B 1975 u 1976 pp. crocrepiraiacsi KOHUEHTPA-
wis TpuTiro 6musbko 11 Brxam >,

TpuTiti MPUPOTHOTO UM TEXHOTEHHOTO TEHE3HCY,
110 MOTPaNMB B atMocdepy 3 Pi3HUX pKEpe 1 mepe-
HOCHTBCSI IOBITPSIHUMH TIOTOKaMH, MOTPAILISIE 10 3€-
MHOI TOBEPXHi 3 onajzaMu abo IUIIXOM OOMiHY MiX
Maporo Ta IPYHTOBUMH 1 TIOBEPXHEBUMH BogaMu. Ta-
Kuii 0OMiH € Oe3MepepBHUM 1 IOMIHYIOUHUM /ISl TIPH-
MOBEPXHEBOI YacTUHM 1UIel(iB mobnmsy 3emii i B
MEBHUX METEOPOJIOTIYHIX yMOBaX MOXKE CYIPOBO-
JOKYBaTHCS TPSIMOIO KOHAEHCAIE€l arMocgepHOl
TPUTIHOBaHOI BOASHOT TApU Ha TIOBEPXHi IPyHTY. Sk
BimzHauaB Celikopa [24], cnaOki TpuBaii onaayd Mo-
XKYTb MIPU3BOJUTH JI0 OLITBII BUCOKUX KOHIIEHTpAITiit
TPHTIIO B MiJI3EMHUX BOJAAX, CTOKAxX, 3TUBOBUX CTO-
Kax i IpyHTax, HiX MOTYXHi KOPOTKOYACHI 3JIMBH.

CrymiHp BWIyYeHHS TPUTIIO 3 TOBITPSI aTMOC-
(depanmMu omamamu, 3riqHo Yambepneny i Ermmrony
[25], Mmoxke OyTH po3paxoBaHa 3a Bupa3zom (14):

X = XoeXp(—At) (14)

Iie: , — KOHIIEHTPAIIis TOMIIIIOK Yy TTOBITpi uepes
TOJIMHU t; Yo — KOHLIEHTPAIIisl IOMIIIOK Yy MOBITpi Ha
MOYaTKy BUMHUBAHHS;, A — KOe(illieHT BAMUBAHHS J10-
MIIIOK 3 aTMocdepH.

KoedinieHT BUMUBaHHS SBIIsE€ COOOI KOHCTa-
HTY, fIKa BXOIUTh JO PIBHSIHHS 3MiHM KOHIICHTpAIlii
JIOMIIIIOK Y TIOBITPi 1 BimoOpakae MBUAKICTh BHA-
JISHHSI TPHUTIIO 3 MTOBITPS AOIIeM ab0 CHITOM i, 3T1IHO
[26] mis moury BusHayaeThes Ha piBHi nx107%c! Ta
JUIs CHiromaay iHTeHCHBHICTIO 1 Mmxrom ' (BomHuit
ekBiBasenT) Ha pisHi 2,1x105¢ ! —2,6x105¢! [27].

KonmeHTpartist TpUTiO B Maci MOBEPXHEBUX BOJ
abo0 y I'pyHTOBIH MOPOBIH BOMII, BigoOpaXkae TUHAMI-
YHY piBHOBary Mik KOHIIGHTpAIil TPHUTIIO Yy MOBITPi
Ta BOMI 1 3aJIe)KHUTH BiJ mepiogy BOXOOOMIHY Y BO-
noiiMi abo y TTOBepXHEBiil IpyHTOBiil Bojo3i. Tak,
TPHUBAJICTh BOAOOOMIHY B IOBEPXHEBOMY IPYHTI BH-
MIPIOETHCS MICSIISIMH, B CTaBKax Ta 03epax BiH KOJH-
Ba€THCSI Bl THXKHIB JI0 COTEHBb POKIB 3aJIEXKHO BiJl iX
00’eMy Ta TUHAMIKH PO3BAHTAXKEHHS, B TOH Yac SIK Yy
IHOMHHUX TOPU30HTAX MOXKE KOJIHMBATHCS B MEXax
BiJl OZJHOTO JIO THUCSYi POKIB.

B auHaMiyHUX BOJAHHMX CHCTEMax BiJ0yBa€ThCsI
Maiike MHUTTEBE PO30aBIICHHS BUIYYEHOI 3 TOBITpS
napu HTO npoTodHor0 BOMOFO 1 TIOAAIIBINA Te0XiMi-
YHA ICTOPis TAKUX HAIXOIKEHB IILTKOM 3aJICKHUTh Bi
rizposioriynoi icTopii mux cucteM. OCKiIBKH OOMiH
MiX BOJIOIO PIYKOBHX CHUCTEM Ta aTMOC(EpOI0 pery-
JIIOETHCSl IPUPOAHUMH Tpouiecamu (Ha3oBOro mepe-
xony (BHITApOBYBaHHs, KOHJCHCAIl TOIIO) 1 Oca-
JOKEHHSIM, TIEPEHOC TPHUTIIO 3aJIeKUTh BiJl 1Oro KOH-
IEHTpallii B MOBITPi Ta BOAI, a KOHJACHCOBaHA (haza
MOXe JIello 30aradyBaTucs 3a PaxyHOK 130TOIHOTO
¢dpakuionyBanHs. OOMiH MiXK TPUTIHOBAHOIO BOIOIO
Ta JOHHUMH BiJIKJIaZlaMH B OCHOBHOMY PETYIIIOE€THCS
JMIMHAMIKOIO TIOTOKY BOJM, sika 30aradeHa TPHTIEM,
1110 00YMOBITIOETHCSI HE3HAYHOIO B3aEMOJTIEI0 MiXK BO-
JIOI0 1 TBEPIUMH YaCTHHKAMHU.
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3a TaHUMU MOHITOPHHTY TTOBEPXHEBUX MPUPO/I-
HUX BOAONM YKpaiHu, BMICT TpHTiIO y piukax [Icrom,
Bopckna, Iarynens Ta Inryn, rigpasiiuHo He 3’€1-
HaHUX 13 ckuaHUMHU KanaitamMu AEC, He mepeBuiye
814 Bxxam > i Moxke BBaxkaTHcs K GOHOBUH, 00y-
MOBIIEHHH TJIO0AIBHUM KOJIOO0IrOM BaXKKOTO 130-
Tomy BoaHo [28]. Jlemo iHII KOHIEHTpaLii TPHUTIIO
BCTaHOBITIOIOTECS ITPH MOHITOPHHTY B pidKax, € € Ti-
IpaBMIYHANA 3B’S30K 31 CkumHuMu KaHajmamu AEC
VYkpainu (puc. 3). BcraHoBieHo, 1110 B 30HI BILUIUBY
PiBaencokoi AEC y Bomi piuku CTup Ha BXiJHOMY

(Bumme AEC 3a Tediero) Ta BUXigHOMY (HIDKYE 32 Te-
9i€10) CTBOPAX KOHIICHTPAIIil TPHUTIIO y BOJI KOJTHUBA-
nucs Big 6 Brxam > 1o 50 Brxam 2. B 30mi BBy
Xwmenpuunpkoi AEC BMicT TpuTito y Boai p. ['opunb
y CepeHbOMY Ha BHXIJHOMY CTBOpPi B OCIHHBO-3H-
MOBY MEXKEHb MOXKe J0piBHIOBaTH 14 Bxxam >, y mi-
THIO MeXKeHb — 24 Bkxam >, y BecHsiHy moBiHb — 10
Bxxam 3. Ha cteopax 3AEC y Boxi p. JIHinpo 10 3HH-
meHHs 7amMon KaxoBChKOTO BOIOCXOBHIIA CIIOCTEPi-
rajucsi KOJMBAHHS KOHLEHTpALii TPUTIIO B JITHIO i
OCiHHIO MexeHb Bix 16 no 40 Brxam >,
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Puc. 3. Jlunamika i mporHo3 BMicTy TpHTiIO y BuXxigHux ctBopax AEC Ykpainu Ha piukax ['opuns, Ctup,

I1. Byr i Kaxoscekomy Bomocxosumi, brkxam 2. 3AEC,

nbka, [liBnenHo-Ykpaincebka ta PiBHeHchka AEC [28]

XAEC, OYAEC, PAEC — 3anopi3bka, XMeIbHU-
/ Fig. 3. Dynamics and forecast of tritium content in the

outlet of Ukrainian NPPs on the Goryn, Styr, P. Bug rivers and Kakhovka reservoir, Bqgxdm=. ZNPP, KhNPP,
SUNPP, RNPP — Zaporizhzhya, Khmelnytsky, South Ukrainian and Rivne NPPs [28]

Maiike TakuMH X OyJH BCTAHOBJICHI MEXi KO-
JMBaHb KOHIIEHTpaIlii TpuUTiro y Boxi p. [liBnenHuit
Byr B 30ni BBy ITVAEC — Bin 7 10 30 Bxxam .

V Boai KnuiBcbkoro Ta KaHiBCEKOT0O BOJOCXOBHIIL
JHInpoBCchKOTO Kackamy Ta p. [Ipum’sTh KOHIIEHTpa-
uii TpuTiro cTaHoBMIM Bix 9 10 29 Brxam . Jlemo
Ol KoHEeHTpalii TpuTito (2055 Bxxam ) Oyau
BUsIBJICHI y Bozi p. [lecHa, 10 MOXHA MOSCHUTH
ckupamu 31 Cmonencekoi ta Kypeskoi AEC Pociii-
cpkoi Deneparii.

Huns Beix AEC Ykpainu xapakTepHUM € Te, 10
3a paxyHOK PiIMHHUX CKUJIB aKTUBHICTH TPHTIIO B
CTaBKaX-OXOJIOJKYBadax Ta HAWOIMKIUX BOJOWMAX
NOCSITa€e JIEKiIbKOX coTeHb Brxam . TexHonoriuxa
MPOAyBKa 3HMXKYE AKTHUBHICTh TPHUTIIO B CTaBKax-
OXOJIOMKYBauax 1 30iblIye ii B NPUIETINX BOXOM-

Max. OnHaK He3HaYHEe 3a0pyJTHEHHS IIMX BOJOUM (10
KiIBKOX — JecATKiB  BkXaM™) Mae  JIOKaJdbHHIA
Xapakrep.

CrioctepexeHHsIMH y 9 Toukax Oi1s y30epexoks
0. [lono6eurkuii (M. Kui) B iepiof 3 keithst 2009 p.
no Jsmctonaga 2010 p. BCTAHOBJIEHO, IO BMICT
TPUTIIO y IHIMPOBCBHKIM Bomi B Mexax KuiBcbkoi
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MichKOi ariomepanii kojuBaecs Bim 5,4 mo 17,7
Brxm 3 (B cepenrbomy 9,1 Brxam ). Makcumanbhi
KOHIIGHTpAIii CriocTepiramucs yiaiTKy, MiHIMaJIbHI —
Mi3HBOT OCEHI Ta paHHBOI BECHU 1 JOCUTh BipOTiIHO,
IO Il TTOKa3HUKH CYTTEBO HE 3MIHHMJIUCS 0 LHOTO
Jacy.

TigporeoMmirpariiss  TPUTIO YV IA3EMHHUX
BOJIOHOCHUX Topu3oHTax. Cepen ycix JpKepen
MiJI36MHUX BOJI, SIKi BHKOPUCTOBYIOTHCS JUISI TUTHOTO
BOJIOTIOCTAUaHHS, HalMEHIa aKTUBHICTh TPHTIIO
CIIOCTEPIraeThCsl B apTE31aHChKUX CBEPAJIOBUHAX. Y
BOJI 31 cBepanioBMH M. KueBa, 110 eKCIUTyaryroTh
CCHOMAH-KCJIOBEUChKUH  BOJOHOCHUM  KOMILICKC,
Cepe/Hs MUTOMa aKTHBHICTh TPUTIIO JIOPIBHIOE 5,6
Brxxam>. Yac HamXOmKeHHS TIOBEPXHEBUX BOJ 10
BOTO KOMILIEKCY cTaHOBUTH Bix 10 mo 12 pokis.
Jemo BuUINi 3HAUYEHHS  AKTUBHOCTI  TPUTIIO
BCTAHOBJICHO Y BOJI KpWUHHIG, SKi JPEHYIOTh
3HAYHOI0 MIpOI0 HE3axXHIICHI IPYHTOBI BOJOHOCHI
TOPU30HTH, — J10 6,3+0,9 Bxxam > [16].

B yMoBax HelocTaTHLOI 3aXHIIEHOCTI BOIOHOC-
HUX TOPU3OHTIB CYTTEBE 30UIBIICHHS KOHIICHTpAIIiT
TPUTIIO y TiJ36MHHX BOJaX MOXeE BifOyBaTuCs
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BHACIIIOK 1H(MUIBTpaIii 3 TOBEpXHEBUX BOJHUX 0Oa-
CelHIB, OCOOJMBO TPH TEXHOTCHHHX aBapisx Ha
00’€KTax sIEpPHOI SHEPreTHKH Ta cxopwiax PAB.
OxpiM 3HaYHOI KiTBKOCTI MiAIPHUEMCTB SASPHOTO Ta-
nuBHO-eHepreTnyHOro Komiuiekcy (AEC Tta mignpu-
emctBa 3 epepodku BAII) y pisHuX KpaiHax cBiTy
CTHIOPYIKEHO 1 eKCITyaTy€eThcs 64 MPHUIIOBEPXHEBUX
cxosuii PAB [29]. ByaytoTecsi i BUKOHYIOTBCS pO-
00TH 3 MPOEKTYBaHHA Ta BH3HAYCHHS MICIb pO3Ta-
LIyBaHHSA IIe 25 aHAJOTIYHMX CXOBHIL.

OpHUM 3 IUIAXIB BIUIMBY MPHUIIOBEPXHEBUX ITY-
HKTIB 30epexeHHs PAB Ha 6iocdepy € rigporeodins-
Tpauis TpUTiHiOBaHOT BOAM KpPi3b 30HY HEHACHYEHOI
¢inbTpanii (aeparii) reoJorivHOTO CepeloBHIIA, KA
€ TIPUPOITHUM 1 OCTaHHIM Oap’€poM Ha IIISAXY Mirpa-
1ii IOTO HYKJIiTy A0 BOXOHOCHHX TOPHU3OHTIB. SIK
MOKa3ye CBiTOBa MpaKTHKa, MpH ekciutyaranii [13PB
MOJKe BifOyBaTHCS MOPYIIEHHS IIITFHOCTI 1H)KEHEep-
HUX Oap’epiB 1 MOTPAIUISHHSA BOJIOTH B €MHOCTI 3
PAB. 3a yac 1oBrorpuBayioro 30epiraHHs JKeped io-
Hi3y0YOTO BUIIPOMIHIOBAHHS Ta 1HIIMX PaJiOaKTHB-
HUX MarepialiB, M0 HAIXOASTh 3 MPOMHUCIIOBHUX, Ha-
YKOBHUX Ta MEIUYHUX YCTAHOB, TPUTIH MOXKE BHBIJIb-
HIOBAaTHUCS 13 HAKOMIMYCHUX Y CXOBHILAX PaI0aKTHB-
HUX MarepialiB, yTBOPIOIOYH B TPUCYTHOCTI KOH/ICH-
carmiitHoi Bonoru TpuriioBany Boxy HTO. Excniepu-
MEHTaJIBHO TI0Ka3aHo [16], mo jeTki GopMu TpUTIO
MOXYTh IPOHHUKATH HE JIUIIE KPi3b HAUMEHIII Topu
Ta [IUTAHY, ae i Tn(yHTyBaTH Kpi3b OSTOH CXOBHIII,
MeTalld, Pe3NHy Ta MOJiMEepHi MaTepiaiu i, TaKuM
YHHOM, HAJXOIUTH B OTOuyloue cepenopuuie. [1iaT-
BEP/KEHHSIM IIOTO € CBITYEHHS Y CBITOBUX MyOJTiKa-
IiSIX TIPO BCTAHOBIIEHHS ITiABUINEHUX KOHIEHTpAIiit
TPUTIIO B MiI36MHUX BOjAax 1mo0/m3y cxoBui] PAB.

Y 1993 poui Oyn10 BUSIBIEHO BUTIK TPUTIIO B IPY-
HTOBI BOJIY 31 CXOBHIII, PO3TAIIIOBAHUX Y Jici bapTky-
mikic npubnmmu3Ho B 30 kM Bix BinsHioca, cromnwii JIu-
TBH, B MiCIli 3 OOJIOTUCTUM CEPEIOBUILEM, YYTIIMBUM
o mirpamii pamioHykniniB B Oioti [30]. Bcranos-
JICHO, 1110 TPUTIH BUBLIBHIOETHCS 31 CXOBHII] IIIJISIXOM
BUTIAPOBYBAHHS KPi3b OCTOH iHXXeHEpHHUX Oap’epiB y
IPYHT Ta LUIIXOM BUMHBAHHS TPUTIIO 3 paHile 3a-
OpyIHEHWX IIapiB 30HW HEHacW4YeHOi QinpTparii
BHACJIIJIOK MiJIBUIICHHS PiBHS I'PyHTOBUX Boi. Haii-
BHIIII KOHIIEHTpAIIil TPUTIIO B TPYHTI CITOCTEpiramucs
B 2005 porti, KoM MakCUMallbHA TTUTOMAa aKTUBHICTh
B IPYHTOBiii Boyori jpopiBHOBana Oiuspko 1x10°
Brxam .

Ha mnpunoBepxueBomy cxoumi Ileddina
(CHIA InniHotic) BHACTIIOK pyHHYBaHHS KOHTEHHE-
piB 'y 1982 pori Bin0Oyiocst BAMUBAHHS TPUTIIO 3 PO-
3mimeHnx Tam PAB, 1110 mpu3Beno 1o CyTTEBOTO Ii/I-
BUIIEHHS KOHLIEHTpALii TPUTiIO B MOPOBIH Ta IpyH-
ToBi# Boxi 10 4,5x10% Brxam > [31].

TonoBauM cxoBuiieM BennkoOpuranii 1uist yTu-
Jizamnii pagioaKTUBHUX BiJXONIB HHU3BKOTO PIBHS €
npunioBepxHese [I3PB Jlpirr, po3ramoBaHe Ha

npubepexHilt piBHuHI 3axigHoi KamOpii mpubnmm3Ho
B 0,5 kM Bix O6epera Ipmanacekoro Mopsi. OCHOBHUMH
IH)KEHEpPHUMH CIIOpYIaMH € TpaHIuei 3 OeTOHHUMH
CTiHAMH 1 OCHOBOIO 3 KOHTPOJILOBAHOIO JIPEHAXKHOIO
cuctemoto [29]. [ligBumieHi KOHIIEHTpaIlil TPUTIIO y
rigporeoinbTpamiitHOMy MOTOIlI 32 MEXaMH 1HXe-
HepHUX Oap’epiB Oynu 3adikcoBaHi Ha PIBHAX BiJ
4x10° Brxam > 1o 3,8x10° Bkxam > Ta mocTynoBum
3HIDKEHHSIM ~KOHIEHTpauii Tpurtito mo 1,3x10°
BrX M2 miciist IPUAHATTS I0JaTKOBUX OOMEKYBalIb-
HHUX 3axomiB [32].

ITimBuIIeHI KOHIIEHTpPAIil TPUTIIO BUSBIICHO Ta-
KO B MICILISIX PO3MIIIIEHHS IPUITIOBEPXHEBUX ITyHKTIB
36epexxennst PAB Kanagu, ®panuii, Yropuiuau, Jla-
TBii. 30Kpema, y Mi3eMHUX BOJaX 30HH BILTUBY CXO-
Bumia Center de la Manche (M. HlepOypr, @pantris)
KOHIEHTpalii Tputito csaramu (17-20)x10° Bxxam
(1997-2002 pp.) 3 HACTYNHUM 3MEHIICHHAM 10 (7—
13)x10° Brxam = (2008 p.) [33]. TpurieBe 3abpyx-
HEHHS MiJ3eMHHX BOJ Y 30H1 BIUTMBY MPUHUIIOBEPXHE-
Boro cxopuma PAB VYropmmunau y 2008 p. csrano
nx10* Bxxam > [34]. B migzeMHuXx Bogax MpHIIOBEP-
x"eporo [I3PB Baldone (JIatsist) y 1997 p. cniocre-
pirascs migsuiennii (1o 2x10° Bkxam ) BMicT Tpu-
Tif0 3 mocTynoBuM (3a 11 pokiB) 3mMeHtIeHHM 110 (7—
8)x103 Bxxam > [35].

Hiroui B Ykpaini [13PB, siki Oynu criopymkeHi Ha
novyatky 60-X pOKiB MHHYJIOTO CTONITTS i3 MPOEKT-
HUM CTpPOKOM BuKopHcTaHHs Oinst 30 pokiB, Mopa-
JILHO 1 TEXHIYHO 3aCTapii 1 € MOTCHIIIHHUM JIKepe-
JIOM TPUTIIO B NPHUPOAHO-TEXHOTCHHUX CHCTEMaXx.
[Ipu mpoBeneHHI paiOeKONIOTIYHUX TOCIHIKEHb Y
MicIIX po3MimieHHs cxoBull PAB Oyno BusBIeHO
TIOLIMPEHHST TPUTIEBOTO 3a0pyAHEHHS B TE€OJIOTid-
HOMY CepeJIOBHII iH(DIIBTPAIHAM TigporeoMirpa-
nitHuM tsaxom [36]. B mexax 30au Bruusy [13PB
KIMCK VipJO «Pamon» noerorpupaie (yHKIIO-
HYBaHHSI TiporeoiIBTPaIiiHOT0 MOTOKY TPHUTIIO Y
CUCTeMI «30Ha aepallii — i I3eMHHIA BOJOHOCHHI TO-
PH30HT» OOYMOBHJIO YTBOPEHHS MOOUIBHOI 1 CTPYyK-
TYpPOBaHOI PaioriporeoxXiMivHoT aHOMalIii, sika 3Ha-
YHO TEPEBUINYE IIaHOBI po3mipu emHOcTel PAB i
teputopiro I13PB [37]. IIpu ubomy, HarpsAMoK i iHTe-
HCHBHICTB T1Iporeo(iabTpaliiHuX MOTOKIB TPHUTIIO
BH3HAYAJIUCS UHAMIKOIO 3MiHM IHTEHCHUBHOCTI BU-
TOKYy TpuTiiOBaHOI Boam 3i cxoBui PAB, a Takox
0COONHMBOCTSIMU TAIeOpenbedy 1 TeoCTPyKTYpPHOTO
TUTaHYy TIOBEPXHI BOJOTPUBKOTO TOPU30HTY, SIKHIA TTi-
JICTEIIsI€ TISPITUH BiJl JEHHOI TOBEPXHI ITiJ3eMHUI
BOJIOHOCHUM TOPU3OHT.

AHaIOTIYHI SBUINA BUXOMY TPUTIHOBAHOI BOIH
3a MeX1 1HKeHepHuX Oap’epis Oynu 3adikcoBaHi Ta-
kox Ha iHmumx I[13PB Vkpainu. Tak, Ha XapkiBcb-
komy JIMCK piBeHb 3a0pyIHEHHS TT1I3€MHOTO BOJIO-
HOCHOTO TOPHM30HTY B KOHTYpi nx10° Bxxam > Tpu-
Tit0 BUHILIOB 3a Mexi Teputopii [I3PB 3 nopanpmmm
MOCTYIIOBHM 3MEHIICHHSM HOro KOHIEHTpamii y

-121 -



Cepis «[eonocis. [eocepagis. Ekonoeisay, 2025, sunyck 62

TepIoMy BOmOHOCHOMY Topm3oHTI [38]. Paszom 3
THM, BCTaHOBIIOETHCS MPOHUKHEHHS TPUTIHOBAHOI
BOJH Kpi3b MiCIIeBHH BOAOTPUBKUI TOPU30HT y IPY-
Tl BOOOHOCHUM TOPU30HT.

Ha IninponierpoBchkomy JIMCK i uac BuKoO-
HaHHS criBpoOiTHHKamMu Biaainy Oioreoximii II'HC
HAH VYkpainu panioekoJaoriyHOi OLiHKH 3aXHIICHO-
CTi TIPHJICTIIUX TEPUTOPiH BUABICHO PajioTiIpOreo-
XiMiuHy aHOMatiro i cxoBumamu PAB B 30HI HeHa-
cuuenoi ¢pinsrpanii [37]. B yopHo3emi (BepxHili yac-
THHI IPYHTOBOTO NPO(]ITI0) Ta JECOBUIHUX CYMiCAX
KOHIIEHTpAllisl TpHTiI0 ckiaazama g0 (4,5-5,5)x10°
Brxam 3. Tpu 1pomy, aacopOLiliHi BIaCTHBOCTI Te0-
JIOT1YHOTO CepellOBHIIA JJO3BOIWIN 3aXUCTHTHU TIEp-
il BiX MOBEPXHI BOJOHOCHHWMA TOPHU30HT, B SKOMY
0e3ImocepeTHbO i PagioTiAPOreOXiMITHOI0 aHOMa-
miero, copmoBaHiii B 30HI aeparii, KOHLEHTpALis
TPUTIIO HE nepeBuInyBaia 55-110 Bkxam .

TakuM YMHOM, 3HAYHUM JDKEpPEIIOM HaIXo-
JOKEHHS TPUTIIO y MiA3€MHI BOAW Hapa3i € CXOBHUIIA 3
BHUCOKOIO KOHIeHTpaliero PAB, ne icHyrodi iHXeHe-
pHI CHopyau HE IOCTaTHRO 3a0e3MedyroTh Hamik-
HICTh 130511111 HAKOITMYCHUX y CXOBHIIAX 3a0pymiHe-
HUX TPUTIEM BOJ BiJl TEOJOTIYHOTO CEpeAOoBUIIA i
sIKe, B JIAaHOMY pa3i, CIlyTye OCTaHHIM 0ap’epoMm Ha
IUIAXY TimporeodinpTpamiiHoi Mirpamii TpuTito Ta
JIOBTOTPHBAJIUM JICTIO3ITAPIEM IILOTO PaJTi0aKTUB-
HOTO 130TOITy BOJIHIO.

BucuoBku. 1. TpuTiii, yTBOpeHH# BHACIiIOK
MPUPOIHUX UM TEXHOTEHHUX MTPOIECIB, BKIIOYAETHCS
B MirpailiiiHi MMOTOKH B 3aJIGKHOCTI Bix (Gopm ioro
3raxomxkennas — ra3osoi (HT), sogroi (HTO) ta op-
ra"iuno 38’s3aH0i (O3T). Binmosigao 1o nux gopm
BiIOYBa€ThCS MEPEPO3MONIT TPHUTIIO MK PIZHUMH
KOMITOHEHTaMH TIPHPOTHO-TEXHOTCHHUX Oioreocuc-
TeM. Bkitodarourch B Pi3HOMaHITHI pyXH arMoc-
(dhepu, MOBEPXHEBUX 1 MiJI3EMHUX ITIOTOKIB, TPUTIH MO~
IIUPIOIOTHCS B HABKOJIUIIIHBOMY CEPEIOBHIII 3T1THO
3aKOHOMIPHOCTEH KOJI00OITY BOIHIO B IIPHPO/II.

2. [lpu armoreomirpaiiii 3MEHIIICHHS KOHIICHT-
patii TpUTito BiIOyBa€ThCS 3T1IHO 3aKOHIB TUQY3ii y
MOBITpsAHUX nieiidax. YacTuHa TpUTIirO 3 aTMOChe-
PHHUMH OIIaJiaMH IMOTPAIUISE Ha TTOBEPXHIO BOJOIM,
Jie PO30aBIsIeThCs 10 (POHOBUX KOHIIEHTPAIlIH, Ha PO-
CIMHHICTH Ta TpyHT. [lomanpma reoxiMiuyHa icTopis
X BUMNAIIHb BU3HAYAETHCA 3aKOHAMM O10T€0XIMIU-
HOI Ta TiAPOreoXiMi4HOT Mirparii i BKIIOUCHHIM Y
KOPOTKOCTPOKOBHI 1 JOBFOCTPOKOBHIA KOJIOOOIT y 0i-
ocdepi.

3. BcraHoBIIEHO, 10 MOMIUPEHHS aTMOTeOXiMi-
YHOI aHOMaJlii TPUTII0 YACTKOBO 3aJICKHMTh BiJ

y3araapbHEHOI 3a KOHTPOJIBEHHHA TIEpiod PO3H BITPIB.
Binpmr 3Hadyme Ha IHTCHCUBHICTD 1 HAIIPSIMOK aTMO-
TeoXiMIUHOI Mirpamii TPUTilO BIUIMBAIOTh KOHCTPYK-
TUBHI 0COOMMBOCTI KOH(aWHMEHTY, reoMopdoori-
9HI Ta JaHAma]THO-TeOXIMiuHI YUHHUKH ((popmu
penbedy, THIT 1 CTPYKTypa JIICOBOI €KOCHCTEMH) Ta
HAsBHICTh TEXHOJOTIYHHUX MPUMIIICHB, IO BiJlirpa-
IOTh POJIb TIPUPOTHUX Ta TEXHOTCHHHX Oap’epiB Ha
LUISIXY PyXY MOBITPSHUX Mac.

4. Tpuriii, sIK i30TOI BOAHIO, Oepe y4acTh B YCiX
mporiecax oioreomirpartii, 1110 BU3HaYa€THCS 010JIOT -
YHOIO POJITIO BOAM Ta OpraHidHoi pedoBUHNA. OCHOB-
HUMH HUISIXaMH HaJIXOKEHHSI TPUTIIO B POCIHHU €
3acBO€HHs BOAHOI 1 maposoi a3 HTO, mo nepeno-
CATBCS TIPW aTMOTEOXIMIYHIM Mirpamii Ta BHMHBa-
FOTBCS 3 TIOBITPsI aTMOC(EPHUMH OITaIaMH.

OcHoBHi 6io¢hi3n4Hi TpoLecH, 0 BU3HAYAIOTh
Oioreomirpariiro TPUTIFO:

— II0YaTKOBE OCA/DKyBaHHS Ha IOBEPXHIO IPY-
HTY 1 pOCIIMHHICTB;

— nepetrBoperdst HT B HTO B rpyHTI muisixom
OaKTepiaTbHOTO OKMCHEHHS,

— nornuHanHsa HTO pocnunamu 3 nmepeTBopeH-
M vyactuan HTO B opraniuHO 3B’s3aHy (opmy
(O3T);

— tpancnoptyBanHs HTO B rpyHTi Ta mormm-
HauHg HTO xopiHHsM;

—peemicis HTO B armocdepy 3 IpyHTY 1 pOCTIHH.

5. I'imporeoxiMiuHa Mirpaiist TPUTIIO y TOBEPX-
HEBHUX BOJOHMaX i BOJOTOKAaX 00YMOBITIOE HOTO pO3-
OaBneHHS 10 (POHOBUX KOHICHTpaAIlii. Y ckugax
AEC VYkpainu B pp. Juinpo (Kaxosceke Bogocxo-
Bute), ['opunb, Ctup, I1. byr Ha BUXigHUX, HIDKYE
3a Teyi€r, CTBOpPax KOHIIGHTpAallii TPUTIIO Ha mepe-
BHIILYIOTH 20-50 Brx M >,

6. BusHaueHo roj10BHi (pakropu, 1110 BINIUBAIOTh
Ha (GOpMYyBaHHS TiIPOreoiabTPaIiiHOTO TOTOKY
TPHTIIO B TEOJIOTIYHOMY cepeoBuli. Jlo HuX BigHO-
CATBCS: IHTEHCUBHICTh BUXOAY TPUTIHOBaHOT BOAH 3i
cxoButl PAB, rigpaBiiuyHa NpOHUKHICTB, TiApodi3u-
YHI TapaMeTpH Ta MiHepaJIbHUH CKJ1a]] 30HH HEHACH-
4yeHoi (inmprparlii, penbed MOBEpXHI BOAOTPHUBKOTO
TOPU30HTY Ta CE30HHI KOJIMBAHHS HAIXOMXCHHS aT-
Moc(epHHX OMajiB JI0 MICIIEBOTO0 BOJOHOCHOTO TO-
puzoHTy. JloBrorpuBaie GyHKIIOHYBaHHS TiIpOTe0-
(ITBTpaIiifHAX TOTOKIB TPUTIIO Y CUCTEMI «30HA ae-
pariii — mi3eMHHI BOIOHOCHUH TOPU30HT» 00yMOB-
JIIO€ HOTO BHSBJICHHS Ha BIJICTAHSX, IO 3HAYHO Tie-
PEBUILYIOThH TUIAHOBI PO3MIpH €MHOCTEH 1 TepUTOPii
MYHKTIB 30€pEKCHHS Pa/IioaKTUBHUX BiIXOIIB.
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ABSTRACT

Formulation of the problem. Tritium formed as a result of natural or man-made processes is included in migration
flows depending on the forms of its presence — gaseous (NT), aqueous (NTO) and organically bound (OZT). According
to these forms, tritium is redistributed among various components of the natural environment and distributed in the envi-
ronment according to the laws of the hydrogen cycle in nature.

Materials and methods. During atmospheric transport, the tritium concentration decreases according to the laws of
diffusion in air plumes. Part of tritium with atmospheric precipitation falls on the surface of water bodies, where it is
diluted to background concentrations, on vegetation and soil. The further geochemical history of these precipitations is
determined by the laws of biogeochemical and hydrogeochemical migration and inclusion in the short-term and long-
term cycles in the biosphere.

Results. According to the results of monitoring the content of tritium in the snow cover and in atmospheric moisture
in the zone of influence of radioactive waste preservation (SFRW) projects, it was determined that the formation of at-
mogeochemical anomalies of tritium depends on the constructive features of the confinement, geomorphological and
landscape-geochemical factors (relief forms, type and structure of the forest ecosystem) , the presence of technological
premises, which play the role of natural and man-made barriers in the way of the movement of air masses, as well as from
the wind rose generalized for the control period. Biogeochemical migration of tritium occurs with water from atmospheric
precipitation in the soil-plant system. Tritium, like a hydrogen isotope, participates in all processes of biogeomigration,
which is primarily determined by the biological role of water and organic matter. The main biophysical processes deter-
mining the biogeomigration of tritium include: initial deposition on the surface of the soil and vegetation, conversion of
tritiated hydrogen (HT) into tritiated water (HTO) in the soil due to bacterial oxidation, absorption of HTO by plants with
the conversion of a part of HTO into an organically bound form (OZT), transportation of HTO in soil and absorption of
HTO by roots, re-emission of HTO into the atmosphere from soil and plants. Hydrogeochemical migration of tritium in
surface reservoirs and watercourses causes its dilution to background concentrations. Yes, in discharges from the nuclear
power plants of Ukraine in Dnipro (Kakhovsky Reservoir), Horyn, Styr, P. Bug on the weekend, downstream of the tritium
concentrations exceed 20+50 Bgxdm.
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Conclusions. According to the results of radio-hydrogeological monitoring of the territories adjacent to the SFRW,
the main factors influencing the formation of tritium hydrogeofiltration flows in the geological environment were deter-
mined. These include: the intensity of the release of tritiated water from RAW storage facilities, hydraulic permeability,
hydrophysical parameters and the mineral composition of the zone of unsaturated filtration, the topography of the surface
of the water-resistant horizon and seasonal fluctuations in the amount of atmospheric precipitation to the local aquifer.
The long-term operation of tritium hydrogeofiltration flows in the system "aeration zone (ZA) — underground aquifer
(SAW)" causes their spread to a distance that significantly exceeds the planned dimensions of the containers and the
territory of the SFRW.

Keywords: tritium, forms of tritium detection, natural environment, atmospheric geomigration, biogeomigration,
hydrogeomigration.
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ABSTRACT

Problem Statement and Purpose. Groundwater is an important resource for agriculture, drinking water, and ecosystems in
Sragen Regency, Central Java, Indonesia. However, the area is significantly water-stressed due to recurrent droughts, pollution, and
unsustainable extraction methods. The aim of this study is to monitor the changes of groundwater storages during 2003-2024 using
Gravity Recovery and Climate Experiment (GRACE) satellite mission and Global Land Data Assimilation System (GLDAS) products
into Google Earth Engine (GEE) to advance Sustainable Development Goal 6 (Clean Water and Sanitation) and SDG 13 (Climate
Action).

Data and Method. The study employs GRACE data to analyze Total Water Storage (TWS) and the hydrological components -
Soil Moisture SM and Snow Water Equivalent SWE- that GLDAS provides as a supplement. Merging these datasets within GEE seeks
to understand groundwater trends from seasonal to long-term.

Result and Discussion. The study observed an average decrease in groundwater storage, with observed stresses during drier-
than-usual periods in 2015-2016 and 2018-2020. Whereas, contrary to this long-term declining trend, the groundwater generally rises
during wet seasons and falls again during dry seasons, demonstrating seasonality in storage. Furthermore, quantitative analysis revealed
a net groundwater storage decline of approximately 15-20% during the 2003-2024 period, with critical depletion phases correlating
with events (2015-2016) and prolonged droughts (2018-2020). The GRACE-GLDAS-GEE integration demonstrated high efficacy in
detecting seasonal recharge cycles (+8-12 cm equivalent water height during monsoon months) versus dry-season depletion (-10-15
cm), providing unprecedented spatial-temporal resolution for this tropical agricultural region. This approach offers a scalable model
for implementing SDG 6.4 (sustainable water withdrawals) through precision aquifer management in developing economies facing
climate stress. The results should hasten the consideration of better water management approaches to stop further depletion of ground-
water through methods such as managed aquifer recharge and maximizing irrigation efficiencies. This study provides a good example
of using GRACE and GLDAS data adoption for regional groundwater monitoring, thus setting a solid basis for interventions aimed at
alleviating water scarcity for Sragen Regency and beyond. This information will also serve as input in making decision-supporting
management, aligning with SDG 6 targets for sustainable freshwater resource allocation and addressing challenges posed by climate
variability and increasing anthropogenic pressures under SDG 13.

Keywords: Groundwater storage, GRACE satellite, GLDAS, Google Earth Engine, SDGs, Sragen Regency.

In cites: Hilal Najm Al-Deen Moneer, Komariah, Ramelan Ari Handono, Noda Keigo (2025). Monitoring of groundwater storage changes using
the Gravity Recovery and Climate Experiment (GRACE) satellite mission: a case study of Sragen Regency, Indonesia. Visnyk of V. N. Karazin Kharkiv
National University, series "Geology. Geography. Ecology", (62), 127-145. https://doi.org/10.26565/2410-7360-2025-62-10

1. Introduction

Groundwater is a critical resource for sustaining
agriculture, drinking water supplies, and ecosystems
in Sragen Regency, Central Java, Indonesia, directly
supporting Sustainable Development Goal 6 (Clean
Water and Sanitation). However, the region faces re-
curring droughts, with over 6,000 households affect-
ted in 2023 alone, leading to severe water scarcity
and reliance on external water sources [1-3]. The

Bengawan Solo River, a primary water source, has
been heavily polluted since 2015, rendering it unsuit-
able for irrigation and drinking, further exacerbating
water stress [4, 5]. These challenges are compounded
by unsustainable groundwater extraction practices,
which have led to declining groundwater levels, hin-
dering progress toward SDG 6 and exacerbating vul-
nerabilities under SDG 13 (Climate Action) [6-9].
Globally, groundwater depletion has been docu-
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mented in regions such as the North China Plain [10],
Northwest Bangladesh [11], South and Southeast
Asian Countries [12], Nile River Basin (NRB) [13],
Western Iran region in the Middle East [14], Central
Valley in California [15], the High Plains Aquifer in
the U.S. [16], Colorado River Basin in the American
Southwest [17], and parts of India [18, 19], highlight-
ing the widespread nature of this issue. In the Sragen
Regency, the lack of localized, high-resolution data
on groundwater storage changes has hindered effec-
tive water resource management. Traditional moni-
toring methods, such as well measurements, are often
sparse and insufficient for capturing large-scale
trends [15]. The Issue with depleting groundwater
have arisen with varying severity degrees [20].

The GRACE (Gravity Recovery and Climate
Experiment) mission was a joint venture between
NASA and the German Aerospace Center (DLR),
launched on March 17, 2002, and concluded on Oc-
tober 27,2017 [21, 22]. This mission consisted of two
co-orbital satellites flying at an average altitude of
around 450 km, separated by approximately 220 km
[23, 24]. GRACE's primary objective was to measure
the Earth's gravity field and its temporal variations,
providing insights into mass changes within the Earth
system [22, 23]. This mission utilized a K-band mi-
crowave ranging system to measure the distance and
relative speed between the two satellites with high
precision [22, 24].

GRACE data has been instrumental in studying
terrestrial water storage changes, ice sheet mass bal-
ance, lacier mass variations, and sea level changes
[22, 25]. The mission provided critical measurements
for climate-related studies, including ocean dynam-
ics, polar ice mass changes, and global groundwater
changes [26, 27]. Following the success of GRACE,
the GRACE Follow-On (GRACE-FO) mission was
launched on May 22, 2018, to continue monitoring
temporal mass variations within the Earth's system
[26, 28].

GRACE-based total water storage (TWS) on
land includes variations in groundwater, soil mois-
ture, surface water, snow, and ice. TWS data from
GRACE is used to quantify basin storage river dis-
charge relationships [29-31], groundwater depletion
[15, 29], evapotranspiration [32, 33]. Initiated in
2002, GRACE and follow-on missions, GRACE-FO,
have provided a new perspective for monitoring
changes in water resources [34]. By utilizing addi-
tional observations from various remote sensing plat-
forms and land surface models and adjusting them,
scientists have been able to resolve changes in
groundwater storage within the great river basins
around the globe [35]. Some studies used remote
sensing data for indirect assessment of croplands
conditions and drought stress through the calculation
of specific vegetation indices [36]. This method has

successfully brought groundwater storage change in
various regions across the globe [22]. One of the sig-
nificant limitations of the GRACE data is low resolu-
tions, which makes it difficult to apply small-scale
groundwater monitoring [37]. Furthermore, GRACE
provides the first opportunity to observe groundwater
change directly from orbit. Using a variation of the
Earth's gravitational field as a device, measurements
are made to determine variations in the volume of wa-
ter stored within a particular area, which then causes
changes in gravity [38].

The problem of ensuring the population has ac-
cess to quality drinking water and sustainable water
supply for economic and industrial needs is one of the
most important issues for any country [8]. This
GRACE satellite mission offers a unique opportunity
to monitor groundwater storage changes at a regional
scale by measuring variations in Earth's gravity field,
which are influenced by changes in water mass [34].
When combined with land surface models like the
Global Land Data Assimilation System (GLDAS),
GRACE data can isolate groundwater anomalies
from other hydrological components, providing a
comprehensive understanding of groundwater dy-
namics [7, 19, 22].

Despite GRACE data potential in groundwater
monitoring, the application of this data in Sragen Re-
gency remains underexplored, leaving a critical gap
in understanding the region's groundwater trends and
their implications for sustainable water management.
So, this study aims to address this gap by leveraging
GRACE and GLDAS data within the Google Earth
Engine (GEE) platform to detect and analyze ground-
water storage changes in the Sragen Regency. By
providing insights into seasonal and long-term
groundwater trends, this research will inform strate-
gies for sustainable water resource management,
helping mitigate droughts' impacts and ensure water
security for the region's population.

2. Materials and Methods

Study Area. Sragen Regency is located in Cen-
tral Java province, Indonesia, between 111° 01'
19.99" East Longitude and -7° 25' 35.00" South Lat-
itude. It has 208 villages, 196 rural and 12 urban,
across 20 districts. The total area is 994.57 km?
(384.01 sq mi), and the population is 997,485 as of
mid-2023 [39]. Fig. 1 shows the map of the admin-
istration in the research area.

Data Source. Three types of datasets derived
from Landsat satellite imagery have been used to as-
sess the groundwater storage:

1. The GRACE (Gravity Recovery and Climate
Experiment) mission measures changes in
Earth's gravity field, which measures Terres-
trial Water Storage (TWS) data, which is a
combination of Groundwater Storage (AGW),
Soil Moisture (ASM), Snow Water Equivalent
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Fig. 1. Map of the Study Area, Sragen Regency, Central Java, Indonesia

(ASWE), and Surface Water (ASW).

2. GLDAS-2.1: Global Land Data Assimila-
tion System (Noah Model) included the fea-
tures of Soil Moisture (SM) and Snow Water
Equivalent (SWE).

The JRC Yearly Water Classification His-
tory dataset provided the Global Surface
Water (SW) dataset.

Satellite-based GWS change derived from
GRACE for changes in total water storage (ATWS)
and GLDAS water content data [10, 18, 19]. All data
were downloaded from 1 January 2003 and summa-
rized in Table 1. The methodology proposed for esti-
mating a change in groundwater storage is presented
in the flow chart Fig. 2.

Data Analysis. To detect groundwater storage
changes, this study combined GRACE and GLDAS
datasets within Google Earth Engine (GEE) and ap-
plied a computational workflow to isolate groundwa-
ter anomalies; GRACE has the unique ability to track
changes in total water storage anomalies (TWSa) di-
rectly, according to Eq.1.

TWSa=CANa + SWa + SMa + SWEa + GWa (1)

Where:
CANa = Canopy Water Storage Anomaly
SWa = Surface Water Anomaly

SMa = Soil Moisture Anomaly

SWEa = Snow Water Equivalent Anomaly

GWa = Groundwater Storage Anomaly

The methodology involves the following steps:

Exploring the Study Area. In the following
sections of code, shapefile of the study area loaded
and imported from an Assets Fig. 3.

Tracking Total Water Storage Changes in the
study area with GRACE. GRACE is able to moni-
tor TWSa changes directly [38]. The regions that are
receiving or losing water are indicated by changes in
TWSa. In GEE, GRACE Monthly Mass Grids Ver-
sion 03 - Global Mascon (CRI Filtered) dataset
contains gridded monthly global water storage/height
anomalies relative to a time-mean, derived from
GRACE and GRACE-FO and processed at JPL using
the Mascon approach (RL06.1Mv03).

This GRACE Monthly Mass Grids Version 03
- Global Mascon (CRI Filtered) dataset was em-
ployed as the primary data source for estimating
groundwater storage changes and was selected due to
its advanced mascon (mass concentration) approach,
which provides higher spatial resolution and reduces
leakage errors compared to traditional spherical har-
monic solutions. The inclusion of Coastal Resolution
Improvement (CRI) filtering further enhances the ac-
curacy of the data, particularly in land and coastal re-
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Table 1
Description of Datasets Sources
Data Spatial /
. . Product o .
Satellite obtained Source . . Band Description | Units | Temporal
specifications .
and date Resolution
Terrestrial GRACE
GRACE | Water Stor- JPL using the | Monthly Mass Equivalent
and age (TWS) Mascon ap- Grids Version Iwe_thick- liquid water om 55,660 me-
GRACE- | 01/01/2003 proach 03 - Global ness thickness in ters.
FO - (RL06.1Mv03). | Mascon (CRI centimeters
31/12/2024 Filtered).
Soil Mois- |\ ional Oce-
ture SM .
01/01/2003 | anic and Atmos- Root- Root zone ke/m?
B pheric Admin- Moist_inst soil moisture
istration GLDAS-2.1:
31/12/2024 (NOAA)/Global | Global Land 27,830 me-
GLDAS | Snow Water o o
Equivalent Data Assimila- | Data Assimila- ters
qgl\\{]E tion System tion System. Snow depth
(GDAS) atmos- SWE _inst water equiv- | kg/m?
01/01/2003 . . —
- pheric analysis alent
31/12/2024 fields.
Classifica-
Sltlga(cse\ga— Joint Research JRC: Yearly tion of the
JRC | 01/01/2003 | Contre ORC) of | Water Classifi- | g o, o | seasonality 30 meters
B the European | cation History, of water
31/12/2021 Commission. vl.4. throughout
the year.

gions, making it highly suitable for regional-scale
groundwater studies. The GRACE data provides
monthly terrestrial water storage (TWS) anomalies,
which include contributions from groundwater, soil
moisture, surface water, and snow. By isolating
groundwater storage changes from TWS using com-
plementary datasets like GLDAS, this study lever-
ages the precision and reliability of the GRACE mas-
con data to analyze seasonal and long-term ground-
water trends in the Sragen Regency. Integrating this
dataset within Google Earth Engine allows for effi-
cient processing, visualization, and interpretation of
groundwater dynamics, ensuring robust and actiona-
ble insights for sustainable water resource manage-
ment.

GRACE Data Processing. GRACE mission
data are processed within Google Earth Engine
(GEE) using a computational workflow from the pri-
mary data center: Jet Propulsion Laboratory (JPL) in
Pasadena, California, United States. This processing
is done using the following code Fig. 4.

Estimate the Linear Trend in TWSa Over
Time. The TWSa trend was examined across the full
record period 01/01/2003 — 31/12/2024. The Earth
Engine has a capacity of fitting up linearly with time-
series data; each pixel will have a general linear fit
throughout all valuing the time. Following is the GEE
code Fig. 5 for doing that.

GLDAS (NOAH Model). At a three-hour inter-
val, the Global Land Data Assimilation System

(GLDAS) resolves global fluxes in the storage of en-
ergy and water (such as soil moisture and snow) using
a number of land surface models [40]. Table I shows
the basic characteristics of the NASA GLDAS-2 data.
This data was taken into consideration where soil
moisture data is available in the band root zone mois-
ture’ and snow water depth and canopy storage in the
band ‘SWE inst.’

Tracking Changes in Soil Water Storage,
Snow Water Equivalent, and Surface Water Over
Time. The three-hourly GLDAS data for Soil Mois-
ture converted to annual SWEa from 2003 until 2024
can be found in the script ’Soil Moistor SM™ in
Fig. 6. The same steps were applied for snow water
equivalent “’Snow_Water Equivalent SWE” in Fig.
7 and Surface Water from JRC data, which is availa-
ble until 2021, shown in the script ‘’Surface Wa-
ter SW” in Fig. 8. Running the scripts is important
to download all datasets for each variable over time
and clarify how the image assets were created for each
GLDAS and JRC dataset in this step.

GLDAS - GLDAS-2.1: Global Land Data As-
similation System.

- Soil Moisture Anomalies SMa - Band:
‘RootMoist_inst’
- Snow Water Equivalent Anomalies SWEa -
Band: ‘SWE inst’
Surface Water Anomalies SWa - JRC: Yearly Water
Classification History, v1.4
Band: ‘WaterClass’
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Satellite Data
GRACE S e
Band: Band:
IPL . T
RootMoist_inst SWE _inst Band: WaterClass
Band:
lwe_thickness
SM SWE SW
TWS

Combining Image Collections

ATWSa = ASWa + ASMa + ASWEa + AGWa

AGWa = ATWSa — (ASWa +ASMa + ASWEa)

Fig. 2. Flowchart showing methodology for estimation of change in groundwater storage in the Study Area

// Load the shapefile of Sragen
// Define the geometry of Sragen
// Center the map on Sragen

Map.centerObject(Sragen, 18);

// Add the shapefile to the map

var sragenShapefile = ee.FeatureCollection('projects/ee-najmhilal/assets/Sragen');

var sragenGeometry = sragenShapefile.geometry();

Map.addLayer(sragenShapefile, {color: ‘green'}, 'Sragen', true, 8.5);

Fig. 3. GEE Code to Import Shapefile of the Study Area

For the next analysis, GLDAS SMa and SWEa;
JRC SWa datasets, which were process-sed by the
methods above, were imported to GEE. At a tem-
poral frequency of three hours, GLDAS estimations
of snow water equivalent and soil moisture are re-
solved. Reducing the GLDAS data from the three-
hour estimates to annual means has therefore taken
time. To increase the efficiency of conducting this re-
search, we also combined monthly GRACE measure-
ments to annual average estimations.

