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The article describes the second stage of studying the thermal field of Ukraine. We
considered two options for calculating the mantle heat flow. The first variant (HF ;) was a
calculation of the difference between the observed heat flow and the heat flow determined
at the first study stage caused by radiogenic heat generation in the crustal rocks. In the
second variant, we calculated the mantle heat flow (HF ,) as the sum of several effects.
We considered the general cooling of the Earth, heat generation in immobile rocks of the
upper mantle, and the reflection of heat and mass transfer processes in the tectonosphere
(practically — only in the Phanerozoic). The latter also includes recent activation. Cal-
culations have shown that a significant difference between the platform and geosyncline
existed in the last approximately 2.5 billion years, and the contribution to the present-day
conductive heat flow from the mantle in these regions does not differ significantly. The
difference in the released energy is compensated by a different number of convective
heat and mass transfer events. The effects of recent events are considered for cases when
they are still noticeable in the modern mantle heat flow. In practice, this applies to the
Hercynian and younger geosynclines. These effects were calculated for the Donbas, the
Lublin-Lviv Trough, the Scythian Plate, and the Carpathians. Particular attention is paid
to recent activation, the deep process of which is not fully understood. The calculations of
both variants coincide on the territory of Ukraine with acceptable accuracy. Thus, the heat
and mass transfer schemes adopted by the authors have been controlled by independent
data. The results allow us to proceed to the third stage of the study — the construction of
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a complete thermal model of the tectonosphere of Ukraine.
Key words: mantle heat flow, heat-mass transfer schemes, recent activation.

Introduction. The study of the crustal
heat flow (HF) distribution conducted by the
authors [Gordienko, Gordienko, 2025] was
the first stage of the work on creating a ther-
mal model of the tectonosphere for the en-
tire territory of Ukraine. Its results allow us to
move on to the second stage — determining
the mantle HF over the same area. Regarding
calculating this thermal field parameter, it is
necessary to mention that we are not talking
about the magnitude of the heat flow from be-
low to the Moho discontinuity, but about the
amount of heat supplied by mantle sources
to the Earth's surface. The difference, in par-

ticular, is that the energy of magmatic intru-
sions into the crust is convectively removed
from the mantle, creating an additional part
of the observed heat loss through the surface.
The crustal HF calculation method also does
not consider the effect of long-term crustal
cooling as part of the entire tectonosphere,
and this effect is thus formally included in
the mantle heat flow.

Given sufficient geothermal exploration
of the area and satisfactory data quality, de-
termining the mantle heat flow (HF,)) can be
outlined in two ways. The first is relatively
simple: subtracting the crustal heat flow
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from the total observed heat flow. The result
(HF ) is of some interest in itself as a source
of information to search for the nature of the
flow. In our work, we calculated it to verify
the mantle HF (HF ,), defined as the result
of the heat-mass transfer history in the tec-
tonosphere for the entire formation period
of the modern value. Heat and mass trans-
fer schemes in regions with different endog-
enous regimes followed the geological theory
outlined in [Gordienko, 2022]. Before being
applied in Ukraine, such a technique was
tested by modeling along a system of deep
seismic sounding (DSS) profiles encircling the
northern hemisphere of the Earth with a total
length of about 50,000 km (Fig. 1). We com-
pared the sums of the calculated crustal and
mantle heat flows with the observed HF. Our
study explored inactive and activated plat-
forms, Alpine (including island arcs), Cimme-
rian and Hercynian geosynclines, Alpine and
Hercynian rifts, ocean basins and mid-ocean
ridges, deep-sea trenches, and back-arc seas.

Over most of the profiles' lengths, agree-
ment between the calculated and experimen-
tal HF is at a level explainable by the errors.

Discrepancies (totaling several thousands
km of profile length) of a much larger size,
virtually excluding the use of heat flow data
for solving the problem, are always associ-
ated with large errors in the observed field.
On the continents, one such example is giv-
en by [Gordienko, Gordienko, 2024, 2025].
In the northern part of the Siberian Platform,
HF had to be excluded from consideration
over a large area due to errors in accounting
for the permafrost effect. In the oceans, the
maximum distortion is associated with the
Mid-Ocean Ridge. One of the limiting cases
is shown in the inset in Fig. 1. It is pointless
to talk about the correspondence of the HF
distribution to the Slater curve. The forma-
tion of strip magnetic anomalies alternating
in time due to the change in the polarity of
the magnetizing field is also unrealistic. This
situation was described long ago by Matthews
and Bath [1967].