Load GLDAS Soil Moisture and Snow Water
Equivalent Images from an Asset to an Image

Collection. From 2003 until 2024, SM and SWE
imported several assets. Additionally, the script was
used to convert the list of annual mean soil moisture
and snow water images to an ImageCollection. Be-
fore using Eq. 1 to calculate groundwater storage
anomalies using GRACE and GLDAS data, we
should check the units to make sure our calculations
are correct. To find the units for "RootMoist_inst"
and "SWE _inst," search for "GLDAS" in Earth En-
gine's "search bar," click on GLDAS-2.1: Global
Land Data Assimilation System, and then select
Bands. At the moment, the units for GLDAS bands
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// Impart Gravity Recovery and Climate Experiment (GRACE) dataset

var GRACE = ee.ImageCollection("NASA/GRACE/MASS_GRIDS We3/MASCON_CRI")
// Select the Liquid Water Equivalent thickness (LWE)

var sragenTWSa = GRACE.zelect('lwe_thicknezs');

// Filter GRACE data to Sragen
var sragenGRACE = sragenTWSa.filterBounds(sragenGeometry);

// Visualize the GRACE data for Sragen
Map.addLayer{sragenGRACE, {min: -25.0, max: 25.9, palette: ["blue', 'white', 'red']}, 'GRACE Water Thickness');
// Create a time series chart for GRACE data in Sragen
var TWSaChart = ui.Chart.image.series({

imageCollection: sragenTWSa.filter(es.Filter.date(

'2083-91-01', '20824-12-31')),

region: sragenGeometry,

reducer: es.Reducer.mean(),

scale: 25888

B
.setOptions({
title: 'Change in Total Water Storage (TWSa) from GRACE, Sragen',
hixis: {title: 'Date', titleTextStyle: {italic: false, bold: true}},
vAxis: {title: 'TuWsa {(cm)', titleTextStyle: {italic: false, bold: true}}
1
print{TWSaChart);

Fig. 4. GEE Code to load GRACE data for the Study Area during the period 2003-2024

// set start and end years to annualize the data.
var yrstart = 2002;
var yrend = 2024;
var years = ee.lList.sequence(yrStart, yrind);
var GRACE_yr = ee.ImageCollection.fromImages(years.map(function(y) {
var date = ee.Date.fromyMD(y, 1, 1);
return sragenTWSa.filter(ee.Filter.calendarRange(y, v,
‘year'))
.mean()
.set(’'system:time_start’, date)
.rename{"TWSa');
}).flatten());

// Make plot of annualized TWSa for Sragen Boundary.
var TwWSachart = ui.Chart.image.series({
imageCollection: GRACE yr.filter(ee.Filter.date(
'2003-01-01", '2024-12-31")),
region: Sragen,
reducer: ee.Reducer.mean(),
scale: 256000
1) .setChartType('Scatterchart”)
.setoptions({
title: 'Total Annualized Water Storage anomalies',
trendlines: {

a: {
color: "CCoboe’
¥
o
haxis: {
format: "MM-yyyy'
i)
vAxis: {

title: "TWSa (cm)’

1
linelWidth: 2,
pointSize: 2

15
print(TWsacChart);
Fig. 5. GEE Code for TWSa trend across the full record period for the Study Area

are kg/m?. The snow and soil moisture values need to ~ Fig. 10, respectively.

be converted to the corresponding cm of water depth.
Map the following conversion variable over the Im-
ageCollection after defining it. These Soil Moisture
and Snow Water Equivalents were converted to
equivalent water depth units of centimeters and
imported from Assets using the code in Fig. 9 and

Importing Surface Water Storage from an
Asset to an Image Collection. The JRC Yearly Wa-
ter Classification History dataset, provided by
the Joint Research Centre (JRC) of the European
Commission, is a global dataset that maps the extent
and changes in surface water over time. It is part of
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the Global Surface Water (GSW) dataset derived
from Landsat satellite imagery. This dataset is partic-
ularly useful for studying long-term trends in surface
water dynamics, including seasonal and permanent
water bodies.

Unlike the other components of water storage,
land surface models do not include surface water
storage. JRC: Yearly Water Classification History,
v1.4, is the source of SWa instead. Band: ‘Water-
Class,” Resolution: 30 meters, created in the cod
script ‘Surface Water-SWa’ Fig. 8 before being in the
‘Assets’ from 2003 until 2021. This dataset contains
maps of the location and temporal distribution of sur-
face water from 1984 to 2021 and provides statistics
on the extent and change of those water surfaces [41].
Fig. 11 shows the GEE code used to import these JRC
datasets from Assets from 2003 to 2021.

The Yearly Seasonality Classification collection
for the study area contains a year-by-year classifica-
tion of the seasonality of water based on the occur-
rence values detected throughout the period Fig. 12.

Combining Image Collections to Resolve
Changes in Groundwater. Unfortunately, it’s still
hard to quantify change without having all the varia-
bles on one plot. It might be best to compute the dif-
ferences via Eq.1. In this case, many image collec-
tions are combined, and differences are calculated us-
ing an expression. The GLDAS image collections
were first combined. To do this, the "ee.Join.inner"
function is used. Calculate the change in water that is
accessible to humans by using GLDAS and GRACE
data.Print out the ImageCollection GRACE res
GLDAS for a moment. One can rearrange Eq. 1 to
solve for GWa in order to resolve changes in ground-
water storage in the basin. Here, we disregard canopy
storage anomalies in the equation below Eq. 2 since
we believe they are negligible in comparison to other
storage components. This phase is carried out by cre-
ating a new variable called GWa by mapping an ex-
pression across an ImageCollection.

Fig. 13 shows that GLDAS image collections for
soil moisture (SM) and snow water equivalent (SWE)

[/ Set start / end year.
var yrStart = 2003;

var yrEnd = 2024;

var years =

var varBand = "RootMoist inst’;

.select(varBand)
.filterDate({

s

print(waterstorage mean);

var y = 2024,
var date = ee.Date.fromYMD(y, 1, 1);

"NASA/GLDAS/VB21/HNOAH/GB25/T3H")
.select(varBand)

.mean());
print(waterstoragel();

waterstorage_mean)
.set('year’, y)
.set('system:time_start', date));
print(waterstorage out);

Export.image.toAsset({
image: waterstorage_out,
description:
assetld: 'sm2024°,
region: Sragen,
scale: 10000,
maxPixels: lel3

1)

"smZ2@24°
smees 3

ee.list.sequence(yrStart, yrEnd);

// The varBand variable is set to ewvaluated Soil Mpisture.

// Need to adjust to export Soil Moisture (SM_inst)

var waterstorage = ee.ImageCollection( MNASA/GLDAS/WB21/NOAH/GB25/T3H")
start: ee.Date.fromYMD{yrStart, 1, 1),
end: ee.Date.fromYMD{yrEnd, 12, 1)

var waterstorage mean = waterstorage.select{varBand).mean();

var waterstoragelC = ee.Image(ee.ImageCollection(

.filter(ee.Filter.calendarRange(y, y, 'year'))

var waterstorage out = ee.Image(waterstoragelC.subtract(

// Change the assetId & description below to reflect the variable being exported.
// These should be changed to reflect SM, SWE, Can etc.

Fig. 6. GEE Code to load and convert three-hourly GLDAS Soil Moisture to annual SMa for 2003 until 2024
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// Load GLDAS Soil Moisture (SM) images from an Asset to an ImageCollection.

var gldas_sm_list = ee.List([sm20863, sm2004, sm2085, sm2006, sm2667,
sm2088, sm2089, sm2818, sm2011, sm2812, sm2013, sm2014, sm20815, sm2016,
sm2017, sm2018, sm2@19, sm2020, sm20821, sm2022, sm2023, sm2024

1);

var sm_ic = ee.ImageCollection.fromImages(gldas_sm_list);

// The units for GLDAS are currently showing as kg/m2.
// You can go to Bands to see what the units are for 'RootMoist_inst' and 'SWE_inst'.
// We need to convert the soil moisture and snow values to equivalent water depth units of centimeters.
var kgm?_to_cm = 0.10;
var sm_ic_ts = sm_ic.map(function(img) {

var date = ee.Date.fromYMD(img.get('year’), 1, 1);

return img.select('RootMoist_inst').multiply(kegm2_to_cm)

.rename('SMa').set('system:time start', date);

1)

// Make plot of SMa for Sragen Boundary
var SMaChart = ui.Chart.image.series({
imageCollection: sm_ic_ts.filter(ee.Filter.date(
'2003-01-01', '2024-12-31')),
region: sragenGeometry,
reducer: ee.Reducer.mean(),
scale: 25008

}
.setChartType('ScatterChart ')
.setOptions({
title: 'Soil Moisture anomalies',
trendlines: {
6: {
color: 'CCog@@"
}
by

hAxis: {

format: "MM-yyyy'
1,
vAxis: {

title: 'SMa (cm)'
I

Linehlidth: > Fig. 9. GEE Code to Import SM from Assets

pointSize:
_ ig Eachart) and convert the value to cm
prin al ar 3

/{ Load GLDAS Snow Water Equivalent (SWE) Images from an Asset to an Image Collection

var gldas_swe_list = ee.List([swe2003, swelB@4, swel085, sweld@6,
swelld7, swelBB8, sweld@9, swel@lB, swelBll, swelBl2,
swe2@l13, swe20l4d, swe2@l5, swe20l6, swel@l7, swe2@ld, swe20l9,
swe2020, swe2021, swe2@22, swe2023, sweld24

s

var swe_ic = ee.ImageCollection.fromImages(gldas_swe list);

var swe_ic_ts = swe_ic.map(function(img) {
var date = ee.Date.fromYMD(img.get('year'), 1, 1);
return img.select('SWE_inst').multiply(kem2_to_cm).rename(
"SWEa').set('system:time_start', date);
s

// Make plot of SWEa for Sragen Boundary
var SWEaChart = ui.Chart.image.series({
imageCollection: swe_ic_ts.filter(ee.Filter.date(
'2803-01-01°, '2024-12-31')),
region: sragenGeometry,
reducer: ee.Reducer.mean(),
scale: 250600
1)
.setChartType( 'ScatterChart')
.setOptions({
title: 'Snow Water Equivalent anomalies',
trendlines: {
a: {
color: 'CCEEE0'
¥
1,

haxis: {

format: "MM-yyyy'
1
vAxis: {

title: 'SWEa (cm)'
}J‘

Linewidth: 7, Fig. 10. GEE Code to Import SWE from an Assets

pointSize: 2
_ igs EaChart) and convert the value to cm
prim aChart);
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var JRC_sw_list =
SW2808, sw2e89, sw2ele, sw2ell,
swWw2815, sw28le, sw2817, sw2els,

Map.addLayer(dataset, wvisualization,

f/ Make plot of SMa for Basin Boundary
var SWaChart = ui.Chart.image.series({

‘2@@3-p1-81', '2821-12-31")),
region: sragenGeometry,
reducer: ee.Reducer.mean(),
scale: 25000

.setChartType( "ScatterChart')

setoptions({
title: 'Surface Water anomalies’,
trendlines: {
8: {
color: 'CCOG88°
¥
Is
haxis: {
format: “MM-yyyy'
Is
whxis: {
title: "sWa (%)’

¥
lineWidth: 2,
pointSize: 2
F)s
print{SWaChart);

f/ Load Surface Water (5W) images from an Asset to an ImageCollection.
ee.List([sw2803, sw2084, sw20085, sw20d6, sw28e7,
sw2el2, sw2@l3, sw2el4,

swW2819, sw2az2é, sw2e2l

13
var sw_ic = ee.ImageCollection.fromImages(JRC_sw_list);
var kgm2 to cm = ©.18;
var sw_ic_ts = sw_ic.map(function(img) {
var date = ee.Date.fromYMD(img.get{'year'), 1, 1};
return img.select( 'waterClass").multiply(kgm2 _to_cm)
.rename( 'Ska’).set( system:time_start®, date);
I H
var dataset = ee.ImageCollection{ JRC/GSW1_4/YearlyHistory');
var visualization = {
bands: ['waterClass'],
min: 8.8,
max: 2.8,
palette: ['ccccec”, 'ffffff', "99d9ea’, '@aeaff’]

‘Water Class');

imageCollection: sw_ic_ts.filter(ese.Filter.date(

Fig. 11. GEE code used to import these JRC SWa datasets from Assets during the period 2003 — 2021

are combined using the ee.Join.inner function to
ensure temporal and spatial alignment. These da-
tasets are merged with surface water (SW) from
JRC image collections. Then, GRACE-derived ter-
restrial water storage (TWS) anomalies are
merged, representing the total water storage
changes. Groundwater storage anomalies (GWa)
are isolated by rearranging the water balance equa-
tion Eq.2.

GWa=TWSa—-SWa—-SMa—-SWEa (2)
Where:
TWSa = Terrestrial Water Storage anomaly
(from GRACE)

-136 -

SWa = Surface Water anomaly (from JRC)

SMa = Soil Moisture anomaly (from GLDAS)

SWEa Snow Water Equivalent anomaly

(from GLDAS)

This equation is applied across the combined
image collection using GEE's map function, gener-
ating a new variable, GWa, that represents monthly
groundwater storage changes. The results are visu-
alized and analyzed to assess seasonal and long-
term trends in groundwater storage. Also, during
the drought period 2015 — 2016, the groundwater
depletion and water losses were calculated using
the GEE code shown in Fig. 14.
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MENCIL

fan

KLEBEN

MOJOSONGO

Class Table: waterClass

Value Color Color Value
0 s #ccecce

1 > #HFFFFF

2 #99d9ea

3 [E) #0000ff

Banjutarung}: T

Sidomuly

Description

No data
Not water
Seasonal water

Permanent water

Fig. 12. Classification of the Seasonality of Surface water in the study area

By leveraging the strengths of GRACE and
GLDAS datasets, this methodology offers a robust
framework for detecting groundwater storage
changes. The integration of these datasets enables
the separation of groundwater anomalies from
other hydrological components, facilitating accu-
rate monitoring of groundwater dynamics. This ap-
proach is particularly valuable for regions facing
water scarcity, as it supports informed decision-
making and sustainable water management prac-
tices.

3. Results And Discussion

Total Water Storage Changes in the study
area with GRACE. The imported GRACE data
has already been processed to provide TWSa units.
In this dataset, the anomalies are measured in
"equivalent water thickness" units. With GRACE,
the gravitational attraction of merely water is not
directly observed. Hence, GRACE hydrologic data
are given as anomalies. Earth's surface (such as
mountains) is also included in the observed gravity.

-137 -

Changes concerning a longer-term mean gravity
signal can be used to decipher the water signal. The
anomalies show the variation between a multi-year
mean and an observation from a specific month.
Fig. 15 shows the monthly TWSa for the study area
from "2003-01-01" to '2024-12-31"".

Fig. 15 illustrates the temporal variation in To-
tal Water Storage Anomaly (TWSa) derived from
GRACE data in the Sragen region from 2003 to
2024. The y-axis represents TWSa in centimeters
(cm), indicating deviations from the long-term av-
erage water storage, with positive values denoting
an increase and negative values indicating a de-
crease. The x-axis spans the study period, showing
monthly or annual changes in water storage. The
line connecting the data points reveals fluctuations
in TWSa, with peaks corresponding to periods of
increased water storage and troughs reflecting de-
creased storage. Over the observed period, the
trend analysis suggests a net decline in water stor-
age, potentially attributed to factors such as ground-
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var filter = ee.Filter.equals({
leftField: 'system:time start’,
rightField: 'system:time_start®

T

[/ Create the join.

var joindata = =e.Join.inner();

[/ Join GLDAS data

filter));
var join_1 = firstJoin.map(function(feature) {

secondary”));

s

print({’Joined’, join_1);

[/ Repeat to append SW Data now
filter));

‘secondary”));

1)
[/ Repeat to append GRACE now
filter));

'secondary”});

I

// Compute groundwater storage anomalies

return img.expression(

'"TWSa - SWa - SMa - SWEa', {
‘ThSa':
"SMa’:
"Ska"
'SWEa': img.select('SkEa')

1).rename( "Gla').copyProperties(img, [
‘system:time_start’

1);
ik

print{'GWa"', GWa);

// Combine GLDAS & GRACE Data to compute change in human accessible water

var firstloin = ee.ImageCoellection(joindata.apply(swe_ic_ts, sm_ic_ts,

return se.Image.cat(feature.get( primary'), feature.get(

var secondJoin = ee.ImageCollection(joindata.apply(join_1, sw_ic_ts,

var sragen GLDAS = secondJoin.map(function(feature) {
return ee.Image.cat(feature.get( primary'), feature.get(

var thirdloin = ee.ImageCoellection(joindata.apply(sragen_GLDAS, GRACE_yr,

var GRACE_sragen_GLDAS = thirdJoin.map(function({feature) {
return se.Image.cat(feature.get( primary'), feature.get(

var Gha = ee.ImageCollection(GRACE_sragen_GLDAS.map(function(img) {
var date = ee.Date.fromYMD(img.get( year'), 1, 1});

Fig. 13. GEE Code used to Combining Image Collections to Resolve Changes in Groundwater

water over-extraction, reduced precipitation, or un-
sustainable water management practices. This de-
cline highlights the region's vulnerability to water
scarcity and underscores the need for sustainable wa-
ter resource management strategies.

This analysis is significant because it provides
critical insights into the hydrological dynamics of
Sragen Regency. By quantifying changes in total wa-
ter storage, the chart helps assess the impacts of cli-
mate variability and human activities on the region's
water resources. These findings are essential for in-
forming policy decisions and developing adaptive
water management practices to address the region's
ongoing and future water challenges.

The interannual and seasonal fluctuations in
TWSa are depicted in Fig. 16. Since reservoirs are
full and the soil is wet, the winter months reveal times
when water storage is at its highest. Less TWSa is

visible in the summer and early fall since the soil is
drying out and the reservoir water has been con-
sumed. Furthermore, throughout the summer,
groundwater is drawn up and used to augment a finite
supply of surface water. Declining TWSa between
2017-2018 and 2022-2024 provided evidence of
drought.

Changes in Soil Water Storage in the Study
Area with GLDAS. Fig. 17 shows Soil Moisture
SMa. Notice that SMa is like TWSa but is slightly out
of phase with TWSa, which shows the temporal var-
iations in soil moisture levels, expressed as anomalies
(SMa), from January 2003 to December 2024. The y-
axis represents the deviation from the long-term av-
erage soil moisture, with positive values indicating
wetter-than-average conditions and negative values
reflecting drier-than-average conditions. The x-axis
tracks time in monthly increments, allowing for the
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/f Chart Results
var GWaChart = ui.Chart.image.series({

'2021-12-31")),
region: sragenGeometry,
reducer: ee.Reducer.mean(),
scale: 25200
)]
.setChartType( ' ScatterChart')
.setOptions({
title: 'Cha
trendlines:
a: {

color:

nges

'CCoaaa’

¥

1s

haxis: {
format:

Is
vhAxis: {
title:

"GWa (cm)’
Ts

linelWidth:
pointSize:

15
print{GWaChart);

Z,
2

ff 2815 9.686 cm --> 20816 6.879 cm

ff This is a ~3.5 cm / 100008 (cm/km) *

var loss_km3
.multiply{area_km2);

print{'Curing the 2815-2816 drought, CA lo
"km3 in groundwater'});

imageCollection: GWa.filter(ee.Filter.date('2863-21-01",

in Groundwater Storage’,

f/f Now look at the values from the start of 2015 to the end of 2816 drought.

Area 997 km2
ee.Number(9.606) .subtract(6.872) . .divide(km_2 cm)

=t °,

loss_km3,

Fig. 14. GEE Code used to shaw and calculate water losses during 2015 — 2016

Change in Total Water Storage (TWSa) from GRACE, Sragen

TWSa (cm)

—— lwe_thickness

2004 J 2006 J 2008 J 2010 J 2012 J

2014 J

Date

Fig. 15. Monthly TWSa for the Study Area

observation of seasonal and interannual trends. The
line plot reveals fluctuations in soil moisture, with
notable peaks and troughs corresponding to in-
creased or decreased moisture availability. These
variations are critical for understanding the hydro-
logical and agricultural dynamics of the region, as
soil moisture anomalies influence crop yields, wa-
ter resource availability, and ecosystem health. The
overall trend in the data can provide insights into

-139-
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the impacts of climate variability, land use changes,
and water management practices, making this chart
an essential tool for informing sustainable agricul-
tural and environmental strategies.

Changes in Snow Water Equivalent in the
Study Area with GLDAS. Fig. 18 shows Snow
Water Equivalent SWEa, which may be noticed in
the fact that SWEa has a much smaller (absent)
magnitude than the other two variables. Fig. 18 il-
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Total Annualized Water Storage anomalies

30

25

20

TWSa(cm)

—— TWSa

-5
01-2002 01-2004 01-2006 01-2008 01-2010 01-2012 012014 01-2016 01-2018 012020 01-2022 01-2024 01-2026

Fig. 16. Total Annualized Water Storage anomalies

Soil Moisture anomalies

10.0

75

50

25

0.0

—— SMa

Shia (em)

25

-50

75

-10.0

012002 012004 012006 012008 012010 012012 012014 012016 012018 012020 012022 012024 012026

Fig. 17. Time-series charts of SMa in units of equivalent water height (centimeters)

lustrates the temporal variations in snow water
equivalent, expressed as anomalies, from January
2003 to December 2024. The y-axis represents de-
viations from the long-term average snow water
equivalent, with positive values indicating above-
average snow accumulation and negative values re-
flecting below-average conditions. However, in the
study area, there is no snow throughout the year, as
noted in the consistent absence of significant
anomalies in the data. This absence of snow is con-
sistent with the region's climatic conditions, which
do not support snowfall or snow accumulation.
Consequently, the chart underscores the irrelevance
of snow water equivalent as a hydrological variable
in this context, highlighting the need to focus on
other critical water storage components, such as
soil moisture and groundwater, to understand the
region's water dynamics and inform sustainable
water management practices.

Changes in Surface Water SWa in the
Study Area with GLDAS. Fig. 19 shows surface
water anomalies (Swa), which indicates the time
variation in surface water level anomalies between
January 2003 and January 2021. The y-axis denotes
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deviation from the long-term average surface water
storage. Positive values indicate above-average
water levels, while negative values indicate below-
average conditions. The x-axis measures time in
months and shows seasonal and interannual fluctu-
ations in surface water availability.

Fig. 19 shows that surface water anomalies
SWa are of a similar magnitude to soil moisture
anomalies SMa. As expected, SWa increases dur-
ing each wet period in Sragen Regency (2009—
2010 and 2011-2013) aligns with the hydrological
behavior. During wet periods, increased precipita-
tion typically leads to higher surface water levels,
resulting in positive anomalies, as the chart depicts.
The observed increases in SWa during these peri-
ods suggest that water inputs from rainfall and
other sources exceed water use and losses, leading
to a net gain in surface water storage. This pattern
is consistent with the natural hydrological cycle,
where wet periods replenish surface water reser-
voirs. Such anomalies are important because they
signify the effect of precipitation patterns, evapo-
ration rates, and human activities, such as water ex-
traction and land use changes, on the hydrological
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Snow Water Equivalent anomalies

0.25
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Fig. 18. Time-series charts of SWEa in units of equivalent water height (centimeters)

Surface Water anomalies

SWWa (%)

—— SWa

0.00

-0.02

0.04

01-2003 01-2009
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-2013 01-2015 01-2017 01-2019 01-2021

Fig. 19. Time-series chart of SWa in units of equivalent water height (%)

dynamics of the study area. Trends and variations
in surface water anomalies can be used to give in-
terpretable information about regional water re-
source variability and management strategies for
sustainable water consumption and adaptation to
climate change. This aspect of data is very signifi-
cant when assessing the resistance of surface water

Changes in Groundwater Storage

25

20

GWa (cm)

systems toward climatic extremes and anthropo-
genic pressures in a bid to establish the sustainabil-
ity of water for ecosystems and human needs.
Changes in Groundwater Storage for the
Study Area. Fig. 20 shows the changes in ground-
water storage anomalies (GWa) in Sragen Regency
from 2003 to 2021, derived using GRACE and

—— GWa

-10

01-2003 01-2009

01-2005 01-2007

01-201

01-2013

01-2015 01-2017 01-2019 01-2021

Fig. 20. Time-series chart of GWa in units of equivalent water height (centimeters)
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GLDAS data. The y-axis represents groundwater
storage anomalies in centimeters (cm), indicating
deviations from the long-term average, while the x-
axis shows the timeline in monthly increments. The
fluctuations in the line reflect seasonal and interan-
nual variations in groundwater storage, with posi-
tive values indicating periods of groundwater re-
charge and negative values suggesting depletion.

This groundwater depletion observed in Sra-
gen Regency aligns with findings from other re-
gions experiencing similar challenges. Studies in
areas such as the North China Plain, the Ganges-
Brahmaputra basin in India, and California's Cen-
tral Valley have also reported significant ground-
water decline due to over-extraction, climate vari-
ability, and insufficient recharge [7, 11, 22, 42]. For
instance, Tiwari et al. [10] documented alarming
groundwater depletion rates in northern India, at-
tributing the decline primarily to excessive agricul-
tural water use. Famiglietti et al. [15] highlighted
the role of unsustainable groundwater extraction in
California's Central Valley, leading to long-term
declines in groundwater storage. Similarly, Wada et
al. [43] reported significant groundwater depletion
in the Middle East and North Africa due to over-
extraction and limited recharge.

The seasonal fluctuations in groundwater stor-
age in Sragen Regency, driven by monsoon pat-
terns, mirror trends observed in the High Plains Ag-
uifer in the U.S. [16], where wet and dry season
variability significantly affects water availability.
Furthermore, the drought-induced declines in Sra-
gen Regency during 2015-2016 are comparable to
patterns seen in the Colorado River Basin [17], em-
phasizing the critical need for adaptive water man-
agement strategies such as managed aquifer re-
charge and improved irrigation practices. These
comparisons underscore the global nature of
groundwater depletion and the urgency for sustain-
able interventions to address water scarcity issues.

Key Observations

1. Seasonal Variability: The chart reveals pro-
nounced seasonal fluctuations in groundwa-
ter storage, consistent with the region's mon-
soon-driven climate. Peaks in groundwater
storage typically coincide with wet seasons,
while troughs align with dry periods. This
pattern is consistent with findings from other
regions with similar climatic conditions,
such as Rodell et al. [19], who observed
strong seasonal signals in groundwater sto-
rage in the Ganges-Brahmaputra basin. Sim-
ilarly, in California’s Central Valley, exces-
sive irrigation practices have resulted in sig-
nificant water table declines [15].
Long-Term Trends: A gradual decline in
groundwater storage is evident over the
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study period, particularly after 2010. This
trend aligns with studies in other groundwa-
ter-dependent regions, such as the North
China Plain [10], the High Plains Aquifer in
the U.S. [16], and in the South and Southeast
Asian Countries [12], where over-extraction
for agriculture and urbanization has led to
significant groundwater depletion.

3. Anomalies and Extreme Events: Sharp de-
clines in groundwater storage, such as those
observed around 2015 and 2019, may corre-
spond to prolonged droughts or increased
water demand. Similar anomalies have been
documented in regions like India, where
groundwater depletion has been exacerbated
by erratic rainfall and intensive irrigation
[18].

Implications for Water Management

The observed decline in groundwater storage
underscores the urgent need for sustainable water
management practices in the Sragen Regency, a
critical step toward achieving SDG 6.3 (improving
water quality and reducing water scarcity). Strate-
gies such as managed aquifer recharge, improved
irrigation efficiency, and regulatory measures to
limit groundwater extraction could mitigate further
depletion, align with SDG 6.4 (ensuring sustaina-
ble withdrawals) and could mitigate further deple-
tion [9]. These findings align with recommenda-
tions from studies in similar contexts, such as those
by Gleeson et al. [44], who emphasized the im-
portance of integrated water resource management
to address groundwater sustainability.

4. Conclusion

The study utilized the GRACE satellite data
with GLDAS and Joint Research Centre datasets to
investigate groundwater storage changes in the
Google Earth Engine platform in the Sragen Re-
gency, Central Java, Indonesia. Results indicated
serious declines in total water storage, especially
during periods of drought from 2015 to 2016 and
in 2019, which were facilitated by over-extraction,
decreased precipitation, and unsustainable water
management. Soil moisture dynamics were sea-
sonal, while snow water equivalent varied a negli-
gible amount in the region with a tropical climate.
Surface water levels showed seasonal variation
with increasing stress from climate variability and
human activities.

The most important finding is the long-term
decline in groundwater storage, especially post-
2010, with seasonal recharge during wet spells and
depletion during warmer drought periods. The
trend fits within the common narrative of global
groundwater depletion patterns in agriculture and
urban areas. This study highlights the need for sus-
tainable water management practices such as
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managed aquifer recharge systems, better irrigation
efficiency, and regulatory measures to control
groundwater extraction, contributing directly to
SDG 6 (Clean Water and Sanitation) and SDG 13
(Climate Action). Implementing these strategies
will ensure water security for vulnerable popula-
tions and ecosystems, advancing the 2030 Agenda
for Sustainable Development.

for future research with higher-resolution data and
advanced models. In conclusion, this research un-
derscores the importance of monitoring groundwa-
ter changes and implementing sustainable water
management strategies to ensure water security in
the Sragen Regency amid climate change and in-
creasing demand.
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MoHiTOpHHTI 3MiH y 3amacax HiA3¢eMHHUX BOJ 32 J0IOMOI0I0
cynyTHHKOBOI Micii Exciepument 3 Bignosiaenns I'pasiranii ta Kinimarty
(GRACE): remaru4He gocaigxeHns okpyry Cparen, Ingonesis

Haoxem Anv-/lin Monep Xinan !

MaricTepchka porpama 3 Hayk IIpo HaBKOJIHUIIHE CEPeOBHIIIE,

! VuiBepcurer Cebenac Mapet, Cypaxapra, [HmoHe3is;

Komapisa !

1. himocodii, MaricTepchKka mporpama 3 HayK Ipo HABKOJIUIIHE CEPEIOBHIIIC;

Api Xanoono Pamenan '

npodecop BHKIaIa4, MaricTepcbka mporpaMa 3 Hayk Ipo HaBKOJIMIIHE CEPEIOBHIIIE;
Keiiro Hooa °

JIOLIEHT, BuIa mkosna cilbChKOTOCHOAapPChKUX Ta 010J0TIYHUX HayK,

2 Tokiliceknii yriBepcuret, Tokio, SImomHis

[Tig3emMHi BOOM € BaKIIMBUM PECYPCOM IS CLTBCHKOTO TOCMOAAPCTBA, TUTHOT BOJY Ta €EKOCHUCTEM Y pereHTcTBI Cpa-
reH, LlentpansHa SBa, [Hmone3is. OqHaK, mei paioH 3HAYHO CTPa)XKIa€ BiJ BOAHOTO CTPECy depe3 MepiogudHi MOCyXH,
3a0pyIHEHHS Ta HECTiHKi MeToau BUAOOYTKY. MeTor IBOTO JOCIHIIKCHHS € MOHITOPHHT 3MiH 3alaciB MiI3eMHUX BOZ
npotsrom 2003-2024 pokiB 3a ZOMOMOTor0 CymyTHUKOBOi Micii Exkcnepument 3 BigHosnenus ['paBitamii Ta Kiimary
(GRACE) Ta npoaykTiB ['106ansHOI crcTemMu 3acBoenHs 3eMenbHux ganux (GLDAS) y Google Earth Engine (GEE). Y
JocnipkeHHl BukopuctoBytoThes qani GRACE s ananizy 3aransHoro 3anacy Boau (TWS) Ta rizponoridyHux KomIo-
HeHTiB, siki GLDAS Hanae sik nonoBHeHHs. O0'enHanHs nux HabopiB nanux y GEE mae Ha meti 3po3ymiTi TeHeHLil
MiZ3EMHHUX BOJ BiJl CE30HHUX JI0 TOBrOCTPOKOBUX. Y MOCIIKCHHI CIIOCTEPIraiocs CepeiHE 3MCHIIICHHS 3aMaciB Imia3e-
MHHX BOJI, 31 CIIOCTEPEXYyBaHHUMH CTPECAMHM TPOTATOM OiJIbII CYXHX, HiX 3a3BH4ai, nepioai y 2015-2016 Ta 2018-2020
pokax. Beyrieped 11iif JOBrocTpoKOBiH TEHICHIIIT 10 3HWKEHHS PIBEHb IPYHTOBHX BOJ 3a3BUYAI i ABUITYETHCS IPOTATOM
BOJIOTHX CE30HIB 1 3HOBY IaJa€ MPOTATOM IOCYNUINBHAX CE30HIB, IO JIEMOHCTPYE CE30HHICTh 30epiraHHs. Pe3ympraTti
MAalOTh IPUIIBHIIIUTH PO3IIIA] KPAIIUX ITiIXOIB O YIPABIiHHS BOXHUMH PECypcaMH, I100 3yIMMHUTH ITOAIbIIe BUCHA-
JKCHHS TPYHTOBHX BOJI 33 JOIIOMOTOIO TAKMX METOIIB, K KEPOBaHE ITOTIOBHEHHS BOJOHOCHOTO TOPH30HTY Ta MaKCHMi3a-
mist epeKTUBHOCTI 3pomreHHs. Lle mocmimkeHHs € rapauM npukinagom suxkopuctanHs gaHux GRACE ta GLDAS mis
PETiOHATBHOTO MOHITOPUHTY IPYHTOBHX BOJ, THM CaMHM 3aKJIaJaloddl MIIIHy OCHOBY JUIS BTPYYaHb, CIIPSIMOBAaHHUX Ha
3MeHIIeHHs aedinuty Boau s Cpeiimken Perenci Ta 3a fioro mexxamu. LIst iHopMalist TAKOXK CIYyTyBaTHME BHECKOM y
NPUIHATTS YIPaBIIHCHKUX PillIeHb, 0COOIMBO MOB'SI3aHUX 3 PO3MOIIIOM PeCcypcCiB MPICHOT BOIU B MEPIOAN MIHIMBOCTI
KJIIMaTy Ta 3pOCTar040r0 aHTPOIIOTEHHOTO THUCKY.

Knrouosi cnosa: 3oepicanns tpynmosux 600, cynymuux GRACE, GLDAS, Google Earth Engine, Cpeiiosicen Peze-
HCl.

BHecoK aBTOpIiB: BCi aBTOpM 3p0OUAKN PiBHMIN BHECOK Y Lt poboTy Hagiiwna 14 6epesua 2025 p.
KoH®niKT iHTepeciB: aBTopKU NoBIiAOMAAIOTb NPO BiACYTHICTb KOHDNIKTY iHTepeciB MpuitHaTa 27 KeiTHA 2025 p.
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OCHOBHI 3aKOHOMIPHOCTi Cy4acHOI MOP(OAMHAMIKH PiYOK
Kapnarcbskoro periony

Tanuna baiipax
K. T€Oorp. H., IOLEHT, AOKTOpaHT Kadeapu reoMmopdoorii i maneoreorpadii reorpadiunoro GpaxkyasreTy
JIpBiBCHKOTO HAIIOHATBHOTO YHiBepcHuTeTy iMeHi [Bana dpanka, JIpBiB, YkpaiHa,
e-mail: halyna.bayrak@]lnu.edu.ua, {# http://orcid.org/0000-0002-4802-2706

Y crarTi po3KpUTO BUIOM Ta 3arajbHi 3aKOHOMIpHOCTI MOp(doAnHaMIKK pidok KapmarchKoro perioHy Ha OCHOBI pi3HOYacoBOI
KaprorpagiuHoi Ta CymyTHHKOBOI iH(popmalii. Meroqu nocmimkeHs — ['IC-TexHONOTi, METOAN OUCTAaHLIHHOTO 30HAYBaHHS 3eMIIi
(1133), xaprorpadiuauii, HOpiBHUILHHUMN, TOJIBOBI TOCTIHKEHHS. 30KpeMa, BUKOPHCTaHO mporpamue cepenosuiie QGIS, B sxomy Oymno
TCOKOIOBAaHO KapTH Ta CYMyTHHUKOBI JaHi Pi3HUX YacOBHX 3pi3iB. [y aHamizy nuHaMiku pycen Oyao BukopuctaHo kaptu 1870—1940-
X POKiB 3 pecypcy "Mapy archiwalne Polski i Europy" macma6is 1:75 000 i 1:100 000, Tonorpacdivni kapti 1950-1990-x pokis
macmta6i 1:50 000 i 1:100 000, kaptu 3 pecypcy Open Street Map 2014 p., cynytaukoBi aani 2005-2021 pokiB 3 pecypcy Google
Earth pospiznennsM 1 m/mikc Ta pecypcy EO Browser 2024 p. (po3pizrenns 10 m/mikc). Byno BuaineHo ciM MopQooriyHux THIB
PIYKOBHX pycell: OTHOpYKaBHE IpsiMe, OHOPYKaBHE 3JIerka 3BHBHCTE, ONHOPYKAaBHE MEaHIpPOBaHE, TBOPYKaBHE IpsiMe, ABOPYKaBHE
37IeTKa 3BUBHCTE, OararopykaBHe psiMe, OaratopykaBHe 3j1erka 3BuBHcTe. [1icis Toro mpoaHali3oBaHO XapakTep 3MiH [IUX THITIB pycel
y 4aci. [Hpopmanito mpo MoppoanHaMiKy pycen Oylio 3rpyHoOBaHO y A€CATh YaCOBUX 3Pi3iB CTAHOM J0 €KCTpeManbHuX naBoakis 1900,
1927, 1941, 1969, 1980, 1989, 2008, 2014 i 2020 pokiB, a Takox ctad Ha 2024 p. Byno 004UCICHO KITBKICTh THIIIB PyCcel CTAHOM Ha
MEBHUH YacOBHH 3pi3 MO BiTHOIIEHHIO 10 3arajbHOTO YMCIa JaHUX Ha Ied nmepioa. Ha ocHOBI aHamizy MopdonuHamiku pycen Oyman
BUJIUICHI OCHOBI BUJIU 3MiIlICHb: MOTICPSYHUH 1 TO3MOBKHIH. [lo monepeyHrX BH/IIB BIIHOCHMO: MapajielibHE 3MIIIICHHS PyCel BiTHOCHO
oCi 3aI1aBy, 3MiHN OJHOPYKAaBHUX Ha JIBO- 1 OaraTopykaBHi, pO3IIMPEHHS pajiyca MeaHpiB, iXxHE po3BepHEeHHs Ha 180°, 3MiHM THITY
MeaH/IpiB, BiIMUPaHHS PYKaBiB y po3rayeHHuX pyciax. [10310BxHI BUAN 3MIIleHb TaKi: 3MiHH JOBXUHH II0SICY MEaHPYBaHHSI, 3Mi-
IIEHHS] MEaHAPIiB BHU3 3a TEUi€lo, 3MiHM IXHIX IMIMHOK 1 BEpINVH, 3MINIEHHs pPyKaBiB BHH3 3a Tedicto. Byno mokaszaHo, o BiApi3Ku
pivoK, Matouu neBHy (GopMy i 3MIHIOIOUHCH T10 JIaTepali, 3a ACSKUI Iepiof] Yyacy MOBEpPTAIOTHCS O BUXiIHOI Gopmu, ToOTO BinOyBsa-
€ThCsI IEBHUH IIMKJI 3MiH JUISTHOK pycell. BpaxyBaHHs1 ocobnuBocTeil piukoBoi MOp(OIMHAMIKH BaXKIIHBE IS TUTAHYBAHHS OCBOEHHS
3aIUIaB 1 HU3BKUX Tepac, MPOEKTYBaHHs OE3MEYHNX 1 CTIKIX CIIOpY, SKi He 3a3HABaTHMYTh YIIKOIKEHD BiJI 3MiH pycell pidoK.

Knrwuosi cnosa: mopgoounamira, moponozis pycen, piuxu, 2opuzonmanvti oepopmayii, munu pycen, I'IC-mexnonoeii, /133,
Kapnamcokuii pezion.

Slx uuryBatu: Baiipak ["ammna (2025). OcHOBHI 3aK0HOMIpHOCTI cydacHOi MopdoauHamiku pidok KaprnaTcskoro periony. BicHuk XapkiBcbkoro
HanioHaneHOTO yHiBepcuteTy iMeHi B. H. Kapasina. Cepist «['eomnoris. I'eorpadis. Exonorisy, (62), 146-159. https://doi.org/10.26565/2410-7360-
2025-62-11

In cites: Bayrak Galyna (2025). Main patterns of modern river morphodynamics of the Carpathian region. Visnyk of V. N. Karazin Kharkiv National
University. Series Geology. Geography. Ecology, (62), 146-159. https://doi.org/10.26565/2410-7360-2025-62-11 [in Ukrainian]

Beryn. MopdoauaaMika pidok € JisuiTbHUM pi3-
HOBHJIOM MopdonuHaMiku penbedy, pymIiiHO0 cH-
JIOKO Y PO3BUTKY PIYKOBHUX JOJIMH, SIKA TIOCTIHHO 3Mi-
HIO€ TXHi 00pucH. J[MHaMiKa pidoK BiJlirpae KIrOUOBY
poiib y ¢dopMyBaHHI MOPQOIOrii 3eMHOI OBEPXHI,
pIYKH aKTHBHO 3MIHIOIOTHCS caMi 1 BIUIMBAIOTH Ha
3MiHH KOMITOHEHTiB cepefoBuina [10]. Posyminns
Mop(donrHaMIKK PIYOK BaXIJIHMBE IS 3a0e3MeueHHS
Oe3nepebiitHoro (GyHKIIOHYBaHHS 1HPPACTPYKTYPH,
0e3neku AisUIbHOCTI 1 MPOXKUBAHHSA JItoIEH, e()EeKTHB-
HOTO YIpaBIiHHA BOAHMMH pecypcamu. J[locmi-
JOKEHHS MOPQOJMHAMIKK PIYOK € MPIOPUTETHUM Y
KapmiarcbkoMy perioHi, sIKHid BiIpi3HSAETHCS CBOEPI-
HICTIO MPUPOAHUX YMOB, TYCTOIO MEPEXKEI0 PIvOK,
3HAUHUMH KOJIMBAaHHSAMH 1XHBOT BOZHOCTI, pU3UKAMHU
MAaBOJIKIB Ta AKTMBHUMH PIYKOBHMH TiepeopMy-
BaHHSIMHU.

MeTa po0OTH: TOCITITUTH BUIM Ta 3arajbHi 3a-
KOHOMipHOCTI MophoarHamiku pivok Kapmnarcbkoro
perioHy Ha OCHOBI pi3HOYACOBOi KapTorpadivHoi Ta
CYITyTHHKOBOI iH(opMarrii.

Metonu KocaiTKeHb. ABTOPCHKI JOCIIHKEHHS
MOp(GOAMHAMIKH PIYOK BUKOHYBAIHCS JUIS TaKHX
BiZpi3kiB: buctpuiii TucmeHunpkoi Big kparo Kaprar
1o c. Osumuna (baiipak, 2024) [4]; AnicTpa Ha Bia-
pizky Crpinku—Tepmis (baiipak, 2024) [2]; [Tin0Oyxa
(baiipak, 2016) [3]; Crpusiropa (baiipak, KoBaib-
gyk, 2017) [5]; Tucu na neperuni Bynkaniunoro
xpebra (batipak, 2011, 2024) [6, 2]; YeuBn Ha Biapi-
3ky Cnac—rupno Jlimauii. OKpiM BIACHUX IOCIIi-
JOKEHb JIMHAMIKH pYCeN, y CTaTUCTHILII BpaxoByBa-
JMCA OCIHIPKEHHS BiIPI3KiB PiYOK TaKUX aBTOPIB:
Cenbcbkoro 1 KoBaibebkoi (2007) — p. buctpuns Bin
IBano-®pankisceka 10 rupna Huictpa [16]; Topim-

© balipak lanuHa, 2025
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Hboro (2024) — Ouicrep Big Ct.Cambopa o Cambopa
[9]; Bypurtuachkoi Ta iH. (2017) — IHicTep Ha Biapi-
3Ky YaiikoBnui—-Mukonais [7]; Pax3is ta in. (2018) —
Huictpa Ha Biapizky Posmin—Tammy [13]; FOmenka
(2005) — Tlpyra B M. Yepnisi [18]; Pubaxa i ybic
(2021, 2024) — Cyxins Ha BiapisKy bykoseup—boire-
xiB [14, 26]; T'opimaboro (2014) — Ctpuii Ha BiIpi3Ky
Crpuranmi—3amicku [8] (puc. 1). leski gociimkeHAs
aBTOpiB OyH MOTOBHEHI CYYaCHUMHU aBTOPCHKIMH
OIIPaLbOBYBAHHSIMH CYTyTHUKOBHX JTAHHX.

Jns BimoOpaxeHHs MOPQOINHAMIKH KapHarch-
KuxX pidok Oynu Bukopucrai ['IC-TexHomorii, 30k-
pema, nporpamue cepenosuiie QGIS, B sskomy 0Oyio
T€OKOIOBaHO KapTU Ta CYIMyTHHKOBI JIaHi pi3HUX Ya-
coBux 3pi3iB. Ilicis MbOro BUKOHAHO BEKTOPU3AIII0
pycen pidok craHoM Ha KiHerb XIX, XX Ta mogarox
XXI ct. Byno Bukopucrano kaptu 1870-1940-x po-
KiB 3 pecypcy "Mapy archiwalne Polski i Europy" ma-
citabis 1:75 000 i 1:100 000, Tonorpadiuni kaptu
1950-1990-x pokiB macmtadis 1:50 000 1 1:100 000,
KapTu 3 pecypcy Open Street Map 2014 p., cynmyTHU-
koBi maHi 2005-2021 pokis 3 pecypcy Google Earth

pospizHeHHsM 1 m/mikc Ta pecypcy EO Browser
2024 p. (po3pizaenns 10 m/mikce).

Kimo4oBi ynHHMKH MopdoanHAMIKH PivoK.
MopdoauHamika TOCHIHPKYBaHUX PiUOK Hal4YacTiie
BimOyBaeTbes Ha l[lepemkapmarchkii BUCOYHHI, XOU
BCI piuky OepyTh MOYATOK Y TipchKiit oOmacti Ykpa-
incekux Kapnar. Ixni pycna na Ilepenxapnarti Hane-
JKaTh JI0 HaIlIBripChKOTO Ta PIBHUHHOTO THIIIB, 32 Ya-
noBuM (1986). Y mepenripcbkiii obnacti nepeBaxa-
I0Th IIUPOKO3aIUIaBHi reoMopdhoJIoriyHi yMoBHU ¢op-
MYBaHHS pycedl, 3a IKUX BOHU 311HCHIOIOTb TOPU30H-
TanpHiI Aedopmarii, B TIPChKiif — 37e01IBIIIOTO Bpi-
3aHi Ta aAanToOBaHi TUIH, Y AKAX MOXKJIMBOCTEU IS
nepedopMyBaHHS pycel 3Ha4HO MeHuIe. [o3norxkHi
piku ripcbkoi o6acti Kapmar Tex MaroTs mmpoko3a-
IUTaBHI TUIH PYCEJL, Y SKUX, SIK HPABHIIO, 3MIHIOETHCS
Koe(ilieHT 3BUBUCTOCTI, 10 OyJI0 TIOKa3aHO Ha TPUK-
nani p. I1inGyx [3]. [Tonepeuni no mpoctsaranns Kap-
TaT pidKy MaroTh BEPBULIETIOAIOHY B I1aHi OyIoBYy HO-
JIUH, TOMY MOP(OIUHAMiKa MOXJIMBA B MICIISIX iXHIX
PO3HINPEHb, 0 MOKHA TOOAYUTH Ha MPUKIALl AUHA-
Miku pycia JlHicTpa y HIDKHIH TipchKii Tedii [2].

Puc. 1. Tepuropist qociikeHb (po3podka aBTopku Ha ocHOBI Janux SRTM). Vmoesni nosnauenms:
1 — mexi Teputopii; 2 — TUISHKA pyce, Ha SKUX BUBYanacs MopdoauHaMika pisHUMH aBTOpamu /
Fig. 1. Research area (author's design based on SRTM data). Legend:

1 —boundaries of the area; 2 — sections of channels where morphodynamics were studied by different authors

Beperu kapnarchkux pidok, 3a HalllUMU CIIOCTe-
PEKEHHSAMH, CKJIaJCHI raJeYHUKaMy 3 MilaHO-Trpa-
BIffHUM 1 CYDJIIMHUCTHM 3aIlIOBHIOBAYEM, 3 JIOMIIITKAMHU
BayHiB. BasyHu, rajnbka i rpaBiii npeacTaBieHi mne-
PEBaKHO MICKOBUKAMH, PiJIIIE€ KPEMEHSIMH, BallHs-
KaMH, a y JISSIKUX PIY0K, HApUKIa, buctpuii — me-
premsamu. Bei ¢pakuii, BuHeceHi 3 Tip, 100pe oOka-
TaHi, a 3 BIJUIAJICHHSIM BiJl Tip 3MEHIIYETHCS PO3MIP
yJIaMKiB. YJIaMKOBUW Ta MIIIAHUN CKJIaJ] BIAKJIAIIB
OeperiB He IepeLKoKAE TNHAMILI pyce.

Mopdonunamika pidoK y BeNHKid Mipi 3ale-
KHTh BiJI yXWJIy THa TIOTOKIB. Y TipchKill YacTHHi, 1
piuKH MaroTh Bpi3aHi pycia, 3a HAIlUMH JOCIiKEH-
HsAMH, YXuiH csiratoTh 80—100 %o, mBUAKOCTI Teii —
1,4-1,7 m/c. 3a TakuX XapaKTEPUCTHUK IOTOKH, SK
NpaBUIIO, MPSMOMIHINHI, iXHS MopdomuHaMika He-
3Ha4Ha. B ynoroBuHONoaiOHMX PO3LUIMPEHHSX Ta IPH
BUXOJII 3 Tip YXHIIH clIafatoTh 10 5—10 %o, mBuaKOCTI
teuii — 0,7-0,8 m/c. 3a Takux yMOB pycia 31e01b-
II0TO OJTHOPYKABHI Ta MAalOTh TSHCHIIIFO 3MiH CTyTIe-
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HS 3BUBHUCTOCTI. Ha mepearipchbkux MiITHKAX 13 IITH-
POKUMH 3aIlTaBaMU YXHITH CATAIOTh 3—5 %o, IIBHUIIKO-
cti teuii 0,3-0,6 m/c. TyT coctepiraeThcs JUHaMiKa
SIK 3BUBUCTOCTI PiYOK, TaK 1 MEPEXOaHU Bijl OHOPYKa-
BHOTO JIO PO3TAITy’KEHOTO pycia i HaBIaKH.

JlocmimkeHHS KITIMaTHIHUX 0COOIMBOCTEH 1 3a-
KOHOMIPHOCTEH PIYKOBOTO CTOKY KapIaTChKUX PidyoK
Oynu BHCBITIEHI B psadi myOmikariii [1, 15, 17]. Haii-
BaYXJIMBIITUMH TTEpeIyMOBaMH TiepeopMyBaHHS py-
Cell piYOK € PEKUM Ta KUIBKICTh OMafiB, 30KpeMa,
TPUBAIICTh Ta CHJIA JOIIIB, a OE3MOCepeIHIM YNHHH-
KOM — eKCTpeMaJbHi MaBoAKH. Tak, HAPUKITA, TykKe
cuibHi o Bunanu 22-28.07.2008 p., cyma onanis
3a el mepiog y JIbBiBChKiit 001. ckiama 310 mwm,
100TO 110-250% MicsS4HOT HOPMH OTIAAIB, 32 AJAHUMU
JIBBIBCEKOTO PETiOHANBHOTO IEHTPY TiAPOMETEopo-
norii. Karactpodiuanii naBomok mouascs 28.07.2008
Pp., KOJIH piBeHb BOAM Ha MpUTOKax J[HicTpa 30imbImm-
Bca Ha 5,6, 4,8 1 4,0 M 1 OyB MakcHMaJdbHUM Ha
p. Ctpuii — 8 M. AKTHBI3aIIIF0 HEOE3MEYHUX TIPOIIECIB
y Kapmnarax Takux, sk MaBOJKH, CEJi BUKIMKAIOThH
n000Bi cymu onafiB y 160 mm [12].

OcHoBu xocaimkenn. HaitaktusHimumu B Ka-
pHaTChKOMY PETiOHI € TUIaHOBi (J1aTepaibHi) 3MiHH
pIYOK, CyTh SKHX TMOJATAE y 3MiHax (OpMHU pycel Ta
KITBKOCTI  pycloBHX  BHIMOK  (pykaBiB) abo

(A) OnnopykaBhe

3JIELKA 3BHBHCTE |

npsime
(DOKOBHKOBE)

3BUBHCTE
(mMeanaposane)

\

]

/

(B) Isopykasne

npsime

TOPU30OHTANRHUX nedopmamisx. Y HamMX TOCIHTi-
JDKCHHSX MM Opajay 10 yBarwm TakKi THIIA PYyCE:
npsMe, 37erka 3BUBHCTE (OOKOBHKOBE Ta OOMEXKe-
HOTO MEaHJIpyBaHHs, 33 IHIIMMHU KiIacu(ikaisamu) i
MeaHZpoBaHe (BUTbHE Ta HE3aBepIIeHEe MeaHJpy-
BaHHS). 3a KIJBKICTIO PYKaBiB BHIUIMIN OJHOPYKa-
BHE, ABOpyKaBHE (a00 OOHOOIYHO posraiy’eHe, 3a
O6omoBcekuM, 1998 [10, c. 42] i 6araropykaBHe (TpH
1 OinbIe pykaBiB) pycina. Posrisinanu came 3ariaBHy
JIBO- 1 OararopykaBHICTb, OCKIJIBKH Ha JTOCIIIXKYBa-
Hill TepuTOpii JOKAIbHO, HA HEBENMKUX BiApi3Kax,
3yCTPIYarOThCS JUITHKH 13 PyCIIOBOIO JBOPYKaBHi-
CTIO, a PYCJIOBOI OararopykaBHOCTI HE cIlocTepira-
eTbes. Kpurtepiem BHIICHHS THITy pycia JEsIKOTO
Bizpizka Opanu criBBigHomeHHs 70:30, TOOTO KO
70 % 1 OinpIe TOBKHUHHU BiJpi3Ka pyciia HAJICKHUTh
JI0 OTHOTO THUILY, TO BECh BiIPI30K pyciia 3auuCIIsiin
mo uporo Tumy. Skmo cmiBBigHOMEHHS 50:50 4m
60:40, To BiATIOBIAHO O3HAYYBAH JBA THITH.
Buainunu ciM Mop¢onoriuHuX TUMIB pycen pi-
YOK, XapakTepHux A Kapnarcbkoro perioHy: oqHoO-
pyKaBHE IpsiMe, OTHOPYKaBHE 3JIeTKa 3BUBUCTE, OJJHO-
pYKaBHE MeaHIIpOBaHe, ABOPYKaBHE MpsiMe, ABOPYKa-
BHE 3JIeTKa 3BUBHUCTE, OararopykaBHe IpsiMe, Oararo-
pyKaBHe 31erka 3BuBHcTe (puc. 2). Bigrak Oymo mpo-
aHaJTI30BaHO XapaKTep 3MiH I[UX THIIIB PyCell y Jaci.

(O Bararopykasue

3J1CI'Ka 3BHBHCTE npsame 3JICTKA 3BHBHCTC

)
|

i

Puc. 2. Mopdosoriuni Tumu pycen kaprarcbkux pidok / Fig. 2. Morphological types of Carpathian channels

CytreBe nepedopMyBaHHS pycell pivoK, siK Bi-
JIOMO, BiJIOyBa€ThCS TICHA KaracTpodiuHUX MaBOMI-
kiB. Tomy cTaHu pycna, siki Oynu 3aikcoBaHi Ha Teo-
300paKeHHAX Y Pi3Hi 4acoOBi Mepionu, 3rpyIyBaiH JI0
JIaTH YEeproBOTO E€KCTPEMAILHOTO IaBONKY 1 OTpH-
MaJi JIeB’ATh YaCOBHX 3Pi3iB MUHYJIOTO Ta Cy4acHUI
craH. Lle cranm pycna o BuparHux naBonkis 1900,
1927, 1941 pokiB, karactpodidHoro naBoaky 1969
p., Bunaraux maBoakiB 1980 i 1989 p., karactpodiu-
Horo maBoaky 2008 p., BumarHux naBoakiB 2014 i
2020 pokiB, a Takok 2024 p. (tabm. 1).

Pesyabratun pociaimxenb. Ha ocHOBI Bumine-
HUX MOp(OITMHAMIYHUX BiAPi3KiB pidok Oyino oOumc-
JICHO KIJBKICTh pycej CTaHOM Ha IEBHHH 4acOBUH
3pi3 y BIJICOTKAX JI0 3arajbHOI0 YMCIa JaHUX Ha Hei
3pi3. OkpeMo obuurcieHi naui i 22 1 13 noka3HUKiB
(puc. 3).

Oonopyxasni npsimi munu pycen 1o 1900 1 1927
POKIB Majiil He3HauHE MOLIMPEHHS, IXHs YacTKa cTa-
HoBmia 14-15 %. Jlo 1941 p. 3pocna i carayna 31%,
a 10 1969 p. 3unzunacs 1o 23%. [licnsg yepBHEBOTO

naBoaky 1969 p. i mo 1980 p. yacTka oHOPYKaBHUX
NpSAMUX TUMIB pycesd Bapyre 3meHmmiacs 1o 15%.
Ho 1989 p. ix gacTtka 30impmmnacs 10 45%, mo €
HAHOUIBIIIMM 3HAYEHHSAM JIJIS [IbOTO THITY 3a Mepioj
criocrepexkeHb. Cranom Ha 2008 p. IXHA 9acTka 3Me-
Himmacs 10 27% 1 sigrak g0 2014 p. 3MeHmmnacs
BTpuyi. Cranom Ha 2020 p. OHOPYKAaBHUX HPSIMHUX
TuiB pycen crae 23%, sk y 1940-1969-x poxax.
Cranom Ha 2024 p. ix aume 8%. OgHopyKaBHi MpsiMi
TinH pycen y KapmarcbkoMy perioHi Haivacrimie
TpaHc(hOpMyBaIIUCS Y 37I€TKa 3BUBUCTI, IO € JIOBOJI
3aKOHOMIpPHUM SIBULIEM. [HIII THIM, y SIKi Iepexo-
UM OJHOPYKaBHI MpsiMi pycia — L€ ABOPYKaBHI
npsiMi, OTHOPYKaBHI MEaHJPOBaHi 1 Ay>ke pijko B Oa-
raropykapHi 3jierka 3BuBHCTI. He croctepiraemo ix-
HiX IepexoAiB y ABOPYKaBHI 3J€TKa 3BUBHUCTI i Oara-
TOPYKAaBHI MPSIMi.

OoHopykasHi 31e2ka 36uU6uUcmi muniu pycell €
HainommpeHimumu y XX—-XXI ct. Haiibinpie na-
HOTO THILy PIYOK CIIOCTEPIraeThecs 3apa3, CTAaHOM Ha
2024 p., ixHa 9acTKa cCTaHOBUTH 62%. [IpoTsarom mo-
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Tabnuys 1/ Table 1
Tumm pycen pivok Kaprmarcskoro perioHy y pizHi 4acoBi 3pi3u JO MPOXOMKEHHS €KCTPEMAIBHUX TTaBOIKIB
XIX-XXI ct. / Types of riverbeds of the Carpathian region in different periods
before the passage of extreme floods of the 19th—21st centuries

Ho Ho Ho | Mo | [lo Ho Ho Ho Ho U
1900 | 1927 | 1941 | 1969 | 1980 | 1989 | 2008 | 2014 | 2020

s M
AL
i

[ )
S
AQ

buctpurs

TucMmeHHIbKA, ‘
1ii Bifpizok 1
(Ypix, 3a )

Baiipak, 2024)
Buctpuns
Tucmen. 2i
BiZPi30K
(BunHuKH, 32
Baiipak, 2024)
Buctpurs

Tucwmen. 3 j [
1

BiIPI30K
(MoxkpsiHH, 3a
Baiipak, 2024)
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1
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2024)

1,31% | 1,25% | 1,27* | 1,27*
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KOIO Ta iH., 2,2 1,
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Crpuit 1i

(Crpuranmi— , ’ |
I'mizquuis, il ‘
3a [opitHuM, '
2014)
Crpuii 21 f 2 f 2

(CHi3gH4IiB—
Kumauis, 3a
Topimmum,
2014)
Crpuii 3it
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3a baiipak,
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(B31IOBXK
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(B31OBXK { (

Tuca 2i i A
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(B3IIOBX T.
Yopna 'opa,
3a baiipak,
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|
|
|

z
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| |
ez |
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|
|
|
|

Cnac—
B.CtpyTHsb)
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|
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Hwxnii
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i ==
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—_—

Yeuna 3it
(Capuuis—
Josre
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|
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——rT—
e p——————.)
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1,26 | 127 | 1,32 g 1,28
SHIOGTE 22 13 13 13 13 22 22 13 22 13
cyMa Bl,Z[p13K1B

Jo Jo Ho Ho | Mo Ho Ho Ho Ho Ho
1900 | 1927 | 1941 | 1969 | 1980 | 1989 2008 | 2014 | 2020 | 2024
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Fig. 3. Dynamics of channel types over time periods: a — with 22 observation indicators; » — with 13 data

nepenHix pokiB XXI CT. IXHS 9acTKa TeX JOCUTH Be-
JIUKA 1 CTAHOBHTH OLITBIIIE TPETHHH BiJI YCIX THIIIB Pi-
4yok (32-46%). Tpoxu MEHIIIE JaHOTO THUITy PyCes
Oyno mpotarom XX ct. — 23-27%, Xoua nepes THM,
1o 1927 p., Bonu csaramu 38%. Y XIX cr. meit tun
pycen He OyB MOIIMPEHUI a0 MOXIJIMBO YCI 3JIerka
3BHBHCTI pyciia 300pakalii Ha KapTax sK mpsiMi. 31e-
r'Ka 3BUBHUCTI THITH Pyciia 3aKOHOMIpHO TpaHcopmy-
BaJIMCSl Y MEaHIpOBaHi abo IpsiMi OMHOPYKaBHI THITH
pycen, npu4oMy 31 3BUBHCTHX y MEaHAPOBaHi mepe-
pocTtanu 4acrime, HiXk B TIpsMi. BoHU Takox 3pifgka
MIEPEXOIMIIH Y BCI 1HII BUIIJICHI HAMU THUITH.

OounopykasHi meanoposani munu pycein Oynu
3HauHO po3noBcrokeHi A0 1900 p., ixHs yacTka cra-
HoBMIIA 36% Bij 3aranpHOTO uncha. Lle Biapizku JHi-
crpa, Cykemo, Crpus, Ilpyra na Ilepenkapmarri.
Bapyre Takoro nommpenss — 6inbiie 30 %, BOHU Ha-
Oynu y cydacHui mepiox, micis maBogaky 2008 p.
[Iporsarom XX c1. MeaHipoBaHUX pycel Oylio Maio,
ixHa dacTka csrana 15-23%. Haiimenre, 30kpema,
8% ix Oymo mo 1927 p. OnHOpyKaBHI MeaHAPOBaHi
TUTIK pycel HaHOLUIbIIe 3MiHIOBAJIKICS HA OJHOPYKa-
BHI 3JIeTKa 3BUBHCTI 1 TPOXH MEHIIIe Ha rpsimi. Ha xo-
POTKHX BiJipi3kax Oyiu ixHi TpaHchopMarllii y 1Bopy-
KaBHI TIpsIMi 1 371eTKa 3BUBUCTI TUIH pycen. He crioc-
Tepirasiocst iXHIX TepeTBOpeHb y OaraTopykaBHi
THTIH, XOY HIMPHHA 3aIlJIaB e TI03BOJISE.

Leopyxaeni npsimi munu pycen Oynu cnabo mo-
mpenumu 10 1900 i go 1927 p., ixHs yacTKa CTaHO-
Buna 9%. Y 1930-x pokax BOHU 3HHKAIOTh, IEPEXO0-
JSITh B OAHOPYKAaBHI 37IeTKa 3BUBHCTI TUITH. BuHuka-
I0Th 3aHOBO y 1950-1970 poxkax, csratoun 15 %. Y
kiHmi XX—Ha moyarky XXI cT. BoHH TpaHCHOpMyBa-
JIUCS B 1HIII, 371e01JIBIIIOTO OJTHOPYKABHI TUITH. 3HOBY
BUHUKIN micist maBoaky 2008 p. 1 JoKaJibHO icHY-
Banu Ha p. [IpyTt nepex m. YepHiswi i buctpuni mix
c. Ypix—Bunnuku. 3apa3, moumnarouu 3 2020 p.,
BOHHM BiZICyTHi. /[BopyKkaBHi mpsiMi B pe3yabrari mne-
pEecCUXaHHsI OJHOTO i3 PyKaBiB MEPEXOAMIM Haiyac-
Tillle B OJIHOPYKAaBHI 3JIerKa 3BUBUCTI THIH Pyced.

TpanchopmyBamucss BOHH TaKOoX B OXHOPYKaBHI
MpsiMi Ta ABOPYKaBHI 3BUBHCTI THIIH.

Heopykaeni 3nezka 36usucmi muny Oyau MOUIN-
peniy 1900-1927 i 1970-x poxkax, csirarouu 23 1 15%
BiZIMOBiTHO. JlaHOTO THITY pycen He crocTepiraiocs
y 1940-1960-x 1 1990-2014, a Takox 2020-2024 po-
kax. B iHmi nmepiomu (mo 1900, 1927-1941, 1980-
1989, 2014-2020 pokm) ixHs yacTKa Oyna MEHIIe
10%. Iicnsa naBoaky 2014 p. 1ieit tun pycia OyB 1o-
mmpeHnit Ha Bigpisky Crpuranui—IHizau4iB Ha p.
Crpuii. JIBopyKaBHi 371erKa 3BUBUCTI THITH 3MiHIOBa-
JIUCS Ha OTHOPYKaBHI 3JI€TKa 3BUBHCTI, TIPSMI, piAIIe
— MeaHJpPOBaHI TUIHU. Y JBa MEPioJy BOHU TAaKOK
TpaHc(hOpMyBaIIUCS Y MPSIMi ABOPYKABHI.

bazamopykaeni npsami munu pycen, siK 1 1BOpy-
KaBHI1 IIpsiMi, He OYJIH MOITUPEHUM THUIIOM PYCeN Y J10-
CTTiKyBaHOMY perioHi. IxHs yacTka Oyna Hait6inb-
oo y 1970-x pokax, 30kpema, craHouna 15%. o
1900 i mo 1927 poxkis, a Takox y 1980-x pokax ix
Oyz1o mentre 9%. Lli Tunu pycen icHyBanu KOpOTKHN
Mepios i B IBOX BHIIAJIKaX i3 IT’ITH TpaHC(HOpMOByBa-
JUCS B ONHOPYKaBHI TpsiMi a0 JBOPYKaBHI 3JI€TKa
3BHBHUCTI THIH, & B OJIHOMY BUTIAJIKy — B OTHOpYKa-
BHE MEaH/IpOBaHE PYCIIO.

bazamopyxaeni 3necxka 36usucmi munu TEX
OyJu HE HAATO MOUIMPEHi 1 TXHSA YacTKa MOCTIHHO
3MeHIyBajacs aX J0 TOBHOrO 3HHWKHEHHS. [lo
1900 p. mporo TUMy pyclia HaNivyBajloCsd HAWOLTbIIIE
— 23%. JlocmimkeHHS TOIBCHKUX KOJIET TEX ITOKa-
3aJ10 mepeBakaHHs 6aratropykaBHUX pycen y XIX cT.
[20]. ¥V 1930-1960-x pokax 3mentmiocs 10 15% i
Ha Mexi XX—XXI ct. cranoBuno 9%. Ha nouarky
XX ct1., y 1980-1 pokw, micis 2008 p. i 1o cboToHI IX
He crioctepiraemo. bararopykaBHi 37erka 3BUBHCTI
TUIH Y IBOX BHUIAJKAX i3 IECTH CTAIN NPAMILINMH,
a B IHIIUX BHIIQJIKaX TPaHCPOPMYBAIHCS B OJHOPY-
KaBHI THUIIH.

OnHopykaBHUX pycen Oyiao maino mo 1900 p.,
iXHs KUIbKICTh HEOIHOPA30BO 3MiHIOBaacs, MaKCH-
MyM crocTepiraBscs craHoMm Ha 1989 p. Benuka kijib-
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KIiCTh OIHOPYKaBHUX PYyCEJI CIIOCTEPIraeThCs y Terie-
pimHii nepioxn, 2008-2024 pokis. lo 1900 p. crioc-
Tepirayiacsl 3Ha4Ha YacTHHA JBO- 1 6aratopykaBHHUX
pycen, KiTbKicTh KuX 3HM3uiacs 10 1989 p. JIsopy-
kaBHi pycna Ha 2008 p. 3HMKatOTH, ane Ha 2020 p.
BiJTHOBITIOIOTH CBO€ iCHYBaHHS Y KiJIBKOCTI JEII0 Me-
Hini#, HiK g0 1900 p. bararopykaBHi pycia 0
2008 p. me Oynu HasIBHI, TOJI K MICIS IBOTO POKY
BizCyTHI (puc. 4).

KinpkicTh mpsIMUX THUMIB pycell 3aKOHOMIpHO
3poctae 3 1942 10 1980-1989 pokis. Ix Hamiuysa-
mocst 3HagHO MeHIre 10 1900 i Big 1900 mo 1941 po-
KiB, a Takoxk Bix 2008 no 2024 pokis. To6TO y cepe-
JIUHI—HaMpUKiHOi XX CT. KUTBKICTh NPSIMHUX THIIIB
pycen Oyna MakcuMaibHa. J([MHAMIKa IPSIMUAX THUIIIB
pycen po3BHUBaJIacs Tak: cepeanst KibKicTh (XIX ct.)
— TIOCTYIOBE 3MEHIIIEHHS (MOoYaToK XX CT.) — 30i-
TBIIeHHS (cepenHa 1 KiHenb XX CT.) — pi3Ke 3MeH-
meHHs (mogarok XXI cT.).

KinmpkicTh pycen 371erka 3BUBHUCTOTO THUILY JO
1900 p. Oyna He3HaYHOIO, HA MTOYaTKy XX CT. iX cTano
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3HAYHO OiNbIIe, TaK caMo, sk 1 Ha moyarky XXI ct. ¥
cepenuHi—HanpuKiaimi XX CT. X KUTBKICTh [0 3HHU-
3uiacs. JlmHaMika OpOTro THITY pycels Oyia MocTymo-
BOIO: He3HauHa KinbKicTh (XIX cT.) — 30i7bIIeHHS
(mogatok XX CT.) — 3MEHIIeHHS (cepenHa 1 KiHenb
XX c1.) — 30iapmenHs (modatok XXI ct.).

Hunamixa pycen 00HOpYKagHo20 Meanoposa-
HO20 muny po3BUBAJacs TaK: 3HAYHE MOMINPEHHS (10
1900 p.) — 3menmenHs (mo4. XX CT.) — HE3HaYHE
30inbimeHHsT (cepennHa XX CcT.) — 3MCHIICHHS
Bapyre (kiH. XX ct. — g0 2008 p.) — 30inbmIeHHS
Bapyre (mo 2020 p.) — 3MenmieHHs Brpere (o 2024
p.). Lls nuHaMika CTOCY€EThCS IMIMPOKO3aIUIABHUX Ha-
MiBripCHKUX THITIB PYCe, SIKi MOXYTh TpaHCPOPMY-
BaTHCA 13 MEaH/IPOBAHUX Y 3JIeTKa 3BUBUCTI 1 TIPsIMi
tuny. [ IIpOKO3aIyIaBHUX PIBHUHHUX TUIIB Py-
cel, y SKUX TUI pyciia cTabiabHO MeaHAPOBAaHUH,
JUHaMIKa MPOSIBIAETHCA Y 3MiHaX Koe(illieHTa 3BH-
BUCTOCTI. Tak camo 3MiHIO€ThCS KOE(iLliEHT 3BUBHUC-
TOCTI AJISl IUPOKO3AILIABHUX TPCHKUX Pycen 3JIerka
3BHBHCTOTO TUIY (pHC. 5).
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B 0OgHopyRaBHe Heopykasde W baraTopykaeHe

m Mpane 3nerxa seMeMcTem MeangposaHe

0

Puc. 4. Jlunamika THIIB pycesl OKpeMO 3a KiJIbKICTIO PyKaBiB 1 3BUBUCTICTIO: @ — 22 naHuX; 6 — 13 nanux
cnoctepexxeHs / Fig. 4. Dynamics of riverbed types separately by the number of branches and sinuous:
a — 22 data; b — 13 observation data
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Fig. 5. Dynamics of meandering channel types of Carpathian river
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Jlunamira xoeghiyiecnma 3eusucmocmi TPOSIBH-
Jlacs TO-Pi3HOMY, OCOOIHMBO IIE€ CTOCYETBCS cepe-
muHr—KiHIg XX cT. Y XIX cT. koedilieHT 3BUBUCTO-
cti 3HayHMii — 1,42—1,56. Ha mouarky XX CT. BiH 111¢
OinpIe 3pocTae, MakKCUMabHO 110 1,76. IlounHaroun
i3 cepennan XX cr. g0 1989 p. mocTynmoBo 3HMKY-
€TBHCS, CATAI0UN MiHIMAJIbHUX 3HAYCHb B OMHUX BUTIa-
nkax g0 1969 p., B inmmx — mo 1989 p. o 2008 p.
3BUBHCTICTD 3pOCTaE, csAraroun 3HadeHsb 1941 p. Ma-
KCHUMaJlbHa 3BUBHCTICTh PYCEN CIIOCTEPIraeThes Ii-
cist karactpodiunoro maBouky 2008 p. i qo 2014 p.
Binrak y 2020-x pokax [emio 3MeHIITy€eThCs abo 3a-
JUIIAEThCs 0e3 3MiH TaM, Jie BiAirpae poib 3aKpim-
JIeHHs1 OeperiB POCIMHHICTIO.

Hincymku pocaimkens. Ha ocHoOBi anamizy
3MiH MOP(OJIOTIYHUX THITIB PyCeN, BUAUIIEMO 08a
8UOU 3Miujens pyciia BITHOCHO LIEHTPAIBHOI OCi HU-
3bKOI1 3aruraBu abo moscy pyciodopmysanns (3a Ila-
naanuko, 2023, [11]): nonepeunuii i no3dosucui. Y
KOKHOMY 13 BUJIiB BUOKPEMITIOEMO Pi3HOBHIH, Xapa-
KTEpHi [T KOKHOTO THITy pyciia. B oqHOpyKaBHOTO
MPSIMOTO THITY pycia IMoNepedHa JUHAMIKa TPOSBIIS-
€TBCS B NAPALEbHOMY 3MIUeHHI 8I0HOCHO OCI 3a-
niasu 10 ogHOTO 3 OeperiB (4/a, puc. 6). Sk Oyio
nociimkeHo HaykoBisimu Schumm, 1977; Knighton,
1998; Fryirs & Brierley, 2013 [22, 24, 27], ue 3wmi-
IICHHS BiIOYBA€ThCS BHACHIJIOK 3MIHU JUHAMIYHOT
0C1 TIOTOKY, [0 YaCTO BUHUKAE IiC/s MaBOKIB. Bu-
KOHYIOUM TIMOWHHY €pOo3if0 JIOKa 1 OOKOBY €po3iro
OIHOTO 3 OeperiB, pyciio MIrpye y HU3bKiH 3ariaBi 3
PO3MHUBHUMHU Oeperamu.

o momepedHoro BuAy 3MillleHb pyclia BiaHO-
CUMO 3MIHY 00HOPYKABHO20 Ha 08opyKasHutl (A1b) i
bacamopyrasnuii (A1c) tanu. TakuMm 3MiHaM Tepe-
JIy€ pO3MOALT TUHAMIYHOI OCi TIOTOKY ITiJ] Yac MaBo-
JIKy Ha JIBi 94X OiJbIlIe BITKH, B 3aJIE)KHOCTI BiJl M-
puHHU pyciia. Mixk IMMH BicSIMU HAKOTIMYYIOThCS Ha-
HOCH, K TOCTYIOBO 301IBIIYIOTHCS 1 MEPETBOPIO-
IOTBCS Ha OCEPEIKH, PO3MIIISIOUH TOTIK Ha PYKaBH,
(dhopMmyeThcsi pyciioBa OararopykaBHicTh. Ha piukax
Kapmnar i [Tepeakapnarts pyciioBa 0araropykaBHiCTh
MOIINPEHA Ha KOPOTKHUX MPOMIXKKaX, TpUOIu3HO 20—
50 M i BOHa HE € NEepeBaKAOYMM THIIOM pycia. 3a-
IUTaBHA OararopykaBHICTh (POPMYETHCS TOA1, KOJIU
MaBOJIKOBI BOJIM 3aTOILTIOIOTH BUCOKY 3aIliaBy, a Iii-
CJISI CTIa/IaHHS BOJIM 3aJIMIIAIOTHCS MMPOTSHKHI pyKaBH.
Sk mokaszanu Halli JOCIIJPKeHHs, 3arjiaBHa Oararo-
PYKaBHICTh Ha KapHaTChbKHX piukax (opMyBaiacs
HEYacTo, OUTBbIIIe YyTBOPIOBAIUCS JIBOPYKaBHI pycia.

IIle oHUM BHIOM MTOTICPEYHHX 3MIIICHD € 3MIHA
OOHOPYKABHO20 APAMO20 HA 36USUCMULL MUN PYCid
(A1d). IlosicHeHHs sSIK PycllO 13 NPAMOTO MEPExo-
IUTHh y 3BHBHCTE 3HaxoAuMo y mpausx Leopold,
Wolman & Miller, 1964; Huggett, 2007; Anderson,
2010 Ta in. [25, 23, 19]. ITomrtoBxoM a0 nepedop-
MyBaHb pycia 3 MIPSIMOTO Ha 3BHUBHCTE BBAXKAIOTh
MepeKic BOJHOI MOBEPXHI IMicisl MaBoIKy 1 Ghopmy-

BaHHS aCUMETPUIHOTO ITONIEPEUHOTO TTPODiITI0 pycita

. Tuck i3 30BHIIIHBOI, BBIrHYTOI
YaCTHHU 3BUBUHU OLIBINNH, HIX THUCK 13 BHYTpIiII-
HBOI, BUITYKJIOT CTOPOHH, OCKUTEKH TIINOMHA BOIH Oi-
JIBIIIA 13 30BHINTHKOI CTOPOHHM 32 PAXyHOK BiAIICHTPO-
BOI CWiIH, IO i€ Ha TOTIK Boau. B pesymbrari y
HBOMY aKTHBI3YIOTHCA TOTIEPEeYHi IUPKYIIAMiiHI Te-
4ii, y SIKHX IOBEPXHEBi CTPYMEHI HampasJeHi A0 BBi-
THYTOI IUISHKH, a TPUAOHHI — 0 BUIYKJIOI. 3xikic-
HIOIOYH OOKOBY €pO3if0 BBITHYTOTO Oepera Ta akymy-
JSILIIFO HAa BUMTYKJIOMY, BATUHH HAPOCTAIOTh, IEPETBO-
protounch Ha Meanapu. Cripusie BUHUKHEHHIO BUTH-
HIB SIK TIOTIEPEYHE MEePEMIMEeHHS HAHOCIB, TaK 1 1M03-
JIOBXKHE, SIKE 3yMOBIIIOE€ BUMUBaHHS Ta IEpEeBiAKIa-
JIaHHs Matepiany. Ha 3pocTaHHS 3BUBUCTOCTI BILTH-
BAa€ BOJHICTH PiUKH: SKIIO 00’ €M BOAW MaJIHid, TO Py-
CJI0 By3bKe, TTOTIK MLIKOBOAHUH, MIBUAKICTH TeUil He-
3HaYHa, piuka TMETIsAe B3IOBXK 3aIlIaBH, MPOKIaja-
I0YH IIUISIX 13 HAWMEHIIIHM OTTOPOM.

s OMHOPYKAaBHOTO 3JIeTKa 3BUBHCTOIO pycia
PI3HOBHIOM TIOTIEPEYHOi AMHAMIKH € OaraToKkparHe
3MiUeHHs 8UeUHi6 00 00Ho20 i3 Oepecie (Ale),
OB’ sI3aHE 3 aKTHBHOIO OOKOBOIO €PO3i€I0 BUITYKIIOTO
Oepera; a TaKOXK po3gepHenHs eueury Ha 180°, axe Bi-
NIOYBA€ETHCS B PE3YJIbTATI 3aIIOBHEHHS AJTFOBIaIbBHUMU
BiJIKJTaJiaMH JIIFOYOTO PyCJia i IPOPUB HOBOTO BUTHHY
y crapopiuuiii. HacTymHuM pi3HOBHIOM MTOTIEPEIHOT
JUHAMIKA OJJHOPYKAaBHOTO 3JIETKa 3BUBUCTOTO THILY
pycina € oro 3MiHu Ha nipsiMuii (41g) abo Meanapo-
BaHui (A4 1f) Tun. 3mina 36usucmozo Ha npsAMUL mun
pycia ToB’s3aHa 31 3pOCTAaHHSAM BOTHOCTI PIUKH,
HIBHJIKOCTI Teuii, pO3MIMPEHHSM i MOTIIMOICHHSM PY-
Clia, II0 CTpusie Horo mpsiMoiHiiHHOCTI. [lepexomy i3
371e2Ka 36UBUCIMO20 Y MEAHOPOBANHUL MUN CIIPUAIOTh
BIJILIEHTPORBI CHJIH, [0 JIFOTh HA MOTIK BOJM 1 Harpa-
BJICHI BiJl BHYTPIIIHBOT 10 30BHIIIHBOT CTOPOHH Mea-
HJpH, BHACIIJIOK YOTO BiZOyBa€eThCsi OOKOBa epo3id i
HapOCTaHHs BUIYKJIOCTi 3BUBHH. llle oqHMM pi3HO-
BUJIOM TOTIEPEYHOT TUHAMIKH 0OHOPYKABHO20 31€2KA
36UBUCIO20 pycla € IOTO 3MIHH Ha 060- I bazamopy-
Kaguuti mopgomun. BiH pO3BUBAETHCS MOMIOHO IO
3MiH OTHOPYKaBHOTO MPSIMOTO TUITY Ha JIBO- i Oara-
TOPYKaBHH, KOJIM Yy TOTOIIl 3 SIBISETHCS JIBI YU Ki-
JbKa JMHAMIYHUX OCEH, K1 IMicIs MaBOAKY PO3raiy-
KYIOTb pycio. [lepexi oMHOPYKaBHOTO 3BUBHCTOTO
THMy y OararopykaBHHN MOke OyTH TIOB’sI3aHUH Ta-
KOX 13 OJyKaHHSIM IWHAMivHOI OC1 MIOTOKY, HEPiBHO-
MIpHICTIO Teuii, fIKa MiCJs MaBOAKIB YTBOPIOE HOBI
MPOTOKH.

B oonopyxasnomy meanoposanomy muni BuLi-
JSIEMO TaKi Pi3HOBUAM MONEPEYHOI JUHAMIKU: Oara-
TOpa3oBe 3MillleHHs BepliuH Meanap (41h), 3MiHu
NIMPUHU TOsICY MeaHApyBaHHs (A4 11), 3MiHH Ha TIpsi-
muit (41k) au 3nerka 3BuBUCTHI TUIH (A 1]), 3MiHU
Ha JIBO- YU 0aratopyKaBHHUMN THIH, 3MiHH MOP(HOTHITY
MEaH/IpHU 13 CErMEHTHOT Ha cuHycoinanbny (A1/),
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Puc. 6. Buau 3MinieHs pycina BiTHOCHO Oci 3aruiaBu. Jlecenda: 1. [lonepedyne 3MillieHHS.

A. OnHopykaBHe pycio: Ala — 3MillIeHHs MPSIMOTO pyciia 0 OAHOTO 3 OeperiB; 3MiHa: 4/b — Ha ABOpYyKaBHE;
Alc —na bararopykaBHe; A/d — 3 IpAMOTO Ha 3BUBUCTE; A /e — 3MIIIEHHS BUTHHIB PYCJIa BiJl CEpEANHU JI0
OeperiB; 3MmiHa: 4 /f— 3i 31erka 3BUBUCTOTO Ha MeaHApoBaHe; 4 /g — 31 31eTKa 3BUBUCTOTO Ha mipsime; A1h —
3MillIeHHS BEPIIUH MeaHIp; A /i — 3MiHa NIMPHUHU MOSCY MEaHpyBaHHs; 3MiHa: A /j — 3 MEaHIPOBAHOTO Ha

31erka 3BuBHcTe; Ak — 3 MeaHIpoBaHoTO Ha npsmMe; A1/ — 3MiHa TUIY MeaHJpH (CerMEHTHA — CHHYCO1/1a-

TpHa — TeTienoAiOna — mnpopsaHa); A/m — po3pepHenHs Ha 180°. B. JIBopykaBHe pycino: 3miHa Bla — na-
pameTpiB pykaBa (ocTpoBa); BI1b — Ha ogHOpyKaBHe; Blc — Ha GaratopykasHe. C. bararopykaBHe pyciio:

3mina Cla — napamerpiB pykasiB; C1b — Ha ogHOpyKaBHe; Clc — Ha JBOpyKaBHE.

2. IMozgowxue 3MinieHHsA. A2a — 3MilleHHs BUTMHIB 1 IIIIMHUBIB BHU3 3a Teui€ro; A2b — 3meHIeHHs/ 30i-
JBIICHHS JOBXHWHU TI0SICY MeaH/IpyBaHHs; A2c — 3MIIIIEHHS MeaH/Ip BHU3 3a Tevier; 42d — 3MiHa THITY MEeaH-
JpY Ha 3aBasIeHy; A2e — 3By)KeHHs IUHKU MeaH/ipy; B2a — 3MillIeHHs pyKaBa BHU3 32 TEYi€I0 Ta 3MiHa HOTO

nopxuHn;, C2a — 3MIllIeHHS pyKaBiB BHU3 32 TEUI€IO Ta 3MiHA IXHBOT TIOBKUHU /
Fig. 6. Types of channel displacements relative to the floodplain axis. Legend: 1. Transversal displacement.
A. Single-thread channel: 4/a — displacement of the straight channel to one of the banks; change: 4/b — to two-thread;
Alc — to multi-thread; 4/d — from straight to sinuous; 4 /e — displacement of the channel bends from the middle to the
banks; change: 4/f— from slightly sinuous to meandering; 4/g — from slightly sinuous to straight; 474 — displacement
of the meander vertices; 4/i — change in the width of the meandering zone; change: 4/j — from meandering to slightly
sinuous; 41k — from meandering to straight; 4// — change in the type of meander (segmented — sinusoidal — loop-
shaped — broken); 4/m — 180° turn meanders. B. Two-arm channel: change B/a — parameters of the thread; B/b — to
single-thread; Blc — to multi-thread. C. Multi-thread channel: change C/a — parameters of branch; C1b — to single-
thread; Clc — to two-thread. 2. Longitudinal displacement. A2a — displacement of bends and washouts downstream;
A2b — decrease/increase in the length of the meandering belt; 42¢ — displacement of meanders downstream,;
A2d — change of meander type to blocked; 42e — narrowing of the meander neck; B2a — displacement of the branch
downstream and change of its length; C2a — displacement of branch downstream and change of their length
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po3BepHeHHs Meanapu Ha 180° (41m). 3mina mop-
¢omuny meanop 3MIACHIOETHCS B MEBHIN TOCIITOB-
HOCTi: PO3MHB BBIrHyTOro Oepera — BiACTyHaHHS
BEpIIMHA MeaHApH — 30UIbLICHHS! MIUPUHH pyCiia
— 3MCHIIICHHS IMIBUIKOCTI T€Uil — PO3MHB IIPHITH-
HSETHCSI — aKyMYJIAIsI Ha TUBDKI BUITYKIJIOTO Oepera
— 3MCHUICHHS IUPUHH pyclia — 301IbILICHHS [IBH-
JIKOCTI TMIOTOKY — PO3MHB BBICHYTOTO Oepera — 1o-
BTOpHE BiJCTYNaHHs BEPIIUHY 1 BUIOBKEHHS MEaH-
Jpy. SKII0 MUIHKK MeaHAp CUIBHO 3BYKYIOTHCS, Bi-
n0yBaeTbesl IXHIM MPOPUB MiA Yac MaBOAKY, Pycio 3
Meanopos8ano2o muny Cmae npamum. 38YHcenHs -
PUHU NOACY MeaHOpy6aHHs Moxe OyTH IOB’s3aHe i3
3MEHILIECHHSIM BUTPATH BOAM, 3HIKEHHSM IIBUAKOCTI
Tedii Ta BiIMOBITHO 3MEHITICHHSIM 31aTHOCTI PO3MHU-
BaTu Oepery.

[TonepeyHi pi3sHOBUAY 3MIIIEHHS 080PYKABHO20
ma 6a2amopykasHo2o munig pycei NoJIATraloTh y 3Mi-
HaxX iXHHOTO MOP(OTHUITY, ITOB’SI3aHOTO 3 KUIBKICTIO
pyKaBiB. SIKIIO uucio pykasie smenutyemscs, TO 10ro
(dhopma crpornyerses (B1b, C1b). Y kapnarchbkux pi-
YKaX CIIOCTEPIraeMo KUTbKa MepiofiB CIPOIIEHHS Py-
cima 1900-1927, 1980—-1989 pp. i 3 2008 p. 10 choro-
nui. CrpolieHHIO pyciia CIPHAIOTh Taki (akTopu:
3MEHIIICHHS BOIHOCTI PIYKH, SIKa CIIPUYHUHIOE O0Mi-
JIHHS PyKaBiB, IEPETBOPEHHS iX Ha CTAPHIIi; aKyMy-
JISIIiSI MaTtepiany B pyKaBax ITiJ] 4ac MaBOJKiB, iX 3HU-
KHEHHS Ta (OpPMYyBaHHS JOMiHYIOYOTO pycia; TOCH-
JICHE aHTPOIIOTCHHE OCBOEHHS OaceiiHy, sSKe CIpHsIe
301IBLICHHIO OTPATUISHHSI IPYHTY Y IPOTOKH Ta iXHE
3aMyJIeHHS; PyCJIOBi Kap’€pH 1 INTYYHHUH 3a0ip ajro-
Bif0, BHACIIJIOK YOTO TOCHJIIOETHCS €pO3iiiHa 3/1aT-
HICTB PIYKH 1 KOHIIGHTpAIIisl Te4ii B OTHOMY pPYCIIi.

BiamoBiiHO SAKIIO KitbKicmb pyKasie 30imvuty-
emucs, T0 popma pycia ycknagaserscs (Blc, Clc).
VYckiaiHeHHs pycell Ha KapHaTChKUX piukax Qikcy-
emo a0 1900 p., 1927-1941, 2001-2008 poxkis. Lle
POKH, KOIIM iHTEHCHUBHICTH aHTPOIOTEHHOTO BTpPY-
yaHHs y Oaceifni Oyna He3HawHoo. [lonepeune 3wmi-
LICHHS JIBO- 1 0araropyKaBHUX TUITIB Pycell MPOsIBIIs-
€TBCS TAKOXK Y 3MiHAX HIMPHHU MIXKPYKaBHOTO TPOC-
TOpy 1 ONyKaHb PyKaBiB Haiblie 4 Onmmkde 10 Oe-
pera (Bla, Cla). i sBu1a 1oB’s3yeMO i3 pO3MHBOM
JUISTHOK OCTPOBIB 1 OOKOBHKIB, @ TAKOXX HEPIBHOMIp-
HICTIO aKyMYyJISIIIii Marepiairy Ha pycioBux popmax i
3aIuIaBi.

V pycii BiiOyBa€eThCs MOCTIHHMIM pyX BOAM 1 Ha-
HOCIB 3 BUILENEKAYHUX JIO HIKYEIIEIKAUUX JIISTHOK,
TOMY HOTO BIATHHKHM 3MILIYIOTbCS BHH3 32 TEUI€IO.
Buninsiemo opyeuii 6u0 3miujentHs — no300624CcHill 13
PI3HOBHJIAMH, SIKI CTOCYIOTHCSI TOJIOBHO 3BUBHCTHX
pycein. s OTHOPYKaBHUX 3JIerKa 3BUBHCTUX pycCell
MPOSIBIISIETHCS. TAKUIA PI3HOBUJ, SIK 3MIlI€HHS BUTH-
HIB 1 IiJIMUBIB BHU3 32 Teuiero (42a). Tak camo B of1-
HOPYKaBHUX MEAHJIPOBAHUX PyCell iICHYE HO3008MHCHE
amiwents meanop enu3 3a meuiero (A2¢). Cepen npu-
YHH TMO3/I0BKHBOTO 3MIIlEHHS 3BUBHH aBTOPH HaBO-

IATH TaKi: Misg MUPKYIAMIMHUX MOTEPEUHUX TEUiH,
SIK1 3MINTYIOTHCS TIABOJKOBIMH BOJAMH, HaIlpaBJICHI
KOCO 1 TIEpEMIIIyIOTh Marepial BHU3 33 TEUi€l0; 3Mi-
LICHHS AWHAMIYHOI OC1 MOTOKY Ha BEPXHBOMY KpHIIi
MeaHpH J0 BHYTPIITHHOTO Oepera MOBOPOTY pycia,
a Ha HIKHBOMY KPHWJII — JI0 30BHIIIHBOTO ]l JI€F0
MOCTyNnaJIbHUX IBHIKOCTEH [21, 22]. B pesynbrari
MeaHpa 3MIMY€ETbCS BHU3 32 T€Ui€I0, B3IOBXK BiCl
JIOJIVHHU.

3MiHM €IEeMEHTIB MeaHAp, 30KpeMa, 3BY>KCHHS
YM PO3IIUPEHHs BEpIIMH, 3MiHa MOP(QOTUIY MeaH-
JIpH 13 CHHYyCOigabHOI Ha 3aBajieHy (A4 2d), 3By KeHHS
YH PO3UIMPEHHS MIMHOK Y TeTICNOAIOHIX MeaHaApax
(42e) — Bci i pi3HOBUAM BiAHOCHMO 10 BUILY O30~
BXKHBOTO 3MillCHHA. Pi3HOBHIOM TaKkoX € 3MiHa 10B-
KUHH TI0sicy MeaHnapyBaHHS (A2b): 3MeHIIeHHS,
KOJIM Ha JIUITHKAX MeaHAp BiAOyBaeThCsl MPOPUBAHHS
MIWHOK 1 pycIo TpsIMIIIae Ta 301TBIIICHHS, KOJIH YT-
BOPIOIOThCS HOBI MeaHapH. 11o3moBKHE 3MileHHS
JUI IBO- 1 OaraTopykaBHUX THUIIIB Ma€ OAMH Pi3HO-
BUA: ONyKaHHS OHOTO M JBOX PYKaBiB BHH3 3a Te-
qi€ro Ta 3MiHa iXHBO1 HoBXkuHM (B2a, C2a).

JociimpKyoun 3MiHN THITIB Pycell KaprnarChKuX
pidOK, MM 3’SICyBaJIM IO Yy 0ararhbOX BHMAAKax Iii
3MiHH TIOBTOPIOIOTHCS, TOOTO € yuxaiynumy. Lukmig-
HICTB TIOJISITA€ B TOMY, 10 00’ €KT BIUTHBY (PIIIOBialb-
HUX TPOLECIB — PYCNO, 3a3HA€ ACIKHX 3MiH, aje
3HOBY TIOBEPTAETHCS JI0 BUXITHOTO CTaHy 32 JCSKHIA
yac. [{uKiu 3MiH BJIACTHBI OLTBIIOCTI BUALICHUM TH-
nam pycein. OCHOBOIO KOKHOTO IMKIY € KOHKPETHI
BiJJPI3KH pycell KapHnaTChKUX PidoK.

PosrnsiHeMo MKITH, SIKi HOYMHAIOTHCS 3 OMHOPY-
KaBHUX MNpPSIMHX TUMIB pycen. Tyt cdopmysanocs
TPH BUJIM 3aBEPIICHUX UKITiB MOPQOIUHAMIKH 1 J1Ba
HesaBepuieHux (puc. 7). llepmmii mukn (4.a) mae
OJTHY iTepallito, Mo CKIAIAEThCA i3 TPHOX CTaIil: O/
HOPYKaBHOTO MPSMOTO — 0araropykaBHOTO 3BHBHC-
TOTO pyciia — OAHOPYKaBHOTO TpsiMoro pycia. Hesa-
BEPIIICHUH IHMKII TaKWi: BUXiHA CTadis (OJHOpYKa-
BHE TIpsIME PYyCJI0) — CTajlisi OJHOPYKaBHOTO 3JieTKa
3BHBUCTOTO pycjia — HeBifjoMa MaWOyTHS CTaiisl.
Hpyruii ik (A4.6) Mae 1Bi iTepallii, sSIKi BKIIOYAIOTh
TPHU-YOTHUPH cTaii. Y MepIry iTepauito BXOISTh CTa-
Jii: OHOPYKAaBHOTO TPSIMOTO — JBOPYKABHOTO Tpsi-
MOTO — JIBOPYKaBHOTO 3BHUBHCTOIO PyCiia — BUXiJHA
CTafis; Apyra iTeparis: CTalis OMHOPYKaBHOTO Ipsi-
MOTO — OJIHOPYKABHOTO 3JIeT’Ka 3BHBHCTOTO pycia —
BUXIJIHA CTaJisl OMHOPYKABHOI'O MPSMOT0 pyciia; He-
3aBepILUECHUI LMKJII: BUXiIHA CTalisl — CTajisl OMHOPY-
KaBHOT'O 3JIeTKa 3BHBHCTOTO pyclia — HEBiJioMa Maki-
OytHs cranis. Tperiii nuki (4.6) MiCTUTB JIBi iTepa-
mii, cragii SKMX MOBTOPIOIOTHCS: OAHOPYKABHOTO
NPSAMOTO — OJHOPYKaBHOTO 3JIerKa 3BUBHCTOTO Pyclia
— 1 3aHOBO OHOPYKABHOTO MPSIMOTO pycia. Haitgac-
TillIe Y IUX UKJIaX OJJHOPYKaBHE IPsiMe PYCIIO Iepe-
XOIHTH Y 37I€TKa 3BUBHCTE.

OHOpYKaBHUM 3JI€TKa 3BUBUCTHM TUIIAM PYCEll
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BJIACTHBI YOTUPH IIUKJIH, I SKUX XapaKTepHi 110 ofI-
Hii iteparii. [lepmmii ukn (b.a) BKIIOYAE CTaii:
OIHOPYKAaBHOTO 3JIeTKa 3BUBUCTOTO — OIHOPYKAaB-
HOTO MEaHJIPOBAHOTO pycia — BUXigHa crafis. py-
ruit ki (b.6) CKIagaeThes 31 cTajiil: OqHOPYKaB-
HOTO 3JIeTKa 3BUBUCTOTO — OJHOPYKAaBHOTO IIPSIMOTO
pycna — Buxigna crafis. Tperiit uuki (b.6) mae cra-
Iii: OTHOPYKAaBHOTO 3J7€rKa 3BHUBHCTOIO — OJIHO-

PYKaBHOTO IMPSIMOTO — OJIHOPYKAaBHOTO MEaHJ/pOBa-
HOTO — IOBTOPHO OJJTHOPYKABHOTO MPSIMOTO — BUXiHA
CTajis OJHOPYKAaBHOTO 3JIeTKa 3BHUBUCTOTO pycCia.
st wetBepToro UKy (b.2) XapakTepHi cTajii: oa-
HOPYKaBHOTO 3JIeTKa 3BUBHCTOTO pycia — Oararopy-
KaBHOTO 3JIeTKa 3BUBHCTOTO — 0araTopyKaBHOTO Mpsi-
MOTO — OJJHOPYKaBHOTO MEaHJIPOBAHOTO PyClia — BU-
XiJHA CTamisl.

A. Tk MopdoIMHAMIKH 0IHOPYKABHOIO TIPIMOTO pyciia

A. Morphodynamic cycles of a single-thread straight channe}

A.e

b. Lluknu MOp(bOlllHa\liKH OJAHOPYKABHOIO 3JICI'Ka 3BHBHUCTOrO pyciia
B. \qu)hod\rn.nmc cyeles of a xmwk thread slightly sinuous channel

/

——

)> (
S ba b.6

b.&

B. lllll\JlH \‘l()p(l)ﬂ'l”“d\ill\ll ()'lllﬂp) KaBHOIO MEaH/IpOBaHOIo pycia
C. Morphodynamic cycles of a xmulg thread meandering channel

‘) Ba B()

" Luksn MopdomHaMiku IIBOka']BHOrO

3JICTKA 3BHBHCTOIO pycia
D. Morphodynamic cycles of a two-thread
slightly sinuous channel

\»\_,\

B.c

J1. Lukn mopdoarHamiki

oar ‘ATOPYKABHOI'O 3JIEI'Ka 3BHBHCTOIO pyClla
E.

Morphodynamic cycles of a multi-thread
slightly sinuous channel

Puc. 7. HukniyHicTh MOpGOAMHAMIKY pycell HAWaKTUBHIMIMX BiJPi3KiB pidok Kapnarcekoro periony /
Fig. 7. Cyclicity of morphodynamics of the most active riverbeds of the Carpathian region

OHOPYKaBHHUM MEaHAPOBAaHUM THIIAM pPYyCel
MPUTAMaHHI TEX YOTHUPU IUKIA MOPGOAMHAMIKH 3
OZIHI€IO iTepami€eto y KokHoMY. [lepmmii iy (B.a)
13 TAaKUMH CTaisIMU: OJHOPYKABHOIO MEaHIpOBa-
HOTO — OJTHOPYKABHOTO 3JIeTKa 3BUBUCTOTO pyclia —
BuxigHa cramis. Apyruit iy (B.6) BKIOYae cTafiil:
OHOPYKAaBHOTO MEaHJPOBAHOTO — OAHOPYKABHOTO
MPSMOTO — OJHOPYKABHOTO 3JI€TKa 3BUBUCTOTO pyCIia
— BUXiJHa cTafdis. Y TpeTii uki (B.g) 3anyueHi cTa-
Iii: OIHOPYKaBHOTO MEaHJPOBAHOTO — OIHOPYKaB-
HOTO 3JIETKa 3BUBUCTOTO — OIHOPYKABHOTO MPSIMOTO
— OJTHOPYKABHOTO 3JIETKa 3BHBUCTOTO TIOBTOPHO — BH-
XiJIHA CTajisi MEaHJIPOBAHOIO pyciia. Y 4eTBepTHU
UK (B.2) BXOIATh TaKi CTail: OHOPYKaBHOTO Mea-
HAPOBAaHOTO — JABOPYKABHOIO 3BHUBHCTOIO — OIHO-

PYKaBHOTO HPSIMOTO — OHOPYKaBHOTO 3JIETKa 3BHBH-
CTOTO pyciia — BUXiJIHA CTAIis.

JBopykaBHi Ta 6araTopykaBHi TUIIH pyce iCHY-
I0Th B 4acCi HEJIOBro, TOMY Yy HUX CHOCTEPIraeMo Io
OJTHOMY ITUKJIY 3 OfiHi€I0 iTepariieto. [{ukin mophoau-
HaMIKH IBOPYKaBHOTO THITY pycia (I7): ctafis ABOPY-
KaBHOT'O 3BHBHCTOTO THIIy — OJIHOPYKaBHOIO 3JIeTKa
3BUBUCTOTO — JBOPYKaBHOIO MPSMOTO — 3aHOBO OI-
HOPYKaBHOTO 3JIeTKa 3BHBHCTOTO pycia — BUXiJHA
cragis. Lukn wmopdonuHamiku OaraTtopykaBHOTO
Uy pycna (/[): crazgis 6araropykaBHOTO 3BHBHC-
TOTO — JIBOPYKABHOTO 3BHBHCTOTO — JBOPYKaBHOTO
MPSIMOTO — OJTHOPYKAaBHOTO 3JIErKa 3BUBHCTOTO PyClia
— BUXizgHa cTanis. He3aBepiueHuid HUKI OBOTO THITY
pycna: cranis 6araTopyKaBHOTO 3BUBUCTOTO — OHO-
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PYKaBHOTO 3BUBHUCTOTO — JIBOPYKABHOTO MPSIMOTO PY-
cia — MaiOyTHS CTamis.

OoroBopenHst. [[ukiiyHiCTh 3MiH MTOKa3ye, 110
piUKH, Maro4YH NeBHY QOPMY 1 3MiHIOIOUHUCH IO JIaTe-
paui, 3a AesiKuil mepio yacy moBepTalOThCS 10 BUXi-
IHOT opMHU. AOCOTIOTHOT TOTOXKHOCTI MiXK TIOYaTKO-
BUM 1 KIHIICBHM CTaHOM pyClia HE CIIOCTEpPIraemMo.
Xou 31erKa 3BUBHUCTE YU MEaHAPOBaHE PyCcio yepes
KiJIbKa CTaJIiii 3HOBY IEPEXOASTh Y JaHWUH THII, IPOTE
3BUBHMHH BIJPI3HAIOTBCS PaAlycoM, CTPLIOIO Mpo-
THHY, BEpIIMHAMH BiJl BUXi1THOTO CTaHy pycia.

MopdoauHaMidHi KA PyCell XapaKTepHi I
MalWX MEePeAripChKUX PIYOK y UIMPOKO3aIIaBHUX
reomopgornoriunux ymoBax popmysanus. s Benu-
KHX PIBHUHHHUX PIYOK, III0 MEAHAPYIOTh Y IUPOKUX
3ariaBax, MOp(hoauHaMiKa IPOSIBIISIETHCS B TOMY, IO

(dhoTHuN 3MIHIOETHCS BKpail pigko. Y Bpi3aHUX Ta ama-
MITOBAaHUX PIBHUHHUX PIYOK, & TAKOXK TIPCHKHUX PIdIOK
13 OIHOPYKaBHHUM IIPSIMUM PYCIIOM 3MiHa MOPHOTHITY
HE Bi/10yBa€eTHCS.

BucHoBku. BuBueHHST MOpQOAMHAMIKHE PyCenl
pidoK Ta IXHBOT MUKIIIYHOCTI JO3BOJIUTH BUPIITyBaTH
MUTaHHS TIPOTHO3YBAHHS IMX 3MIH Ta 3aro0iraHHs
HETaTHBHUM BIUIMBaM HeOE3MEeUHUX SIBUIIL, TIOB’s3a-
HUX 13 po3nrBaMu pidok. Bpaxysanus ocobnmuBocTeit
piukoBO1 MOp(hOAMHAMIKY BaXKJIMBE IS TNIAHYBAaHHS
OCBOEHHS 3aIlIaB 1 HHU3BKHX Tepac, MPOEKTYBaHHS
0e3meuHuX 1 CTIKUX CIOpyA, SIKi He 3a3HABaTUMYTh
VIIKOMKEHB BiJl 3MiH pycen piuok. [lepcrekruBHUMHU
HampsiMaMu JaHOTO JOCIiIKEHHS CTaHe 3’ SICyBaHHS
BIUTMBY KIIMaTUYHUX Ta TiAPONOTIYHUX (haKTOPiB Ha
MUKIIIYHICTH PyCIIOBOi MOP(OIMHAMIKH.

3MIHIOETBCSL TXHIM KOe(ilieHT 3BHBHUCTOCTI, a MOp-
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Main patterns of modern river morphodynamics
of the Carpathian region
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ABSTRACT

The article describes the morphodynamics of river sections belonging to the foothill and flatland wide-floodplain
channel types of the Carpathian region.

Purpose: to investigate the types and general patterns of river morphodynamics of the Carpathian region based on
different-time cartographic information and remote sensing.

Methods: GIS technologies, remote sensing methods, cartographic, comparative, field research. Maps and satellite
different time data were geocoded in QGIS software. Maps of the 1870s—1940s from the resource "Archival Maps of
Poland and Europe" at scales of 1:75,000 and 1:100,000, topographic maps of the 1950s—1990s at scales of 1:50,000 and
1:100,000, maps from the Open Street Map (2014), satellite data from 2005-2021 from the Google Earth with a resolution
of 1 m/pixel and the EO Browser (2024, resolution of 10 m/pixel) were used for analyze the dynamics of riverbeds.

Results. Seven morphological types of river channels were identified: single-thread straight channel, single-thread
slightly sinuous, single-thread meandering, two-thread straight, two-thread slightly sinuous, multi-thread straight and
multi-thread slightly sinuous channels. Changes in these riverbeds types at different times since 19th century were ana-
lyzed. All data of the channels morphodynamics were grouped into ten time periods before the extreme floods of 1900,
1927, 1941, 1969, 1980, 1989, 2008, 2014 and 2020, as well as the situation in 2024. The number of channel types was
calculated in relation to the total number for a certain period. There were the most common single-thread straight types
in 1980-1989; single-thread slightly sinuous forms in 1900-1927 and 2024; single-thread meandering — before 1900 and
2008-2014; two-thread straight and sinuous types — before 1900 and in 1950—-1970, and at other times they were even
less or absent; multi-thread straight and sinuous types — before 1900 and in the 1970s. Based on the channels morphody-
namics analysis, the following types were distinguished: transversal and longitudinal displacements. Transversal types
include parallel displacement of channels relative to the floodplain axis, changes from single-thread to double- and multi-
thread channels, expansion of the meander radius, 180-degree turn of meander, changes of meander types, extinction of
threads in braided channels. Longitudinal displacements types are as follows: changes in the length of the meandering
zone, meanders displacement downstream, changes in the meanders necks and tops, river branches displacement down-
stream.

Scientific novelty. It was shown that river segments changing laterally return to their original shape over a certain
period, and it is a cycle of changes in riverbed sections. The largest number of change cycles was studied for single-thread
channels, and four cycles were identified for it. Two cycles were identified for braided channels.

Practical significance. The study of the river morphodynamics and its cyclity will allow solving the problems of
predicting these changes and preventing the negative impacts of dangerous phenomena associated with river floods. Tak-
ing into account of the river morphodynamics features is important for planning of the floodplains and low terraces de-
velopment, designing safe and stable buildings that will't be damaged by channel changes.

Keywords: morphodynamics, channel morphology, river, horizontal channel deformations, riverbed types, GIS tech-
nologies, remote sensing, Carpathian region.
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ABSTRACT

Problem statement. Intensive urbanization stands out as a phenomenon that significantly affects environmental change and
raises serious concerns about the sustainability of cities. The pressure of human activities on ecological areas causes regional ecological
networks to shrink and become less connected, leads to increased pollution, deterioration of ecological functions and poses serious
threats to the sustainable development of cities. This study comprehensively examines the environmental impacts of urbanization and
its consequences on urban landscapes in the Muratpasa district of Antalya. The research focuses specifically on green space distribution,
carbon emissions, and land use changes, assessing how these factors influence sustainable urban development. Muratpasa, character-
ized by rapid urbanization and population growth, represents a critical area for environmental and ecological sustainability.

Purpose. The primary aim of the research is to analyze the environmental impacts of urban development in Muratpasa, to reveal
the effects on the urban landscape by using the variables affected in this process, identify land use changes, and make future projections.
The study seeks to address inequalities in green space distribution, carbon emissions, and the evolving dynamics of urban landscapes,
providing recommendations for sustainable urban planning.

Research methods. The study employed CORINE land cover data, Landsat satellite imagery, the GHG Protocol, artificial neural
networks, and Geographic Information Systems (ArcGIS). Analyses included green space evaluation, land use classification, carbon
emission calculations, and projections for land use in 2040. Additionally, the distribution of green spaces was analyzed at the neigh-
borhood level based on population density.

Research results. The research reveals a dramatic increase in motor vehicle numbers and carbon emissions in Muratpasa between
1994 and 2023. During the same period, green spaces declined, while urbanization accelerated. Coastal neighborhoods had higher
proportions of green spaces, whereas inland areas showed significantly lower levels. Projections for 2040 indicate further reductions
in green spaces and increased urbanization. CORINE data demonstrated that agricultural lands and natural habitats are under significant
pressure from urban development.

Conclusion. The Muratpaga district is at a critical juncture in terms of environmental sustainability. Reducing land use changes,
carbon emissions, and inequalities in green space distribution requires the adoption of sustainable urban planning strategies. Preserving
green spaces, supporting biodiversity, and minimizing the carbon footprint are essential for achieving comprehensive sustainability
policies.

Keywords: sustainability, urban development, urban green areas, land use estimation, carbon emission, ArcGlIS, artificial neural
network, Muratpasa, Antalya.

In cites: Genisyiirek Furkan, Niemets Liudmyla, Sahin Mehmet Tahsin, Sehida Kateryna (2025). Environmental impacts of urban development
and sustainable landscape management: the case of Muratpasa, Antalya. Visnyk of V. N. Karazin Kharkiv National University. Series Geology. Geog-
raphy. Ecology, (62), 160-172. https://doi.org/10.26565/2410-7360-2025-62-12

Introduction. In parallel with the rapid increase
in the world population and the development of the
global economy, the process of urbanization is also
progressing rapidly, and urban populations and the
size of urban areas are gradually increasing. Every
year, more and more people migrate from rural areas
to cities, contributing to the increase in the urban pop-
ulation. By 2023, the population of cities and towns
was 4.6 billion, and it is projected to reach 5 billion

by 2030 [1]. This intensive urbanization stands out as
a phenomenon that significantly affects environmen-
tal change and raises serious concerns about the sus-
tainability of cities [2]. Urbanization is a complex
process shaped by the expansion of urban areas, eco-
nomic use of land, transfer of rural labor to cities, and
economic growth [3]. However, the growth of cities
and the expansion of urban impervious surfaces have
negative impacts on air quality, land use, water reso-
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urces, biodiversity and climate [4-9]. In particular,
the pressure of human activities on ecological areas
causes regional ecological networks to shrink and be-
come less connected [ 10]. This leads to increased pol-
lution, deterioration of ecological functions and
poses serious threats to the sustainable development
of cities [11, 1]. In this context, the pressures of ur-
banization on the natural environment have led to the
concept of resilient cities, which requires increasing
the resilience capacity of cities [12], including new
relevance for the study of emerging urban resilience
in Ukraine [49]. However, for a long time, the science
has paid limited attention to the environmental prob-
lems of cities and therefore has not been able to con-
tribute sufficiently to the environmental impacts on
urban landscapes [13, 14]. The rapidly increasing
number and area size of cities has increased the need
for urban ecology studies since the 2000s [15, 16].
Nevertheless, studies that address the impacts of ur-
banization on the natural environment in a holistic
manner are still limited.

Many studies in the literature have generally ad-
dressed the environmental impacts of urbanization
independently of each other and have examined the
interrelationship of these impacts in a limited way.
For example, one study emphasized that urbanization
strengthens dependence on fossil fuels by increasing
the number of automobiles and as a result, the carbon
footprint grows, focusing on the difficulties in the re-
covery of natural resources [17, 3]. In another study,
it was stated that 16% of carbon emissions worldwide
originate from the transportation sector [18, 5]. In an-
other study, they analyzed black carbon and particle
number concentrations between different years ac-
cording to vehicle types in Stockholm in order to
measure the effectiveness of European Carbon Emis-
sion Reduction policies [19]. A similar study exam-
ined the effects of smart transportation policies on
carbon emission reduction in 258 cities in China us-
ing a quasi-natural experimental method [20]; they
evaluated the impact of coal use in transportation on
carbon emissions and found that efficient use of coal
has a strong relationship with emissions [21, 22].

The effects of urbanization on green spaces have
also been widely discussed. In one study, it was stated
that the reduction and fragmentation of green areas is
inevitable with urbanization [23], while in Paris,
changes in vegetation cover were shaped by social
policies [24]. The original integrated approach using
urban remote sensing (URS) and GIS for changes de-
tection to evaluate the current state and monitor spa-
tial transformations of the urban green spaces in
Kharkiv (Ukraine) represented [51]. Some methodi-
cal issues of geoinformation approach to the urban
geographic system research [50] and features of us-
ing GIS & remote sensing for sustainable land use
[52] developed from the perspective of geographical

science and tested on different case studies. In China,
it was also emphasized that increasing urban popula-
tion density and non-agricultural working population
significantly affect the distribution of green areas
[25]. In addition, a study conducted in the Nanjing
metropolitan area using Landsat imagery between
2000 and 2020 determined that the distribution of
green areas is affected by a combination of physical
geography, socio-economic structures and manage-
ment policies [3]. It has also been shown that eco-
nomic development and vegetation improvement can
be possible simultaneously with sustainable policies
[8]. The effects of urbanization on climate have been
associated with the increase in the areal extent of im-
pervious surfaces and surface temperatures. A study
analyzed the impact of urban expansion on climate
change through surface temperatures, NDVI, NDBI
and MNDWI indices using Landsat 5 TM and Land-
sat 8 OLI data between 1992-2021 and found a posi-
tive correlation between the size of impervious sur-
faces and surface temperatures [26]. In addition, a
similar study revealed a strong negative correlation
between NDVI and surface temperatures [27].

These studies reveal the importance of address-
ing the environmental and climatic impacts of urban-
ization in a more holistic manner. In this context, this
research has been applied in Muratpasa district, the
central district of Antalya city, which is a rapidly
growing and especially an important tourism center.
Evaluated in 4 different categories, Muratpasa district
is based on the impact of ecology on the urban land-
scape. The aim of the research is to comprehensively
analyze the environmental impacts of urban develop-
ment in Muratpasa district and to reveal the effects on
the urban landscape by using the variables affected in
this process. In this context, Antalya/Muratpasa dis-
trict's vehicle carbon emissions by years, the distribu-
tion of green areas at the neighborhood scale, land
use analysis, future situation estimation and Corine
analysis were conducted. The study aims to identify
the unique characteristics of Muratpasa district by an-
alyzing the pressures on the urban environment in de-
tail and to provide new findings to the literature.

Material and methods. The methods used in
this study were selected to comprehensively analyze
the environmental impacts of urban development in
Muratpasa district. The GHG Protocol was chosen
for carbon emission calculations in accordance with
international standards [28-32]; CORINE land cover
data was chosen to monitor long-term and detailed
land use changes [33-35]; Landsat 8 OLI-TIRS satel-
lite imagery was chosen to provide high-resolution
spatial analysis; and the green space analysis method
was chosen to understand the relationship between
population density and environmental equity [36-39].
For the future land use prediction in Muratpasa, the
Artificial Neural Network method, the accuracy of
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which has been proven in many studies, was applied
and the estimated land use map of 2040 was made
[40, 41]. These methods increase the scientific relia-
bility of the study and allow both local and interna-
tional comparisons.

Calculating carbon emissions. Within the
scope of the purpose of the study and the variables
obtained, the method was carried out in 4 stages. The
first stage of the study was conducted to understand
the relationship between the number of motorized
land vehicles in Muratpasa district of Antalya and
their environmental impacts. During the research
process, the Turkish Statistical Institute (TUIK) col-
lected the motorized land vehicle data of Antalya be-
tween 1994 and 2023. This data was used to deter-
mine the change in the number of vehicles in the dis-
trict over time. Then, the population ratios of Mu-
ratpaga district with other districts were calculated
and these ratios were divided by the number of vehi-
cles to determine the average number of vehicles in
the district between 1994 and 2023. Then, the aver-
age carbon dioxide emission of vehicles in Muratpaga
district was calculated by formulating the number of
vehicles with the most up-to-date 2023 carbon emis-
sion rates of the GHG Protocol. The main reason for
choosing the GHG Protocol is that it enables green-
house gas emissions to be calculated within the
framework of a global standard. In this way, the car-
bon footprint data of the district was analyzed in ac-
cordance with international comparisons [42-44, 6].
These steps are an appropriate method to analyze
how the number of vehicles is related to population
and environmental factors and to understand the en-
vironmental impacts of transportation in the district.
The main reason for using the GHG Protocol in this
process is to measure environmental impacts in a
standardized way and to obtain comparable data [45].
The GHG Protocol is recognized as a global standard
for calculating and reporting greenhouse gas emis-
sions. This protocol provides a comprehensive
framework for calculating and reporting GHG emis-
sions according to a specific process and methodol-
ogy. Therefore, the use of the GHG Protocol has en-
abled the identification of carbon dioxide emissions
of vehicles in Muratpasa district and a clear measure-
ment of environmental impacts. Thus, calculating
GHG emissions and relating these emissions to pop-
ulation and vehicle numbers will contribute to under-
standing the environmental impacts of the district and
guide future landscaping sustainability efforts. The
detection of carbon dioxide emissions from vehicles
is an important element that increases the reliability
and comparability of the research [46, 24].

Calculation of parks and green areas. Another
stage of the study is the collection and analysis of
park and green area data in the neighborhoods within
the borders of Muratpasa district. First, neighbor-

hood-based park and green area data were obtained
from Muratpasa Municipality. This data includes the
square meters of parks and green areas in each neigh-
borhood. Then, the total square meters of parks and
green areas in each neighborhood were divided by the
number of population in that neighborhood to deter-
mine the average park and green area per capita. The
purpose of this step is to determine how the area of
parks and green spaces, which have psychological ef-
fects on people and environmental aesthetic value, is
distributed according to the population density in
each neighborhood [12, 14, 18]. In terms of land-
scape architecture, the amount and distribution of
green spaces in neighborhoods can directly affect the
quality of the urban environment and people's quality
of life. Therefore, determining the amount of parks
and green spaces per capita can provide important
data to be used in urban planning and landscape de-
sign. The determined data will provide a basis for an-
alyzing and improving the urban landscape in Mu-
ratpasa district, and the ratio of the amount of green
space to the population will also guide the sustaina-
bility efforts of the district and the determination of
green space policies [47].

Digitization of land cover data. In another
phase of the study, CORINE data for the years 1990,
2000, 2006, 2012 and 2018 published by Copernicus
Land Monitoring Service were used [24, 34]. The use
of CORINE data was preferred because it provides
reliable land cover data based on European Union
standards [8]. CORINE data is a detailed and reliable
source covering land cover over various periods.
These data are an important basis for understanding
and monitoring land use in and around Muratpasa
district of Antalya province. CORINE land cover
classes were used to classify the study area according
to the characteristics of each year and the legends
were prepared accordingly. This classification de-
fines various land types and plays an important role
in determining the changes that have occurred over
the years [2, 45]. Using the Geographic Information
Systems software ArcGIS 10.8.1, the 1990, 2000,
2006, 2012 and 2018 land cover data of Muratpasa
district and its surroundings were digitized and
mapped. Thanks to this digitization process, the land
use of each year can be analyzed in detail. The data
obtained will contribute to the understanding of land-
scape changes in the region by calculating and tabu-
lating the area covered in square kilometers for each
year. The use of CORINE data can provide urban
planners and environmental experts with an im-
portant basis for improving various aspects of the
landscape, such as urban regeneration projects and
the protection of green spaces [2, 8].

Land use classification and future forecast-
ing. In another stage of the study, Landsat 8 OLI-
TIRS (Operational Land Imager and Thermal Infra-
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red Sensor) satellite images of 2013 and 2023, which
have low cloudiness, were preferred by the United
States Geological Survey (USGS) to classify the land
use of Muratpasa and its surroundings in detail and to
predict future land use (Table 1) [16, 31, 33, 40]. In
order to clearly reveal the change between the two
years, a 10-year period was determined between the
image acquisition dates and Landsat 8 OLI-TIRS sat-
ellite image was preferred because the image quality
should be good in the analysis to be performed. In
order to obtain the natural appearance of Muratpasa
and its surroundings, a combination of Red, Green
and Blue bands was made using ArcGIS 10.8.1. In
the natural view formed with the Classification tool,
a sample group was formed in 4 classes. These are
Forest, Plant-Agriculture Land, Build Up Area and
Bare Land. For each sample, 50 samples were taken
from the study area and detailed land use maps of
2013 and 2023 were created with the Interactive Su-
pervised Classification analysis in the Classification

tool [16].

In addition to the land use data for the years
2013 and 2023 obtained as a result of the analyzes
made with ArcGIS 10.8.1, Digital Elevation Model
(DEM), road data and river data of Muratpasa and its
surroundings were integrated into QGIS 2.18 soft-
ware, another Geographic Information Systems soft-
ware, by installing Molusce plug-in. Finally, by ap-
plying the Artificial Neural Network method, the es-
timated land use map of Muratpasa and its surround-
ings for the year 2040 was created. The accuracy of
this map was compared with TerrSet Geospatial
Monitoring and Modeling Software, another Geo-
graphic Information Systems software, and positive
results were obtained [44, 46-48].

The findings from these four phases will provide
important information in a wide range of perspec-
tives, from the environmental impacts of motor vehi-
cles in Muratpasa district to the distribution of green
space, from land use changes to future land use pro-

Metadata of Landsat 8 OLI-TIRS satellite imagery

Satellite Image

LANDSAT 8 OLI-TIRS LC81780342013117LGNO02
LANDSAT 8 OLI-TIRS LC81780342023257LGNO00

jections. This information will shed light on the de-
velopment of a district's environmental sustainability
policies, the improvement of urban planning pro-
cesses and the formulation of long-term environmen-
tal management strategies.

Findings. Table 2 shows that the number of cars
has increased dramatically in Antalya Muratpasa dis-
trict since 1994. The increase in the mobility needs of
individuals and businesses in parallel with population
growth is the most important reason for the number
of cars. The rise in income levels due to population
growth and economic development, which are espe-
cially characteristic of developing countries, has en-
abled more people to own cars. For this reason, the
number of vehicles, which has a significant impact on
urban ecology, affects the urban landscape depending
on air and environmental quality. The carbon dioxide
emissions in Muratpaga District between 1994
(33084585.83 KG) and 2023 (247515903.57 KQG)
showed an increase every year in parallel with the in-
crease in the number of vehicles (Table 2). Although
there is a decreasing trend in carbon emissions per
vehicle, the total carbon emissions increasing every
year is a major threat to future generations and the
urban landscape. The number of Minibuses, another
transportation node, has generally increased over the
years observed between 1994 (704) and 2023 (3844).
This increase can be attributed to factors such as

Image Number

Table 1
Shooting Date = Path/Row Format
2013.04.27 178-034 GeoTiff
2023.09.19 178-034 GeoTiff

increased need for public transportation, urbanization
and population growth. Increasing population density
and transportation needs in cities, especially in devel-
oping countries, have increased the demand for min-
ibuses. However, it is noteworthy that carbon emis-
sions per minibus fluctuate between 1994
(1551852.95 KG) and 2023 (8473569.83 KG). The
reason for these fluctuations is that older and less ef-
ficient van models are still in use in certain years.
However, there has been a general upward trend in
the carbon emissions of minibuses in recent years.
This increase is due to the fact that minibuses usually
have diesel engines and less efficient technologies.
The number of buses in Muratpasa district increased
dramatically between 1994 (496) and 2023 (2277).
This can be attributed to the increase in the district's
population and transportation demand. Especially in
a touristic region like Antalya, the development of
transportation infrastructure and the expansion of
public transportation services lead to more wide-
spread use of buses. There is a significant increase in
the average carbon emissions of buses in Muratpasa
district between 1994 (1092836.48 KG) and 2023
(5018580.09 KG) (Table 1).

This increase is a result of the transportation de-
mand in the district and the growth of bus fleets. Be-
tween 1994 (3094) and 2023 (43557), there is a sig-
nificant increase in the number of pickup trucks in
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Table 2

The amount of carbon emitted by cars, minibuses, buses, vans, trucks, trucks

and motorcycles in Muratpaga district between 1994-2023
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Muratpasa district (Table 2). This increase is due to
the need for commercial transportation and logistics
requirements, along with the increase in the popula-
tion and commercial activities of the district. Espe-
cially in the Muratpasa district of Antalya, which is a
touristic region, the increase in touristic activities and
the expansion of the service sector have increased the
demand for pickup trucks. Between 1994
(15320454.18 KG) and 2023 (215681224.03 KG),
the average carbon emissions of pickup trucks in Mu-
ratpasa district also increased (Table 2). This increase
can be attributed to the fact that pickup trucks usually
run on fossil fuels, increasing the carbon footprint of
commercial transportation activities. Especially in
the district, which is a touristic destination, intensive
tourist and material transportation causes carbon
emissions to increase. The number of trucks in Mu-
ratpasa district increased significantly between 1994
(1833) and 2023 (5542), as did the number of vans
(Table 2). In this period, with the increase in commer-
cial activities and logistics needs, it is seen that the
demand for trucks has increased in addition to vans.
The fact that the district is a touristic region and the
increase in activities in the construction sector also
create an additional demand for trucks. Between
1994 (12893934.92 KG) and 2023 (38992211.84
K@), the average carbon emissions of trucks in Mu-
ratpasa district also increased (Table 2). This increase
can be attributed to the fact that trucks generally run
on fossil fuels, increasing the carbon footprint of
commercial transportation activities. Construction
activities, material transportation and logistics re-
quirements in the district have also increased carbon
emissions, but the continued use of old trucks also
contributes to the increase in carbon emissions. The
number of motorcycles in Muratpasa district in-
creased significantly between 1994 (11836) and 2023
(81117). In this period, it is observed that the use of
motorcycles increased as a result of the effects of in-
dividuals' personal transportation preferences,
changes in transportation infrastructure and the city's
climate being suitable for motorcycling. In particular,
the intensity of urban transportation and traffic prob-
lems can also affect individuals' preference for mo-
torcycles. The average carbon emission of motorcy-
cles in Muratpasa district has shown an increasing
trend between 1994 (14732994.97 KG) and 2023
(100969513.30 KG) (Table 2). This increase is ac-
companied by an increase in the use of motorcycles,
and it is inevitable that carbon emissions will increase
as more motorized vehicles circulate on the roads.
Table 2 shows that the increase in the number of
vehicles and the related increase in carbon emissions
is an important trend that should be taken into ac-
count in terms of transportation and environmental
policies of Muratpasa district. These increases are
likely to have emerged with the growth of the

population and economy of the district. However, the
increasing number of vehicles and carbon emissions
are a major concern in terms of environmental sus-
tainability and urban landscape.

There are 55 neighborhoods in the Muratpasa
district of Antalya province. When we look at Fig. 1,
we see the distribution of green areas (park areas) at
the neighborhood scale of Antalya Muratpasa district.
When Fig. 1 is examined, it is seen that green areas
are concentrated close to the coast. The 10 neighbor-
hoods that do not have green areas are located in
neighborhoods far from the coast of Muratpasa dis-
trict (Fig. 1).

One of the most important dynamics in urban
landscape is the green area per capita in the city. In
this context, the square meter area per capita was
found by proportioning the green areas to the neigh-
borhood population at the neighborhood scale of Mu-
ratpasa district. Fig. 2 shows the square meter green
area per capita at the neighborhood scale. According
to the analysis, the ratio of green space per capita is
high in the neighborhoods close to the sea, while this
ratio is low in the neighborhoods in the inner parts of
the district. There are no green areas in 10 neighbor-
hoods in Muratpasa district. Neighborhoods with no
data are shown in white on Fig. 2. The 5 neighbor-
hoods with the least park area per capita are Yildiz
(0.24 m?), Giivenlik (0.26 m?), Yiiksekalan (0.45 m?),
Gebizli (0.46 m?) and Varlik (0.55 m?). The 5 neigh-
borhoods with the highest park area per capita are
Selguk (256.19 m?), Kilingarslan (190.96 m?), Mel-
tem (58.40 m?), Bahgelievler (18.31 m?) and Sirinyali
(12.93 m?) (Fig. 2). According to the Spatial Plans
Construction Regulation of the Zoning Law No.
3194, the average green area per capita in Turkey is
10 m®). Accordingly, 6 neighborhoods were ob-
served in Antalya-Muratpasa district that comply
with the regulation (Selguk, Kilingarslan, Meltem,
Bahgelievler, Sirinyali and Caglayan).

CORINE (Coordinated Information on the En-
vironment) is a program developed by the European
Union that aims to collect, process and share environ-
mental information. CORINE enables the use of a da-
tabase covering various environmental topics such as
land use, land cover and natural habitats to reveal the
status of the region in 1990, 2000, 2006, 2012 and
2018. Looking at the distribution of artificial surface
and urban structure of Antalya/Muratpasa district in
1990 using the Corine Land Cover Classes program,
agricultural lands irrigated by irrigation canals and ir-
rigation ponds are concentrated in the center and east
of the district. Dryland agricultural lands are gener-
ally located in the east and north of Muratpasa dis-
trict. In these lands, mostly cereals and legumes are
grown. Lands with fruit trees are located in the north
of Muratpasa. In these areas, citrus fruits, grapes and
figs are generally grown. Broad-leaved forests are
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seen in the coastal area in the southeast of Muratpasa
district, while coniferous forests are seen in the north-
eastern part of the district. In 1990, continuous urban
construction is located in the center of the district.

Looking at the 2000 land use map, it is seen that
there is an increase in continuous urbanization in Mu-
ratpasa district. Around the continuous urbanization,
the area of discontinuous urbanization has expanded
and moved inland from the south of Kepez district.
However, discontinuous urban development has in-
creased along the coastal area of Muratpasa district.
No change was observed in the broad-leaved trees in
the southeast of Antalya, while the area of coniferous
forest in the northeast expanded. Some of the contin-
uously irrigated agricultural land has been degraded
and used as an airport.

By 2006, there was an increase in the area of per-
manently irrigated agricultural land. Although there
is not much change in Muratpasa district, there are
increases in Aksu district in general and in the inter-
section of Muratpasa district in the southeast of
Kepez district. In contrast to 2000, the area of contin-
uous urbanization continues to expand along the
coast. Discontinuous urbanization, on the other hand,
has moved to the east of Muratpasa district, towards
the outskirts of the city, and has continued to expand
north towards Kepez district. The coniferous forest
area in the northeast of Muratpasa district has been
converted into a mining area.

In 2012, there was not much change in the area
of permanent urban development, but discontinuous
urban development continued to expand. Although it
increased in the north of Muratpasa district, it moved
from the south to the center of Kepez district and
started to gain a foothold in the southeast of Kony-

Fig. 3. CORINE land use maps of Antalya Muratpasa district and its immediate surroundings by years

aalt1 district. There is a slight increase in permanently
irrigated agricultural areas north of Aksu district and
east of Kepez district. However, in the surrounding
districts, mixed forest areas and broad-leaved forest
areas have been destroyed with the expansion of con-
struction.

In 2018 (Fig. 3), no change was observed in Mu-
ratpasa district. An increase in construction sites was
observed in Kepez, Désemealti and Konyaalti. Conif-
erous forests in the north of Aksu and continuously
irrigated agricultural areas in the east have been de-
stroyed.

The anthropological impact of urban greenery in
the Muratpasa district of Antalya and its immediate
surroundings in 2013 is divided into 4 main catego-
ries: Forest, Plant-Agricultural Area, Building Area,
Bare Land. It is seen that Muratpasa district, located
in the north of the Gulf of Antalya, is densely urban-
ized. Built-up areas, shown in gray, constitute the
largest part of the city. Built-up areas contain urban
functions such as housing, workplaces and infrastruc-
ture. Plant-agricultural areas, shown in light green,
are concentrated in the north and east of Muratpasa
district. These areas provide food and agricultural
products to the city. They also function as green ar-
eas. Forested areas, shown in dark green, are located
in the north and southeast of the district. Forests help
to improve the district's air quality, reduce noise pol-
lution and protect biodiversity. Bare land, shown in
white, 1s located in the northeast of the district. Look-
ing at the immediate surroundings of Muratpasa dis-
trict, Dosemealt1 district has the most forests and
plant-agricultural areas. In Aksu district to the east,
there are more plant-agricultural areas (Fig. 4).

In 2023, the plant-agricultural areas in Murat-
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Fig. 4. Land Use Maps of Antalya/Muratpasa and its immediate surroundings (2013-2023 and 2040)

pasa district have been visibly reduced and trans-
formed into bare land and building areas. The build-
ing area has spread dramatically compared to 2013
and increased its density in the center and eastern
parts of the district. In 2023, it is seen that forest areas
decreased in the southeast of Muratpasa district.
Looking at the neighboring districts of Muratpasa
district, it is observed that plant-agricultural areas in
Aksu are mostly converted into building areas, while
the northern parts of Kepez district are converted into
bare land, while the eastern parts are converted into
building areas. In Désemealti and Konyaalt1 districts,

plant-agricultural areas were transformed into con-
struction areas, while no significant change was ob-
served in forested areas.

Looking at the 2040 land use projections, it is
seen that the bare land in Muratpasa district will con-
tinue to be converted into building areas (Fig. 4). It is
seen that the green areas in the district center will be
further destroyed and opened to construction, while
the city center will be covered with concrete. By
2040, a significant decrease in forest areas is ex-
pected. This reduction will occur due to the expan-
sion of urbanization and the contraction of agricul-
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tural activities. It is observed that the remaining for-
est will be located in a small area in the southeast of
Muratpasa, i.e. outside the district center. The situa-
tion is similar in the surrounding districts. With the
expansion of building areas, it is estimated that there
will be a contraction in bare land and agricultural-
vegetation areas.

Discussion. The results of this study, which
comprehensively examined the ecological dynamics
of the urban landscape in the Muratpasa district of
Antalya, reveal the critical role of ecological ele-
ments on sustainable urban development. The find-
ings of the study are in line with some studies with
similar content, which emphasize the limits of the po-
tential to reduce carbon emissions [22, 25, 37]. The
significant increase in transportation-related carbon
dioxide emissions in Muratpasa in the last 20 years
due to the increase in private vehicle use points to a
serious problem in terms of carbon management.
Analyses of transportation-related carbon dioxide
emissions have revealed that the increase in the num-
ber of motor vehicles contributes to air pollution and
climate change in Muratpasa [11, 14, 28, 47, 48].
These studies emphasized that motorized vehicle use
in urban areas has negative impacts on health and the
environment, causing air pollution and greenhouse
gas emissions. Sustainable transportation systems,
public transport infrastructure and transition to alter-
native energy sources can contribute to the reduction
of transportation-related emissions in Muratpasa. In
addition, this trend can also be associated with the
findings of studies on automobile dependency and
sustainable transportation . They also emphasized
that the increase in private vehicle use not only cre-
ates environmental impacts but also negatively af-
fects energy efficiency [28]. Our study supports these
findings and shows that emissions from transporta-
tion contribute significantly to air pollution and cli-
mate change. In this context, it is once again clear that
public transportation systems should be improved,
bicycle lanes should be encouraged and sustainable
transportation strategies should be implemented.

The results obtained from CORINE land cover
data reveal that artificial surfaces are increasing in
Muratpasa, while agricultural areas and semi-natural
areas are decreasing. These findings can be related to
studies on urban landscape ecology; emphasizing the
pressure of urban development on natural areas, we
can say that sustainable landscape planning plays a
critical role to prevent these negative trends [38].
Land use maps in Muratpasa show that between 2013
and 2023, built-up areas increased while forest and
vegetation cover decreased. Projections for 2040 in-
dicate that this trend will continue. These findings are
in line with similar studies. In these studies, they em-
phasized that urban development causes fragmenta-
tion of natural areas, habitat loss and reduction in

biodiversity. Similarly, they support the idea that the
decrease in green areas in Muratpasa may lead to a
threat to biodiversity [21, 24, 30, 41, 42, 47]. Some
studies on land use changes show that the impacts of
human activities on land cover can lead to loss of eco-
system services and weaken environmental sustaina-
bility. The findings of our study, in this respect, con-
cretely demonstrate the pressure of urban develop-
ment on natural areas and point to the vital im-
portance of sustainable land use planning to reverse
this trend [10-12, 15, 32, 48].

The fact that the amount of parks and green areas
per capita in Muratpasa shows significant differences
between neighborhoods points to inequalities in the
distribution of green areas [9, 42]. The fact that the
amount of parks and green spaces per capita differs
on a neighborhood basis in Muratpasa is in line with
the studies conducted. These studies emphasized that
equal distribution of green spaces is important for hu-
man health, welfare and environmental justice. The
lack of green areas in some neighborhoods in Mu-
ratpasa can be considered as a deficiency in this sense
[5, 7, 12, 29, 34]. Fair distribution and accessibility
of green spaces should be taken into consideration in
the urban landscape planning process. Similarly, in
another study on biodiversity and green space access
in urban ecosystems, it was stated that inequalities in
access to green spaces may have negative effects on
social welfare [43]. Our study showed that access to
green space in some neighborhoods in Muratpasa is
quite limited and only six neighborhoods meet the le-
gal per capita green space standard. This clearly
demonstrates the need to prioritize green space distri-
bution in planning processes for sustainable urban
development and the importance of integrating the
principles of social justice and environmental sus-
tainability.

The results obtained from the settlement forecast
maps, where the anthropological impact was ana-
lyzed, show that the built-up areas in Muratpasa will
increase significantly by 2040 and this increase will
create serious pressures on existing green areas and
natural habitats. This finding can be related to studies
evaluating urbanization and ecological systems; it
can be said to confirm the conclusion that rapid and
uncontrolled urbanization leads to disruption of eco-
logical balance, loss of biodiversity and transfor-
mation of ecosystem processes [41]. The fact that an-
thropological impacts will limit landscape studies in
the future and green areas may disappear is in line
with studies on a similar subject. These studies em-
phasized that urban development leads to fragmenta-
tion of natural areas, habitat loss and reduction of bi-
odiversity. The predicted development trend in Mu-
ratpasa may lead to similar results. Sustainable urban
planning, preservation of green areas and protection
of sensitive natural areas are of great importance in
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preventing these negative impacts. It is also in line
with the findings that dense development threatens
the ecological balance by suppressing natural habitats
and causes loss of biodiversity [16, 26]. Our study
predicts that a similar scenario will occur in Mu-
ratpasa if the current development trends continue
and emphasizes once again the importance of sustain-
able planning policies that take into account ecologi-
cal dynamics in order to reverse these negative
trends.

The findings of this study clearly reveal that eco-
logical factors should be taken into account for the
sustainability of urban areas, quality of life and eco-
logical balance. Conservation of green areas, affor-
estation efforts, sustainable transportation systems
and transition to alternative energy sources can be
among the strategies that will serve this purpose.
However, it is also important to continuously monitor
and evaluate the relationship between ecological fac-
tors and the urban landscape.

Conclusion. This study has comprehensively
examined the ecological dynamics in the urban land-
scape of the Muratpasa district of Antalya and has
scrutinized the role of ecological factors. The find-
ings clearly demonstrate that ecological factors are
vital for sustainable urban development. CORINE
land cover data shows that during the 1990-2018 pe-
riod, artificial surfaces have increased in Muratpasa,
while agricultural areas and semi-natural areas have
decreased. This situation concretely reflects the pres-
sure of urban development on natural areas. Protect-
ing green areas, adopting appropriate landscape de-
sign strategies and sustainable land use planning can
contribute to reversing this negative trend [38]. It has
been determined that carbon dioxide emissions from
transportation in Muratpasa have increased signifi-
cantly in the last 20 years. The main reason for this
increase is the high rate of increase in private vehicle
use. The results of the analysis show that the increase
in the number of motor vehicles directly contributes
to air pollution and climate change [22, 25]. Another

result of the study revealed that the amount of parks
and green spaces per capita in Muratpasa varies sig-
nificantly on a neighborhood basis. While some
neighborhoods have very limited access to green
space (there are only 6 neighborhoods that comply
with the green space per capita provision deemed suf-
ficient by law), some other neighborhoods have
higher amounts of green space. This points to ine-
quality in the distribution of green space in the re-
gion. In addition, the settlement forecast maps, where
the anthropological impact is analyzed, show that the
built-up areas in Muratpasa will increase signifi-
cantly by 2040. This increase is projected to put pres-
sure on existing green areas and natural habitats. If
future development continues uncontrolled, there is a
risk that the ecological balance of the region will be
seriously disrupted [24].

Research findings clearly show that urbaniza-
tion creates environmental impacts such as loss of
natural areas, carbon emissions from transportation
and green space inequalities. In particular, the in-
crease in artificial surfaces and the decrease in green
areas have led to a deterioration in ecological bal-
ance, and projections for 2040 indicate that these neg-
ative trends will continue. As a result, adopting sus-
tainable urban planning strategies, protecting natural
areas and strengthening green infrastructure in Mu-
ratpasa are of fundamental importance in reducing
environmental impacts. In this context, our findings
are important for local governments and decision
makers to adopt a holistic planning approach that
considers environmental, social and economic bal-
ances. Local governments, non-governmental organ-
izations, academia and the public working in cooper-
ation to implement these recommendations will make
significant contributions to ensuring the ecological
sustainability of Muratpasa. Thus, the environmental
quality of the region will be improved, the quality of
life will be increased, a healthier urban heritage will
be left to future generations and a sustainable urban
environment will be created.
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i perioHo3HaBcTBa iMeHI KoctaaTinaa Hemis

[HTeHCcHBHA ypOaHi3alis € ABUILEM, 1110 CYTTEBO BIUIMBAE Ha 3MiHY JIOBKIJUIS Ta BUKJIMKAE CEPHO3HI 3aHENIOKOEHHS
IIIOJI0 CTaJOCTi PO3BUTKY MICT. THCK JIFOCHKOI AisUIBHOCTI Ha €KOJOTIYHI TEPUTOPIi CIPUUYMHSAE CKOPOYCHHS Ta 3MEH-
LIEHHS 3B’SI3HOCTI PErioHaJbHUX EKOJOTTYHUX MEPEX, MiJABUIILYE PiBEHb 3a0pYJHEHHS, TOTIpUIyE eKOJIOT1YHI (QYHKINT Ta
CTBOPIOE 3arpo3y CTAIOMY PO3BHUTKY MiChKHUX TepUTOPiit. Lle mociimKeHHsT KOMIUIEKCHO PO3DIIsAIae SKOJIOTIYHI HACIII KU
ypOanizamii Ta 11 BIUIMB Ha MicbKi TaHAmadTH B paiioni Myparmnama MicTa AHTais, o BKIIOYAE aHaJi3 eKOJIOTIIHNX
HACIIAKIB ypOaHICTHIHOTO PO3BUTKY B Myparmnamii, BUSBICHHs BIDIMBY IIEOTO MpOIECYy Ha MICHKUH MaHgmadT depes
aHaJIi3 TOTHYHUX 3MiHHHX, BHSBIICHHS 3MiH Y 3eMJICKOPHCTYBaHHI Ta NPOrHO3YBaHHs IXHbOT MallOyTHBROT quHaMiKH. [lo-
CIKEHHS Ma€ Ha METi MOAOJAaHHS MPOCTOPOBUX HEPIBHOCTEH y PO3MOALI 3€TICHUX 30H, OLIHKY BUKHAIB BYIJICIIO Ta
TUHAMIKH TpaHchopMariif MicbKoro IaHmmadry, a Takox (GOpMyBaHHS PEKOMEH/IAIIIH OO0 CTAJIOr0 MICHKOTO TUIAHY-
BaHH:. Y pobOoti Bukopuctano gani CORINE mpo 3emiexopucTyBaHHsA, CyITyTHHKOBI 3HIMKH Landsat, [Iporoxon GHG,
LITY4YHI HEHPOHHI Mepexi Ta reoindopmaniitai cuctemu (ArcGIS). IIpoBeseHO OLiHKY 3eJIeHHX 30H, Kiacudikaito 3eM-
JIEKOPUCTYBAHHS, PO3paxyHOK BUKH/IIB BYIJIEIIO, & TAKOXK IIPOTHO3YBaHH: 3MiH y 3eMiieKkoprcTyBaHHi 10 2040 poky. Kpim
TOrO, OYII0 3AifICHEHO aHaJIi3 PO3MOALTY 3€JICHUX 30H Ha PIBHI MIKpOpaHOHIB 3aJIeXKHO BiJ IIIBHOCTI HaceneHHs. JJocimi-
JDKEHHSI BUSIBUIIO Pi3Ke 3pOCTaHHS KiJIBKOCTI aBTOTPAaHCIIOPTY Ta BUKHIIB Bymielto B Myparnami B nepiox 3 1994 mo
2023 pik. Y Toil camuii yac IUIOII 3eJIeHUX 30H CKOPOTHIIMCS, a TeMNHU ypOaHizauii 3pocin. Y npubepexHuX pailoHax
crocTepiranocst OuIbIIe 3eIeHUX HacalKeHb, TOAI K Y BHYTpILIHIX — 3HauHO MeHe. [Iporro3u Ha 2040 pik cBigyarh
PO TOANbIIEe 3MEHIICHHS 3eJIEHUX 30H 1 30UnbmeHHs minbHocTi 3a0ynoBu. J{ani CORINE neMoHCTpYIOTH, IO CLTbCh-
KOTOCHOAapChKi Yrifas Ta IPUPOIHi CepelOBHIA 3a3HAI0Th CYTTEBOTO THCKY BHACIIIOK MiCHKOTO PO3BHTKY. Paiion My-
parmaima repedyBae Ha KPUTHYHOMY €Talll B KOHTEKCTI €KOJIOTIYHOT CTANIOCTi. 3MEHIICHHS 3MiH Y 3eMJICKOPUCTYBaHHI,
BHKHJIIB BYIJICHIO Ta MPOCTOPOBOI HEPIBHOCTI Y PO3IOLI 3€TICHHX 30H BIMAarae BIIPOBADKCHHS CTpaTeTiil CTamoro Mi-
CHKOTO ITaHyBaHHS. 30€pPEeKeHHS 3€ICHNX HAcaKEHb, MATPUMKA Oi0pI3HOMAHITTS Ta MiHIMIi3allis BYIJICIEBOTO CIITY €
KJIFOYOBUMH YMOBaMH peaizallii epeKTHBHOT HONITHKH CTaJIOro PO3BUTKY.

Kniouogi cnosa: cmanicmo (cmitixicms), ypoanicmuunuii po36umox, MicbKi 3e/1eHi 30HU, NPOSHO3YB8AHHSL 3eMAeKO-
pucmyeanns, euxuou eyeneyio, ArcGIS, wmyuna neiuponna mepesica, Mypamnawa, Anmanis.

BHecOK aBTOpiB: BCi aBTOPW 3p06MIM PiBHUI BHECOK Y L0 pobOoTy Hagiiiwna 21 6epesHa 2025 p.
KoHdniKT iHTepeciB: aBTopu NOBiAOMAAOTb NPO BiACYTHICTb KOHDAIKTY iHTEpeciB MpuitHaTa 29 keiTHA 2025 p.
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V crarTi po3mIIHYTO OKpeMi pobiemMu (HyHKIIOHYBaHHS JOPOXKHIX NaHamadTiB Ykpainun. Mera — Ha IpHKIIaji HAHIIOTY XKHIIIOT
B YKpaiHi TopokHBOI TaHaadh THO-iHxKeHepHOi cructemu KuiB-Oneca gocmiinTi 0coOonuBocTi opMyBaHHsI, GYHKI[IOHYBAHHS Ta Cy-
YaCHUI TeOXIMIYHHI CTaH JOPOXKHIX 1 MPUICTINX 0 HUX JaHAMA(TIB s iX MOJAATIBIIOr0 PaliOHaTBHOTO BUKOPUCTAHHS. Y Tpoleci
JIOCITIPKEHHS 3aCTOCOBAHO JIaHANIA() THO-THHAMIYHU, TCOXIMIYHUH Ta SKOJIOTIYHUIH i IXOM Ta HAICXKHI M METOJIH: TIOJIbOBUX JIaH]I-
mad TO3HaBUYMX BUIIYKYBaHb, aHAII3Y 1 CHHTE3Y, 1CTOPHKO-reorpadiuHuii, KapTorpadidyHuil Ta MOEMIOBAaHHA. SIK HACKPi3HI BUKOPHC-
taHo metonu ['IC-texHoOTIH. 3a3HaYEHO, O JOPOXKHIM JIaHIAPTaM, 0COOIHUBO IX OLIBII PO3MOBCIOKEHIM 1 AWHAMIYHUAM JIaH-
mad THO-IH)KEHEPHUM CHCTeMaM, reorpadu i taHamadTo3HaBIi YKpaiHu NPpUAULIOTE Majo yBard. [lokazaHo, o y CTpyKTypi cydac-
HUX JOPOKHIX JaHAmMAadTiB YKpaiHu JOUIIBHO BUIUIATH TPH iX CKIaI0BI (IIIACKCTEMH): JOPOXKHI TaH AP THO-IHKEHEPHI Ta TOPOXKHI
naHAmapTHO-TEXHOT€HHI CHCTEMH, SIKi 4acTO 00’ €AHYIOTH I1iJ] 3aTaJIbHOI0 HAa3BOIO IOPOXKHI JIAHAIIATHO-TEXHIUHI CHCTEMH Ta Hedy-
HKIIIOHYF04i JIOPOXKHI JIaHIIIA()TH — BUBEJEHI 3 eKCILTyaTallii JOPOXKHi JTaHAmAa(TH, 0 PO3BHBAIOTHCS 32 PUPOIHIMH 3aKOHOMIPHO-
ctamu. Yponosx 2018-2021 pokiB mpoBeseHO reoXiMiuHi JOCTIPKEHHS. Ha BMICT Ba)KKUX MeTaliB (I[HHKY, CBHHIIIO, KaJMII0 i Mifi) y
IPYHTOBOMY Ta CHITOBOMY IIOKPHBAX, iX Mirpamii Ta akyMyJslilo y NPHAOPOKHIX CMyrax akTHBHO JiI0401 JOPOXHBOI JaHAA(pTHO-
imkeHepHoi cucremn KuiB-Oneca. BcraHoBIEHO, IO TYT y IPYHTOBOMY Ta CHITOBOMY IOKPHBAX Ba)KKi METAIN aKTUBHO HAKOIIHYY-
IOTBCS, TIEPEPO3MOMIISIOTECS Ta YACTKOBO caMoodnIIaoThea. Ha neskux Harypuux aimsakax JJIIC Kuis-Oneca BuaizeHO aHOMaNbHI
YaCTHHH, Ha SKUX BMICT UHKY Ta CBUHIIO nepeBuinyBaB HopMy [JIK B 2-3 pasu. Bunineno 4 301 3a0pyIHEHHS BOXKKIMU METaTaMH:
iHTeHCUBHOTO 3a0pynHeHHs (0-5 M BiJ MOJIOTHA JAOPOTH); cepeqHporo 3abpyaHeHHs (5-10 m); crabkoro 3abpyauenHs (10-15 m) ta
BigHOCHO ymcTa (moHan 20 M BiJ OJOTHA aBTOMAaricTpaii). 3arajioM, MOMPH CBOIO MOTYKHICTh, TOPOXKHS JTaHIMAPTHO-IH)KEHEPHA
cucrema KuiB-OJieca He HaJI@KUTh JI0 KDUTHYHO 3a0pyIHEHUX BOKKMMH METaJlaMH, 10 CBITYUTH MO 11 3AaTHICTh 0 CAMOOYHIIICHHSI.
3a3Ha4yeHo, 10 Y MePCIIeKTHUBI OilbIle yBaru HE0OXiTHO IPHIIISITH HE JINILE TeOXIMIYHUM i eKOJIOTTYHIM pobiaeMaM (yHKIIOHY BaHHS
JOPOXHIX JaHAWA(TIB, aje 1 iX reopi3uuHNM, peKpealiifHiM, eCTETHYHAM CTaHaM.

Knrwwuoei cnosa: asmomazicmpans, 00pONCHIU TAHOUADM, OOPOANCHS TAHOUWADMHO-THICEHEPHA CUCEMA, 2eOXIMIUHT QOCIi-
02iceH s, NPUOOPOIICHT eKO30HU, PAYIOHANbHE BUKOPUCHIAHHSL.

Sx nuryBaru: JIenucuk I'puropiii, Ataman Jlroqmuna, lenucux boraan (2025). JopoxHs nanamadTHO-iHxeHepHa cuctema KuiB-Opneca: ¢yH-
KI[IOHYBaHHsI, Cy49acHNH reoXiMiuHHIi CTaH, IPOOIEMH palioHaJIbEHOTO BUKOPHUCTAaHH. BicHNK XapKiBChKOTO HAIIOHAIBHOTO yHiBepcHTeTY iMeHi B. H.
Kapasina. Cepis «I'eonorist. I'eorpadist. Exomoris, (62), 174-183. https://doi.org/10.26565/2410-7360-2025-62-13

In cites: Denysyk Hrigoriy, Ataman Liudmyla, Denysyk Bogdan (2025). Road landscape and engineering system Kyiv-Odesa: functioning, current
geochemical state, problems of rational use. Visnyk of V. N. Karazin Kharkiv National University. Series Geology. Geography. Ecology, (62), 174-183.
https://doi.org/10.26565/2410-7360-2025-62-13 [in Ukrainian]

Beryn. Pazowm i3 cenuteOHUME TOPOKHI JIaH/-
madtu GopMyrOTh CBOEpIHWE KapKac Cy4acHOTO
aHTpornorenHoro yapamadry Ykpainu. Buznavanb-
HUMH Y (QYHKLUIOHYBaHHI JOPOXKHIX JaHAMA(TIB €
nopoxkHi nanamadTHo-imkenepHi cucrtemu (IJIIC)
— Cy4acHi, aKTUBHO 104l JIOPOTH 3 HAJIEIKHOIO M 1H-
¢dpactpykryporo [5]. [Tonpu 3Hauymiicts JJIIC y ro-
CHOAAPCHKIM  MiSUIBHOCTI  JIIOEH, EKOJIOTIYHOMY
BILJIMBOBI Ha JIOBKLJIJIS Ta 3I0POB’ s JIFOJCH, X 10CITi-
JOKEHHsI HaOyBalOTh aKTyaJIbHOCTI 1 y 3B’SI3KY 3 Cy-
YaCHUMHM BOE€HHMMH Ta COLIaTbHO-EKOHOMIYHHUMU
npoiecaM B YKpaiHi, a Takok 00’ €IHaAHHIM J0PO-
xHiX nanmmadTie, nepesaxkno IJIIC, Vkpainu i

3axinnoi €Bponu. OgnHak, Ha moyaTky XXI cT. mopo-
*Hi TanamadTu Ykpaiau, mpocTopoBO-4acoBi 0co0-
TMBOCTI iX (opmyBaHHs, NaHamadTHa CTPYKTYpa,
(GYHKLIOHYBaHHS, BIUIMB Ha HAaBKOJHIIHE CEPeNo-
BHUIIE, JOCJIDKEHI JIMIIe YacTKOBO y Mexax [lo-
ninnsi, Bomui, [puaninpos’s. JJopoxHi nanmmad-
THO-1H)KEHEpPHI CHCTEMH PO3IJISIHYTI y 3arajibHOMY
KOHTEKCTI, JIemo Oijblie yBaru NpuaijieHo ix reoxi-
MIYHUM BJIACTUBOCTAM. KOMIUIEKCHUX HOCIIIKEHD
JUJIIC 3 mo3unii npupoJHUYOT i KOHCTPYKTUBHOI Te-
orpadii Ta aHTPONOr€HHOIO JaHAA(PTO3HABCTBA
Maro.

JopoxkHs naHmmapTHO-IHKEHEPHA CUCTEMa

© AeHucuk Mpuzopiti, AmamaH /Trodmuna, eHucuk boedaH, 2025
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Kwuis-Ogeca, oqHa 3 HaWTIOTYKHIMTUX Y MeXaX YK-
paiHy, € ONTUMAJILHOIO MOJEIIIIO JUIsl IeTaIbHUX J10-
CJIIJKeHb TOJI0HOTO cTarycy. BoHa ckiamHa, HeoI-
HopimHa W auHamiuna. 3 Kuesa mo Opecu, uepes
MpHUpOIHi 30HU Jicoctemny i cremy, IJIIC mpocTsra-
€ThCs Ha 537.2 KM, TIEPETHHAE 11’ ATh aAMIHICTPATHB-
HUX o0nacTei i 3’ €qHy€ HEHTPAIbHY YaCTHHY Y Kpa-
{HM 3 mMBHIYHUM y30epexoksmM Yoproro mops. [oc-
TipKeHHsT cBoepimHoi ictopii dopmysanns JIIC
KuiB-Opeca, ii cydacHOi CTpYKTypH 1 BIIaCTUBOCTEH,
MPOSIBY HECTIPUATIMBUX MPOLECIB Ta PO3poOKa 3aX0-
IiB TX ONTHMI3allii Ma€e CyTTEBE HAYKOBE 1 TPaKTHYHE
3HAYEHHSI, & TAKOXK Oy/Ie CTUMYJIOM IS TIPOBECHHS
nonioHux aocmimkens iHmmx JJIIC Ykpainu.
Orasaa nonepeaHix J0CaiIKeHb i myoaiKkami.
HopoxHni nanamadTa YKpaiau 3arajiom, a B iX cTpy-
KTypi JOpOXHI JaHAmAa(THO-IHKEHEPHI CUCTEMH,
3aiKaBWIA JTIaHAMAGTO3HABIIB HAMPHUKIHIN JPyTol
mosoBuHA XX cT. [4]. Yipomosx MuHymux 20 pokiB
XXI cr. mopoxuiMm naHamadram YkpaiHu mpuii-
JICHO 3HAYHO OiJIbIlIE yBArl, OHAK BOHU CTOCYIOTBCS
JUIIe OKpEeMUX MpoOiieM iX (YHKIIOHYBaHHS Ta
crany. Yukaiino 1O. 1. 3aificnuna ekomnoro-reorpadi-
YHMIA aHai3 aBromarictpani JIbBiB-Kpakosers [19].
AHaIti3 TOYHOCTI BiJOOpaXeHHS aBTOMOOIBHHX J0-
pir B Ykpaini i CILIA 3giificHumm XapKiBChKi il KHiB-
CBbKi BuU€HI [ 16]. 3HauHa KUTbKiCTh IMyOJIiKalliii cToCy-
€THCSI OKPEMHUX CKJIQJIOBUX JIOPOXKHIX JIaHAIIA(TIB,
0COOIMBO IPUAOPOXKHIX. Y Mexax UepHiBepKoi 00-
JIACT1 JOCIIHKEHHSIM 3 €KOJIOTO- T€OXIMIYHOIO OIli-
HIOBaHHsI JIOPOXKHIX reocucteM mhposoawian M. B.
Tanacrok ta I'. JI. Xoman [18]. B okpemux mocii-
JDKEHHSIX yBara NpUIUIAETbCA BU3HAYEHHIO KOHIICH-
Tpauii Baxxkux MetaniB (Pb, Cd, Cu, Zn) y rpyHTO-
BOMY Ta CHIrOBOMY MOKPHBI B3[I0B TPAHCHOPTHHUX
Marictpaieit iHaycTpianbHO-ypOaHi30BaHUX TEPUTO-
piii. P. b. Banuypa HaBiB NOpiBHSUIBHY XapaKTepuc-
THUKY BMICTY B&XKKHUX METAJiB y MPHUMAaricTpaibHUX
ninsHkax tepuropii Ykpainu ta Himeuunnu [1]. Ha
TepuTopii UepHITriBChbKOT 00J1aCTi, BMICT BaXKKHUX Me-
TaNiB Y TPYHTI Ta OBOYEBOI MPOAYKII B 30HI aBTOT-
pacu YepHiris-I'omens mocmigmmm A. 1. MensHuK Ta
I'. O. Yemanosa [17]. O. Kynuuk Ta XK. [epiit y me-
Kax 1€l 00acTi 3MIHCHUIN aHa3 BMICTY BaXKKHUX
METAaJliB Y CHITOBOMY IOKPHBY JOPOXKHIX JaHmmad-
tiB [11]. B. A. FOpuenko, O. I'. MenpauKOBa Ta M.
B fAHuMk moCmiguin XiMIYHUER CKJIaJ] OBEPXHEBUX
CTIYHHX BOJI 13 aBTOMOOUIBHUX JOPIT Ta TOPOXKHBO-
1HQPACTPYKTypHUX KOMIUIEKCIB Ha TepuTopii Xap-
KiBcbkoi obnacti [20]. KomriekcHi reoxiMivHi goc-
JIJDKEHHS TOPOXKHIX JaHamadriB nepeBaxxHo Kuis-
ceKoro periony nposezeHi O. O. 'anaranowm [2]. [e-
nucuk [. I., Banpuyk O. M. 3 manamadro3naByoro
MOTJISY, BUIUIMIM W OOTPYHTYBalHM HasBHICTH Y
JJIIC ex030H, pO3MISIHYIN X CTPYKTYpy Ta 3HAYH-
MicTb [5, 6]. IIporpamy MOHITOPHMHIOBOIO IOCIIi-
JOKCHHSI JIIHIAHMX acCIeKTiB 1H(QPacTpyKTypH Ha

npukiani aBromarictpam KuiB-Omeca po3pobus C.
I1. Orinbko [14]. Lum xe aBTOpOM MPOBEACHO 30HY-
BaHHsI aBTOMOOUTBEHUX J0pir Yepkackkoi o0OmacTi 3a
CTyIeHEM C(OPMOBAHOCTI EKOCUCTEMHUX BiJHOCHH
[13] Ta oxapakTepu3oBaHO (POPMYBaHHS MTPHIOPOK-
Hix cucteM [15]. I. Kpaemnosa, C. Conrko, O. Bacu-
nesko, . I'ypepkuii, C. OrinbKo po3risiHyIu Gopmy-
BaHH# 0101I€HO31B Y TPUAOPOXKHIX MaHAmadTax Yep-
KacbKkoi obmacTi [10]. bimpmricTs i3 IUX AOCTIKEHD
CTOCYBAJIMCh 1 JOPOXKHIX JaHAMAPTHO-IH)KEHEPHUX
CHUCTEM Ta BpPaxOBaHO aBTOPAMH Yy LBOMY JOCIHi-
JHKEHHI.

Buninennst HeBUpilIeHUX paHille YaCTHH 3a-
rajibHoi npodjemu. YiTkuid moain TOpoxKHIX JaH[-
madTiB Ha TPU CKIAIOBHUX: MTOPOXKHI JTaHAMAPTHO-
IKEHEpHI Ta MOpOXKHI JaHAmMAa(THO-TEXHOTCHHI
TPHOXOJIOKOBI (IPUPOJIA, TEXHIKA, YIPABIiHHSI) CHUC-
TeMHU Ta HeYHKIIOHYIOUl JOPOXKHI JaHamadTH, sk
TeOKOMIIOHEHTHI crucTemHu. JleTanpHe Ti3HAHHS CY-
YaCHUX aKTUBHOJIIFOYUX JIOPOXKHIX JaHIa(THO-1H-
JKEHEPHUX CHCTEM, iX T'€OXiMIYHOrO CTaHy Ta Ipo-
OJeM TOJANBIINX JOCHTIKeHb Ha MPHUKIIAIl HAWIIO-
tyxkHimoi B Ykpaini JJIIC KuiB-Oneca. Pesynbratu
MO)XHa BHMKOPHCTAaTH B MPOLECI MOAIOHUX JOCITi-
JOKeHb 1HIHNX, PI3HOPAHTOBUX JOPOXKHIX JaHmad-
TiB YKpaiHu.

Metoau nociigxennsi. Cepen roJoBHUX NPH-
ponauyo-reorpadiuHuX 1 JaHAAPTO3HABUYMX Mif-
xoniB gociimkeras MJIIC 6ymm nmarmmadTHO-TE0-
JMIUHAMIYHUHN, T€OXIMIYHHUH, eKOJOTiYHUN Ta 1HDOpP-
MalliifHuH, a TaKOXK MPHUHIUIN — iICTOPUYHHMA, TPH-
POIHBO-aHTPOIIOTEHHOTO CYMICHHMLITBA, CHCTEMHO-
cti. OKpiM MONEOBUX JaHIIIAQTO3HABYMX METOJIIB,
BUKOPHCTAHO 3arajbHOHAYKOBI (aHAi3y, CHHTE3Y,
MOPIBHSAHHS, ACYKIi1, IHAYKIIii) Ta KOHKPETHO HAY-
KOBi (kKapTtorpadiyHuii, iCTOpUYHO-TEOTpadiuHui,
MOJICIFOBaHHS, 0aJaHCOBUH, T€OXIMIYHHUM, TIePio -
3amii) npuiiomu i Metoau. J{st 30epekeHHs Ta BiT-
BOPEHHS Bi3yaJlbHUX JaHUX BHUKOPHUCTAHO METOAM
I'C-texHoOTIH Ta KOMII'IOTEPHOTO MOJIETIOBAHHS,
13 3aCTOCYBaHHSAM Mporpam: rpadiuHoro pemaakropa
CorelDRAW; dotopenaktopa Adobe Photoshop.
Buxopucrano BigKpuTi Mepexi KOCMIYHUX 3HIMKiB
3emiti Google Earth.

Pe3yabTaTu pociimxenns. Jlopora i mopoxHi
na"amadTH — 1Ba Pi3HUX, OTHAK TeHETHYHO B3a€EMO-
OB’ sI3aHUX MK c00010 ToHsITH. Jlopora nuiie oc-
HOBA, T'OJIOBHA BICh JOPOKHBOIO JaHAmadty. Jlopo-
JKHIH manaAmadT — e CKIIagHa CUCTEMa aHTPOIIOTeH-
HOTO, TIEPEBAXHO TEXHIYHOTO MOXO/KEHHS, CTPYK-
Typy ¥ 0cOOIMBOCTI (DYHKIIIOHYBaHHS SIKOi BU3HAYA-
I0Th BJIACHE JIOpOra 1 HaJiexHa iil iHpacTpyKTypa
[8]. Buokpemneno i oOIpyHTOBaHO TPH KaTeropii
JIOPOXKHIX JTaH A TIB:

- JOpOXHI JaHAmAa(THO-IHKEHEPHI CUCTEMHU
(JJIIC) — cyuacHi Tppox0110KOBi (Ipupoa, TEXHIKA,
VIpaBIiHHS), aKTUBHO (YHKIIIOHYIOWi JIOPOXKHI
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naHamadTy;

- JIOPO’KHI JIaHIIIa(THO-TEXHOI'CHHI CHUCTEMHU
(JITC) — ne AJIIC, 110 BUHLTH 13 aKTHBHOTO BUKO-
pHUCTaHHS Y SIKMX BiZICYTHI/ OJIOK ympaBIiHHS 1 JIHIIIe
YacTKOBO (PYHKIIIOHY€ TEXHIYHUN OJIOK;

- HepyHKIioHyt041 qopoxHi manamadta (H/JT)
— BUBEJICHI 3 €KCILTyaTallii IOPOKHi JIaHAmA(TH, 110
PO3BHBAIOTHCS 32 IPUPOTHIMU 3aKOHOMIPHOCTSIMH.

VY cydacHil CTPYKTypi JOPOXHIX JaHmmadTiB
VYkpainu nepeBakaloTh JOPOXKHi TaHAIad THO-1HKe-
HepHi cucteMu. HalMoTy>KHIIIO 3 HUX € aBTOMAri-
ctpans Kwuis-Oneca. Ii axtmHa po3bynosa Bimby-
nacst ynpoaoBx XX ct. Y 1926 poui BiaKpuiu aBTo-
MoOinbpHy mopory KuiB-Opeca, a 3 60-x pokiB XX
CTOMNITTS ii MoYanu po30yIOBYBaTH AK JaHAIIAPTHO-
imkeHepHy cucremy. Ha mogarky XXI cr. 3aranpHa
OpoTsDKHICTE aBromarictpani KuiB-Opmeca — 504.6
kM, 0o0xig M. Ozxeca — 32.6 kM, pazoM — 537.2 kM.
[[InpuHa 3eMIISTHOTO ITOJIOTHA TOPOTH Ha BCiH MPOTHI-
XKHOCTI 12 M, mmpuHa npoizHoi yactuuu — 7.0-7.5 M.
[epeBaxkae pBomapoBe achanbToBEe MOKPUTTS TOB-
mHO0 40 cM Ha pisHHX ocHOBax (213.3 kM) Ta 1e-
MEeHTOOEeTOHHE TOBIMHOI0 20-22 ¢M Ha IMIaHii oc-
HOBI a0 IpyHTI, o cTabinizoBanuii 6irymom (174.5
KM), perra mokputts 3Mmimane. JJo 2000 poxy Ha aB-
tomarictpan KuiB-Opneca 30ymoBano 29 mocTiB 3a-
rajbHOI0 NOBXUHOIO 1410.5 KM, cepen IKuX — yepes
piuku Pock (202.3 wm), [liBgennuit byr (160.1 m) Ta
MPOTOKY Xa/KnOewchbkoro muMany (206.5 m).

3 METOI0 PO3BUTKY MIKHAPOIHOTO TPAHCIIOPT-
Horo kopuaopy Ne9 Bepxosuoro Pamoro Ykpainu y
2003 porti Oyno npuitaaTo yxsany «lIpo pexoHCTpy-
KIIiFO Ta eKCILTyaTallito Ha TUIaTHiil OCHOBI aBTOMOOI-
neHOT noporu KuiB-Opeca Ha pinsaii Bij XKarmkosa
1o UepBoHO3HAM'stHKM». Lle OymiBHHIITBO BiJOME VK-
paiHIM 1ix Ha3Boro «byniBHUIITBO aBTOOaHy KuiB-
Opneca». Xoua aBTo/iopora He BiMOBIIAE BCIM KpH-
TepisiM 1 He € aBTOOAHOM, i1 BIIHOCSTH 10 aBTOMOOI-
JIBHUX JOPIr 3araJlbHOr0 KOPUCTYBAaHHS JePKaBHOTO
3HaueHHs. [IpOTsHKHICTD JAUISHKY, sIKa Hijisaraia pe-
KOHCTPYKIIii, craHoBWIa 219 KM, 3arajibHa BapTICTh
poOit — 3,9 mipa. rpH. PexoHcTpyKIis movanacs Ha
118 minsakax aBTomoporu B Uepkacekiii, Kipoo-
rpajachbkii, MukonaiBebkiit i Onmechkiii oonactsax. Jlo
po0bit Oyrno 3amydeHo 63 HOPOXHBO-OYHiBENBHI 1
crerianizoBaHi MOCTOOYiBHI OopraHi3aiiii, 3 yKpaiH-
CBKUX JOPOXKHBO-OYMIBEILHUX Ta MOCTOOYIIBHUX
MIIPUEMCTB, Oy IIBENbHI MAPO3AUIN YKp3ai3HHUII,
3aJi3HUYHI BificbKa, OyaiBenbHi dipmu 3 pocii, Type-
yuuHu, Oitopycii, @innsaaii, Himeuunnn Ta Make-
JIOHI1, a TAaKOX aBTOTPAHCIIOPTHI MEXaHI3MHU MiAPO3-
niniB BAT JJAK «ABToMOO1BHI AOoporn Ykpaiam» 3
yciei Ykpainu, noHan 1780 onuHunp TexHiku. Pos-
paxyHKOBi HaBaHTaxeHHs — 11,5 ToH Ha Bick. Po3pa-
XYHKOBA IIBHJIKICTh aBTOMOOUTFHOTO TPAHCIIOPTY —
140 xm/ron. Inrencusnicts pyxy nHa JJIIC Kuis-
Opneca cranouts Big 10 000 10 48 500 aBTOMOO1ITIB

Ha 100y y KuiBcekiit obmacri, y Uepkachkiit o0macti
—Bix 10 000 mo 16 000 aBTomMoOiTiB Ha 100y, B O1e-
cpKiil obmacti — Big 10 000 go 40 000 aBTOMOOINIB
Ha 100y [8].

VY CcTpyKTYpi TOPOXKHIX JTaHAIIa()THO-1HXEHEp-
HHAX CHCTEM TIOCTIMHO 3POCTa€ KUIBKICTh Ta SKiCHE
odopmieHHST iHQPACTPYKTYPHUX €IEMEHTIB (I0po-
JKHI 3HAKW, PEKJIAMHI IIUTH, OCBITJICHHS TOIIO) i
KoMmIutekciB. JopoxHi manmmadTHO-1HQPACTPYKTY-
pui kommekcu (JJJIIK) — ctpykrypu JJIC, dyHKmi-
OHYBaHHS AKHX 3a0e3rnedye KOM(OPTHI YMOBU IS
TSTPHOCTI JIIOMWHHU 1 TPaHCIOPTy (aBTO3ampaBHi
cTaHIlii, kade, MiHIMApKETH, TOTENI, KEMITIHTH, XOC-
Tenu, Micud BignounHky, CTO, moctu matpymnbHOT
ciryx0u HaIllioHANBHOI moinii YKpaiHu, BaroBi KOM-
TUIEKCH, TIPUIOPOKHI Oazapu Tomo). [HdpacTpykTy-
PHI JOPOKHI €TIEeMEHTH 1 KOMIUIEKCH MOCTYIIOBO CTa-
10T OJTHi€F0 3 Bu3HadanbHuX o3HaK JJJIIC, 30kpema i
il koM(opTHOCTI. Y CTPYKTypi Cy4aCHHUX JOPOXKHIX
NaHImAPTHO-IHKCHEPHUX CUCTEM YKpaiHW BOHH
3aiimaroTh Big 7% 10 12-14% ix Tepuropiii i miomri
nmocTtiHO 3poctatoTh. Y crpykrypi JJIC «Kwuis-
Opnecay TopoxHI THPPACTPYKTYpHI KOMILIEKCH 3aii-
Matoth 10-12% ii Teputopii i GopMyroThCs, TIepeBa-
’KHO, Ha 0cHOBi uncnennux TyT A3C (puc. 1). Ix ki-
JBKiCTh HeCcTabiIbHA 1 IeT0 3MEHIITYEThCSA 32 MUHYJI1
3-4 poku.

TumoBa cTpyKTypa JaHAmMAPTHO-IHPPACTPYK-
TYPHOT'O KOMIUIEKCY TTOKa3aHa Ha IPHUKJIal OKpeMoi
aBTO3aMpaBHOI cTaHIlil B okojuisx M. bina L{epkea
KuiBcrkoi o6aacri (puc.2). CkynueHHs iHppacTpyK-
TYpHHX €JIeMeHTiB 1 kommekciB y mexkax JJIIC, do-
PMYIOTh JIOPOXKHI JaHAIAPTHO-IHPPACTPYKTYpHIi
By3iu (IJ1IB), mi3HaHHS SKHX MOTpeOye JeTalbHi-
VX JOCIHIPKEHb y MalOyTHHOMY .

TexniuHe (TIepeBaxxHO aBTOMOOINBHE) # collia-
npHe (iH(ppacTpykTypHe) HaBaHTakeHHss Ha JJIIC
KuiB-Opeca 3pocTtae mpHCKOPEHUMH TEMIIaMH, IO
MPHU3BOIUTH JI0 HECTAOUTBHUX 11 T€0XIMIYHOTO ¥ eKOo-
JIOT1YHOTO CTaHiB, a TAKOXX YaCTUHH MPWIETIIUX JI0
JUIIC nanmmadTiB. 3a0pyJHEHHS! TOPOXKHIX JaH[-
mapTHO-IHKEHEPHUX CUCTEM CIPUIHHEHE (PYHKIIiO-
HYBaHHSIM aBTOMOOUTFHOTO TPAHCHOPTY (AeTansiMu
KOHCTPYKIIii aBTOMOOIJIsI), 8 Ha OKPEMHX JISTHKAX
BIUTMBOM CUTECHKOTOCIIOAAPCHKUX JIaHAMA(TIB, e
aKTHBHO BHUKOPHCTOBYIOTH (ocarHi moOpuBa. Ba-
KKl METalld MOTPAIUISIFOTh Y TPYHTH Ta HAKOIUYY-
to1best y Mekax JIJIIC Ha rmbuni Big 0 1o 20 cM, a
NpY 3HaYHIM KOHLEHTpauii NPOHUKAIOTh Ha TTTHOMHY
110 100-150 cM y 3a1eKHOCTI Bl MiJACTHIBHOIO Cy0-
cTpary.

st nocmimkennss Baxkux meranis y JJIC
KuiB-Oneca y 2019 poui 3aknaaeHo 28 HaTypHHX Ii-
JITHOK (onHa AinsHka Ha 20-25 kM aBroMarictpant).
Haii6inpm neranbHO OmparboBaHi 3 HUX 1 CYTTEBI
Juist mi3HaHHA Teoximiynoro crany JJIIC Kwuis-
Opieca po3NIISIHYTI Y TIOAAIBIIOMY.
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Puc. 1. lunamika po3oynou A3C Ha aBrotpaci Kuie-Oneca (1970-2020 pokn) /
Fig. 1. Dynamics of gas station development on the Kyiv-Odesa highway (1970-2020)

, S——
. m ==

PR p——

= =1
1112 1110 = Ji
EN=|

| ==

S ——

b - o a s a aa

: E=4
Em1 Ems [
EA]2 (16 =10

Y

] : ,u;ml: (i3 Ed7 =1
’ P Lo Il = | fas4 178 =412

A b
Puc. 2. Jlangmadrha crpykrypa A3C B okonuisix M. bina Llepksa /
Fig. 2. Landscape structure of the gas station in the vicinity of the city of Bila Tserkva

A. Nopoxust nanamadrHo-imxeHepHa cuctema «KuiB-Oneca». Ypouniia: 1) BUpIBHSHA JiecoBa MOBEPXHs, BKPUTA
YOPHO3EMaMH THIIOBUMH, T1i/1 TIOJLOBUMHM CiBO3MIHAMM; 2) JIECOBUI CXMII, KPYTH3HOK 4-6° i3 4opHO3EMamMu TUMIOBUMH,
PI3HOMaHITHOIO TpaB’SHUCTOIO POCIMHHICTIO (OCHKa BOJIOCHCTA, MEIyHKa TEMHA, KOIUTHIK); 3) cIaOKo-XBUIISICTA Jie-
COBA MOBEPXHsI, BKPUTA YOPHO3EMaMH THITIOBHMH, 3aiHATA JIy9HO-TpaB’ SHICTOIO POCIMHHICTIO Ta Oyp’siHamu; 4) ecoBi
HiJIBUIIEHHS, KPYTH3HOI 7-9°, i3 4OpHO3eMaMy TUIIOBUMHU Ta JIEPEBHUMHU acomiaismu (rpab, ay6, akamis, Gepesa); 5)
BUPIBHSHA JiecoBa MOBEpXHs, 3aiiHsTa A3C; 6) BUpPIBHSIHA JiecOBa MOBEPXHs, 3ai{HATAa PUHKOM CLIBCHKOTOCIIOIAPCHKOT
TEeXHIKM; 7) IeCOBHI CXMII, KpyTH3HOK 40-45°, i3 4opHO3eMaMM TUIIOBMMH IIiJl TPAB THUCTOKO Ta PyIEPaTLHOK POCIIHH-
HICTIO; 8) BHpIBHSHA JIECOBa MOBEPXHS, i3 YOPHO3EMaMH THIIOBUMH 3alHATA CLTBCHKOTOCHOAAPCEKUMH KyIbTypamu; 9)
c1abKO-XBUJISICTA JIECOBA MIOBEPXHS, 13 YOPHO3EMaMH THITOBUMU ITiJl OJIbOBUMU ciBo3MiHamu; 10) aBTOMOOTBHA JOpOTa,
BKpHTa ac(hajbTHUM MMOKPUTTSM, IMUPUHOIO 14 M; 11) aBTOMOO1IbHA TOpoTa, BKpUTA ac(haTbTHAM MOKPUTTSIM, IIAPUHOIO
7 M; 12) po3ainbHa cMyTa, IMAPUHOIO 3,5 M, BKPUTA HACUITHUM IPYHTOM, i3 TpaB’ STHUCTOIO POCIUHHICTIO.

b. Cxnanne ypouuiie A3C. Ypouwniua: 1) BupiBHsIHA JiecoBa MOBEPXHs, 3aifHsATa Mij OYyIiBIIO cTaHiii; 2) mia3eMHi
pes3epByapH ISl najbHOro (HoBKHHA — 2,72 M; mmpuHa — 1,90 M; 06’em — 6000 i1); 3) BUpiBHSIHA JiecOBa MMOBEPXHS,
BKpHTa ac(ajbTHUM IOKPUTTSM, Ha SIKii po3TaloBaHi 3arpaBHi OcTpiBIli; 4) BUPIBHSHA JIecOBa MOBEPXHS, i3 YOPHO3E-
MaMH{ THIIOBUMH 3 IEKOPATHBHUMH POCIMHAMM; 5) CIaOKO-XBHIIACTA JIECOBA ITOBEPXHsI, BKPHTA 3aJ1i300€TOHOM, 3 ecTa-
KaJI010 JUIsl 3IMBaHHS MacTWI; 6) BUPIBHSHA JIECOBA MTOBEPXHS, BKPUTA ac(halbTHUM MOKPUTTSIM, Ha SIKiil po3TalIoBaHi
OYHCHI CIIOPYAX; 7) MalJaHYUK JIJIsl aBTOMOO1LITIB.
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Cepen BaXKHX METaJliB OCHOBHUMH 3a0PYIHIO-
Bagamu JIJIIC KwuiB-Omeca (rpyHTy, BOmOHM, TOBI-
Tps, POCIIMH) € LIMHK, CBUHEIb, KaaMill Ta Migb. Ix
aHaJIi3 31iHCHEHO TIePIIOYEPTORO.

Bwmict yuuky y TpyHTI 3aNeXuTh Big O6ararbox
YUHHUKIB cepell SKUX: BUKUIN aBTOMOO1ITiB, BIACTH-
BOCTI MaTepUHCHKOI OPOAHX, BMICT Pi3HUX OpraHid-
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Puc. 3. Bmict muaky y JJIIC Kuis-Oneca /
Fig. 3. Zinc content in the Kyiv-Odesa road landscape engineering structure (RLES)

Ha ¢onOBUX minstHKaxX BMICT Zn 3HAXOAUTHCS Y
Mexax HopMu. OJTHaK Ha JUISHIL TOOIU3y M. Y MaHb,
Ha PO3BWIL «JIMCT KOHIOIIMHUY, 3HAXOUTHCS aHO-
MajbHa Ul TPUAOPOXKHIX JaHMMA]TIB MiNsSTHKA Ha
Bijctani 10 M Bix nojiotHa jgoporu. Tyt 3adikcoBano
Ha/IMIpHY KUTBKIiCTh BMIcTy pyxomoi ¢opmu Zn y
rpyHTi — 40,90 Mr/kr (puc. 3), mo He XapaKTepHe I
i€l MicieBocti, Ta nepesuinye ['JIK maibke BaBivi
(F'OCT 17.4.3.06-86) [9].

3a monepeaniMu gociimkeHasvu y 2016-2017
pOKax BMICT IMHKY Ha IIii AUISHIN cTaHOBHB — 44,50
MI/KT, TOOTO 111 3 OubinuM nepeBuiineHusMm [ K.
HinsHka JociipkeHHsT Mae HeBelwky ooty (1,2
ra). Lle mano MOXIHBICTh BUAUINTH 11 SIK aHOMAJIBHY
3a BIUIMBOM B&)KKHUX MeTasliB. MOHITOPUHT Ha BMICT
LUHKY 0013y M. YMaHb Ha PO3BHIII «JIUCT KOHIO-
IIMHK TT0KAa3aB, 110 13 Y4aCOM KIJIBKICTh BAKKOT'O Me-
Tajgy y IPYHTI IIOCTYNOBO 3MEHIIyeThes. Lle moB’s-
3aHO 13 CAMOOYHMIIICHHSIM IPYHTY, SIKE BiI0YBa€ThCS
MOBUIBHO 1 y MalOyTHbOMY LIeH MOKAa3HUK MOXE Csi-
THYTH HOPMH. 3apa3 BMICT Zn y IPYHTI 3HaAXOIUThCS
y HaJIMipHI# KiJIbKOCTI, IO € HeOEe3MeYHUM JIJIsl HOp-
MaJIbHOTO (DYHKI[IOHYBaHHS IPYHTOBOI O10TH Ta poc-
JIMHHOTO TIOKPUBY, & TAKOXK JIJIs 370POB’ S JIFOIEH.

Pyxoma dopma ceunyro y rpynri 3a JJCTY4770-
9-2007 ctanoButh 6,0 Mr/kr. OCHOBHA Maca CBHHITIO,
10 HAJIXOAMJIA y TPYHT MEPEBaKHO B MHHYJIOMY 1 Ya-
CTKOBO TeTep, CIIPUYMHEHA PE3yILTATOM JIii 3rOpaH-

HS TTATBHOTO aBTOMOOIMFHIMHE IBUTYHaMU. Ha ¢o-
HOBIM autsHII 1moOau3y M. KuiB cBUHENb Cl1abKo
MPOSIBISIETHCS (pUC. 4).

3naune migsumeHHs piBHsa ['JIK Pb 3adikco-
BaHO y Mexax HarypHoi ainsaku bina Lepksa. Kpim
aBTOMOOUIEHOTO TPAaHCHOPTY, HA BMICT CBHHIIO B
JJIC Kwuis-Oneca nposiBIS€THCS BILIUB IPOMUCIIO-
BUX IANPHEMCTB MicTa. MOro mokasHuK 36imblry-
€ThCS BiJl JUKepen 3a0py/JHeHHs 1 Ha0yBae MakcuMa-
npHOTO 3Ha4YeHHs y 10 MeTpoBiii cmy3i — 9,1 Mr/kT, y
15 — 6,9 Mr/kr, O SBHO TIEPEBHIIYE€ BCTAHOBICHY
Hopmy ['JIK. Ha HarypHiit ginsHmoi modausy c. Hec-
TepiBKa CBUHEIb Maibke He MposBiseThes. Ha oka-
TBHIN AUHI B okonuIix . [likiBenp 30epiraeTscs
TEHJICHIIIS JI0 3MCHIIICHHS KIJIbKOCTI BMICTY Ba)KKOT'O
MeTay Bij Jpkepena 3a0pynHeHHs. Ha Bigcrani 5
METPIB BiJ| ITOJIOTHA IOPOTH IMOKAa3HUK CBUHITIO CTa-
HOBHUB — 9,3 MI/KT, 1110 IEPEBULIYE IPAHUYHO JIOITYC-
TuMuil KoHleHTpaT. OnHak Ha 10 Ta 15-T1 MeTpoBHX
BicTaHsax BMIcT Pb 3MenmmuBcs maibxke Basiui. Ha
JIOKAJIbHIA (POHOBIN MUISHINI M. YMaHb — PO3BHIIII
«JIMCT KOHIOIIMHMY», BMICT CBUHIIFO TPOSIBISETHCS
nmo-iHoMy. Ha minsHIii 5 MeTpiB Bijg MOJIOTHA JI0-
poru BMicT Pb HalimeHmni# i cTaHOBUTH — 4,3 MI/KT,
onHak Ha 10 Ta 15-Ti MeTpoBiii BifcTaHsAX 3aikco-
BaHo 30inmpmenns ['JIK Big 6,0 1o 6,5 mr/kr. I1o6-
3y pinsaku Kpuse O3epo cBuHENb B Mexax 2-2,2
MI/KT, I10 CTAHOBUTH MeHIIe HOpMHU. OHAK KiJb-
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Puc. 4. Bmict cBunmio y IJIIC Kuis-Opeca /
Fig. 4. Lead content in the Kyiv-Odesa road landscape engineering structure (RLES)

0,9
0,8
0,7
0,6
0,5 0,42
8';‘ 0,28
02 I 0,14 0,15
0,1
! ] ]
2 > > &
«gi*\ Q*QS’ & ,‘b@é
& E & &
& NS 3
@. CJ

0,95
0,35
0,29
I I 0,18
© o & &>
@‘8‘2» O“)@ é@cb 0&0
& & & ¥
& &
@(& . @@$
Q %&Q
v
,Jr‘b

B Micust B3ATTS 3pa3KiB IPyHTY

Puc. 5. Bmict kapmiro y JJJIIC KuiB-Opneca /

Fig. 5. Cadmium content in the Kyiv-Odesa road landscape engineering structure (RLES)

KiCTh CBUHIIIO Ha JIOCIIKYBaHIM MINSHIN MOOIU3Y
Xamxebelicbroro muMany 3Ha4HO Buta 3a ['JIK. He-
BEJIMKA TUIOMIA JUITHKU JIa€ 3MOTy BUOKPEMHTH aHO-
MaJIbHY JIISHKY 13 IEPEBUIIEHUM BMICTOM CBUHIIIO
y 1,5 pasu. Ha Biacrani 5 merpiB BiJ aBTOAOpOTH
BMICT CBHHI[IO CTAHOBUTH — 9,7 MI/KT, 1110 TIEPEBU-
mrye I'JIK. Ha Bigcrani 10 Ta 15 M nmoka3HuK cniazae,
IO BKa3y€e Ha 3aJeKHICTh 3MEHILICHHS BMICTy Bax-
KOTO MeTajly y IPYHTI Bif JxKepesna 3a0pyaneHss. Ha
JIOKaNbHINA TUITHII oomu3y M. OJieca CBUHEIb CTa-
HOBUTH HIXK4e HOpMH ['JIK [8].

Bwmict xaomiro y rpynrti 3a I'/IK cranosuts 0,7
MT/KT 1 Ha BCiX HATYPHUX JIUISTHKAX JIOPOXKHBOT JIaH/I-
madrHo-imKkeHepHOT cuctemu KwuiB-Opmeca 3Haxo-
nuThest B Mexax Hopmiu 0,11 — 0,42 mr/kr (puc. 5).

Kanmiii B3aeMONOB’s13aHMI 13 IIMHKOM, Ta Mae€
cxoxi XiMmiuHi BmactuBocTi. Ha mocmimkyBaHux mi-
JITHKAX CIIOCTEPIra€ThCsl TCHICHINSA 100 3MEH-
IICHHS BMICTY KaJMil0 y IPYHTI BiJl JpKepesia 3a0py-
nmuaeHHs. OJHAK TOPIBHSBIIM PE3yJIbTAaTH JIOCIi-
moxerHs 3a 2016-2019 poku Ha 11i#l AUISHII BMICT Ka-
JIMito 301TBIIMBCS Y KiJIbKa pa3iB, aje He MePEeBUIIINB
I'IK. e mosicHIo€eTHCs TUM, 1110 Cd 30Ccepemkenuii y
IPYHTI SIK pO3CisSIHUH €IEMEHT, SIKUH JIETKO aKyMYJIFO-
€ThCS Ta NEPEPO3NOAUIAETHCS Y IPYHTAX.

I'pannvHO JOMyCTHMa KOHIEHTpAIiS PyXOMOi
¢dbopmu midi y TpyHTI cTaHOBUTH 3,0 MI/KT (puc. 6).

3a pe3ysbTaTaMu JAOCHIKEHb KUIBKICTh MiJi B
IPYHTaX YCiX HATypHHX AUISTHOK KOJHBA€ETHCS BiJl
0,13 — 0,63 Mr/kT, 110 € HOPMOIO. Y OLIBIIOCTI BHIIA-
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Fig. 6. Copper content in the Kyiv-Odesa road landscape engineering structure (RLES)

JIKiB MiJIb HAKOMTMYYETHCS y CYTIIMHKOBHX Ta TiIla-
HUX IPYHTaX, sIKi € GOHOBUMH B JOPOXKHIiH JIaHAIIA-
¢ rHO-imX)eHepHil cucteMi KuiB-Opneca. Criocrepira-
€ThCSI 3MCHIIICHHS KUIBKOCTI BMICTY Miai BiJl JKe-
pema 3a0pynHeHHA. 30KpeMa 3MEHIIEHHS BMICTY
Ba)KKOTO METAITy BiJl aBTOMOO1IBHOT IOPOTH, Ma€ Ha-
TypHa IiutsHKa mooumsy c. [likienp Yepkacbkoi 00-
nacti. Ha BizcTani 5 MeTpiB BijJl OJIOTHA aBTOIOPOTH
KiBKicTh Mifi B IpyHTI 0,55 MT/KT, OTHaK yXe Ha Bi-
nctani 10 MeTpiB nmoka3uuk csrae 0,33 mr/kr, a Ha 15
METPOBIii, BMICT Mifi y IpyHTi cTaHoBHTS 0,18 Mr/kT,
[0 HEe BIUIMBA€E Ha (YHKI[IOHYBaHHS POCIHUH Ta Oi-
otu. JlocmimkeHHsT BMICTY MiJli Yy TPYHTI Ha JOPOX-
Hill nangmadTHO-iHXeHepHild cuctemi KuiB-Opneca
3a 2016-2019 poku mokasaju, 1o KiJIbKICTh IbOTO
XIMIYHOTO €JIEeMEHTY 3MEHIIYEThCS Ha BCIX HATyp-
HUX JUTSHKAX. 1€ TOSICHIOETHCS THM, 1110 OCHOBHA Ki-
JIBKICTh MiJli 30CePEIKYEThCA Y 5 METPOBIii CMYy3i, a
Jialti MPOCIIiIKOBYETHCSI 3MEHIIECHHS OKa3HMKa 3a-
OpyIHEHHS Bij HOTO JpKepena.

Ha Baskki MeTasIu JIOCIIKEHO CHITOBUH MTOKPUB
y npunopoxHiit cmysi JJIIC Kuis-Oneca. Y 3akoHo-
JaBCTBI YKpaiHU BiJICYTHI JiepKaBHi CTaHAAPTH BMi-
CTy XIMIYHUX PEYOBHH, a TAKOK BOKKHUX METAJIB Y
CHIrOBOMY TIOKPHBI, SIKWH MiJIAETHCS BILTUBY 30BHi-
LIHIX YUHHKKIB. [Ipu aHami3i Tanoro cHiry Mo>xinBse
BUKOPUCTAHHS METOJIMK, SIKI TPUPIBHIOIOTHCS ISt
SIKOCT1 BOJIH.

CHiroBuil NOKPUB JOPOKHBOI JIaHAIIA()THO-1H-
xeHepHoi cuctemu KuiB-Ozneca B OKpeMi pOKH MOXKe
dopmysatucs Bix 20-30 g0 130-160 muis. Horo ce-
PEeAHS TPUBAIICTH cTaHOBUTH 60-70 IHIB i3 BUCOTOIO
12-15 em [12].

Jlis gocmiKeHHsT XIMIYHUX €JIeMEHTIB Y CHIro-
BOMY TOKPHBI 00paHO 7 HATYPHUX JUISHOK, sIKi 0e3-
MoCepeHbO MPUJIIIraloTh A0 aBroTpacu Kuis-Oneca.

[Nepma gokanpHa AUTISHKA 3HAXOAUTHCS OLIS B’ 131y B
M KuiB (KuiBcbka 0011.); npyra moommsy M. bima Ie-
pkBa (KuiBcpka 00:1.); TpeTs B okonuiix c. Hecrepi-
Bka (Uepkacbka 0011.); ueTBepTa nmoonusy c. [likipepb
(Yepkacbka 0071.); I’Ta HEMOAAIIK M. ¥ MaHb Ha PO-
3wt «JIuet korrommHMY (Uepkackka o), ae me-
pPETHHAETLCS  OPOra MDKHAPOTHOTO  3HAYCHHS
Crpuii — Tepromninb — KponuBHUIBKHUI — 3HaM’ sTHKa
i3 aBToTpacoro M — 05; mrocTa AisgHKa po3TalioBaHa
no0au3y cmT Kpuse O3epo Ha po3suiili «JIuct ko-
HIONIMHUY, e TIePeTUHAIOTLCS aBToTpaca M — 05 i3
aBTOZIOPOTOI0 perioHanbHoro 3HadenHs P — 75 (Cino-
6inka — banra — Kpuse Ozepo — IlepBomaiicbk — Jlo-
MaHika — OJeKcaHIpiBKa), ChbOMa JUISHKA 3HAXO-
nuThes py B’i3a1 B M. Onecy [7].

3pa3ku cHiry BinOupanu Ha rimubusi 0-10 cm i3
I’ ITHKPATHOIO TOBTOPIOBAHICTIO, Y CKISIHY Tapy i3
MiANMMCAaHUMM E€TUKETKaMu, Ha Bigcradi 5-10 M Bix
MOJIOTHA aBTOAOPOrU. AHaJIi31 BUKOHAHO B Y MaHCh-
KoMy MicbKpaiionHoMy Bignimi Y «Uepkacbkuii
OJIL] MO3 Vkpainu» ta Yepkacbkiid ¢inii gepxas-
HOi ycTraHOBU «IHCTUTYT OXOpOHHM IPYHTIB YKpa-
iHnY. 3arajipHe po3TallyBaHHS JOCTIUKYBAaHHUX AiJIs-
HOK Ha BijicTani 50-70 kM o/1Ha BiJl OZHOT JaJI0 3MOTY
3a(ikCcyBaTH 3MiHU HAKOTIMUYCHHS BOXKKHX METAJIB y
CHIrOBOMY HOKPHBI Ta JO3BOJIMJIO ITPOBECTU MOHITO-
PHHT SIKOCTI CHITY Ha Pi3HHUX JUISHKaX aBTOJOPOTH
Kui-Opeca. 3uMu i1 yac 10CIipKEHHS OyJIn CHIX-
HUMH Ta MOPO3HUMH, IO a0 MOXIIUBICTb IPOBE-
ctH 30ip IpoO CHITY y ApyTii MOJOBHHI JIIOTOTO — HA
noyarky OepesHs. 3a pe3ysbTaTaMHu MOKa3HUKIB JIO-
CIDKEHb XIMIYHOTO CKIIaJy BOJIU Yy 3pa3kax OyIio
BUSIBJICHO TakKi eleMeHTH: Baxkki metanu (Cu, Mg ta
Fe), xampmiii (Ca), marniii (Mg), xnopuau (Cl-), cy-
nedaru (SOs-2), amiak (NH3), witpatn (NO3), ¢ro-
puny, Hitput (NO>-) Ta Mapranens (Mn).

-180 -



ISSN 2410-7360 BicHuk XapKiecbko20o HauioHaribHo20 yHisepcumemy imeHi B.H. Kapa3siHa

Tabnuys 1/ Table 1

XiMiuHH# CKIIaZ| CHIFOBOTO MOKPUBY aBTogoporu M — 05% /
Chemical composition of snow cover on highway M — 05*

Hassa gingaku pH 3asncx 3 T'on0BHi 10HH, MT-eKB/IM°
PEYOBHHH, MI/IM
SO4-2 Cu Ca Mg Cl- NO3-
M. YMaHb,
JINCT KOHIOIIINHH, 8,45 0,61 4,8 0,002 8,0 1,2 7,0 2,25
Uepkacbka 00JIaCTh)
. Iixisens, 7,34 0,50 6,5 0,002 | 20 | 12 12,0 2,39
(Yepkacnka 0071.)
cwt Kpuse Osepo, 7,76 0,55 0,9 0,002 4,0 1,2 15,0 2,25
(MukosaiBcbka 00J1.)

Sx BuzmHO 3 Tabnui 1 HaibimbI 3a0pyAHEHA [Ti-
ngaka JUJIIC «KwuiB-Opmeca» 3HaxXogWThca y M.
YMmanb, Ha po3B’s31i «JIMCT KOHIOIIWHUY, A€ IEPETH-
HA€ETHCS JIOpora MDXHApOAHOTO 3HadeHHs CTpwid —
Tepuomins — KponuBaunbkwii — 3HaM’ THKA 13 aBTOT-
pacoto M — 05, 1 HaBaHTa)KeHHS TPAHCTIOPTHUMH 3a-
cobamu € ToABiiHE.

BucnoBku. Pasom 3 cenmuTeOHUME, NOpPOXKHI
nanamadTH GOpMYIOTh aHTPOIIOTEHHHUN KapKac Cy-
yacHoro nanamadry Ykpainu. Lle cknanui i auHa-
Mi4Hi TaHImadTHI CHCTEMH Yy CTPYKTYpi SKUX TPO-
CIIIKOBYIOTHCSI TP CKJIQAOBI (IICUCTEMH): JOPO-
JKHI JTaHIad THO-IHXKCHEPHI Ta JOPOXKHI JIaHAmad-
THO-TEXHOTEHHI CHCTeMH 1 He()YHKI[IOHYIOYi JAOpO-
xHI maanmadrTu. OCHOBHY CyTh W BH3HAYaIbHI
O3HaKH AOPOXKHIX MaHamadTiB Oyab-saKoi TepuUTOpii,
30kpeMa i Ykpainu, popmyrots JJIIC. Onna 3 Haii-
MOTYXKHIMUX B YKpPaiHi TOpOKHS JaHamadTHa crc-
TemMa — aBromaricrpans KuiB-Ogneca mpoTsHKHICTIO
537.2 KM, 3arajJbHOIO [UIOLIEI0 OIM3bKO 14.5 kM2,

Kpiwm «riniitHO» reorpadii, 3HAYHUX TITOII, TO-
CHOJApChKOi 3HAYMUMOCTI, JOPOXHI JaHmmadTy,
0co0snBo JIJIIC, BHOKPEMITIOIOTHCS 1 CBOTMH IeoXi-
MIYHAMH Ta EKOJIOTIYHUMH XapaKTepUCTHKAMH.
AHai3 BITYM3HAHUX Ta 3apYOIKHUX OCTIKEHb Te-
OXIMIYHUX BJIACTHUBOCTEH IOPOXKHIX NaHImadTiB i
Hallll BUIIYKyBaHHA y Mexax teputopii JJJIIC Kuis-
Opneca, 1ar0Th MOXKJIMBICTH 3pOOMTH BHCHOBOK, LI0
31e0UTBIIIOr0 HeMae TMOTPeOH, Ta i MOXKITUBOCTEH,
3MIIACHIOBATH CYIJIbHI T€OXIMIYHI 3aMipH, a I0CTaT-
HBO JIMILIE TPOBECTH JeTaNbHI JOCTIHKEHHS Ha HATY-
panpaux, TanoBux i JJIIC, minsakax. He3Baxka-

09X Ha Te, IO JOPOKHS JaHAma(THO-IHKEHEpPHA
cuctema KuiB-Oneca € HaWMIOTY>KHIIIOO B YKpaiHi,
il 3a0pyIHEHICTh BaXKKUMHU METaJlaMH IMOKH IO He-
BUCOKa — JIMIIE HA aHOMAJIbHUX, HEBEIUKHX 3a IUIO-
IICF0 MINISTHKaX, BMICT IIMHKY Ta CBHUHIIIO B IPYHTaX
nepepuirye [JIK y 2-3 pa3u. 3HauHO iHTCHCHUBHIIIIC
3a0pyIHEHUH CHITOBUI TOKPUB, 30KPEMa 1 BaXKKUMH
Metanamu. Lle cBimuuth mpo e, mo moxumeo JJIIC
KuiB-Oneca mie He BTpaTuia BIacTHBICTh 10 CAMOO-
YHIICHHS.

VYV nmomanpIvX JOCHIHKEHHSX JTOPOKHIX JaH[-
madTiB YKpainu, 30kpema it takux notyxHux JJIC
sk Kuie-Oneca, Oiyiblie yBaru HeOOXiJHO IPUAIATH
He JTUIIIe TEOXIMIYHIM Ta €KOJIOTIYHNM, ajie i reodi-
3MYHMM BJIACTMBOCTAM. IX Mi3HAHHS € He MEHII Bak-
muBuM. Cepen reodiznunnx Bnactuocteit JJ11C mo-
MITHO BHIUIAIOTHCS aKyCTUYHI, 1 B MEpUIy Yepry
3BYKO-IIIyMOBE 3a0pyIHEHHS, SKE€ NPHU3BOAUTH 0
(hopMyBaHHSI TaK 3BaHUX JIOPOKHIX 3BYKOBHX TIOJIB.
Kpim 1iporo He MeHIIle 3HaUEHHSI MalOTh Taki reodi-
3nyHi BnactuBocti JJIIC sik ocBiTiieHHS, Temnepary-
pHHI pexxuM, Bidpais Tomo. CyTTeBOIO IpoOJIeMOI0
3aJMIIAacThC W KapTorpadyBaHHS TOPOXKHIX JIaHI-
madTiB, 0COOJIMBO aKTHBHOIIOYMX 1 JUHAMIYHUX
JIOPO’KHIX JTAaHAMIAPTHO-IH)KEHEPHUX CUCTEM.

3HaHHS Ta PO3YMIHHSA TreOXiMiuyHHX, reodiznd-
HUX, EKOJIOTIYHHMX HECHPUSATIMBUX MPOIECiB Ta iX
onrumizamist y JJIIC, macTs MOXKIIMBICTH TIOCTYTIOBO
nepeTBopuTH aBToMarictpanb KuiB-Oneca y TpaHc-
MOPTHY CHCTEMY KOMIUIEKCHOTO BWUKOPUCTAHHS —
TPaHCHOPTHOTO, HAYKOBOT'0, pEKpeaLiiifHOro, ecTeTH-
YHOTO.
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ABSTRACT

Formulation of the problem. The Kyiv-Odesa road landscape engineering system, one of the most powerful within
Ukraine, is an optimal model for detailed studies of such status. Research into the unique history of the formation of the
Kyiv-Odesa DLF, its modern structure and properties, the manifestation of adverse processes, and the development of
measures to optimize them has significant scientific and practical significance, and will also be an incentive for conducting
similar studies of other DLFs of Ukraine.

The goal is to study the features of formation, functioning and current geochemical state of road and adjacent
landscapes for their further rational use using the example of the most powerful landscape and engineering system Kyiv-
Odesa in Ukraine.

Methods. In the process of research, landscape: dynamic, geochemical and ecological approaches and their corre-
sponding methods: field landscape research, analysis and synthesis, historical and geographical, cartographic and model-
ling were applied. GIS technology methods were used as cross-cutting ones.

Main Results. It is noted that road landscapes, especially their more widespread and dynamic landscape and engi-
neering systems, are paid little attention by geographers and landscape scientists of Ukraine. It is shown that in the struc-
ture of modern road landscapes of Ukraine it is advisable to distinguish three of their components (subsystems): road
landscape-engineering systems and road landscape-technogenic, which are often combined under the general name road
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landscape-engineering systems and non-functioning road landscapes — non-operating road systems that are not supported
by man and develop according to natural laws. During 2018-2021, geochemical studies were conducted on the content of
heavy metals (zinc, lead, cadmium and copper) in soil and snow cover, their migration and accumulation in roadside strips
of the actively operating Kyiv-Odesa road landscape-engineering system. It was established that here heavy metals ac-
tively accumulate in soil and snow cover, only cadmium accumulates, which is self-purified in the soil. In some natural
areas of the Kyiv-Odesa DLF, anomalous areas were identified, where the zinc and lead content exceeded the MPC norm
by 2-3 times. 4 zones of heavy metal pollution were identified: intensive pollution (0-5 m from the roadway); medium
pollution (5-10 m); weak pollution (10-15 m) and relatively clean (more than 20 m from the highway).

Conclusions. In general, despite its capacity, the Kyiv-Odesa road landscape and engineering system is not critically
polluted with heavy metals, which indicates its ability to self-clean. It is noted that in the future, more attention should be
paid not only to geochemical and ecological, but also to their geophysical, recreational, and aesthetic problems of the
functioning of road landscapes.

Keywords: highway, road landscape, road landscape and engineering system, geochemical studies, roadside
ecozones, rational use.
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ABSTRACT

Problem definition. In order to fully and rationally use water resources (irrigation of arid territories, water supply of the popu-
lation, etc.), it is necessary to develop the most effective ways of studying river runoff and its components, identifying patterns of its
formation and passage, as well as finding ways of its rational use. From this point of view, the patterns identified by the author, as well
as the interrelations of river runoff elements and natural factors, acquire important scientific and practical significance and allow us to
determine the nature of runoff formation, its intra-annual and long-term distribution across the territory and altitudinal zones.

Analysis of recent research. Unlike other natural resources, water resources have the ability to constantly renew themselves due
to the moisture cycle in nature. This creates confidence in sufficient water supply for all human needs in the future. Meanwhile, the
water resources of the republic are limited. Situated in the middle and lower reaches of two interstate rivers, the Kura and the Araz, it
has an influx of river waters from neighboring countries: Turkey, Iran, Georgia, Armenia, and Dagestan. The river flow formed on the
territory of the republic is very small. Reservoirs of long-term and seasonal regulation created on rivers to some extent solve the
problem of irrigation. However, the issue of providing water to the population of cities, villages and urban-type settlements remains
urgent today.

Formulation of the purpose of the article. Continuously changing in space and time during the water cycle in nature, all sources
of water resources (precipitation, runoff, evaporation) are closely interconnected.

Studying the formation of river runoff in any mountainous country is associated with a number of difficulties caused by sharp
contrasts in natural conditions. Without taking into account the interaction of these factors and their influence on river runoff, it is
unlikely that it is possible to identify the main patterns of change in runoff and its components

The main material of the research. During the research, we used field research methods and modern methods. We also used
materials from other researchers.

Conclusions. As a result, the following landscape-hydrological regions were distinguished in the Nakhchivan natural region. 1.
Zangezur-Deralayaz landscape-hydrological region; 2. Shahbuz-Ordubad landscape-hydrological region; 3. Arazboyu landscape-hy-
drological region. During the analysis of the density of the river network by landscape, we determined that this indicator also affects
the socio-economic infrastructure located in hydrological regions.

Keywords: climate action, landscape, global warming, river flow, ArcGIS, hydrological map, landscape-hydrological region,

natural region

In cites: Ibrahimova Leyla, Imanov Huseyn (2025). The role of landscape in the formation of river flow in the Nakhchivan autonomous republic.
Visnyk of V.N. Karazin Kharkiv National University. Series Geology. Geography. Ecology, (62), 184-193. https://doi.org/10.26565/2410-7360-2025-

62-14

Introduction. At the modern stage of hydrol-
ogy, rivers are considered as a result of the develop-
ment of the geographical landscape [2]. As various
physical and geographical factors (climate, relief,
soil, vegetation cover and geological structure) that
are closely related to each other change [21], the mor-
phometric indicators of the river network, the water
regime and flow of the river also change [8].

The discovery of structural regularities of the
river network, the study and generalization of the
flow characteristics of various phases of the river re-
gime should be based on the relationships with the
qualitative and quantitative indicators of physical and
geographical factors. Such a genetic approach is of
both theoretical and practical importance [9]. It is
precisely this type of relationship that forms the basis

of modern hydrological and water management cal-
culations, as well as hydrological forecasting meth-
ods [1].

The degradation of natural landscapes as a result
of the influence of anthropogenic factors is reflected
both in the regime of rivers and in their flow charac-
teristics [3]. The construction of reservoirs and the
laying of canals leads to a change in the hydrographic
network, as well as the river regime [11]. Therefore,
the results of landscape-hydrological studies are also
used in solving the issues of planning the use of water
resources and their management.

The landscape types of the basin should also be
taken into account in the optimal placement of hydro-
logical observation points in the river network [14].
The detection of rivers with zonal and azonal
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regimes, the study of their regime characteristics,
flow and time indicators require a landscape-hydro-
logical approach.

The logical conclusion of the study of rivers as
a landscape element should be the landscape-hydro-
logical zoning of the territory [15]. Such zoning is of
practical importance in solving the above-mentioned
hydrological problems [20].

In general, the Nakhchivan natural region differs
sharply from other regions of the republic in terms of
its natural climatic conditions. Many of the problems
indicated for this region, for example, the depend-
ence of morphometric and flow indicators of rivers
on various physical and geographical factors, have
been reflected in the studies of S.H. Rutamov, R.M.
Qashgai, M.A. Mammadov, R.Kh. Piriyev and oth-
ers. However, the analysis of the location of hydro-
logical observation points taking into account land-
scape types, landscape and hydrological zoning of the
territory have not been practically carried out.

Landscapes are the reasons that directly or indi-
rectly affect the formation of river flow [5]. All phys-
ical and geographical factors that affect the regime
and flow characteristics of rivers are divided into two
types: climatic and surface factors.

The distribution of climatic factors over the ter-
ritory is related to the nature of climatic zones and
atmospheric circulation [4]. Therefore, these types of
factors are subject to the law of zonality [6].

Physical-geographical factors can be divided
into two groups, taking into account the rate of their
change over time: meteorological or rapidly changing
factors (atmospheric precipitation, evaporation, hu-
midity and other meteorological elements), landscape
or slowly changing factors (climate, orography,
lakes, glaciers, morphometric indicators of the ba-
sin). Landscape or slowly changing factors mainly in-
clude factors of the basin surface. These factors are
mainly related to the lithosphere. Since the temporal
variability is very weak, it is considered that they do
not change at all for several decades.

The relief of the basin has a certain effect on the
flow. In this regard, the following relief indicators are
of greater interest: the average height of the water-
shed above the ocean level, the range of elevation
changes in the basin, the degree of fragmentation of
the territory, the exposure of the slopes [7].

Elements of the relief affect the distribution of
the three main climatic elements over the territory,
which indirectly or directly affects the landscapes
[12]. These include precipitation, evaporation and air
temperature [13]. These, in turn, determine the
change in surface and underground accumulations of
the river flow over time and area [19]. Relief ele-
ments affect the conditions for the formation of the
flow by changing the speed of stream jets on the sur-
face of the watershed, the duration of water runoff in

the channel and on the slopes [18]. They also affect the
processes of snow accumulation and melting in the ba-
sin, infiltration and accumulation of liquid precipita-
tion. It is extremely important to study the impact of
landscapes on the rivers of the Nakhchivan Autono-
mous Republic, which is distinguished by its arid and
continental climate. The main reason for this is that
the future sustainable and sustainable development of
the agrocenoses developed here depends on this.

Research object. The rivers of the Nakhchivan
Autonomous Republic play an important role in the
development of the region. Most of the rivers here are
small mountain rivers. The river network is more de-
veloped in the mountainous part, which is due to the
high amount of precipitation. Since the humidity is
higher in areas at an altitude of 1000-2500 m, the
river network is partially well developed. In areas
above 2500 m, the decrease in precipitation, the poor
development of forests, plants and soil cover lead to
the reduction of the river network here. In this zone,
groundwater emerges in the form of numerous
springs. In areas above 3000 m, the relief is mainly
bare and rocky, and atmospheric sediments are rela-
tively small, so the river network is poorly developed.
In areas above 2500 m, the density of the river net-
work decreases to 0.10 km/km?. The main reason for
the poor development of the river network in the foot-
hills and plains below 1000 m is the lack of precipi-
tation in this zone, intensive evaporation, and rapid
absorption of river waters into sedimentary rocks.
Landscapes significantly affect the formation and
speed of river flow. The fact that Nakhchivan Auton-
omous Republic has a sharply continental climate,
low precipitation, dry weather, partly rainless and
warm summer and autumn months, cold winter, high
temperature amplitude differences between days and
seasons, has affected the formation of vegetation and
led to the development of weak monotypic, that is,
xerophytic plants. Therefore, the Araz-bound plain
and foothills of Nakhchivan natural region belong to
the semi-desert zone. This area covers an area up to
1200 m in altitude and extends from the northwest to
the southeast. The semi-desert zone is especially ex-
tensive in the Sadarak, Sharur, Boyukduz and Na-
khchivan plains, and covers a narrow area in the
southeastern end - in the Ordubad plains. Due to the
low-rainfall continental climate of the Middle Araz
Depression and the Araz Ranges region and the lack
of favorable relief conditions for the development of
large river basins, the rivers flowing through the ter-
ritory of the Nakhchivan Autonomous Republic are
mainly low-water and small rivers. Due to the ab-
sence of a forest landscape in the territory of Na-
khchivan, the density of the river network is mainly
weak.

Research method. The research work used hy-
drological data, landscape, climate, and elevation
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maps for the years 1928-2022. Maps were prepared
in the ArcGIS program for accurate results during the
research process. Information on river water con-
sumption was taken from the periodic releases of the
State Water Cadastre and the data of the National Hy-
drometeorology Department. Zonal-hydrological,
geographical-hydrological, geographical interpola-
tion, Horton method, comparative and statistical
mathematical methods were used in the dissertation.
For the first time, landscape-hydrological zoning of
the Nakhchivan Autonomous Republic was carried
out depending on the landscapes and a corresponding
map was compiled.

Analysis and discussion. The hydrological re-
gime of our study area is very different from that of
other regions of our republic. The first reason for this
is the relief, climate, in other words, natural condi-
tions. Thus, the fact that our country consists of
mountains and plains has led to a more diverse hy-
drological regime in these regions. Unlike our study

area, a large number of floods and mudflows are ob-
served here. For this reason, our study area has very
favorable natural conditions.

In the study area, neighboring river basins lo-
cated under the same climatic conditions, but with
different relief, soil and vegetation, can be com-
pletely different in terms of both quantity and quality
of flow. In Nakhchivan, increasing altitude leads to
an increase in climatic features. The diversity of nat-
ural conditions on the mountain slopes, the interac-
tion of individual components is reflected in the for-
mation of various landscape types. The following
landscape types exist in the Nakhchivan natural re-
gion: 1. Nival and partially nival-glacial landscape of
the high mountains, 2. Alpine, subalpine and
meadow-steppe landscape of the high mountains, 3.
Subalpine meadow, 4. Mountain-xerophyte land-
scape of the middle mountains, 5. Semi-desert land-
scape of the lowlands and intermontane plains
(Figure 1).
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Fig. 1. Landscape map

A group of authors believe that during hydrolog-
ical studies, it is necessary to take into account not
the general zonality, but the specific features of the
landscapes in the basin, since the reason for the spe-
cialization of each landscape is the geological-geo-
morphological characteristics of the territory.

It is known that the role of various morphologi-
cal landscapes in the structure of the natural terrain

complex is different. Some of them are widespread
and occupy a relatively large area, while others are of
dependent significance and are rarely found. There-
fore, the decision on which landscape type of the ba-
sin to conduct hydrological observation should be
based on landscape studies.

Although mountain rivers are usually not long,
they flow in several different landscape belts. The-
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refore, the share of the area occupied by each land-
scape belt or type in the total area of the basin should
be determined separately. Then the role of each of
them in the formation of the flow should be assessed
separately.

The hydrological characteristics of the land-
scape depend on the joint effect of the regularity of
fluctuations in climatic factors and the discrete prop-
erties of the basin surface. Seasonal fluctuations are
characteristic of the hydrological characteristics of
the landscape. Thus, during the period of snow cover,
the albedo coefficient of the surface and the radiation
balance change sharply. From this point of view,
when studying the hydrological regime, it is advisa-
ble to consider the warm and cold periods separately.
In the warm period of the year, the hydrological char-
acteristics of the landscape become more contrasting.

One of the characteristic forms of mountainous
terrain landscapes is various stony surfaces, which
are either rocky or stony-crusted. The porosity of the
stony-crusted surface is large, the moisture capacity
is weak, and the capillary connections are dense.
From a hydrological point of view, such a surface is
more favorable and does not create conditions for the
formation of avalanches and floods. The lithological
and tectonic features of rocky areas, on the one hand,
regulate the groundwater flow by changing the ratio
of groundwater and surface flows, and on the other
hand, increase the flow velocity, causing flash floods.

In the mountain meadow landscape, the surface
has different types of soil and plant cover. Therefore,
the difference in infiltration in different areas compli-
cates the hydrological regime in high-altitude zones.

In the cold season, evaporation on grassy slopes
1s 2.8-3.2 times less than in coniferous forests, and in
the warm season — 1.5-1.7 times less, which affects
the amount of runoff.

Hydrological zoning is based on the basic laws
of physical geography and there is a close genetic
connection between them. Therefore, special atten-
tion should be paid to physical-geographical zoning.
There are two main types of physical-geographical
zoning: zoning by physical-geographical compo-
nents and complex physical-geographical zoning.
There are also two main types of hydrological zon-
ing: zoning by hydrological elements and complex
hydrological zoning. In both physical-geographical
and hydrological zoning, the principles of complex-
ity, relative homogeneity, genetic uniformity, and ter-
ritorial integrity are taken into account.

The physical-geographical zoning of Azerbaijan
belongs to M.A. Museyibov and B.A. Budagov. A.M.
Shikhlinski and V.G. Zavriyev developed a hydrolog-
ical zoning scheme based on this zoning. They pro-
posed various hydrological zoning schemes for Azer-
baijan, but did not provide a scientific and critical re-
view of them. It should be noted that the author of the

first comprehensive hydrological zoning scheme for
Azerbaijan was S.H. Rustamov.

For the first time, schemes were developed for
the elements of the water balance of the Qashqai
R.M. river basins, M.A. Mammadov for the degree of
flooding of rivers, and F.A. Imanov for the conditions
for the formation of the minimum flow and the syn-
chronicity of fluctuations in the minimum water con-
sumption. However, neither the landscape-hydrolog-
ical zoning scheme for the whole of Azerbaijan nor
for its individual natural regions has been developed
so far. Such zoning can be useful for solving many
practical problems:

1. Assessment of the role of various landscape
types in the formation of river flow;

2. Calculation and forecast of various character-
istics of river flow;

3. Correct placement of the network of hydro-
logical observation points;

4. Planning and management of water resour-
ces use.

Although the landscape types common in the
river basin transform atmospheric precipitation into
river flow, only a geographical-hydrological analysis
of the landscape allows us to obtain a general idea of
the hydrological characteristics of a particular region.
However, the identification of objective relationships
between the indicators of the landscape type and the
characteristics of the river flow is already of practical
importance.

In general, the determination of the boundaries
of hydrological regions is one of the controversial is-
sues. Improper border crossing results in a violation
of the homogeneity of the hydrological region.
Therefore, both qualitative and quantitative indica-
tors were used in the proposed landscape-hydrologi-
cal zoning. Taking all this into account, the following
landscape-hydrological regions can be distinguished
in the Nakhchivan natural region:

1. Zangezur-Deralayaz landscape-hydrologi-
cal region. This region is located in the intensively
fragmented highland nival and partially nival-glacial
landscapes and highland alpine meadows, meadow-
steppe landscape belt. The relief in the nival and par-
tially nival-glacial landscape is intensively frag-
mented. Gravity-denudation processes are character-
istic. Snow, single-track valley (trough), moraine gla-
cial relief forms are widespread. It has a mountainous
tundra climate. The average temperature in January
is from -15°C to -8.5°C, in July 4-9°C, Annual pre-
cipitation is 800-1200 mm. Soil cover is underdevel-
oped. Very rare rocky-gravel plants, rock goat in the
highlands, Dagestan tour in Azerbaijan, some species
of birds and rodents are found. In the alpine meadows
and meadow-steppe landscape of the high mountains,
grassy mountain-meadow soils are mainly distrib-
uted. The Zangezur range covers altitudes from 2000-
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2200 m to 3000 m. It is composed mainly of car-
bonate-terrigenous, volcanogenic, tuffaceous sedi-
ments of the Jurassic and Chalk. It has a sharply dis-
sected relief. The mountains are of denudation-struc-
tural origin. Strong floods occur here from time to
time. Floodplains are mainly located in the area of
rocky and mountain meadows. River valleys are
mainly beginning to form in this landscape area. The
climate is cold. The average temperature in January
is from -12°C to -7°C, in July 8-17°C. Annual precip-
itation is up to 900 mm. Dagestan tur, black grouse,
bezoar goat, rodents (marsh vole, mountain vole),
blind mole, Caucasian skunk, Caucasian tetra, vul-
ture, rock lizard, etc. are settled. It is divided into al-
pine, subalpine meadows and meadow-steppe sub-
types. Alpine meadows are located above 2400-2500
m. The height of the plants is very short, there are few
species. Below the alpine meadows, at an altitude of
2000-2200 m to 2400-2500 m, a strip of subalpine
meadows stretches. Subalpine meadows consist of
tall perennial plants, which are rich in species, mainly
forage grasses.

The rivers flowing from the Zangezur range
form a dense network. The river network is more de-
veloped in the mountainous part, which is due to the
excess precipitation. Since the humidity is higher in

1. Zangezur-Deralayaz
landscape-hydrological region
2. Shahbuz-Ordubad
landscape-hydrological region
3. Araz-river
landscape-hydrological region

areas at an altitude of 1000-2500 m, the river network
is partially well developed. In areas above 2500 m,
the decrease in precipitation, the poor development
of forests, plants and soil cover lead to the reduction
of the river network here. In this zone, groundwater
emerges in the form of numerous springs. In areas
above 3000 m, the relief is mainly bare and rocky,
and atmospheric sediments are relatively small, so
the river network is poorly developed. The density of
the river network in some river basins (Na-
khchivanchay, Alinjachay, Gilanchay) in areas above
2500 m decreases to 0.10 km/km?. The main reason
for the poor development of the river network in the
foothills and plains below 1000 m is the low rainfall
in this zone, intensive evaporation, and rapid absorp-
tion of river waters into sedimentary rocks [2].

All rivers of Nakhchivan province are included
in the Araz basin. In the central and southeastern part
of the territory, rivers originate from the steep slopes
of the Zangezur and Daralayaz ranges.

In the high mountainous belt, the air temperature
varies between 1-2° at an altitude of 2500-3000 m. In
the highest mountainous part (3500 m), located in the
southwest of the Zangezur range, the average annual
temperature drops to -4° (Figure 2).

The water regime of the rivers in this region is

Fig. 2. Map-scheme of landscape-hydrological zoning of the Nakhchivan natural region

characterized by spring-summer high water, rain
floods, summer-autumn and winter low water peri-
ods. The high water period covers the months of
March-June. During this period, 45-70% of the an-
nual flow passes.

For the Nakhchivanchay-Garababa settlement,
1949 is characterized as a low-water year, 1972 as an
average-water year, and 1958 as a high-water year. In
the low-water year, the start date of the summer-au-
tumn low-water period coincided with 23.VIII and

the end date with 27.X, and 66 days were observed.
No floods were observed in the low-water year. In the
low-water year, the high-water period lasts from
01.III to the summer-autumn low-water period, and
the maximum water flow was 25.5m?s. In the aver-
age-water year, these quantities are 04.VIII, 07.X,
and 65 days, respectively. In the high-water year,
characterized as 1958, the summer-autumn low-wa-
ter period began on 16.VII, ended on 09.X, and lasted
86 days. In the average water year, the flood period
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lasts from 16.I11 month to 01.III month in the high-
water year, and their maximum water discharges
were 41.7m%/s and 79.4m?%/s, respectively. In the av-
erage water year, there were no floods in the 3-time
high-water year (Figure 3, 4, 5).

2. Shahbuz-Ordubad landscape-hydrological
region. This region is located in the mountain-xero-
phyte landscape belt of the middle highlands. It de-
veloped in the Zangezur and Daralayaz ranges in the
Nakhchivan Autonomous Republic. The middle
highland belt occupies the northwestern, central and
southeastern parts of the region. It was formed

mainly on volcanogenic, volcanogenic-sedimentary
rocks of the Paleogene. It covers altitudes from ap-
proximately 1100 m to 2000 m. A cold climate pre-
vails. The average temperature in January is from
-5°C to -4°C, in July from 18°C to 25°C, annual pre-
cipitation in the Nakhchivan Autonomous Republic
is 400-500 mm. The dry summer in the area has led
to the formation of a xerophyte landscape. Mountain-
chestnut and brown mountain-forest soils are wide-
spread. The vegetation is of the mountain-xerophyte
(phryganoid) type (cave, tisttis, etc.). The average an-
nual air temperature is 5-8°C.
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Fig. 5. Hydrograph of the Nakhchivanchay-Qarababa region for 2022 (high-water year)

3. Araz-river landscape-hydrological region.
This region is located in the semi-desert landscape
belt of lowlands and intermontane plains. This land-
scape zone in the Republic of Azerbaijan has the larg-
est area (approximately 25% of the territory). It

covers the Araz-bound plains of the Nakhchivan Au-
tonomous Republic. The altitude is up to 600-1000
m. It is composed of alluvial-proluvial deposits of the
Anthropocene, alluvial, proluvial-deluvial deposits
of the Holocene. It has a cold semi-desert and dry
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steppe climate. Summer is dry. The average tempera-
ture in January is from -4 °C to 2 °C, in July from 23
°C to 28 °C. Annual precipitation is 130 mm-300
mm. Gray-meadow, gray, gray-brown, etc. soils are
widespread. Semi-desert plants with wormwood,
kengiz, wormwood-salt-leaved, and gavan are domi-
nant.

The average altitude of the Arazboyu plain,
which constitutes one third of the territory and is con-
sidered the lowest area of the republic, is about 800
meters. The annual air temperature there is 12-14 °C
in the Arazboyu plains and low mountainous belt.

The average monthly temperature of the coldest
month of the year (January) is -6-10 °C in the Araz-
boyu plain and low mountainous part, and the aver-
age monthly temperature of the main warm month of
the year (July) fluctuates between 24-28 °C in the
plain and low mountainous belt.

In the Bilev settlement of Paragachay, the rainy
period for 1972 begins in the 27th month of the fifth
month and lasts until the middle of the seventh
month. It covers the winter dry period from the end
of the eleventh month to the beginning of the third
month (Figure 5).
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Fig. 5. Hydrograph of the Paragachay-Bilev area for 1972 (interval year)

It should be noted that the average monthly tem-
perature in July (28°) in the plain part of the Na-
khchivan region is not found anywhere else in Azer-
baijan. Such high temperatures are observed only in
Central Asia.

In the winter months, as a result of strong cool-
ing, severe frosts sometimes occur here. The aver-
age absolute minimum of air temperature can drop
to -15-18° in the plain and partly in the low moun-
tainous belt.

The Araz-river belt, which forms the lower plain
zone of the Nakhchivan region, covers a large area of
the region located at an altitude of 600-1000 meters.
This area starts from the Sadarak plain in the north-
west and is squeezed by high mountains in the form
of a narrow strip near Kotam in the Ordubad region
to the banks of the Araz. The plain part is located be-
tween the Araz River and the low mountainous re-
gion, sometimes covering a wide and sometimes nar-
row area. The Araz-river plain constitutes 32% of the
region's territory and connects to the Ararat plain in
Armenia in the northwest. This belt is not a single
plain, but in several places within the republic -

through the branches or heights of the Daralayaz and
Zangezur mountains extending in the meridian di-
rection — it is divided into a number of sloping plains
(Sederak, Sharur, Boyukduz, Nakhchivan, Ordubad,
etc.).

The flow recorded at the stations that can be con-
sidered satisfactory in terms of assessing the role of
various landscape types in the formation of the flow
is formed entirely within the same landscape type or
they are located on the border of different landscape
types.

A general physical and geographical justifica-
tion is important in the placement of the network, tak-
ing into account geological and hydrogeological con-
ditions. This requirement arises from the fact that the
conditions for the formation of water balance ele-
ments of river basins located in different geograph-
ical regions, natural zones and altitudinal belts are
different. Ignoring physical and geographical condi-
tions when creating a network of observation stations
leads to large errors in the assessment of individual
components of the water balance and elements of the
hydrological regime.
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In hydrologically well-studied regions, when
closing any station, the observation data should be
analyzed. If the nearest stations have recorded a sim-
ilar character of the hydrological regime, then the sta-
tion with a shorter observation period can be closed
or relocated to another place. To clarify this issue, the
hydrographs of the considered stations for a parallel
observation period can be analyzed together. Only
those stations can be relocated that were incorrectly
located in the past or repeat neighboring stations.

When placing stations, special attention should
be paid to rivers whose regime has changed as a result
of the influence of anthropogenic factors, since the
number of such rivers is constantly increasing.

In order to develop the existing network of ob-
servation stations, both new stations should be
opened and almost all stations that were closed in dif-
ferent years and for different reasons should be re-
stored [13].

During the analysis of the density of the river
network by landscape, we determined that this indi-
cator also affects the socio-economic infrastructure
located in hydrological regions. Thus, in the Zange-
zur-Deralayaz hydrological region, rivers affect only
the location of settlements. In the Shahbuz-Ordubag
hydrological region, they affect all socio-economic
regions in the region, and their location and future de-
velopment depend on them. We can especially note
settlements and agricultural areas that suffer from
water. Since the Arazboyu hydrological region passes
through a plain, irrigation of agricultural areas is
brought to the fore. Because the water shortage here
makes this problem even more urgent. Among the
mentioned hydrological regions, the majority of so-
cio-economic facilities in the Shahbuz-Ordubad hy-
drological region were built on the banks of the river.

Result. 1. A hydrological map of the rivers of
the area was prepared and hydrographs of the low-
water, medium-water and high-water years of the Na-
khchivanchay-Garababa and Paraghachay-Bilav
points were compiled. The analysis of the hydro-
graphs shows that the Nakhchivanchay is a river with
spring flow, and during the flow period, 85% is sur-
face water, and 15% is groundwater. In general, the
share of surface water in the annual flow is 66%, and
the share of groundwater is 34%. Paraghachay is a
tributary of the Gilanchay and has spring-summer
flow. The role of snow waters is great.

2. Within the framework of the analysis of the
hydrological observation series, the flow characteris-
tics of the Nakhchivan rivers were calculated, a graph
of the relationship between the height of the water
catchments and the flow modules was compiled, and
it was determined that the flow module quantity also
increases with height. Also, the errors of the series
were calculated and it was determined that the rela-
tive error of the Nakhchivan rivers varied between

3.56%-6%, and the error of the coefficient of varia-
tion varied between 10.16%-12.91%. In addition, a
statistical analysis of the series was carried out ac-
cording to the Fisher and Student criteria. As a result,
it was concluded that the results obtained for the
Jagrichay-Paiz station were homogeneous according
to both criteria, for the Arpa-Areni, Alinjachay-Ar-
afsa, Paraghachay-Bilev, Kukuchay-Kuku stations
according to the Student criterion, and for the
Vanandchay-Danagirt station according to the Fisher
criterion. Inhomogeneity was determined for both
criteria for the Ordubachay-Nusnus station.

3. Difference-integral curves were constructed
to determine the flow fluctuations. According to these
curves, the flow decreased between 1931-1984 and
increased between 1984-1997. Also, an increase in
the flow was observed between 1963-1980 in the Ali-
jachay-Arafsa section, and a decrease in the 1980s,
an increase in the Gilanchay-Nurgut section was ob-
served between 1962-1976 and a decrease in the
1976-1999, and a decrease in the flow in the Ku-
kuchay-Kukyu section was observed between 1931-
1962 and an increase in the 1962-1988 period. The
increase in the flow at the Nakhchivanchay-Garababa
station was observed between 1951-1978, and the de-
crease between 1978-1998, the decrease in the flow
at the Paragachay-Bilav station was observed be-
tween 1931-1984, and the increase between 1984-
1996, the decrease in the flow at the Vanandchay-
Danagirt station was observed between 1931-1972,
and the increase was observed between 1972-1996.
In order to make the relationship between the stations
more efficient and to provide more accurate results of
the calculation, a correlation matrix was compiled
based on the calculated correlation coefficients. The
series with less observation data were restored using
the analogy method and relationships between the av-
erage annual water consumption were established.

4. The Nakhchivan natural region was studied in
terms of landscape and the role of landscapes in the
formation of river flows was studied. Using data from
observation points located in the area, it was clarified
what characteristics the river basins have in each
landscape belt. Using various hydrological and geo-
graphical zoning schemes, landscape-hydrological
zoning of the area was carried out. Zoning was car-
ried out according to the zonal principle and 3 regions
were distinguished. Landscape type was accepted as
the main indicator of the homogeneity of these re-
gions. Thus, the landscape type reflects both leading
(relief, climate) and derived (soil and vegetation)
components. The boundaries of landscape-hydrolog-
ical regions were specified by taking into account the
quantities of the average annual, maximum, mini-
mum summer-autumn and winter flow modules of
rivers for a multi-year period. In addition, the regime
characteristics of the rivers, food sources, and the

-191-



Cepisa «[eonocis. [eoepagis. Ekonoeis», 2025, eunyck 62

nature of the distribution of flow throughout the year
were also taken into account and the characteristics
of landscape-hydrological regions were given.

As a result, the following landscape-hydrologi-
cal regions were distinguished in the Nakhchivan nat-
ural region.

1. Zangezur-Deralayaz landscape-hydrological
region;

2. Shahbuz-Ordubad landscape-hydrological
region;

The characteristics of each landscape-hydrolog-
ical region were investigated and explained, and
graphs and maps were compiled.

As a result of the analysis of the network of hy-
drological observation points in the rivers of Na-
khchivan, the landscape types in which the hydrolog-
ical observation points operating in different years
were located were determined. The observation
points were unevenly distributed across landscape

types.

3. Arazboyu landscape-hydrological region.
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Poub anamadry y popMyBaHHiI piYKOBOIo CTOKY
B HaxiueBaHChKill aBTOHOMHIi pecmy0Jrini

Jleiina Iopazinoea '

JoKTop (iocodii 3 reorpadii,

! HaxiuesaHchKuii nepxasnuii yHiBepcutet, Haxiuesann, AsepOaiiikan;
Xyceiin Imanos !

KepiBHHK CeKTOpY y cIipaBax CTYJCHTIB Ta OpraHizalii 3aXo/iB,

? HaxiueBaHchKuil iepkaBHui yHiBepcuTeT, Haxiueanb, AzepOaiixan

JI71s HOBHOLIIHHOTO Ta PallioHAIILHOTO BUKOPHCTAHHS BOJHHUX PECYPCiB (3pOIICHHS MOCYIUIMBHUX TEPUTOPIi, BOIO-
IocTa4aHHA HACEJCHHS TOIIO0) HEOOXiTHO po3poOWTH Halie(heKTHUBHINII cocoOHM BUBYEHHS PIYKOBOTO CTOKY Ta HOro
CKJIAIOBUX, BUSIBJICHHS 3aKOHOMIpPHOCTEH ioro (hopMyBaHHS Ta MPOXOMKEHHS, a TAKOXK MOIIYKY IUIXIB foro pamioHa-
JBHOTO BHKOPHCTAHHS. 3 Li€l TOYKH 30pY, 3aKOHOMIPHOCTI, BUSIBIICHI aBTOPOM, @ TaKO>X B3a€EMO3B'SI3KH €JIEMEHTIB pid-
KOBOT'O CTOKY Ta NPUPOAHUX (haKTopiB, HAOYBAIOTh BAXKIMBOTO HayKOBOI'O Ta MPAKTUYHOTO 3HAYEHHS Ta JO3BOJIIOTH
BU3HAYUTHU Xapaktep (OpMyBaHHS CTOKY, HOr0 BHYTPIIIHBOPIYHUI Ta OaraTopiuHUi pO3NOALT IO TEPUTOPIT Ta BUCOT-
HUM 30HaM. Ha BiqMiHy BiJl iHIIMX OPUPOJHUX PECYPCIB, BOIHI PECYPCH MAIOTh 3[aTHICTh MOCTIHHO OHOBJIIOBATHCS 3a-
BJSIKH KpyrooOiry BoJioru B npupozi. Lle cTBoproe BieBHEHICTh y JOCTaTHROMY BOZ03a0€e3IeYeHHI BCiX MOTped JIt0IcTBa
B Maii0yTHhOMY. THM YacoM BOJHI pecypcu peciyOmiki ooMexeHi. Po3ranioBana B cepeHiil Ta HIDKHIHN Tewil 1BOX Mi-
KIepkaBHUX piuok, Kypu Ta Apa3y, BoHa Mae NPHUIUIMB PIYKOBHX BOJ 13 cycigHix kpain: Typewuunu, Ipany, ['pysii,
Bipmenii ta Jlarectany. PiukoBuii cTik, 1m0 opMy€eThes Ha TEpUTOPIi pecryOuiku, nyke HeBenuKkuii. Bogocxosuia no-
BrOTPHUBAJIOTO Ta CE30HHOTO PETYIIOBAHHS, CTBOPEHI Ha piukax, IEBHOI MipOI0 BHUPIIIYIOTH NpodieMy 3pomeHHs. Ox-
HaK NHTaHHA 3a0e3IIeUeHHS BOJIOI0 HACEIICHHS MICT, CiJl Ta CEJMII MiChKOT'O THITY 3aJIHIIAETHCS aKTYAIBHUM i CHOTOJTHI.
BuBuenHs (opMyBaHHS PIYKOBOTO CTOKY B OYAb-sKil TipChKii KpaiHi MOB'S3aHE 3 HU3KOK TPYIHOIIIB, CIPUINHCHUX
PI3KMMH KOHTpacTaMH B MIPUPOJHUX YMOBax. be3 ypaxyBaHHs B3aeMoii (uX (akTopiB Ta iX BIUIMBY Ha PiYKOBHUH CTiK
HaBPSA YM MO’KHA BUSIBUTH OCHOBHI 3aKOHOMIPHOCTI 3MiHH CTOKY Ta HOTO KOMITOHEHTIB. B pe3ynbraTi B HaxiueBaHCh-
KOMY MPUPOIHOMY perioHi 0ysio BUAUICHO Taki JaHmad)THO-riapoioriudi perionn. 1. 3aHre3ypcrko-/lepanas3cbkuii
naramadTHoO-Tiagposorivauii perion; 2. lax0y3cbko-Opay0ancekuii manmiad THO-TiApoIOTIYHUN paiioH; 3. Apas30o-
IOMChKHI JTanamadTHO-TixposioriuHui paioH. Ilig yac aHami3y rycToTH piukoBol Mepexi 3a jJanamadTaMd MU BH3Ha-
YHJIM, 10 [eW MOKa3HUK TaKOX BIUIMBAE Ha COLIAIbHO-EKOHOMIUHY i1H(PAaCTPyKTypy, pO3TalllOBaHy B TiJPOJIOTIYHMX
paiioHax.

Knrouogi cnosa: knimamuuni sminu, 1anowagm, 2nodaivhe nomeniinns, piukosuil cmik, ArcGIS, 2ioponozciuna xa-
pma, 1aHOWApmMHO-2I0pON0iuHULl pe2ioH, NPUPOOHULL PeCiOH.

BHecOK aBTOpIiB: BCi aBTOPU 3p06WUIM PiBHUI BHECOK Y Lit0 pobOTY Hagiiiwna 27 ciunsa 2025 p.
KoHdniKT iHTepeciB: aBTopu NOBiAOMAAOTb NPO BiACYTHICTb KOHDAIKTY iHTEpeciB MpwuiiHaTta 27 6epesHs 2025 p.
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ABSTRACT

Problem statement: The Aghdam district of the Republic of Azerbaijan, under occupation for nearly 30 years, became an area
of intensive degradation of both natural and anthropogenic landscapes. The scale of destruction caused by military and technological
activities has led to significant ecological, social, and economic losses. The damage to natural and anthropogenic ecosystems is esti-
mated to exceed 200 billion US dollars. More than 50 natural monuments were destroyed, and the infrastructure of 58 rural settlements
and one city were devastated. Over 90,000 mines pose a constant threat and hinder the restoration of these areas.

Objective: To conduct a landscape-oriented study aimed at assessing the consequences of military and technological activities,
determining structural, genetic, and functional changes in the landscapes of the Aghdam district, and systematizing the transformed
landscapes.

Methods: Satellite imagery, field research data, and archival materials were applied during the research procedure. A systematic
approach was applied for the analysis, classifying, and assessing the scale of transformation of natural and anthropogenic landscapes.

Results: It was unraveled that the transformation of landscapes resulted from both direct and indirect impacts from military and
technological activities. The classification of landscapes in the region revealed 2 main classes, 6 types, and 21 subtypes. The analysis
identified a high degree of ecological degradation. Military actions exacerbated the degradation of natural components. Direct impacts
included the destruction of forests, pastures, hydrological objects, and infrastructure, while indirect consequences have been experi-
enced in the disturbance of natural balance and the deterioration of soil and water quality. An important aspect of the research is to
identify functional changes in landscapes. The worsening environmental situation has led to a reduction in biodiversity, decreased water
retention capacity, and an increased risk of soil erosion. In anthropogenic landscapes, there has been a complete loss of economic value
in several areas, complicating the restoration process. The implemented classification provides the identification of major landscape
groups based on the degree of transformation:

e Landscapes with minimal transformation (10% of the area), where changes are limited to local disturbances.

e Landscapes with moderate transformation (25%), are characterized by changes in vegetation structure and soil cover.

e Landscapes with high degrees of transformation (40%), where significant changes occur in ecosystems due to direct impacts.

e [Landscapes with a complete loss of natural functions (25%), including areas that were destroyed by mines, infrastructure,
and other military objects.

Conclusion: The research systematized landscape changes and revealed the scale of the consequences of military conflicts. The
presented results enable the application of a landscape-oriented approach to monitoring and restoring territories, including the devel-
opment of reclamation, demining, and ecological function restoration measures. The proposed classification of transformed landscapes
can serve as a foundation for future research and the development of sustainable land management strategies.

Keywords: military-technological impact, landscape, ecosystem, occupation, anthropogenic transformation, belligerative land-
scape, cultural landscape, pollution, landscape structure.

In cites: Ismayilov Mirnuh, Kuchinskaya Irina, Karimova Elina (2025). Impact of military conflicts on landscape transformation (a case study for
the Aghdam district of the Republic of Azerbaijan). Visnyk of V.N. Karazin Kharkiv National University. Series Geology. Geography. Ecology, (62),
194-204. https://doi.org/10.26565/2410-7360-2025-62-15

Introduction and research status. The recent  and the preservation of the natural genetic fund, it is
increase in military conflict hotspots worldwide cre-  attempted to investigate the landscape-ecological
ates complex and long-term problems for the restora-  features of the Karabakh region of Azerbaijan, which
tion of natural and anthropogenic ecosystems. Given  was under occupation for a long period and subjected
the relevance of this issue for the future of humanity  to direct military-technological impact, using the ex-
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ample of the Aghdam district.

The anthropogenic transformation of natural
landscapes is a long and complex process. In the
Aghdam district, human economic activity began in
ancient times, and as a result of this, the anthropo-
genic load on landscapes steadily increased. As a re-
sult, initially, small anthropo-ecosystems gradually
transformed into complex modern landscape com-
plexes with elements of contemporary transformation
[13,19].

The purpose of the research work. The work
aims to explore the trends in the development of mod-
ern landscapes, particularly anthropogenic landsca-
pes, under the military-technological influence. The
military-technological impact is a powerful ecologi-
cal factor in the transformation of natural ecosystems.

Material and methods. In the course of the re-
search, we applied the following methods: analysis of
historical-genetic series, comparative method of nat-
ural analogs, and the landscape method based on field
data and GIS technologies.

Research area. Aghdam district is an adminis-
trative-territorial unit in Azerbaijan, located in the
western part of the country. It holds significant im-
portance in the history and culture of the region, as
well as strategic value.

The Aghdam district is situated on the Karabakh
plain and borders the Khojavend, Tartar, Barda,
Aghjabadi, and Fuzuli districts of the country. The
area of the district covers approximately 1,150 square
kilometers.

Aghdam district became one of the most af-
fected regions as a result of the Armenian-Azerbai-
jani conflict, particularly during the First Karabakh
War (1991-1994). The destruction led to the loss of
historical heritage, the district’s economic potential,
and the forced displacement of more than 140,000
residents.

Since the early 1990s, as a result of the
Karabakh conflict, a large part of the Aghdam district
was occupied by Armenian forces. The city of Agh-
dam, the administrative center of the district, was al-
most destroyed, turning into a “ghost town.” Thou-
sands of homes, public buildings, schools, hospitals,
and infrastructure facilities were destroyed or ren-
dered unusable. Until 2020, the ruins of Aghdam
were primarily used for military positions and the il-
legal extraction of construction materials.

After the signing of the ceasefire agreement in
2020, the district was returned under Azerbaijan’s
control, and restoration work has begun.

The destruction of the Aghdam district was a
tragedy not only for its residents but also for the en-
tire country. After the conflict ended in 2020, the
Aghdam district became one of the symbols of Azer-
baijan’s recovery. New residential neighborhoods,
schools, hospitals, and infrastructure facilities are

being built. The restoration of the region is a priority
project for the Azerbaijani government, focusing on
the return of internally displaced persons to their na-
tive lands.

Result and discussion. The settlement of
Somutepe, stretches back to the 2nd millennium BC,
the burial mound of Sumurlu-tepe from the Bronze
Age, the settlements of Goshatepe and Ilanlitepe
from the Eneolithic period, and other historical and
cultural monuments of the region are indicators that
anthropogenic transformations in this area have an-
cient historical roots. The first anthropogenic trans-
formations began in the forest-steppe landscapes of
the low mountains and denudational-accumulative
plains. The fact that these landscapes possess the nec-
essary natural resource potential for human life cre-
ated conditions for the expansion of residential areas
and agricultural lands.

Arid forest ecosystems, which were one of the
main structural elements of the forest-steppe land-
scape type, became the most affected by anthropo-
genic impact over time [4, 8]. Historically, the region
was widely covered with arid forest ecosystems con-
sisting of long-legged oak, wild pistachio (Pistacia
mutica), and other tree and shrub species. Later, with
the expansion of anthropogenic impact, these forests
were cut down and turned into agricultural and pas-
ture lands. Currently, these forests have survived
only in a small area called the Sultanbud forest.

The creation of agro-industrial complexes dur-
ing the intense development of agriculture has accel-
erated the anthropogenic impact on natural land-
scapes. Large areas, particularly within natural com-
plexes of low mountains and partly sloping denuda-
tional-accumulative plains, turned into monocultural
agroecosystems consisting of vineyards. This, in
turn, further enhances the transformation and identi-
fication of biodiversity in the natural forest-steppe
landscapes, which are characterized by rich land-
scape-ecological diversity.

During the nearly 30 years of occupation, the
landscapes of the Aghdam district underwent a mas-
sive military-technological transformation. Virtually
all the settlements under occupation, including the
city of Aghdam, were completely destroyed and
turned into ruinous landscapes. Destroyed roads, irri-
gation systems, numerous pits dug for military vehi-
cles, military fortifications, trenches, and so on be-
came the key components of belligerent landscapes
(Fig. 1) [8, 10, 18].

Dry-steppe, xerophytic-shrubby, and semi-de-
sert landscapes of the low mountain and sloping foot-
hill plains of the region are secondary natural-anthro-
pogenic formations that arose in place of former for-
ests and forest-steppes.

The study of anthropogenic changes and land-
scape transformation was addressed by F.N. Milkov
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[11], J.A.G. Jaeger [9], M.G. Nazarov [12], Niko-
laishvili, et al [13], Denysyk, H., Kanskyi, V. et al [3]
and others’ works, who made valuable scientific and
methodological conclusions during their research.

In Azerbaijan, studies have also been conducted
on the anthropogenic transformation of modern land-
scape complexes and their classification. For exam-

ple, Y.A. Garibov [6] categorized anthropogenic
landscapes in Azerbaijan by categories, subcatego-
ries, and variants.

M.A. Suleymanov [16], in his research, pro-
posed a classification of anthropogenic landscapes
based on natural landscapes, using class, type, sub-
type, and species as the classification units.

Fig. 1. Destroyed village of the Aghdam district

E.K. Alizade, M.J. Ismayilov, and others [1] cat-
egorized landscapes that underwent anthropogenic
transformation based on changes in natural compo-
nents. The degree of transformation of modern NTC
(natural-territorial complexes) was used for grading:
unchanged, slightly changed, moderately changed,
strongly changed, and transformed.

In the naming of landscapes, more attention was
paid to the main components of the natural complex.
All anthropogenic changes are based primarily on the
natural foundation of the landscape and can express
it in specific ways.

Anthropogenic impacts manifest differently in
the transformation of natural complexes. These im-
pacts can be partially grouped as follows: agricultural
activity, forestry, industrial-technological, population
settlement, tourism and recreation, etc. The influence
of this activity on landscape transformation is diverse
as well. Despite covering small areas, construction
works, and mining, culminate in the fundamental
changes in landscapes, with almost all natural com-
ponents undergoing complete transformation. While
other sources of anthropogenic transformation do not
directly affect the vertical structure of landscapes,
they cover large areas and cause significant changes
in the horizontal spatial structure of landscapes.

Analysis of the transformation characteristics of
the landscapes in the Aghdam district revealed that
there are virtually no landscapes that have not been
transformed as a result of strong anthropogenic im-

pact. Other types of transformation are sufficiently
represented in the local landscapes.

Considering the uniqueness of the landscape
transformation in the Aghdam district, two classes of
transformation were identified:

1. Landscapes with military-technological
transformation;

2. Purposefully transformed cultural anthropo-
genic landscapes.

I. Landscapes with Military-Technological
Transformation

It should be noted that military actions during
the occupation, as a unique type of anthropogenic
factor, played a significant role in the degradation of
natural-landscape complexes in the Aghdam district
and the disruption of the natural-ecological balance.

In the landscape structure of more than half of
the district’s territory, elements reflecting the nature
of military actions can be found. These can briefly be
called military-technological or belligerent land-
scapes. Military-technological landscapes in the re-
gion can be divided into two types based on their for-
mation characteristics:

A. Military-technological landscapes formed
under the direct influence of military actions; B. Mil-
itary-technological landscapes transformed under the
indirect influence of military actions;

1. Military-technological complexes include all
complexes formed as a result of military actions and
that underwent military-technological transformati-
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ons. These include the following: combat trenches,
road-communication complexes, military-technical
structures, technological complexes involved in com-
bat operations, defensive fortifications, battlefields,
destroyed irrigation systems, destroyed residential
complexes, craters formed by explosive ordnance,
etc. [2] (Fig. 2).

2. Landscapes transformed under the indirect

In the pre-occupation period, large vineyards,
fertile grain fields, residential rural and urban land-
scapes surrounded by orchards, etc., existed in the
places of military-technological complexes in the
Aghdam district. That is, anthropogenic transfor-
mations were aimed at improving human life, and, to
some extent, measures were taken to preserve the nat-
ural ecological balance. Along with the destruction of
settlements, economic objects, and infrastructure
during the occupation, military actions led to changes
in the relief, destruction of soil and rock properties,
deforestation, and the formation of belligerent land-
scapes such as barricades, trenches, and communica-
tion routes. During the occupation of Aghdam, more
than 90,000 anti-personnel and anti-tank mines were
placed. This is a source of danger to human life.

A completely different trend can be observed in
the landscapes along the front line. In the frontline
zone, natural landscapes were completely destroyed,

Fig. 2. Trench and defensive wall near the village of Tapgaragoyunlu (Aghdam district)

influence of military actions: These include all comp-
lexes within the direct sphere of influence of military-
technological complexes and those formed due to the
indirect impact of military activities. This type also
includes all occupied territories, which have numer-
ous military barracks, secondary fortifications, dirt
roads, military objects inside protected areas, etc. [5,
7, 20].

%

and more complex military complexes were con-
structed, affecting all ecosystems of the frontline
landscapes. Characteristic features of the relief here
include fortifications (trenches, ditches, firing points,
etc.). On these territories, the upper layer of soil is
contaminated with heavy metals and other chemical
compounds and loses its fertility, and vegetation de-
grades. In the upper layer of the landscape in buffer
zones, where intensive combat took place, from ex-
plosions, spills of petroleum products, etc., a layer
was formed that poses a threat to human health and
requires more than 10 years for decontamination [8].

During the occupation, in the direct military
contact zone on the territory of the Aghdam district,
more than 20 large fires were set during the plant veg-
etation period. As a result, thousands of hectares of
land were affected by fires, causing enormous envi-
ronmental damage. The results of these intentional
fires were captured on satellite images [7, 17].
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Starting from the war in 2020, when the territory
was fully returned under Azerbaijan’s control, the sit-
uation has begun to change. Enormous work is being
done to clear the buffer zone, dismantle enemy forti-
fications, and so on. As a result, the territories that
had been occupied for 30 years are now returning to
economic circulation.

In the satellite images of the Aghdam district
(2020-2023), which relate to the period of occupati-
on (Fig. 3), horrifying images of military-technolog-
ical transformation are clearly visible. Two-thirds of
the district was occupied. On this territory, as a result
of direct military vehicle influence, the relief of

natural and cultural landscapes was altered, the soil-
vegetative cover degraded, and natural-territorial
complexes (NTC) were transformed into belligera-
tive landscapes [7, 14].

Based on the results of field studies (2022-2023)
and the interpretation of high-resolution satellite im-
ages, a large-scale (1:100,000) digital map titled “An-
thropogenic Transformation of Landscapes in the
Aghdam District” (Fig. 4) was developed. Based on
the analysis of the map, 2 classes and 21 types of
landscapes were identified, which sharply differ from
each other in terms of their types and structure of
transformation.

Fig. 3. Satellite Image of Anthropogenically Transformed Landscapes of the Aghdam District (2020)

In the class of military-transformed landscapes,
14 types of landscapes were distinguished according
to the intensity of military-technical activities.
Among them, the largest areas —7.7% and 7.5% of
the total area are occupied by strongly disturbed and
transformed military-technical forest-steppe land-
scapes and fundamentally altered and disturbed bel-
ligerent landscapes (table).

II. Deliberately transformed cultural anthro-
pogenic landscapes.

The second class of transformed landscapes en-
compasses modern cultural landscapes that have been

deliberately altered in non-occupied areas. Within
this class, 7 types of landscapes were distinguished
(table). Of these, the largest area (8.5%) is occupied
by urban and residential landscapes. The larger area
of urban and residential landscapes in territories not
subjected to occupation is related to the settlement of
refugees from the occupied territories of the
Karabakh region. According to the latest statistical
data [15], the rural population density here is more
than 300 people per km?. This process increases the
demographic load on modern landscapes.

In addition to this, the lower reaches of the Tartar
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Fig. 4. Anthropogenic landscape transformation map of the Aghdam district.
Legend

I. Landscapes subjected to military-technical transformation:

1. Oak-hornbeam forests of the foothills, subjected to relatively weak transformation.

2. Weakly transformed shrub-grassland river valley landscapes.

3. Moderately transformed arid woodland and shrubland landscapes of the foothills.

4. Secondary dry steppe complexes of the foothills and intermountain depressions, heavily transformed due to fires
and military equipment.

5. Strongly military-technically transformed xerophytic-shrubby steppes on the site of former vineyards on degraded
gray-brown soils.

6. Strongly military-technically transformed xerophytic-shrubby steppe complexes of denudational-accumulative
foothill plains.

7. Intensively transformed dry steppes of denudational-accumulative plains with fragments of military-technical
changes.

8. Moderately transformed dry steppes of alluvial-accumulative plains on gray-brown soils with disrupted agroeco-
systems.

9. Radically transformed dry steppes on accumulative-denudational hill-belligerative badlands.

10. Strongly disturbed military-technical dry steppe complexes and radically transformed belligerative landscapes.

11. Forest-steppe complexes of accumulative-denudational plains, whose surface is heavily disturbed and transformed
due to military-technical impacts and fires.

12. Badland belligerative landscapes of accumulative plains under the military-technical influence and fire impact.

13. Heavily disturbed and transformed dry steppe landscapes of moderately dissected plains due to fires and military-
technical impacts.

14. Urban and rural landscapes, were deliberately destroyed during the occupation.

I1. Deliberately transformed cultural landscapes:

15. Moderately transformed pasture-mowing complexes on gray-brown soils of slightly sloped, hilly-rolling accumu-
lative plains.

16. Semi-deserts, intensively transformed into plantation-garden complexes of accumulative plains on light gray-
brown soils.

17. Intensively transformed agro-irrigation landscapes of accumulative plains.

18. Semi-deserts, consisting of strongly transformed cultural agro-irrigation complexes.

19. Settled rural and urban landscapes, consisting mostly of one- or two-story houses with gardens and crops.

20. Moderately transformed oak-pistachio arid forests on riverine hilly plains.

21. Reservoirs.
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Main structural elements of anthropogenic transformation of landscapes in the Aghdam district

Area . Degree
# Landscape Type (km*/%) Transformation Features of Transformation
1 | Oak-hornbeam forests 59 (5.1%) Ammunition depots, barracks Relatively weakly
transformed
2 | Shrub-grassland 28 (2.4%) Barracks, m11.1tar.1zed'roads, commu- Weakly transformed
nication lines
3 | Forest and shrubland 79 (6.9%) | Military vehicle shelters, barracks MOde;j;gZ dtrans-
4 | Dry steppes 19 (1.7%) Impact of military equipment Strongly transformed
5 zi:;%i lslytlc-shmbby 94 (8.2%) Impact of military equipment Strongly transformed
6 ﬁ:;(;};lslytm—shrubby 54 (4.7%) Impact of military equipment Strongly transformed
Military bunkers, trenches for per-
0, s
7 | Dry steppes 36 (3.1%) sonnel, and military equipment Strongly transformed
Agroecosystems (for military grain Moderately
0,
8 | Dry steppes >3 (4.8%) and vegetable crops) transformed
Land destroyed by fires, military Radically
0 >
9 | Dry steppes 74 (6.4%) equipment, etc. transformed
. . Strongly disturbed
0,
10 | Dry steppes 44 (3.8%) Antitank ditches, trenches, etc. and transformed
. . . . Strongly disturbed
- Y -
11 | Forest-steppe landscapes | 88 (7.7%) | Fires and military-technical actions and transformed
. . . . . Radically
0, -
12 | Belligerent landscapes 86 (7.5%) | Fires and military-technical actions transformed
. . . . Strongly disturbed
V) -
13 | Dry steppes 48 (4.2%) | Fires and military-technical actions and transformed
Urban and residential Destroyed houses, roads, administra- Radically
14 27 (2.8%) . O
landscapes tive buildings, etc. transformed
15 Pasture-mowing com- 26 (2.3%) | Irrigated feed crop plantations, etc. Moderately
plexes transformed
16 | Semi-desert landscapes 37 (3.2%) Irrigated fields, orchards, etc. Intensively
transformed
17 Agro-irrigated land- 78 (6.8%) Intensively irrigated fields Intensively
scapes transformed
18 Agro-irrigated lland— 7 (0.6%) Intensively irrigated crops, orchards, Strongly transformed
scapes and semi-deserts etc.
Settled rural and urban One- or two-story houses, cultivated Radically
19 98 (8.5%)
landscapes suburban plots transformed
. . . Moderately
0,
20 | Arid forests 104 (9%) | Logging, tree damage, grazing, etc. transformed
21 | Reservoirs 4 (0.3%) Water catchment Radically
transformed

and Khachinchay Rivers flowing through the district
were dried up during the occupation, which gave rise
to the water scarcity for irrigation in the Karabakh
plain. (Fig. 5).

This situation negatively affects the develop-
ment of agriculture in the area. As a result, the local
population has increased the consumption of ground-
water. Excessive use of groundwater has lowered the
groundwater level, which, in turn, has transformed
the surrounding landscapes into a more desertified
state.

An analysis of the degree of anthropogenic
transformation of the spatial structure of landscapes
indicates that 34% of landscapes are subject to strong
anthropogenic transformation, 25.5% to radical
transformation, 23% to moderate transformation,
10% to intensive transformation, and 7.5% to weak
transformation (Fig. 6).

— In the weakly transformed landscapes, even if
degradation of certain components (such as flora
and fauna) is observed under anthropogenic in-
fluence, their restoration is possible.
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Fig. 5. The dried-up riverbed of thé Tartér River
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Fig. 6. The degree of anthropogenic transformation of the spatial structure of landscapes

— In landscapes subject to moderate transfor-
mation, soil cover disturbances caused by mili-
tary-technical impacts have already been ob-
served.

— In strongly transformed landscapes, along with
changes in relief, alterations in the flow of sur-
face waters also occur.

— In landscapes subject to intensive transfor-
mation, their main components are continuously
affected by military-technical and human activi-
ties.

— Landscapes subject to radical transformation in-
clude destroyed settlements and urban com-
plexes, fortified defense structures, and so on.
Conclusions. For the first time, based on satel-

lite images and field research, the transformed

natural-anthropogenic landscapes in the studied area,
which changed as a result of military-technical activ-
ities, were categorized into 2 classes, 6 types, and 21
species according to their structural-genetic and func-
tional characteristics.

Using the selected criteria, landscapes subject to
military-technical transformation were mapped ac-
cording to their degree of transformation: weakly,
moderately, strongly, intensively, and radically. The
analysis of the digital map revealed that 34% of the
natural landscapes in the studied area are subject to
strong military-technical transformation, 25.5% to
radical transformation, 23% to moderate transfor-
mation, 10% to intensive transformation, and 7.5% to
weak transformation.
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BIJUIUTY JTaHAMA(PTO3HABCTBA Ta JAHIIA()THOTO IIAHYBaHHS

VY crarTi OCHIKYETHCS BIUIMB HACIiIKIB O0HOBHX il HA JaHAMA(THY CTPYKTYpPY Ta €KOJIOTTYHHHI CTaH ATJaMCh-
KOro paitony Asepbaiimkany. Moro Tepuropis nepebyBsana i okymnamiero 6;11u35k0 30 POKiB, BOHA 3a3HANIA 3HAYHUX Pyii-
HYBaHb, 1110 IPU3BEJIO 0 EKOJOTIYHUX, COLiaIbHUX Ta eKOHOMIYHUX BTpart. [Iporsrom 30 pokiB Argamcbkuii paifon Oys
OythepHOI0 30HOI0 MiX KOH(IIIKTYIOUHMH cTOpoHaMH. OCKiTBKH B oporpadiYHOMY IUIaHi OiyIbIra yacTHHa HOTO TepUTOPIi
sBIisie co0OI0 PIBHMHY 3 HE3HAUHUMH TepernajaMu BUCOT, miJ 49ac OoioBHX omepalliii oOWIBI CTOPOHU aKTHUBHO
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BUKOPUCTOBYBAJIM MIHU - SIK TIPOTHIIXOTHI, TaK 1 IPOTHTAHKOBI - JUIsi OOOPOHM CTPATEriuyHMX IMO3MLIH, 3aXUCTy THILY,
3MilHEHHs JiHid QpoHTy. 3a monepeaAHiMH OL[IHKaMH, 30MTOK IPUPOJHUM 1 aHTPOIIOTEHHUM €KOCHCTEMaM INEPEBHIIHB
200 minbsipaiB nonapis. B ArnamcekoMy paifoHi NOBHICTIO 3HMIIEHO MOoHaA 50 mam'sTOK IIPUPOIH, a TAKOXK iHPPaCTPyK-
Typy 58 CUIBCHKHMX HAceJeHUX MyHKTIB i ofHiel MichKoi TepuTopii. Kpim Toro, nonan 90 000 Ha3eMHUX MiH CTaHOBIISTH
MIOCTIiHYy 3arpo3y JJIsl MiCLIEBOTO HACEJICHHsI, TIEPEIKOKatoYH 3yCHIUIAM 3 BiJHOBJICHHS. B cTaTTi mpoBeneHo nocii-
JDKEHHSI BIUTMBY BiHCHKOBO-TEXHIYHOI HisITFHOCTI HA TpaHcopMallifo JaHamadTy B ATAaMCEKOMY PETioHi, BU3HAYCHO
OCHOBHI CTPYKTYypHO-TEHETHYHI Ta (YHKLIIOHAJIHHI 3MiHH, CHCTEeMaTH30BaHO TpaHc(opMoBaHi JaHmmAadTH. Y IOCIHI-
JDKEHHI BUKOPHCTOBYBABCS aHAII3 CYITyTHUKOBUX 3HIMKIB, TOJIBOBI JOCHTIHKEHHS Ta apXiBHI JjaHi. 3aCTOCOBAHO CHCTEM-
HUH MiAXi 10 BUBYEHHS CTPYKTYPHO-TEHETHIHUX Ta (PyHKITIOHAIBHUX 3MiH MPUPOAHUX i AaHTPOTIOTEHHHX JIAHIIIa(TiB.
Bcranosieno, mo Tpaachopmanis JaHamadTy BigOymacs sSK BHACTIZOK IPIMOTO, TaK i OTIOCEPEAKOBAHOTO BIUIUBY Biii-
CHKOBO-TEXHIYHO] HisutbHOCTI. [IprpoaHo-anTponorenHi manamadTi oonacTi kimacu}pikoBaHO Ha 1Ba KJIACH, IIICTH THITIB
121 migrun. B Xoxi nociikeHHS BUSBICHO BUCOKHH CTYIIIHB Aerpajianii HABKOJIMIIHBOTO CEPEIOBHINA, 10 MPU3BOANUTH
JI0 3HAYHUX 3MiH y CTPYKTYPi, PyHKIIisIX i cTaHi ekocucteM. [IpoBeieHi JOCiIKESHHS Jat0Th OIIHKY HACHI/IKiB BIICHKOBO-
TEXHIYHHX BIUIMBIB Ha JaHAMA(TH perioHy. Pe3ynbraTu MoXyTh CTaTH OCHOBOIO /ISl HOAAJBIINX JOCIIKEHb 3 MOHITO-
PHHTY Ta OLIIHKHM €KOJIOTIYHHUX 3MiH, BUKJIMKAHUX BIICHKOBUMH KOH(IIIKTaMH, 8 TAKOX JUIs1 PO3POOKH i IXOAIB 10 BiHO-
BJICHHS TEPHUTOPIi.

Kniouoei cnoga: silicokogo-mexniunuii 6naus, ranowagm, exocucmema, OKynayis, aumponozeHna mpancgopma-
yis, benicepamusHuii 1aHOWApm, KyiomypHuil 1aHowagm, 3a0pyOHerH s, 1aHOwagdmua cmpykmypa.

BHecok aBTopiB: BCi aBTOPM 3p0obMAN PiBHUIA BHECOK Y L0 poboTy Hagiiiwna 31 ciuns 2025 p.
KoH®niKT iHTepeciB: aBTOpM NOBIAOMAAIOTL NPO BiACYTHICTb KOHPANIKTY iHTepecis MpuitHATa 8 KBiTHA 2025 p.
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TexHoJioris reoingopManiiiHOro OiHIBAHHS Ta KApTOrpagyBaHH
e(eKTHUBHOCTI MiCbKHMX 3€JIECHHX 30H Y 3HUKEHHI
PIBHSI aBTOMATICTPAJBLHOIO LIYMY

Hamania Kopozooa'
K. T€OTp. H., IOICHT, Kadeapa reorpadii Yrpainu,

" KuiBchkuii Hanionansuuil yHisepcutet imeni Tapaca Illesuenka, Kuis, Ykpaina,
e-mail: nkorogoda@knu.ua, (=} https://orcid.org/0000-0003-1518-2997;
Temana Kynau '

K. T€OTp. H., IOICHT, Kadenpa reorpadii Yrpainu,
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[y™m € oxHUM 3 YUHHKKIB (pOPMYyBaHHS SKOCTI )KUTTS B MicTax. ABTOIUISXH BiAIrPalOTh JOMiHYI0YY POJIb B YTBOPEHHI MiCHKOTO
ryMy. 3axHCT HAceJICHHS] MICTa BiJj aBTOMAriCTpalbHOTO IIyMy - OfHA 3 HPOBIMHUX (YHKUIH, Ky BUKOHYIOTH MICBKi 3€J€Hi 30HU
(M33). [IpoBenenns ouinku epexruBHOCTI M33 € HEOOXiTHUM, OCKUIBKH JO3BOJISIE BU3HAYUTH Ti 3 HUX, SIKi TOTPEOYIOTH IepIIodep-
TOBHX YINPaBIiHCBKHUX PIlIEeHb JUIs 3a0e3MeueHHs iX ONTHMAILHOTO (pyHKITIOHYBaHHS Ta HaHOLIBII eeKTHBHOTO BUKOHAHHS (yHKITIT
nryMo3HWKeHHs. Hapasi Opakye TeXHOJIOTIH, 3a SKUMH JIeTKo BU3Ha4aTH edexTnBHicTh M33. BigmnosinHo, MeTOI0 poOOTH € TpeacTa-
BJIEHHS TEXHOJOTII reoindopmamiitHoro ouiHOBaHHS epeKTUBHOCTI M33 y 3HM)KEHHI PiBHA aBTOMAriCTPalbHOTO IIyMy Ta KapTorpa-
(GyBaHHS pe3yNbTaTiB OWIHKU. TeXHONOTIS ABIA€ cOO0K CYKYNHICTh HMPOLEAYp MiATOTOBKH Ta OMpAIFOBaHHS T'€OJaHUX AJIS OILIHIO-
BaHHA e(eKTUBHOCTI M33 y IIyMO3HIKEHHI BiAMOBIAHO O METONUKH. [IporierypH CKIIagaroThCs B aITOPUTMIYHI JTaHIFOTH, TpadigHo
o0'enHani y aBromaru3oBany mozeib oourncieHHs Model NOISE B cepenoBumi Model Designer QGIS. CkiazoBuMu TeXHOIIOTIT €
3araJbHHUN alNrOPUTM HPOBEICHHS OL[IHKY; aBTOMAaTH30BaHa MOZENb 00UMCIIeHHs; 6a3a reoqaHux. TexHooris nepegdayae BKIIOUYCHHS
B OI[IHKY BCiX aCHEKTIB, 1[0 00yMOBIIOIOTH epeKTHBHICTH M33 i TOMy MICTHTB ITpOLELypH re000pOOKH ITOTIEPeTHBOTO MTiATOTOBICHHS
BXigHUX JaHux. PoGounit nporec orinku B Model NOISE Bxitoyae HacTynHi mignporecu: 1. BU3HaYEHHS XapaKTEPUCTHK 3€JIE€HOT
30HU Ta Ii aKTyalbHOTO CTaHy; 2. 00UMCIIEHHS IIEPBUHHOTO OIS IIIyMOBOTO 3a0pyIHEHHS BiJ aBTONUIAXIB; 3. BUSHAYCHHS «3aJIHIIKO-
BOTO» PIBHIO LIyMy B 3€JIeHil 30Hi Ta ii epekTuBHOCTI. B po®oTi HaBexeHi pesynsraT KapTorpadiuyHoi Bizyamizamii OIiHKH e(EeKTHB-
Hocti M33 micta Kuea. TexHoumoris € mpuaatHOO 11 00poOKH MPOCTOPOBO-PO3MOALICHOT, YacTo 0OMexeHo1 iHdopMallii, 1o poOuTh

11 e(heKTHBHUM IHCTPYMEHTOM Yy MPAKTHUI MiCHKOTO IJIAHYBAaHHS Ta MPUUHATTS PillleHb IIPU po3pOOII MPOEKTIB 03EJICHEHHS MICT.
Knrwwuoei cnosa: micoki 3eneni 3onu (M33), mexnonozis, oyinka egpexmusnocmi M33, asmomazicmpansruii wiym, 6aza 2e00aHux,

asmomMamu308ani MoOei OOYUCIeHHS.

SAx mmtyBatn: Koporona Haranis, Kymau Tersna (2025). Texnororis reoin(popMaIiiifHoro omiHOBaHHS Ta KapTorpadyBaHHs e(peKTHBHOCTI Mi-
CBHKHUX 3€JICHHX 30H y 3HWKEHHI piBHS aBTOMarictpanpHOro mymy. Bicauk Xapkichkoro HamioHanmsHOro yHiBepcutery imeHi B. H. Kapasina. Cepis
«I'eosoris. ['eorpadisi. Exonoris», (62), 205-218. https://doi.org/10.26565/2410-7360-2025-62-16

In cites: Korohoda Nataliia, Kupach Tetiana (2025). Technology for geoinformation assessment and mapping of the effectiveness of urban green
spaces in motorway noise reducing. Visnyk of V. N. Karazin Kharkiv National University. Series Geology. Geography. Ecology, (62), 205-218.

https://doi.org/10.26565/2410-7360-2025-62-16 [in Ukrainian]

MocranoBka npobaemu. [lym € ogauM 3 4nH-
HUKIB (DOpMyBaHHS SKOCTi JKHTTS B MICTaX, IO 3a
oCTaHHI poKH 3pic Maibke Ha 25 % [12]. Horo Haami-
pHHIA piBEHb MOXKE CTAaTH NPUYUHOIO0 HEPBOBOTO BH-
CHAa)KCHHS, LIBHJKOI CTOMIIIOBAHOCTI, OCJA0JEeHHS
nam'siti, yBaru tomo [13, 18, 23, 25]. ABTonusxu Bi-
JITrparoTh JOMIHYIOUY poiib y (JOpPMYyBaHHI HIyMy B
MICTI, aJpKe 9acTKa, sIKy CKJIaJa€ TPAaHCIIOPTHUI IIyM
csirae 60-80%. IIpu npomy, aBTOMaricTpaii CTBOpIO-
I0Th HAWBHII PU3MKH, OCKIIbKH TIoHA 80% 1rymo-
BOTO HAaBaHTAXKEHHS HAa TEPUTOPISIX JKUTIOBOI 3a0y-
JIOBU MICT BUHHUKA€E caMe yepe3 aBTOMOO1IBHUH Tpa-
Hernopt [10 -12, 18, 29].

3aXMCT MICHKOTO HACEJICHHS Bij aBTOMAaricrpa-
JILHOTO IIIyMY, O/IHA 3 IPOBiTHUX (DYHKIIIH, SIKY BUKO-
HYIOTh MiChKi 3eiieHi 300U (M33), 0CKUTbKY POCIIMHU
3HWKYIOTh PIiBHI IIIyMy caMe Ha 4acToTax, 10 Mpo-
IOYKYIOTBCSI TOpOXHIM pyxoM [12, 28]. Ocnabnenns
3BYKOBHX XBWJIb Y MOMEHT iX IPOXOPKEHHS Kpi3b Ii-
JIKH, JIUCTS ab0 XBOK BIJIOYBA€THCS NEPEBAXKHO 3a

paxyHOK BiOWBaHHS, MOTIIMHAHHS 1 TpaHCchopMarii
[1, 3]. IIpore He Bci M33 maroTh «piBHY» e(heKTHB-
HICTh Y BUKOHaHHI JaHOT QYHKIII1, a/)ke POCIUHHICTh
Y HUX Ma€ Pi3Hy IUIOILY TOBEPXHi KOHTAKTY 31 3ByKO-
BAMH XBWISAMH. BiAIoBigHO, TpOBENEHHS OIIHKH
e(heKTUBHOCTI € HEOOXiTHUM JUI 3a0e3neueHHs Hal-
O1sb1I KOM(OPTHUX YMOB NPOXKUBAHHS B MiCTi, OCKi-
JIBKU JO3BOJISIE€ BU3HAYMTHU Ti M33, siki moTpelyroTh
MEPIIOYEPTOBUX YIPABIIHCHKUX PIllIeHb IS 3a0e3-
TIEUCHHS X ONTUMATILHOTO (DYHKI[IOHYBaHHSI.
AHaji3 ocTaHHIX AoCHiI:KeHb i myOJiKaiii.
PoGoTH, mpucBsiueH] OLIIHIOBAHHIO LIYMO3aXMCHHUX
BinactuBocteit M33 Hapasi mpejcTaBieHi JOCHTH
mmpoko [17, 18, 24, 30]. B wactuni poOiT HaBO-
JSTbCS PE3yJIbTaT HaTypHHUX CIIOCTEPEKEHb, Halpa-
BJICHUX Ha OLIHKY B3a€MO3B’SI3Ky MK MapaMeTpamu
POCIHMHHOCTI (HarpuKiaa, 610 i3MIHUMHE) Ta piBHEM
3HWKeHHs mwymy [20, 28]. [Hmi gocmimxkeHHs IpyH-
TYIOTBHCS Ha €MITIPUYHHUX MOJIENAX. 30Kpema y poboTi
[26] Oyno 3acTOCOBAaHO MOJEIIOBAHHS B OIIHII

© Kopozoda Hamanis, Kynay TemsHa, 2025
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BIUIMBY OKPEMHUX €JIEMEHTIB Ha ITYMO3HW)KEHHSI B Mi-
ChKHUX IIapKax.

Takok akTHBHO BUKOPUCTOBYETHCSI TeoiH(OP-
Mariiine mopemtoBanHs. Hampuxman, y [14] Oyno
MIPOBEZICHO KapTorpadyBaHHS MEPEPO3MOIUTY IIyMy
3a monomororo I'IC. Hapasi icHye Hu3Ka mporpaMHAX
MPOIYKTIB, IO TO3BOJIAIOTH PO3PAXyBaTH Ta OLIHUTH
PiBHI IIIyMy, 30KpeMa, TIOB’s13aHi 3 TOPOXKHIM PYXOM.
Hanpuknazn, NoiseModelling € inTerpoBanum monar-
koM B I'IC, 110 103BOJIsI€ OLIHUTH BIJIMB Pi3HUX ClIie-
HapiiB, OB’ s3aHUX 3 IOPOKHIM PYXOM Ha HACEJICHHS
[31]. Camocriiine porpamue 3a6esmedeHds CadnaA
JI03BOJISIE HE JIMIIE PO3paxyBaTH piBHI mIymy, a U
CIPOTHO3YBATH 1XHi 3MiHU JI KEPYBaHHS BILIMBOM
BiJIl pi3HOMAHITHHX J{KEPEIl 3BYKY, TAKHX SIK IIPOMKC-
JIOBI 00'€KTH, aBTOMAaricTpali, 3am3Huili Tomo [32].
BinpuicTs mporpaMHUX MPOIYKTIB 30CEPEIKYIOTHCS
caMe Ha MOJICJIOBAHHI TPOIECY PO3MOMITY IIyMY,
OZIHAaK B HUX HE BUKOPUCTOBYIOTHCS XapaKTEPUCTUKU
3eJICHUX HacaJpKeHb B Tpoliecax po3NoAiTy mymy. Y
pobotax [5, 8, 9] Oyno 3ampoNOHOBAaHO METOIMKY
OIIHKM EKOCHCTEMHHX IOCIYT 31 3HIKEHHS PiBHS
LIyMY BiJI JOPOXXHBOTO PYXY B MiCTi, IO CIIUPAETHCS
SIK Ha BIacTUBOCTI M33, Tak i piBHI aBTOTpaHCIIOPT-
HOTO HaBaHTAXXEHHS. 32 METOIUKOIO PO3PaxyHKH Ma-
FOTh IIPOBOIUTHUCH BiJIMTOBITHO J0 aNTOPUTMY, IO TO-
JsiTa€ 'y TOCTiZIOBHOMY BHKOHAaHHI HACTYNHHUX 3a-
BIaHb: |. BCTAHOBUTH NIEPBUHHE I0JIE ITYMOBOTO 3a-
OpyIHEHHS BiJ aBTONUIAXIB 3 Pi3HOIO IHTEHCUBHICTIO
TPaHCMOPTHOTO MOTOKY; 2. BU3HAYUTH €(PEKTUBHICTD
BUKOHAHHS (DYHKIIIT 110 3HIKESHHIO IITYMOBOTO 3a0py-
JTHEHHSI BiJ| aBTOIILIAXIB, 0 BUKOHYIOTH 3€JIeHI 30HU
3aJIeKHO Bif iX aKTyaJbHOTO CTaHy.

Buninennsi HeBupilIeHHUX paHillle YaCTHH 3a-
rajbHoi npoodaemu. He 3Baxkaroun Ha HasIBHUUN Me-
TOJIOJIOTIYHUH arapar, Ha ChOTO/IHI OpaKye pooiT, 1110
PO3KPHUBAIOTH TEXHOJIOTII0 peaizallii mpoIecy orli-
HKkU. Taka TexHomorist Mae OyTH MPOCTOI0 Y BUKOPH-
CTaHHi - 3a SIKOIO JIETKO BU3HAYaTH CTaH 3€JIEHUX 30H
Ta edekTuBHICTh iX (yHKIIOHYBaHHS. TeXHOMNOTis
Mae OyTH JOCTYITHOIO He JIMIIE JJIsl HayKOBIIB, a U
JUIS TIPaKTUKIB MIiCTOIUTaHyBaHHA. {1 1iporo nmaHi,
10 BUKOPUCTOBYIOTHCSI MAIOTh OyTH BiJIKPHTI, a BIIa-
CHE TEXHOJIOTisl Ma€e OyTH MPUAATHOIO Ui 00poOKH
MTPOCTOPOBO-PO3IOIIEHOT, 4acTO 0OMexkeHO1 iHop-
marii.

@opMy.TI0BaHHSI METH CTATTI. 3BiJICH, METOIO
JaHoi poOOTH € TIpeACTaBIeHHS TeXHOJOT1] reoindo-
pMatiiiHoro oniHroBaHHS edexruBHOCTI M33 y 3HU-
JKCHHI PiBHSI aBTOMAricTpajabHOIO Irymy. BinmosigHo
JI0 3arajJbHONPUIHATOTO BU3HAUEHHS, «reoiHpopMa-
LiKHI TEXHOJIOTI1» SBJISIOTh COOOI0 CYKYITHICTh METO-
1B, IHCTPYMEHTAPIlO Ta MPOrPaMHOTo 3a0e3MeYeHHS
Uit poOOTH 3 TeoganuMu. ToX, TPONIOHOBAaHA HAMHU
po3po0Ka, € TEXHOJOTIE reoiHpopMaIiitHOTO OITi-
HIOBAaHHS 4Yepe3 HasBHICTh Y Hill CYKYITHOCTI METO-
JUYHUX TPUAOMIB OIlIHIOBaHHS €(EeKTUBHOCTI Ta

TEXHOJIOTIYHHUX PIIICHB IX peai3allii i3 BAKOPUCTaH-
HaMm MmoximBocTed I'IC. Texnosnoria sBisie co0oro
CYKYTHICTh MPOLEAYpP MiATOTOBKU Ta OMpPaLlOBaHHS
T€O/IaHuX JUIS KiJIbKICHOTO OIIHFOBaHHS €()EKTHBHO-
cti M33 y mryMo3HImKEeHHI BiJTIOBITHO A0 METOIUKH.
[Iponienypu ckiagarOThCS B adTOPUTMIYHI JAHIIOTH,
rpagiuHo 00'eaHAHI y aBTOMaTH30BaHy MOAEIb 00-
yuciieHHs B cepeposuni Model Designer QGIS mms
CTBOpPEHHS €IUHOTO POOOYOTO MPOILIeCy OIiHKH ede-
ktuBHOCTI M33. CKIIafOBUMH TEXHOJIOIII € 3arajb-
HUH aNropyuT™ MPOBEJCHHS OL[IHKH; aBTOMaTH30BaHa
MoJieJIb 00UYKMCaeHH; 0a3a reomanux. Beil TexHoaori-
YHi pilleHHS 0a3ylOTbcs HAa BUKOPUCTAHHI: a) Bijlb-
Horo nporpamuoro 3abesnedeHns ['IC QGIS Biamo-
BimHO 1o Jinen3ii GNU GPL; 6) BinkpHuTHX TIpOCTO-
poBux nmanux npo M33. Texromoris mnepembadae
BKITIOUCHHS B OL[IHKY I'€OJaHMX, IO 0OYMOBIIOIOTH
eexruBHICTE M33 1 TOMY MiCTHTB IIPOIIEAYPH TOTTE-
PemHbOI Te000pOOKY BXiTHUX JaHWX. Te€XHOIOTIS €
KOPHCHOIO [Jisi BHUpIICHHS MICTOOYHIBHHMX 3ajad,
OCKINIBKH J03BOJISIE OTPUMATH aKTyallbHY MPOCTO-
poBy iH(oOpMaIIito 1mpo cTad Ta edekTuBHICTE M33 y
nryMo3HwkeHHi. [lana iHdopmaiis € ocHOBOIO yist
NPUAHSTTS YIIPAaBIiHCHKHUX PIlIEHb MO MiABUILEHHIO
eextuBHOCTI THX M33, 10 1IFOTO MOTPEOYIOTH MPH
PO3p0o0IIi MPOEKTIB 03eNICHEHHS MICT, YIPaBIiHHI Mi-
CBKUMH 3€JICHUMH TPOCTOpPaMH Ta BIPOBAKEHHI
MPOCTOPOBHX / NaHIMIA(THUX TJIaHIB PO3BUTKY Te-
pUTOPiit 00’ €THAHUX TPOMAJ TOIIO.

Bukiaa ocHOBHOTO MaTepiajty q0C/IiIKeHHSI.
Oco0nMBOCTI TEXHOJOTII reoiH(pOopMaIiitHOTO OIli-
HIOBaHHS MOJISTAIOTh Yy IOCIiZOBHOMY BHUKOHAaHHI
METOAMYHHUX KPOKiB [8, 6], iIHCTpyMEHTaMH TPOCTO-
posoro aHanizy QGIS/SAGA, 1110 MicTATh HEOOXiTHI
aJTOPUTMH Te000pPOOKH JaHUX Ta MOAYII s iX 00-
gyuciIeHHs. Bel npouenypn BUKOHAaHHS OLIHIOBaHHS
aBTOMAaTH30BaHO 32 JOTIOMOTOI0 CEepe/IOBUIIA r'e000-
pooxu QGIS Model Designer i peicTaBieHo y Bu-
i moaeni Model NOISE. TounicTs o0uucieHHs
MOJIETLTIO 3aJISKUTh BiJl MOBHOTHU BXiIHOI iH(opMaIlii
Ta SKOCTI 11 M/ITOTOBKM IIPY BBEJCHHI Y MPOIEAYpH
0o0YHCTICHHS.

Tox, s kopektHoi po6otn Model NOISE Ba-
KIIMBUMH € BXiJIHI J]aHi: HaOlp MPOCTOPOBUX JaHUX
BEKTOpHOI reometpii «Vegetation» (.shp) Ta HaGip
MIPOCTOPOBHUX JaHMX BeKTOpHOI reomerpii «BGI»
(.shp), aTpuOyTH SKMX Ha BXO1 MOJIEII MIOBHHHI BiJI-
MOBiJIaTH BUMOTaM, TipencTtasienuM y [7]. Habip
MPOCTOPOBHX JaHUX BEKTOpHOI reomertpii «Roads»
(.shp), arpuOyTH SIKOro MOBMHHI BiJIIIOBIIaTH BUMO-
ram, peacTaBIeHNM y Taon. 1.

B minomy anroputmiuHa cxema OOYMCIICHb B
Model NOISE Bxirouae nexinabpKa mimporecis:

L. Tlignporiec BU3HAUSHHS XapaKTEPUCTUK 3eJie-
HO1 30HHM Ta ii aKTyaJIbHOTO CTaHy, SKi BU3HAYAIOTh ii
edexTuBHICTh B mIymo3axucTi. Cepen XapakTepuc-
THK TaKUX XapaKTePUCTHK HAMH BPaxOBaHO THIT POC-
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Tabnuys 1/ Table 1

AtpuOyTn BximHoro Habopy reonanux «Roads» / The attributes of the input geodata set ‘Roads’

ATpuoyT Tun panux 3MmicT aTpudyTy Kon 3micT Koxy
Inentudikarop skuit
osm_id VARCHAR(10) oTpuMaHo 3 [21] Kopn aBronusixy

(String 12)

(way_id)*.

*V eunaoky, sikuo oekinvrka 06'exkmie y OSM 060'e0nano 6 0oun 06'ckm, ye 6yoe ooun 3 ioenmugpikamopis. Lleil ioenmu-
Gixamop He 0008'13K060 € YHIKATLHUM, OCKITbKU 00uH 00'ckm OSM modice npuzeecmu 00 cmeopenHs 0eKiibKox 00 'e€x-
mie ceomempii.

Kinac 03Hak 00’€KTiB: nepiia ogHa abo nepiii

SMALLINT . Bix 1000 mo . .
code (2 Bytes) 4-3naunuii kox [21] 9999 o71Ha/NBI U(PU BU3HAYAIOTH 1IAp, OCTAHHI
y Bi/Tpu n(pH - KJIaC BCEPEMHI MIapy
Residential ~ [Maui gopory, TOpory B )KUTIOBUX palloHax
. Mauti joporu, HeKI1acuQikoBaHi Malli MicLEeBi J10-
Unclassified AloporH, ¢ HeBt A
poru
. OCHOBHI JIOPOTH, SIK ITPABHJIO, MICIIEBOTO 3Ha-
Tertiary sioport, P :
YCHHS
. OCHOBHI JIOPOT'H, IIEPBUHHI IOPOTH, SIK IIPABHUIIO,
Primary . s1op P siop p
HalliOHATbHI
VARCHAR(40) | Kareropis aBTOmsx . .+ |3'enHaHHs Ha aBTOMOOUIFHHX JOporax JIopir (ec-
fclass . (40) P Y Primary_link A Aop Aopir (
(String 28) [21] - TaKa i/ TTaH Iy CH)
OCHOBHI JIOpOTH, TOPSAIHI JOPOTH, K IIpa-
Secondary sop JIPYTOpAZHL 0P p
BUJIO, PETiOHAbHI
Trunk OCHOBHI JJOPOTH, IOPOTH MaricTpaibHi, BaXIJIUBI
TOPOTH, SIK TIPABHJIO, PO3JIiICH]
. 3'eqHAHHS Ha MaricTpajbHUX Joporax (ecra-
Trunk link A p AoP (
— Ka/11/TIaH Ty CH )
Motorway OCHOBHI JJOPOTH, aBTOMAricTpab/aBTOCTpaaa
maxspeed | Integer 64(10) MaxkcuManbpHa J103BOJIEHA IIBUIKICTE, KM/TOJ
39 JKuTs0Bi By/Hili (30BHIIIHBO KBapTaJbHi) 3 KiJib-
KicTto aBro/roguna 500-1000
MaricTpanbHi ByIulli Ta JOPOTH:
- pallOHHOTO 3HAaYEHHS
IIIBMAKICTE ITOTOKY, 45 OPOTH 3araJJIbHOMICBKOTO Ta PalfOHHOTO 3Ha-
flow_speed | Integer 64(10) H Y s1op paton
- KM/TOJT YEeHHSI PEryIbOBaHOTO PYXY 3 KUIBKICTIO aBTO/TO-
nmuna 1000-2000
MaricTpanbHi ByJIHUIli Ta JOPOTH 3araJbHOMICh-
55 KOTO Ta pPalOHHOTO 3HAUSHHS Oe3IepPEePBHOTO
PYXY 3 KUIbKicTIO aBTo/TonuHa nonaxa 2000
2 JKuTioBi ByaHIi (30BHIITHBO-KBAPTAIIBHI)
MaricTpanbHi ByIulli Ta JOPOTH:
Kareropist aBronuisaxy xa- | 3 - DallOHHOTO SHAUCHHA .
TOPOTH 3aralbHOMiCHKOTO Ta PaffOHHOTO 3Ha-
typ_cod Integer 64(10) | pakTepHa aJs HaCEJIEHUX
- . . YCHHSI PEryJIbOBaHOTO PYXY
MyHKTIB YKpaiHu
MaricTpaibHi ByJIHIII Ta JOPOTH 3arajbHOMICh-
4 KOTO Ta pallOHHOTO 3HAaUCHHS O0e3MepPEePBHOTO

PYXy
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JIMHHOCTI Ta JACHAPOJIOTIYHUIN CKIIAJ TOCaIKH, OCKi-
JI5KA BOHH ¥ BU3HAYAIOTh YAaCTKYy LIyMY, IO ITOTJIH-
HA€ThCA. BIAMOBIAHO 10 HUX B METOMMIN OIL(IHIO-
BaHHsI [8] 3ampONOHOBaHO BUKOPUCTOBYBAaTH KOedi-
[I€EHT 3HIKEHHA pIBHI IIyMy — IapaMmerp
I noise_reduction. 3HadeHHS HaHOTO KoeiIllieHTa
3BEJICHO y TAa0IuII 2.

II. [Tigmportec 0OYHUCICHHAS IEPBUHHOTO OIS

IITyMOBOTO 3a0pyIHEHHS BiJl aBTONLIAXIB 3 Pi3HOIO
IHTEHCHUBHICTIO TPaHCIOPTHOTO TIOTOKY. B maHomy
MiANponeci 3a PO3paxyHKOBI MOKa3HUKHU HPUHHATO
MOTYXXHICTh JyKepena emicii (tabmn. 3), BIacTUBOCTI
caMoi 3eJIeHOI 30HW, BiJICTaHb BiJ JDKepena ImIyMy
To1I0. 30KpeMa OCTAaHHE BPAXOBYEThCS, ajpke 3a [15]
3HWKeHHS myMy nocsrae 0,5 nb ms Bigcrani 100 M,
HAaBITh MPH B1ICYTHOCTI IITyMOTIONTMHAEHIIX EKPaHiB.

Tabnuys 2 / Table 2

KoedinieHT 3HMXKEHHS PIBHS IIyMY, 0OyMOBIICHUH XapaKTEPUCTUKAMHU POCIIMHHOTO TOKPUBY —
1 noise_reduction / Noise reduction coefficient due to vegetation features — I noise_reduction

Tun nacamxkenb (Usage type) I noise_reduction;

HIupuna (M) 10 20 50 100
Cwmyra (1ucTsiHa IepeBHA POCIHHHICTD) 0,955 | 0,92 | 0,89
Jlicomapk (JTrcTsHA AepEeBHA POCIHHHICTD) 0,85 0,78 0,72 0,66
Jliconapk (xBoiHa AepeBHA POCIUHHICTB) 0,79 0,72 0,68 0,6
MMapk 0,9 0,81 0,75 0,72
IH1ni TimM HacapKeHb (BYTMYHI HaCca[KEHHS CENbOUIIIHOI 30HN) 0,94 0,88 0,86 0,75
lazon 0,95 0,89 0,87 0,78

Tabnuys 3 / Table 3

Cepenni piBHi ymy (Power_emission) BIATIOBIIHO J0 KaTeropii OPir, K MOKa3HUK MOTY>KHOCTI JKeperna
eMicii / Average noise levels (Power_emission) according to the road category as an indicator
of the power of the emission source

. .. Power_emission
Kareropis Kaacu gopir y KinbkicTb Tianazon
B OSM aBTO/TO .
(cepenHi 3HaYeHHA)
JKutnosi Bynuit Residential,
OB1 By . Unclassified; 500-1000 70-72 (71)
(30BHIIIHBOKBAPTAJIBHI) .
Tertiary
MarictpaibHi ByJIUIl Ta JOPOTH paifoH- Secondary;
P YA T2 0poTH b Trunk_link; 1000-1600 73-80 (76,5)
HOT'O 3HAYCHHSI . .
Primary link
MarictpaibHi ByIUIl Ta JOPOTH 3ara-
JILHOMICHKOT'O Ta PalOHHOTO 3HAYCHHSI Primary 1600-2000 77-83 (80)
PETYIBOBAHOTO PYXY
MarictpalibHi ByIUIl Ta JOPOTH 3ara- Trunk:
JHHOMICHKOTO Ta PAfOHHOTO 3HAYCHHS ’ Bbinbmre 2000 80-85 (82,5)
Motorway
0e3nmepepBHOro PyXy

III. [Tignpotiec BU3HAYCHHS «3aJTUIIIKOBOTOY Pi-
BHSI MIyMy Ta €(EeKTHBHOCTI 3€JIEHOI 30HU y 3HH-
JKEHHI1 piBHS IIyMY.

Peanizanis | migmpouecy 3ailicHIOETBHCA
HUISIXOM:

1. cTBOpeHHS BUOIPOK JijIsi OOYMCIICHD 3a 3aIlu-
TaMH JI0 aTpHOyTUBHUX TAOJIMIb 32 aITOPUTMAMH T'e-
000poOkn Vector selection / module Select by
expression Ta OBepiIeHHOro aHajizy Vector overlay /

module Intersection mi>k Habopamu reoganux «BGI»
Ta «Vegetationy.

2. BexropHux 00YHCICHD Ta OTPUMAHHS «KOM-
TUIEKCHOTO» THITY 3€JI€HUX 30H, BiAMIOBIIHO 0 Xapa-
KTepy BUKOPUCTaHHS (AMB. Ta0J. 2) 3 BX1THOTO LIapy
«BGI» Ta THIy HacapkeHb 3 BXITHOTO IIapy
«Vegetation» 3 BUKOPHCTaHHSAM Mpouenyp Vector
Table / module Field calculator. [Ipouenypy ontumi-
30BaHO CKJIQJIHUM 3alUTOM (Tabm. 4).
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Tabnuys 4 / Table 4

OparMeHT npoIieaypH 3aIUTy JJIsl CTBOPSHHS aTpru0yTy KOMIUIEKCHOTO THITY 3€JICHOT 30HH /
A part of query for creating the values of a complex green area type

CASE

END

WHEN ("type BGI noise" =1) AND ("type V_noise" = 1)THEN 1

WHEN ( "type BGI noise" = 1) AND ( "type V_noise" =3) THEN 5

3. Teomerpmunumx oOumcieHp  «oriented
rectangle», 1m0 OXOIUTIOIOTH OO'€KTH 3 BXIiZHOTO
mapy, npouenypamu Vector Geometry / module
Minimum bounding geometry. Enementa oHoBnEHO1
reoMeTpii TPYIYIOThCA 3a IOJIEM YHIKaJbHOTO 1/1eH-
tudikaropy «F_num_id» 3ei1eHux 30H, II0 CTBOPIO-
€THCS 17151 BU3HAUCHHS Koe(illieHTa 3HIKEHHS PiBHS

mymy I _noise_reduction (atpubyt Bl «Inoise»). B
pe3yibTaTi OTpUMaHuil HaOlp BEKTOPHUX TaHUX Mic-
TUTHME TI0 OJJHOMY OO0'€KTy Ha TPYIy 3 OTHAKOBHM
3HaueHHAM mMpuHU cMyTH («Width»). Ha ocHoBi na-
HOI TIPOIEAypH BEKTOPHUMH OOYMCIICHHSIMH OHOB-
JIOIOTHCSL 3HAYCHHS KOCQIIiEHTY 3HIKEHHS DiBHS
IIyMy Ha OCHOBI 3anuty (Tabm. 5).

Tabnuys 5/ Table 5

®parMeHT npoIeIypy 3aluTy 10 CTBOPEHHS arpulyTy «Inoise» /
A part of query for calculating the values of the «Inoise» attribute

CASE

END

WHEN ("Type_veg" =4) AND ("I width" <= 10) THEN 0.955

WHEN ("Type_veg" =5) AND ("I_width" >20 AND "I width" <= 50) THEN 0.87
WHEN ("Type veg" =5) AND ("I width" > 50) THEN 0.78

4. Tlepenmaui cepeqHbO3BAKEHHUX 3a IUIOIAMU
3eJICHUX 30H 3HAYCHb KOe(II[iEHTY 3HWKEHHS PiBHS
myMy y mone «Inoise» pe3ynbTyrodoro Habopy reo-
nannx «BGI noise», 3a pomomoror mpoueayp
Vector general / module Join attributes by field value.

V gKOCTI KJIFOYOBOTO ITOJIA 3’ €IHAHHS TaOIULb CIiA
BHKOPHCTOBYBATH i1eHTH(DIKATOP 3eeHO0i 30HHU «ID»
(puc. 1).

Peanizamis Il migmpomecy 3mifiCHIOETHCA
HIIAXOM:

o i = 0 5 B il
}nr\j i ;%Qu‘t‘ Tnolse — Features Total 4322, Filtered: 4322, Selected: i
-:;?‘xq_“l’;ﬁ‘\ P . § S W TES P ®E v
/f I?r}.‘?:‘:‘/ J( Ao . id - Tricie £
o 3603 | 4010 0,7560602415..
5 e 7 04 4011 0.BT0MOLPAT...
505 4012 0,780417

¥ 3605 4013 07563762046,
2607 4014 07300095763
e 3008 4015 0,750000280%. .. -

Mokazatv B 0B'ekTH

‘Width — Features Total: 39425, Fitered: 39425, Selected: 1 jraild
d L2 =T W 2 ¥ e
W Typeweg | Frumid L widh .
14189 4010 5 26558 0,00321063
¥ 14190 4010 L1 29559 142, (47063
14191 401 3 29301 0,7338351
49, 8530123

- 14102 401 5 20562

14193 | 4012 5 20563 11872111

Moxazamd ga offekmd

o Type weg — Featwres Total: 30435, Fltered: 20425, Selected: 1 i
y L TES D =

_d_- u?;q___ﬁ-p_e_ fype_BELnolse veg fype | type_\_noiss

43

5 &

Typaveg =

Puc. 1. MojenoBaHHs akTyaJIbHOTO CTaHy 3€JI€HOT 30HHU /
Fig. 1. Modelling the existing condition of the green zone
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1. OOYHCIIEHHS CEpEeAHIX PIBHIB IIyMy
Power emission (atpubyTt Bl «Pemy), mo BpaxoBye
KJIaC aBTONUISXIB (B, Tab.3) mpoueaypamu Vector
Table/ module Field calculator BekTopHuX 00UMCICHD
3a 3amuTamMu y BekTopHOoMy Habopi «Road noisey.
[Iponenypy 3anuTy HaBeneHO B Ta0I. 6.

2. OOuucneHHs MOYaTKOBOTO PiBHS LIyMy Ha
MeXI1 3eJIeHO1 30HH 3 ypaxyBaHHSM BiJCTaHi Bijg aB-
tonwrsixy Cont noise (arpubyt BJ] «Cont_noise»),
mo Oa3yeThcs Ha mporenypax: Vector selection /

module Select by expression; Vector geometry /
module Buffer; Vector overlay / module Intersection;
Vector selection / module Select by location; Vector
Table/ module Field calculator.

3. IlomryKy 3emeHnX 30H, SKi pO3TAIIOBaHi Ha Bi-
ncraHi «distance» Bix mKkepena myMmy, IpoleaypaMu
Vector general / module Join attributes by nearest Ta
nmoobuncnens «Cont noise» mpoueaypamu Vector
Table/ module Field calculator. JJooOunciaenHs Bif-
OyBaroThCH 3a JIOTIOMOTO0 3anuTy (Tadi. 7, puc. 2).

Tabnuys 6 / Table 6

@parMeHT NpoIeaypH 3aUTy CTBOPEHHS 3HaYeHb aTpuoyTy «Pemy /
A part of query for calculating the values of the «Pemy attribute

CASE

END

WHEN ("fclass" = 'residential' OR "fclass" = 'unclassified' OR "fclass" = 'tertiary') THEN 71

WHEN ("fclass" = 'motorway' OR "fclass" = "trunk") THEN 82.5

Tabnuys 7 / Table 7

®parMeHT npoIeypH 3anTy JOIIOBHEHHS 3HaYeHb aTpuoOyTy «Cont_noise» /
A part of query for calculating the values of the «Cont_noise» attribute

CASE

END

WHEN "Cont noise" IS NULL THEN "Pem" - ( "distance" * 0.005 )

" id = usaga_das usane_typa

282 BE7 i i 71,000

Cont_noisa

283 668 1 1 71,000
== 284 E60 1 1 67,445
68,400

66,453

288 673 i i 82,900
285 674 1 1 71,000

290 675 1 i 66,781

AR "
% MokazaTs Bo ok

. Distance — Features Total: 5633, Ritered: 5633, Selected: 1 B
J & LY E R E

it * | Confngise Pem
5356 675 71,000

distance

71,00 41651101604
5257 673 TLO0 54373913186
-, 5258 674 71,000 71,00 4,7297536191._

82,50 0,2694325752...

TL,00 509,413257 16..

N =0

71,00 730,58
i

Puc. 2. MogentoBaHHSI IOYaTKOBOT'O MOJIS IIyMOBOTo 3a0pyaneHHs («Cont_noise») /
Fig. 2. Modelling the primary noise pollution field («Cont noise»)

4. Tlepenaui «Cont noise» y HaOip reomaHux
«BGI noise» 3 BUKOpHCTaHHSM TMpoueayp Vector
general / module Join attributes by field value. V sxo-
CT1 KJIFOYOBOTIO IO 3’ €HAHHS TAOIUIb CIIiJ BUKO-
pHUCTOBYBaTH ileHTU]iKaTOp 3e1eHoi 30Hu «IDy.

Peanizamis Il migmpouecy 3miHCHIOETHCS
HUISIXOM:

1. MOJeITIOBaHHSI «3ATUIIIKOBOTO» PiBHS IIyMY B
3eneHii 30H1 Noise 3a mpouenyporo Vector Table /

module Field calculator. Pe3ynbrar nepenaerbcs y
arpuOytusHe nione «Noise» (puc. 3).

2. MogentoBanHs €(peKTUBHOCTI BUKOHAHHS (y-
HKIIT 31 3HWKEHHS PiBHIB WyMy E noise reduction
(arpudyT B/l «En_red»), BUKOHY€TbCA BiIOBITHO 10
npouenypu Vector Table/ module Field calculator.
Pesynwrar nepenaernes y nosie «En_red» (puc. 4).

Kaprorpadiuna Bizyanizairisi pe3yybTaTiB oIli-
HkH y cepenoBuili ['IC BusHauaeThcs 3acobamu
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Noise — Features Total: 4322, Filtered:; 4322, Selected: 1 [=ES]

& L T ER D »

Jd al Inaise _ Cont_noise Moise 2
1157 0,7378184901... 77,500 57,181
1158 0,75 77,500 58,125
1159 0,7208349490... 70,078 50,514
1160 0,7212026791... 71,000 51,205
1161 0,7207251568... 81,500 58,739
1162 0,7204040719... 82,900 59,721
1163 0,7362818152... 71,000 52,276
1164 0,7340638552... 81,500 59,826
1165 0,7216419146... 77,500 55,927

0,7201360214... 81,500 58,601

1167 0,7306357525... 83,500 61,008
1168 0,7215693019... 85,000 61,333
1169 0,72 71,000 51,120
1170 0,7200073707... 77,500 53,801
Puc. 3 MopennoBaHHs «3aIHILIKOBOI0» plBHIO rymy B 3elieHiit 30Hi («Noisey) /
Fig. 3. Modelling the «residual» noise level in the green zone («Noise»)
id Zil Inoise | Cont_noise | MNoise | En_red
1069 0,72 77,500 55,800 0,8
1068 0,72 71,000 51,120 -3,880
%, | 3646 1067 0,7207987999... 77,500 55,862 0,862
3647 1066 0,72 71,000 51,120 -3,880
3648 1065 0,7313471130... 71,000 51,926 -3,074
3649 1064 0,7200001590... 77,500 55,800 0,8
3650 1063 0,7229213624... 71,000 51,327 -3,673
%y | 3651 1062 0,7219833474... 82,900 50,852 4,852
3652 1061 71,000 51,120
3654 1059 0,7206195677... 77,500 55,848
3655 1058 0,7201980938... 81,500 58,606 3,606
3656 1057 0,7257497011... 80,500 58423 3,423
| 3657 1056 0,72 71,000 51,120 -3,880
3658 1052 0,73 77,300 22,800 0.8

Puc. 4. MOZ[eJ'I}OBaHHSI e(eKTHBHOCTI 3HIKEHHS PiBHIB IryMy B M33 /

Fig. 4. Modelling the effectiveness of noise reduction in the green spaces

MIpeJICTaBICHHS TpapivHNX 3MIHHHX - TOYOK/JiHIH/
MIOJITOHIB, SIKI 30KpeMa 37aTHi MiJITPUMYBaTH KOJi-
PHY 3aJIMBKY, Ipo30picTh Ta iHme [4]. Kaprorpadiuni
iHcTpyMeHTH cepenosuiia QGIS 3a monomororo dy-
HKIioHay Symbology m03BOJSIFOTE Bi3yamizyBaTu
arpuOyTHKY 00’ €KTiB HabOpy reomaHux. 30Kpema, Ki-
JIbKICHI Ta/a00 sKiCHI MOKa3HUKM OLIHKM YU Xapak-
TEPUCTUK 00’ €KTIB KapTorpadyroThcs y crocio 0es3-
nepepBHOTO Jiara3oHy koibopiB (Continuous Colour
Symbols) a6o B cnoci® BCTaHOBJIECHHS KOJIbOPIB Ha
OCHOBI JMCKPETHUX TPy 3Ha4eHb aTpuOyTiB - 1iana-
30HiB (Graduated symbols). KisbkicTs 1 Mexi miamna-
30HIB BCTAHOBIIIOIOTHCS BIAMOBIAHO 10 3aBIaHb OLli-
HkH [19].

JJis BU3HAYeHHS MEX Jiara3oHiB B 1aHii po0o-

Ti BUKOPUCTAHUI METOJ paHXKyBaHHS 3HaYeHb Equal
interval [15]. Bubipky 3Hauenb «Cont noise» Oyio
posnozainieHo Ha 4 niana3oHu (puc. 6). 3 pUCYHKY BH-
JTHO, 1110 Ha Mexi M33 HaliHWK4i piBHI mymy (10 73
1b) criocTepiraroThest y OUTBII K MOJIOBUHU 3€JICHUX
30H Kuesa. 3nauenns 1o 70 ab crocrepirarotbes y
4,28% 00’ €KTiB, pO3TAIIOBAHUX OJINKYE JI0 OKOJIHIIb.
3uavyenns 8516 maroth 2,71 % 00’exTiB [9].
KaprorpadyBaHHs akTyalibHOTO CTaHy 3€JICHOI
30HHM, 32 3HAUECHHSAMHU KOe(ili€HTy 3HIKEHHS PiBHS
mymy [ noise reduction, 3miiCHIOBAJIOCS TakOX B
crocid pamkoBaHMX IIKasl. BukopucToByrouu I1ad-
noH Graduated symbols ¢pynkuionany Symbology Bi-
3yamizamis BigOyBanacsi 3a 5 jAiana3oHamMH 3Ha4Y€Hb
MmoKaszHuKa (puc. 7). 3 puCyHKy BHIIHO, 110 75% M33
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AOPOXHSA Mepexa
noYaTkoBui piBeHb WyMmy (Cont_noise)
LLIO CTBOPIOETHCA Ha MeXi 3eneHoi 304K, b
60,8 - 73
B 73-77
B 77 - 80
I 80-85

Puc.6. MojenmtoBaHHS TOYaTKOBOTO PiBHS IIYMY, 1110 CTBOPIOETHCS HA MEXI1 3eTIeHOT 30HH /
Fig. 6. Modelling the primary noise level that is generated on the border of the green zone
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[OpPOXHSA Mepexa
KOEMDILIEHTU 3HWKEHHS PiBHSA WyMy y M33
(I_noise reduction(g_a))
Il 06-0,7

B 0,7-08

08-09

0,9 - 0,955

Puc. 7. MogenmoBaHHs aKkTyaJbHOIO CTaHy 3€JICHOi 30HH,
3a 3HAYEHHSIMU KOoe(DillieHTy 3HWKEHHS PiBHS MIyMmy /
Fig. 7. Modelling the existing state of the green zone by the coefficient of noise reduction
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«3anULLKOBI» PIBHI LWYMY

y 3eneHux 3oHax (Noise), [16
37 - 60,7
60,7 - 73
73-77

B 77 - 80

I 80-81,2

Puc.8. MojenmoBaHHS «3aJHITKOBOT0» PiBHIO LIYMY B 3€JIeHii 30Hi /
Fig. 8. Modelling the «residual» noise level in the green zone

MaloTh CepeAHii TMOTEHIliaNl y 3HIKEHHI piBHIB
mymy. Benuki sticonapku Ha OKOJHISX MicTa, MarOTh
HaMKpalyi TMOTEHIiall y 3HIKCHHI PIBHIB IIyMY,
Xo4a CKJIAJaroTh Jinire 8% Bij 3arajbHOI KIJIBKOCTI
M33, npore 3aiimMaroTh CyTTERI IO [9].

Bisyasizaliisi «3aJIMIIKOBOTO» PIBHIO IYMY B 3€-
JIeHI 30H1 3/iCHIOBAJacs Yepe3 paHKyBaHHS 3Ha-
4yeHb arpubyty «Noise» Ha 5 miamazonis (puc. 8). 3
PHUCYHKY BUJIHO, 1110 23% BUOiIpKH CTaHOBIATH M33,
Y SKUX «3aJUIIKOBI» PiBHI NIyMy CKianatoTh 60,7-73
nb, y Toil yac sIK MOYaTKOBi PiBHI HIyMy TakKoi CHJIN
Cont _noise — cnocrepiranuch y 55% 00’exriB. Ta-
KuM yuHOM, Y 90% M33 aBromaricTpaibHUI IIyM
e(heKTUBHO HiBeTIOEThCS [9].

Kaprorpagiuna Bizyanizamis MOKa3HUKIB OLi-
HIOBaHHsI €(PEKTHBHOCTI 3[IHCHIOBAIACS B AIXOTOMI-
YHOMY Jiama3oHi Bci€l BUOIpKM YHCIOBUX 3HAYCHb
MOKa3HUKIB (8ucoxoeexmugni M33/ crabroeghex-
musni M33) (puc. 9). Pesynpratu BKa3ylOTh Ha BH-
COKy edekTuBHicTh M33 y BUKOHaHHI 1aH0i QyHKIIii,
amke y 90% 00’ €KTIB CTBOPIOIOTHCS O€3MeUHi YMOBH

nepeOyBaHHs [9].

BucHoBku. B pobori npejcraBieHa TEXHOIOTIS
reoiH(opMaIliifHOro OLIHIOBaHHS Ta KapTorpady-
BaHHS €()eKTUBHOCTI MICHKHX 3€JICHUX 30H Yy 3HU-
JKCHHI PIBHS aBTOMAriCTPaJibHOIO IIIyMYy, Y SIKif 3a
po0oumii IHCTpYMEHTapil MPOCTOPOBOIO aHAJI3Y Ta
kaprorpadysanna npasute QGIS. Bci npouenypu
OIIIHFOBaHHs aBTOMaTH30BaHO 3a JIOTIOMOTOI0 Cepe-
noeuia reoodpodoku QGIS Model Designer i1 nipen-
craBieno y sunisagi momemi Model NOISE. Ilpen-
CTaBJICHA TEXHOJIOTiS SBJISIE COOOK0 CYKYITHICTh MPO-
LEAyp MIATOTOBKH Ta ONPAIIOBAHHS T€OIaHMX JIJIs

KUIBKICHOTO OIliHIOBaHHS eeKkTUBHOCTI M33 y
IIYMO3HI)KEHHI BiNOBiMHO 10 MeTonukw. Ilporie-
Iypu rpadiuHo 00'€JHaHI Y aBTOMaTH30BaHy MOJIENb
obuncienns B cepemosuini Model Designer QGIS
JUTsL CTBOPEHHS €IMHOTO POOOYOTO MPOIECy OIIHKU
eexruBHOCTI M33. CKIIaI0BUMH IPEICTABICHOI Te-
XHOJIOT11 € 3arajibHU aNrOPUTM MPOBEICHHS OIIHKH;
aBTOMAaTH30BaHa MOJCIL OO4YMCIIEHHs; 0a3a reona-
HUX. 3a/171s1 BKIFOYSHHS B OLIIHKY BCiX aCIEKTiB, 10
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eeKTUBHICTb 3€N1EHNX 30H Y 3HMKEHHI
piBHSA LWYMY BiA AOPOXHbOro pyxy (E_noise_reduction)
W -18-10

B 10- 26,2

Puc. 9. PezynpTar MozaetoBaHHS €EKTUBHOCTI 3€JICHUX 30H Y 3HMKEHHI PiBHS IIYMY BiJl JOPOXKHBOTO PYXY /
Fig. 9. The result of modelling the effectiveness of green zones in reducing traffic noise

00YMOBIIIOIOTh €()EKTUBHICTh 3€JICHUX 30H Y BHKO-
HaHHI (QYHKUIT 3HIKEHHS piBHIB mymy, 1o B/l y siko-
cTi BXiHOT BHECEHO 1H(OPMAaLif0 IPO: MIChKi 3eJIeHi
30HH; IOPOXKHIO MEPEXKY MIiCTa; pOCTHHHICTH Ta c(ho-
PMOBaHO BiAIOBiAHI HAOOpH reoganux: « Vegetationy
(.shp), «BGI» (.shp), «Roads» (.shp). AnropurmiuHo
poOouuii Ipoliiec OIiHIOBAHHS B MOJIEJII BKIIIOYAE Ki-
JIbKa MIAMPOIIECiB OLIIHKY 1 3a0€e31eYy€ThCs TOCIiI0-
BHUMH QJITOPUTMaMHU T€000pPOOKH Ta MOAYISIMH 00-
YHUCJICHb, 1110 TX OMUCYIOTh: 1. MiANpPOIeC BU3HAYCHHS
XapaKTEPUCTUK 3€JI€HOI 30HM Ta 11 aKTyaJbHOIO
CTaHy, B/l SIKMX 3aJIeKHUTh 11 €)EeKTUBHICTH B IIyMO-
3aXUCTi; 2. miamponec OOYUCICHHS IEPBUHHOTO
TOJIS IIYMOBOTO 3a0py/IHEHHS BiJl aBTOILIAXIB 3 Pi3-
HOIO IHTEHCHUBHICTIO TPAHCIIOPTHOTO MOTOKY; 3. MiJI-
NPOLIEC BU3HAUCHHS «3aJIMIIIKOBOTO» PIBHIO IIyMy B

3eJICHIH 30HI Ta MOJIEIIOBaHHS €(PEKTUBHOCTI. Y po-
00Ti TakoX MpeACTaBIEH] pe3ynbTaTd KapTorpadiy-
Hoi Bizyanizauii ouinku epextuBHOCTI M33 y 1mrymo-
3HWKEHHI 1t Teputopii micta Kuesa. 3amporoHo-
BaHa B POOOTI TEXHOJIOTIA € IHCTPYMEHTOM Yy IIpaK-
THIII MiCBKOTO TIaHYBaHHS, OCKLIBKH € OCHOBOYO JIJISt
MPUAHSTTS YIIPAaBIIHCHKHUX PIllIeHb MO MiJBUIEHHIO
edexTrBHOCTI THX M33, 1110 FOTO MOTPEOYIOTH IPH
PO3po0IIi MPOEKTIB 03EICHEHHS MiCT.

Monsika. Jlane mocmimkeHHS BUKOHaHE B paMKax
npoekty «TexHonorist reoiHpopManiifHOTO OIIHIOBAHHS
HaJJaHHA €KOCUCTEMHUX MOCIYyT MICBKMMH 3€JIEHUMU 30-
HaMu», 10 (PIHAHCYETHCS 3a PaxyHOK 30BHIIIHBOTO iH-
CTpyMeHTY AornoMmoru €pornericbkoro Coro3y sl BUKO-
HaHHs 3000B’s13aHp Ykpainu y PamkoBiit mporpami €Bpo-
nieiicbkoro Coro3y 3 HayKOBUX JOCII/KEHb Ta 1HHOBAIN
«lopuzoHT 2020%.
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ABSTRACT

Noise is one of the factors that determine the quality of life in cities. Motorways are the main sources of urban noise.
Protecting the urban population from motorway noise is one of the leading functions performed by urban green spaces
(UGS). However, not all UGSs have equal "efficiency"” in performing this function, as their vegetation has different sur-
face areas in contact with sound waves. Accordingly, an efficiency assessment is necessary to improve the comfort of
living in the city, as it allows to identify those UGSs that require priority management decisions to ensure their optimal
functioning. At present, there is a lack of technologies that are easy to use and can be used to determine the condition of
green spaces and their effectiveness in performing this function. Accordingly, the purpose of this paper is to describe
the technology of geoinformation assessment of the effectiveness of UGS in reducing motorway noise and mapping the
assessment results.

Methodologically, the technology is a set of procedures for preparing and processing geodata to assess the effec-
tiveness of UGS in noise reduction in accordance with the assessment algorithm. The procedures are composed of algo-
rithmic chains graphically integrated into the automated calculation model Model NOISE in the QGIS Model Designer.
The components of the technology are a general assessment algorithm; an automated calculation model; and a geodata-
base. The technology envisages inclusion of all aspects that determine the effectiveness of the UGS in the assessment and
therefore includes procedures for geoprocessing of preliminary preparation of input data. The assessment workflow in
Model NOISE includes the following sub-processes: 1. determining the characteristics of the green space and its current
state; 2. calculating the primary noise pollution field from motorways; 3. determining the "residual" noise level in the
green space and its effectiveness.

As a result, using the proposed geoprocessing algorithms and calculation modules, we carried out: A). modelling
the initial noise level - Cont_noise; B) modelling the current state of the green area - I _noise reduction; C) modelling the
"residual" noise level in the green area - Noise; D) modelling the efficiency of urban green areas in reducing noise levels
in cities - £ _noise_reduction. The paper presents the results of mapping the indicators I noise reduction, Cont_noise,
Noise, E_noise_reduction for UGSs of Kyiv.

Thus, the paper solves the scientific task of creating a technology that makes it easy to determine the condition of
green spaces and their effectiveness in reducing motorway noise. The technology is used to process spatially distributed,
often limited information, which makes its use accessible not only to scientists but also to urban planners.

The technology, which is a "geoinformation embodiment" of the assessment methodology and the results of its
cartographic presentation for the territory of Kyiv, are effective tools in urban planning practice, to improve the
efficiency of urban green spaces and the comfort of living for its residents.

Keywords: urban green spaces (UGS), technology, motorway noise, geodatabase, automated calculation models.
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ABSTRACT

Introduction to the problem. Urbanization demands advanced tools to analyze morphological changes caused by hostilities or
disasters. This study bridges this gap by integrating artificial neural networks (ANNs) with LiDAR and GIS technologies, focusing on
a site in Kharkiv, Ukraine, which was marginally impacted by the 2022 Russian invasion. Our key objective is to quantify urban
resilience and transformation under extreme stress.

Review of previous works. Advances in CNNs and RNNs have enabled spatial-temporal analysis of LIDAR and multisource
data. Recent methodologies improved feature extraction for urban change detection. However, gaps persisted in hostilities’ zone anal-
ysis, airborne and terrestrial LIDAR integration, and interpretability of ANN-driven insights.

Exposition of the main research material. Basics of ANNs for urban studies. This study employs two custom architectures:
1. ANN Similarity (Enhanced): A feedforward network using Mean Squared Error (MSE) loss and cosine similarity to predict dataset
similarities. 2. Latest ANN Method: A deeper network with contrastive loss and Euclidean distance, emphasizing dissimilarity detection
via convolutional/recurrent layers.

Applications in urban studies. The ANNSs in this study were applied to the following from several listed industrial domains:
1. Routine Urban Monitoring: Detecting new constructions/demolitions in Tallinn, ESTONIA. 2. Hostilities Impact Analysis: 1dentify-
ing war-induced structural changes in Kharkiv, UKRAINE. 3. 3D Feature Extraction: Automating building volumetry and change
detection mapping from LiDAR point clouds.

Urban Remote Sensing with LiDAR. LiDAR’s millimeter-level accuracy enabled 3D modeling of urban features (e.g., building
footprints, microtopography). Airborne (ALS) and mobile (MLS) LiDAR datasets were processed via proprietary iQ City Change
Management (CCM) software, addressing challenges like ALS/MLS alignment and artifact filtering via point-density thresholds.

Case Study: urban change detection using LiDAR to assess hostilities’ impact. Methodology: the study analyzed multitemporal
LiDAR datasets: Kharkiv (2019-2022): a 4 km? zone in Northern Saltivka, devastated by shelling. Tallinn (2017-2022): control da-
tasets for routine redevelopment.

CCM Workflow: 1. Building Extraction (BE): identified structural features (Area, Volume, Height). 2. Change Detection (CD):
classified changes as Added (new construction), Removed (demolition), or Unchanged.

ANN Analysis for comparing detected changes through Wolfram Mathematica: compared ANSE (similarity-focused) and LANN
(dissimilarity-driven) methods. Results: The following changes detected. Kharkiv: 215 Added (pre-war redevelopment) and 51 Re-
moved (war-induced demolitions) changes. The LANN method revealed stark contrasts (score: 0.35 and 0.32-0.42) between war-driven
vs. routine redevelopment demolitions, capturing irregular demolitions. Tallinn: predictable redevelopment patterns (scores: 0.60-0.66
and 0.74), validating ANN accuracy for routine changes. Implications: LANN’s sensitivity to hidden features (e.g., structural degrada-
tion) gives policymakers detailed guidance for post-war recovery, and its divergence from statistical models highlights AI’s power to
reveal unseen urban dynamics.

Conclusion. This research demonstrates how ANNs, fused with LIDAR/GIS, transcend traditional urban monitoring limitations.
The framework offers scalable tools for disaster recovery, particularly in war zones.

Keywords: LiDAR, urban studies, urban remote sensing, desktop software, building extraction, change detection, neural net-
works, analytical software, the first (ANSE) and the second (LANN) ANN analysis methods.

In cites: Kostrikov Sergiy (2025). Analyzing urban morphology changes using neural networks. Visnyk of V.N. Karazin Kharkiv National Univer-
sity. Series Geology. Geography. Ecology, (62), 219-236. https://doi.org/10.26565/2410-7360-2025-62-17

Introduction to the problem. Over the past
several decades, the world has undergone a profound
transition into an information-driven society, where
urbanization has emerged as one of the most trans-
formative forces of the 21st century. By 2050, nearly
70% of the global population is projected to reside in
cities, a trend accompanied by unprecedented spatial,
social, and environmental challenges [1]. Rapid ur-
ban expansion, coupled with dynamic morphological
transformations - ranging from vertical densification
to sprawling peri-urbanization - has necessitated ad-
vanced analytical frameworks capable of capturing
and interpreting these changes with precision. In this
context, geoinformation technologies, particularly

Geographic Information Systems (GIS) and Urban
Remote Sensing (URS), have become indispensable.
Tools such as LiDAR (Light Detection and Ranging)
now provide millimeter-level accuracy in 3D urban
mapping, enabling researchers to quantify structural
changes in building heights, road networks, and
green spaces with unprecedented fidelity [2]. Yet, as
cities evolve into increasingly complex systems, tra-
ditional analytical methods struggle to decode the
non-linear interactions between human activities, in-
frastructure, and ecological processes, that all define
modern urban geosystems [3].

Our paper addresses this critical gap by integrat-
ing artificial intelligence (Al) in its artificial neural

© Kostrikov Sergiy, 2025
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network (ANN) presentation with geospatial technol-
ogies to redefine urban monitoring paradigms. The
case is, that conventional approaches to urban change
detection, rooted in 2D cartographic analysis and
manual interpretation, often fail to account for the
multidimensional nature of urban growth. For in-
stance, methods relying on spectral indices or pixel-
based classifications frequently overlook subtle mor-
phological shifts, such as rooftop modifications or in-
cremental land-use transitions, which are vital for un-
derstanding urban resilience [4]. Neural networks,
however, offer a transformative alternative. By lever-
aging their capacity to discern intricate patterns
within vast, heterogeneous datasets - from LiDAR
point clouds to multi-temporal satellite imagery -
these models excel at automating the detection of
both abrupt and incremental urban changes, even in
data-scarce environments.

Our research is anchored in the urbogeosystemic
framework [3, 5, 6] which conceptualizes cities as
dynamic, interconnected systems where natural and
anthropogenic elements coevolve [7]. This paradigm
shift demands tools that can synthesize disparate data
streams into cohesive 3D representations of urban
form and function. To this end, we employ LiDAR-
derived digital elevation models (DEMs) and GIS
layers to reconstruct high-resolution urban models,
capturing features such as building volumetry, vege-
tation density, and microtopographic variations.
These models serve as the training substrate for neu-
ral network architectures, including Convolutional
Neural Networks (CNNs) for spatial feature extrac-
tion and Recurrent Neural Networks (RNNs) for tem-
poral pattern recognition. For example, CNNs trained
on LiDAR data can identify unauthorized vertical ex-
pansions in informal settlements, while RNNs ap-
plied to decadal satellite imagery reveal cyclical
land-use transitions in peri-urban zones [8].

Anovel contribution of this study lies in its com-
parative analysis of urban areas undergoing routine
development versus those disrupted by extraordinary
events, such as military hostilities or climate-induced
disasters. In post-war/disaster contexts, neural net-
works can disentangle patterns of reconstruction
from chaotic urban decay, offering insights into sys-
temic resilience [9]. For instance, in cities recovering
from earthquakes, our framework distinguishes be-
tween planned rebuilding and ad-hoc construction,
enabling policymakers to prioritize resource alloca-
tion. Similarly, in post-war /post-conflict zones, the
detection of subtle morphological changes - such as
the emergence of informal barriers or the degradation
of green corridors - provides early warnings of socio-
ecological fragmentation. Such capabilities are not
merely technical advancements but essential tools for
fostering equitable urban governance.

The key objective of this study is to develop and

validate a neural network-driven framework for ana-
lyzing urban morphology changes, leveraging Li-
DAR and GIS technologies to detect and quantify
both routine urban development and disruptions
caused by extraordinary events, such as armed con-
flicts, military hostilities, or natural disasters. As a
case study, we focus on the city of Kharkiv, Ukraine,
which experienced severe urban disruptions during
the first three months of the full-scale Russian inva-
sion (February—April 2022). This period of intense
hostilities provides a critical context for examining
the resilience and morphological transformations of
urban systems under extreme stress.

We have implemented the original concept by in-
tegrating two key artificial neural network (ANN) ap-
proaches for change detection comparison — so called
the “ANN Similarity (Enhanced) method” and the
“Latest ANN method” - both of which we developed.
They illustrate how different ANN configurations can
be used to analyze urban changes from multiple per-
spectives, providing a more nuanced understanding
of the data. Thus, the research seeks to automate the
identification of subtle morphological shifts, such as
building modifications, vegetation loss, and infra-
structure degradation, while providing comparative
insights into the resilience and recovery patterns of
urban systems. The ultimate goal is to equip urban
planners and policymakers with a scalable, Al-en-
hanced toolset for evidence-based decision-making
in sustainable urban development and disaster re-
covery.

The implications of this work extend beyond the
only academic field. Urban planners increasingly
face pressure to balance growth with sustainability,
particularly in regions grappling with climate vulner-
ability. By automating the detection of illegal land en-
croachments or quantifying the carbon sequestration
potential of urban forests, our neural network-driven
approach equips stakeholders with actionable intelli-
gence for evidence-based decision-making. Further-
more, the scalability of this methodology, applicable
to megacities and small towns alike, ensures its rele-
vance across diverse geographic and socio-economic
contexts.

Thus, our paper demonstrates how neural net-
works transcend the limitations of traditional geospa-
tial tools, offering a robust, scalable solution for mon-
itoring urban evolution. By fusing cutting-edge Al
with LiDAR and GIS technologies, we advance both
the theory and practice of urban morphology analy-
sis, providing a blueprint for smarter, more resilient
cities in an era of rapid global change.

Review of previous works. The analysis of ur-
ban morphology changes has significantly advanced
with the integration of neural networks, offering en-
hanced accuracy and efficiency in detecting and in-
terpreting urban transformations [10—14]. Our shor-
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tened literature survey explores the evolution of
methodologies in this domain, highlighting key stud-
ies and their contributions.

Early developments in neural network applica-
tions. The application of artificial neural networks
(ANNs) in urban change detection began gaining
traction in the early 2000s. Pioneering studies, such
as those referred to in [10], developed ANN-based
methods to identify newly urbanized areas using
Landsat Thematic Mapper images from different
dates. These approaches often utilized principal com-
ponent analysis (PCA) to extract salient features, re-
ducing data dimensionality before applying ANNs
for change detection [11]. Similarly, research em-
ploying ARTMAP neural networks demonstrated ef-
fective urban change detection with Landsat TM im-
ages, underscoring the potential of neural networks in
this field [12]. Subsequent work [13] introduced neu-
ral networks to model land-use changes in water-
sheds, emphasizing their predictive capabilities,
while other authors expanded this to multitemporal
land cover classification [14].

Advancements with deep learning techniques.
The evolution of deep learning has further propelled
urban morphology analysis. Convolutional Neural
Networks (CNNs) have been particularly influential.
A notable study introduced a strategy for extracting
indicators from large-scale orthoimages of varying
resolutions using CNNs, facilitating urban change
detection with acceptable accuracy after minimal
training [15]. Another innovative methodology com-
bined deep neural networks with inverse modeling to
generate urban morphometric parameters, enhancing
environmental assessments at the city scale [16]. One
of the recent years’ works demonstrated CNNs’ abil-
ity to detect changes in urban sprawl using multi-
source remote sensing data, achieving over 90% ac-
curacy [17], and another publication within these
years introduced deep learning for morphometric pa-
rameter extraction [18]. Recurrent Neural Networks
(RNNs), particularly Long Short-Term Memory
(LSTM) networks, have also been explored for their
temporal modeling capabilities. Research integrating
fully convolutional networks with RNNs has shown
promise in capturing temporal dependencies in mul-
titemporal Sentinel-2 data [19], with other authors
extending this approach by combining LSTMs with
attention mechanisms [20].

Integration of multisource data. The fusion of
optical and Synthetic Aperture Radar (SAR) data has
been a focal point in recent studies. A neural network-
based framework was developed to detect urban
changes using varying numbers of optical and SAR
observations, addressing challenges posed by atmos-
pheric effects and seasonal variations [21]. This mul-
tisource data integration enhances the robustness of
change detection models, which has been increa-

singly explored in recent geospatial research. For in-
stance, some authors proposed a hybrid ANN model
combining SAR and LiDAR data to detect subtle ur-
ban changes [22], while others demonstrated multi-
source fusion for urban monitoring [23].

Benchmark datasets and methodological inno-
vations. The creation of benchmark datasets has been
pivotal for advancing urban change detection meth-
odologies. The Hi-UCD dataset, introduced in the re-
cent years, comprises high-resolution aerial images
with semantic annotations across multiple time
phases [24]. Methodologically, the adoption of Sia-
mese CNN architectures has facilitated the extraction
of features from temporal image pairs [25], and trans-
former-based neural networks for improved feature
extraction have been introduced recently [26]. Earlier
surveys systematically reviewed change detection al-
gorithms [27], while some advanced algorithmic so-
lutions were proposed somewhat later, for instance -
for continuous land cover classification [28].

Challenges and Future Directions. Despite sig-
nificant progress, challenges persist in the field of ur-
ban morphology change detection. Accurately cap-
turing complex urban features and addressing data
quality issues remain areas for improvement [29]. Fu-
ture research may be anticipated to focus on refining
neural network architectures, enhancing data fusion
techniques, and developing comprehensive bench-
mark datasets [30]. The development of real-time
monitoring systems and integration with geospatial
decision-making frameworks will likely be critical in
shaping the next generation of urban remote sensing
applications.

Exposition of the main research material. The
basics of artificial neural networks for urban stud-
ies. Constructed (Artificial) Neural Network (ANN) is
essentially a mathematical modeling technique based
on the principles of organization and functioning of
the human central nervous system, particularly those
principles that implement human logic and the ability
to solve a wide range of problems, for example,
within the urban remote sensing domain [2, 8, 20, 25,
31]. The core content of this modeling technique is
the emulation of biological neural networks and the
creation of learning algorithms. These algorithms are
used in tasks where the application of other logic or
analytical techniques is problematic, such as in com-
plex forecasting or pattern recognition tasks.

The ANN methodology differs from other com-
puter modeling techniques primarily in that it is not
rule-based and does not require a predefined
knowledge base. An ANN model learns based on as-
sociative patterns to recognize and generalize rela-
tionships between sets of input and output parameters
for modeling and analysis.

In this study we apply to those constructed neu-
ral networks, which possess a typical architecture that
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includes the following main components: network to-
pology, learning paradigm, and learning algorithm.
The network topology defines its overall organiza-
tion, the specifics of node connections, the direction
of data flows, and error information between network
layers. The learning paradigm determines the rela-
tionship between the two main learning algorithms
that can be used: supervised learning and unsuper-
vised learning.

Our algorithms of comparison employed further
in this text have been primarily based on one of the
most common ANN algorithms, which is the so-
called multi-layer topology algorithm, in which all
modeling elements (processing units) are organized
into three key constituent layers: input, hidden, and
output [32]. The input layer is designed to transmit
predictive attribute data further to the hidden layer,
which is connected to the output layer, where the fi-
nal results are placed. Within this architecture, the
simulated output layer is recursively compared with
the desired output results until the delta between them
(error signal) is minimized and the results of com-
puter modeling begin to match the desired pattern.

While composing our relevant workflow, we
also have taken into account probably the most suc-

cessful definition of the ANN basic principles, which
has become a classic over the past two decades, was
provided by three authors back in 2000 [33]. This ex-
pert believes that artificial neural networks are dis-
tributed, adaptive, nonlinear learning machines built
from a variety of different elementary neural proces-
sors (PEs). Each PE in the network is connected to
other processing elements and to itself. This intercon-
nectivity defines the network topology, which is one
of the foundations of'its architecture. The information
flows passing through the network nodes are scaled
by parameters called weights, wj. The scaled infor-
mation signals are summed as a collective contribu-
tion to the output layer of each PE in the network, and
the output layer itself is a nonlinear (static) function.
The output signal of each elementary neural proces-
sor either becomes part of the overall system output
or is summed into the output signal of a neighboring
cluster of PEs (i.e., several PEs). Thus, the classical
ANN architecture, described above on the base of
[32, 34], can be stylized, as we understand it, in the
following way (Fig. 1).

Thus, seven key points described above due to
the ANN-basics for urban studies can be summarized
like follows:

Hidden layer

PE’s

Fig. 1. The classical ANN architecture stylized according to the basics introduced in [32, 34]

1. ANN as a Modeling Technique: Based on prin-
ciples of the human nervous system.

2. Learning Algorithms: Used for tasks like fore-
casting and pattern recognition.

3. Distinctive Features: Not rule-based, no pre-
defined knowledge base, relies on associative
learning.

4. ANN Architecture: Comprises topology, learn-
ing paradigm, and learning algorithm.

5. Multi-Layer Topology: Input, hidden, and out-
put layers with recursive error minimization.

6. Lefebvre’s Definition [33]: ANNs as distrib-
uted, adaptive, nonlinear learning machines.

7. Interconnectivity and Weights: Information
flows are scaled by weights and summed for
output.

Applications in urban studies. 1t is evident ac-
cording to the basics introduced in the previous sub-
section, that ANNSs can become instrumental in urban
studies, offering advanced methodologies to analyze
and interpret complex urban systems. ANNS, inspired
by the human brain's neural architecture, consist of

-222 -



ISSN 2410-7360 BicHuk XapKiecbko20o HauioHaribHo20 yHisepcumemy imeHi B.H. Kapa3siHa

interconnected nodes (neurons) that process infor-
mation using adaptive weights. This structure enables
them to model nonlinear relationships and patterns
within data, making them particularly suitable for the
multifaceted nature of urban environments, what is
the premise for these three following applications
feasible:

1. Urban Growth Prediction: ANNs have been
employed to forecast urban expansion by analyzing
socio-economic and geographic factors. For instance,
a study in Mexico integrated ANNs with cellular au-
tomata to predict vertical urban growth, aiding urban
planning decisions [34]. This model utilized spatial
analysis and image processing to simulate various ur-
ban growth scenarios, demonstrating the capability of
ANN s to handle complex urban dynamics.

2. Urban Building Energy Modeling (UBEM):
In the quest for sustainable cities, ANNs have been
applied to model energy consumption patterns in ur-
ban buildings. A notable example is the TEAC tool,
developed for the Polish residential sector, which lev-
erages ANNs to analyze energy usage [35]. This ap-
proach addresses the limitations of traditional UBEM
tools by providing tailored analyses for specific ur-
ban contexts, thereby enhancing the accuracy of en-
ergy consumption predictions.

3. Smart City Regulation: The integration of
ANNSs in smart city frameworks has facilitated real-
time monitoring and management of urban systems.
One of the referred to research has highlighted the
importance of using ANNs to regulate smart cities,
ensuring the protection of civic rights, security, and
privacy [36]. By processing vast amounts of data
from various urban sensors, ANNs can identify pat-
terns and anomalies, contributing to more responsive
and adaptive urban management strategies.

Upon any development of a relevant workflow,
it is mandatory to realize that despite their ad-
vantages, the application of ANNSs in urban studies
presents challenges. The quality and representative-
ness of input data are critical, as biases or inaccura-
cies can lead to flawed outcomes. Moreover, the
black-box nature of ANNs raises concerns about in-
terpretability, making it essential for urban planners
and policymakers to understand the underlying
mechanisms of these models. Addressing these chal-
lenges requires interdisciplinary collaboration, com-
bining technical expertise with domain-specific
knowledge to ensure that ANN applications in urban
studies are both effective and trustworthy.

Thus, ANNs offer powerful tools for analyzing
and managing urban systems. Their ability to model
complex, nonlinear relationships makes them invalu-
able in various urban applications, from change de-
tection for growth prediction to energy modeling and
smart city regulation. As urban areas continue to
evolve, the integration of ANNSs in urban studies is

poised to play a pivotal role in shaping sustainable
and resilient cities.

Urban remote sensing with LiDAR. Our re-
search approach to the aforementioned issues aligns
with the frameworks of Urban Remote Sensing uti-
lizing LiDAR for digital city modeling [2, 5, 6, 9, 37].
In this paper the central to the approach is our concept
of comparing various change detection datasets
through ANN analysis.

LiDAR systems are broadly categorized into Air-
borne LiDAR Systems (ALS), deployed on aircraft,
helicopters, or drones (UAVs), and Terrestrial LIDAR
Systems (MLS), which are vehicle-based and mobile.
While MLS techniques have recently gained promi-
nence, their primary applications extend beyond build-
ing facade extraction to include urban road feature
recognition [38] and infrastructure network feature ex-
traction using combined ALS/MLS methods [39].

A critical challenge in automated feature extrac-
tion lies in establishing seamless integration between
mobile LiDAR (MLS) and airborne LiDAR (ALS)
datasets. This integration is essential for creating
comprehensive 3D urban models. For instance, Fig-
ure 2 illustrates the results of a LIDAR project aimed
at simulating downtown Ottawa at the end of the first
decade of the millennium, based on data provided by
the municipality. The author of this paper served as
the project’s research advisor. This example under-
scores the potential of combining ALS and MLS da-
tasets for the extraction, recognition, and classifica-
tion of geographical objects.

LiDAR data is particularly well-suited for simu-
lating and visualizing urban environments through
3D city models. Most existing approaches focus on
reconstructing roof and facade levels with varying
degrees of accuracy, as depicted in Figure 2B.

These 3D models enable a wide range of highly
efficient applications across 14-18 industrial domains,
from urban planning to disaster management [4].

Case study: urban change detection using Li-
DAR to assess the hostilities’ impact. Methods and
techniques of change detection. The Change Detec-
tion (CD) technique leverages our high polyhedral
modeling Building Extraction (BE) from LiDAR
point clouds functionality [37] to automate the mon-
itoring of architectural and geometric changes in ur-
ban environments over a specified time period. This
is achieved by comparing and analyzing two LiDAR
point clouds, enabling the identification of changes in
the positions and shapes of buildings represented as
3D models. Our CD methodology addresses three
fundamental tasks essential for accurate 3D change
detection:

1. Coordinate system alignment,

2. Spatial and spectral comparison, and

3. Representation and analysis of detected
changes.
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Fig. 2. A— ALS/MLS reconstruction of the route of President Obama’s visit to Ottawa;
B — MLS-reconstructed facades of the Canadian parliament building.

Furthermore, our approach aligns with estab-
lished urban change categorization frameworks,
which classify changes into three primary categories:
positive, negative, and no change, each with subcate-
gories. In our study, the Added and Removed building
change classes correspond to partial change cases,
such as "new (part)" and "demolished (part)".

Our proposed CD solution overcomes these
challenges by detecting differences between build-
ings extracted from multitemporal LiDAR Point
Clouds aligned to the same geographic extent. Unlike
traditional methods, which struggle to distinguish
buildings with similar textures from other structures,
our approach employs an effective thresholding tech-
nique to filter out insignificant changes.

To ensure the accuracy of detected changes, we
differentiate between real changes and artifacts
(caused by data errors). Artifacts are identified by an-
alyzing point density: if a lot contains points from the
Primary Point Cloud but none from the Secondary
point cloud, it is flagged as an artifact. Conversely,
real changes exhibit higher point density in the rele-
vant cloud (Secondary for Added changes, Primary
for Removed changes). This density threshold
method effectively discriminates between artifacts
and genuine changes.

Finally, the detected changes are classified into
three categories:

1. Unchanged building lots,

2. Added lots (completely or partially covered
by new construction), and

3. Removed lots (completely or partially demol-
ished buildings).

These classifications are integrated into the BE-
database, updating the status of buildings within the
change detection framework. This approach not only
enhances the accuracy of urban change detection but
also provides a robust foundation for applications in
urban planning, disaster recovery, and policy devel-

opment.

Desktop software. The proprietary iQ City
Change Management (CCM) software, a desktop ap-
plication for Windows OS, was developed under the
leadership and primary contribution of the author as
a non-commercial project without external funding.
The software’s algorithmic core was implemented us-
ing C++ and Python, while the user interface was de-
veloped with C# MS .NET. Initially introduced in an
academic publication detailing urban studies with Li-
DAR data processing in the Kharkiv region [5], the
software underwent its latest update in 2019, with the
algorithmic core adapted for C++ 1/ and Python 3.7.

The CCM software features an intuitive user in-
terface. Upon launching, users can either access re-
cently completed projects via File => Recent Pro-
Jjects or initiate a new project. For new projects, users
configure parameters in the Project Preferences dia-
log, including selecting a projection system from the
supported categories and adjusting additional settings
under the General option. Once project setup is com-
plete, raw .LAS files are imported for processing.
Within the framework of high polyhedral modeling,
users sequentially apply BE and CD functionalities.
The Workbench menu provides access to the Building
Extraction Technology tool (Fig. 3), which offers
three options for detecting and extracting buildings.
These options also identify changes in urban features,
exporting results as .OBJ and .ThreeDFM files.

Initial LiDAR datasets and visualization of de-
tected changes. The Primary Kharkiv Northern Sal-
tivka (KHNS) dataset was collected by the surveying
Company in June 2019 using a Riegl/ VQ-1560 II-S
sensor mounted on a helicopter, covering a 68 sq. km
urban area. A 4 sq. km test site within this area, con-
taining approximately 122 million points, served as the
focus for analysis. The raw ALS data was prepro-
cessed using Riegl RiProcess software, with the result-
ing colorized point clouds exported as .LAS 1.4 files.
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Fig. 3. Workbench menu in the CCM interface that starts BE and CD procedures consequently

Unlike previous work in North America, where
preprocessed ALS/MLS datasets were provided by
local authorities, this study faced the challenge of
processing raw LiDAR data. While a helicopter was
used for ALS data collection, attempts to gather MLS
data for building facades using a land vehicle were
unsuccessful. Despite advanced methods for combin-
ing ALS/MLS point clouds [40], a sustainable com-
posite dataset for model calibration within the high
polyhedral modeling workflow could not be
achieved.

Following the cessation of violent conflicts in
Kharkiv’s outskirts in September 2022, the need for
URS to support post-war recovery became a priority
for local government, researchers, and NGOs. With
permission from local authorities, our volunteer team
conducted a second ALS survey in mid-November
2022 on exactly the mentioned above 4 sq. km but
now deserted urban zone, using the same equipment
and preprocessing software donated by the Company.

For comparative analysis we have sought for ur-
ban sites not struck by the hostilities, but faced a rou-
tine redevelopment. LiDAR data from two locations
in Tallinn, Estonia, were obtained from the national
geoportal [41]. Each of these locations was 4 sq. km
too. The Primary surveys in December 2017 pro-
duced datasets Estonia-1/Estonia-2 (EST-1/EST-2),
approximately 80 million points each, with an aver-
age density of 20 points/sq. m. The Secondary sur-
veys in December 2022 yielded 120 million points
per dataset, with a density of 30 points/sq. m. While
the KHNS dataset spans a 3-year change detection
gap, the Tallinn datasets cover 5 years, posing poten-
tial accuracy challenges.

Thus, using ALS data from 2017 and 2022 for
the ESTI and EST?2 datasets, and from 2019 and 2022
for the KHNS dataset, we generated differences in BE
models between primary and secondary segments us-
ing the described BE and CD techniques [9].

The areal distribution of detected changes for
ESTI, EST2, and KHNS was calibrated using addi-
tional repeated ALS datasets, as mentioned in Fig. 3
(Toronto project in a window caption of the CCM

interface). For the primary focus of this research, ur-
ban morphology changes in the KHNS site of Kharkiv
were analyzed, including a visual comparison of CD
areal distributions across the three key study sites (4
sq. km each) (Fig. 4-6). Detected changes were visu-
alized alongside intact building models as 3D scenes,
providing a more representative depiction than sim-
plified 2D schemes, particularly when outlining mul-
tiple types of building changes.

The footprints of extracted buildings, the cen-
troids of CD features, and a topographic grid gener-
ated by CCM were exported to QGIS as raster layers
and point/polygonal feature sets. While CCM could
not visualize CD footprints for export, precise numer-
ical values (Area - A, Volume - V, Height - H) of
these features were computed and used to map CD
centroids in this full format GIS - QGIS. Using X, Y
coordinates from a CCM-generated . CSV file, the Se-
lect by Location tool in QGIS identified building
footprints intersecting CD centroids. This approach
enables users to detect changed buildings and create
a separate CD layer with the key attributes mentioned
(4, V, H) even without specialized software like
CCM.

ANN analysis for comparing detected urban
changes’ datasets. Some introductory issues. Choos-
ing three basic geometric change parameters (Area,
Volume, and Height) for ANN analysis in Wolfram
Mathematica 13.2 is a logical approach to formalize
data regularities and classify detected changes. The
number of these changes, which determine derivative
datasets, is like follows:

o EST-1:48 Added CD features and 67 Removed
ones;

o EST-2: 175 Added CD features and 174 Re-
moved,

o KHNS: 215 Added CD features and 51 Re-
moved, all Removed CD objects in KHNS
could be supposedly caused by the military im-
pact only.

However, selecting an appropriate quantitative
method posed challenges, as these data do not clearly
belong to either natural or social science domains. To
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Fig. 4. Results of change detection in the CCM interface for the multitemporal (2017-2022) LiDAR dataset
ESTI: Lasnamde city district, Tallinn. Detected changes in architectural morphology are highlighted in red

=i

Fig. 5. Results of change detection in the CCM interface for the multitemporal (2017-2022) LiDAR dataset
EST2: Mustamdie city district, Tallinn. Detected changes in architectural morphology are highlighted in red
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Fig. 6. Results of change detection in the CCM interface for the multitemporal (2019-2022)
LiDAR dataset KHNS: Northern Saltivka city district, Kharkiv.
Detected changes in architectural morphology are highlighted in red

address this, we considered existing examples of sta-
tistical evaluation within the building change detec-
tion domain, such as approaches validating demoli-
tion statistics (e.g., the number and volume of demol-
ished buildings) [42].

Our research ANN outline. Our ultimate task is
to compare, through neural network analysis using
Wolfram Language, the following datasets:

e Positive changes (class Added): ESTIn,
EST2n, KHNSh.

e Negative changes (class Removed): ESTIRn,
EST2Rn, KHNSRn.

Each dataset consists of arrays of geometric ob-
jects with three columns representing Area, Volume,
and Height (4, V; H) without explicit labels. We as-
signed:

e Labels 1, 2, and 3 to positive changes (EST/n,
EST2n, KHNSn), corresponding to newly built
buildings or their parts.

e Labels 4 and 5 to negative changes (ESTIRn,
EST2Rn), corresponding to demolished build-
ings from normal urban redevelopment.

e Label 6 to negative changes (KHNSRn), corre-
sponding to demolished buildings due to mili-
tary hostilities.

We aim to compare the following pairs to iden-
tify differences or similarities:

1. Positive pairs: ESTIn with EST2n, ESTIn with
KHNSn, EST2n with KHNSn.

2. Negative pairs: FESTIRn with EST2Rn,
ESTIRn with KHNSRn, EST2Rn with
KHNSRn.

For this purpose, we created paired datasets:

e Positive pairs: pairsESTInEST2n,
pairsESTInKHNSn, pairsEST2nKHNSnh.

e Negative pairs: pairsESTIRnEST2Rn,
pairsESTIRnKHNSRn,
pairsEST2RnKHNSRn.

Each pair provides a unique numerical value for
"similar-dissimilar" comparison through binary clas-
sification. These six datasets serve as inputs, each
containing pairs of values for comparison.

After loading and labeling the datasets, we gen-
erated six adjusted datasets:

o adjustedlestSetESTInEST2n,  adjustedTest-
SetESTInKHNSH, adjustedTest-
SetEST2nKHNSh.

o adjustedTestSetESTIRnEST2Rn, adjustedTest-
SetESTIRnKHNSRn, adjustedTest-
SetEST2RnKHNSRn.

Using these adjusted datasets, we created frain-
ingData and validationData variables, manually ed-
iting each dataset to ensure a consistent format of six
features followed by one label. All datasets were
saved as .CSV files in a specified directory.

Crucially, we incorporated insights from prior
research based on statistical data and model analysis,
which provided expected similarity/dissimilarity out-
comes for the pairs [9], each of them forms the cor-
responding classes of the future comparison:

o ESTIn with EST2n: Expected to be similar,
classes 1, 2 of the future comparison.

e ESTIn with KHNSn: Expected to be similar,
classes 1-3.
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e EST2n with KHNSn: Expected to be slightly
dissimilar, classes 2-3.

e ESTIRn with EST2Rn: Expected to be similar,
classes 4-5.

e ESTIRnwith KHNSRn: Expected to be dissim-
ilar, classes 4-6

e EST2Rn with KHNSRn: Expected to be mar-
ginally dissimilar, classes 5-6.

Workflow for comparing datasets using neural
networks. To achieve the goal of comparing six pairs
of datasets and obtaining a unique numerical value
indicating their similarity or dissimilarity, the follow-
ing workflow was implemented:

Step 1: Data Preparation:

1. Load Datasets: Ensure all six datasets are
properly loaded and formatted. Each dataset
should consist of six features (representing ge-
ometric parameters: Area, Volume, and Height)
followed by one label (indicating the class of
change).

2. Data Formatting: Verify that the datasets are
structured consistently, with each row contain-
ing six feature values and a corresponding la-
bel. Save the datasets as . CSV files for compat-
ibility with the neural network framework.

Step 2: Neural Network Training:

1. Model Design: Train a neural network for each
pair of datasets to perform binary classifica-
tion, distinguishing between similar and dis-
similar pairs.

2. Training Process: Use the prepared datasets to
train the neural network, ensuring that the
model learns to accurately classify the pairs
based on their geometric features.

Step 3: Model Evaluation and Similarity Scor-

ing:

1. Model Evaluation: Evaluate the trained neural
network models using validation datasets to
determine their classification accuracy.

2. Similarity Scores: Use the accuracy scores as
indicators of similarity or dissimilarity. Higher
accuracy suggests greater similarity (indicat-
ing the model can easily classify the pair as
similar), while lower accuracy suggests greater
dissimilarity (indicating the model struggles to
classify the pair as similar).

3. Aggregate Measure: Calculate a totalAccuracy
metric to provide a combined measure of sim-
ilarity/dissimilarity across all pairs.

Interpretation of Results

e Unique Numerical Values: The accuracy
scores for each pair serve as unique numerical
values quantifying their similarity or dissimi-
larity.

e Comparative Analysis: Higher accuracy val-
ues indicate greater similarity between da-
tasets, while lower values indicate greater

dissimilarity. This approach enables a system-
atic comparison of urban change datasets,
providing insights into their underlying pat-
terns and relationships.

By following this workflow, unique numerical
values (accuracy scores) are obtained for each pair of
datasets, facilitating a robust analysis of their similar-
ities and differences based on neural network classi-
fication.

Proposed methodology for multi-class neural
network analysis, neural network architecture, and
its implemented classification . Taking into account
all stated above so that to address the task of compar-
ing urban morphology datasets, the following finally
approach is proposed:

1. Label Definition: the datasets are labeled as /,
2, and 3 for positive changes (e.g., newly con-
structed buildings) and 4, 5, and 6 for negative
changes (e.g., demolished buildings). The neu-
ral network must output probabilities or scores
corresponding to these labels, enabling precise
classification of urban changes.

2. Network Architecture Adjustment: the neural
network architecture is modified to accommo-
date multi-class classification. Specifically, the
output layer is expanded to include 6 neurons,
each representing one of the defined labels. A
Softmax activation function is applied to en-
sure that the output probabilities sum to 1, fa-
cilitating interpretable class predictions.

3. Training Process: the network is trained using
the labeled datasets. A categorical cross-en-
tropy loss function is employed to optimize the
model for multi-class classification, alongside
an appropriate optimizer (e.g., Adam) to en-
sure efficient convergence.

4. Model Evaluation: the trained network is eval-
uated using the adjusted test sets (e.g., adjust-
edTestSetESTInEST2n). Performance metrics
such as accuracy, precision, recall, and F1I-
score are calculated to assess the model’s abil-
ity to correctly classify urban changes.

5. Dataset Comparison: the trained network is
applied to predict similarities and differences
between paired datasets (e.g., ESTIn with
EST2n). The predictions are analyzed to iden-
tify patterns of similarity or dissimilarity,
providing insights into the nature of urban
changes across different contexts.

This finalized methodology ensures a robust and
interpretable framework for analyzing urban mor-
phology changes, leveraging the strengths of neural
networks to automate and enhance the classification
process.

The neural network developed in Wolfram Math-
ematica interface employs a sequential architecture
designed to process multi-dimensional urban mor-
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phology data, such as LIDAR-derived geometric fea-
tures (e.g., building footprints, heights, or volumetric
changes) [Fig. 7]. The architecture is structured as
follows:

1. Input Layer: accepts 3D data arrays (size:
67%x2x3), representing spatial and temporal
features of urban changes.

2. Flatten Layer: converts the input into a 1D
vector (size: 420) for compatibility with subse-
quent layers.

3. Hidden 