Nevertheless, over large areas of the
oceans, it is possible to demonstrate the
agreement of the models of deep processes
and heat flows in the Pacific and Atlantic ba-
sins with and without recent activation, and
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Fig. 1. The location of the DSS profiles along which the observed and calculated heat flow data were compared
[Gordienko, Gordienko, 2023a, 2024]. In the inset, the heat flow distribution in the region of the Mid-Atlantic
Ridge is near 40 °N [Le Gal et al., 2018]: 1 — DSS profiles lines, 2 — continents, 3 — Mid-Ocean Ridge axes, 4
— the calculated distribution of heat flow as distance from the spreading axis, from crustal age growth, and from
bottom dipping (by Slater's rule in the concept of plate tectonics), 5— observed heat flow values.
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to note the effects associated with marginal
troughs, flank plateaus, areas of ongoing
modern oceanization, and island arcs. Un-
fortunately, we cannot speak on the impact
inherent in the deep process itself in the Mid-
Ocean Ridge: it is too «noisy». The results
in matching empirical and model data so far
should be recognized as «semi-qualitative».

On the continents, the situation is much
better; here, we managed to confidently show
the correspondence of thermal models of
deep processes to the observed HF within the
limits of activated and inactive platforms of
different ages, young geosynclines, and rifts
of Eurasia and North America. On profiles
with a total length of about 20,000 km (out of
25,000 km of the total length of continental
profiles), an average discrepancy between the
calculated and experimental HF was obtained
at a level of 7—8 mW/m? which differs little
from that shown in [Gordienko, Gordienko,
2025] for the territory of Ukraine.

For further progress in the use of geother-
mal information in the framework of regional
studies of the geodynamics of the present and

30°

past, in addition to a significant increase in
the density of the HF observation network, it
is necessary to pay much more attention to
the conditions of heat and mass transfer at
shallow depths, where sources of interference
are formed that prevent reliable diagnostics
of the components of the heat flow from the
crust and upper mantle of the Earth. For
Ukraine, the required level of experimental
quality has been achieved (see below).

Heat flow from the mantle of Ukraine as
the difference between the observed and
crustal one. The distribution of the heat flow
generated by radioactive decay in crustal
rocks over Ukraine's territory at present and
in the recent geological past is given in [Gor-
dienko, Gordienko, 2024]. The error of the
presented parameter does not exceed a few
mW/m? The authors have repeatedly pub-
lished information on the second parameter
necessary for calculating the mantle com-
ponent — the distribution of observed HF
passing through the surface over Ukraine's
territory. It is possible to use the variant of
the HF map obtained by applying kriging to

Fig. 2. Distribution of the Earth's heat flow in Ukraine's territory (in mW/m?).
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the experimental data, which allows for fill-
ing the gaps in the study with a high degree
of probability [Gordienko, Gordienko, 2022].
Of course, it is impossible to reconstruct local
HF anomalies using this technique; however,
in any case, they will not be analyzed at the
achieved regional level of work (see below).
The HF distribution in Ukraine is given in
Fig. 2. The figure does not include tectonic
regionalization, since the subtraction proce-
dure used does not provide any features for
calculating the differences in the compared
parameters in different places of the territory:.

The HF distribution scheme has some sim-
plifications. The most intense local anomalies
are absent. Some of them cannot be depicted
in the figure (for example, disturbances of
about 1 km wide in the oil-and gas-bearing
part of the Dnieper-Donets Basin). Others, of
slightly larger sizes (for example, an anomaly
with an intensity higher than 120 mW/m? in
the Transcarpathian Trough or many negative
disturbances in the Dnieper-Donets Basin) are
also associated with heat distribution at rela-

24°

tively shallow depths; they are not interesting
for the analysis.

The error of single HF determination in
typical cases is about 3 mW/m?. It is estab-
lished by the spread of values obtained from
the neighboring wells. When constructing
the heat flow distribution scheme, the results
were averaged over several points within the
areas of trapezoids with sides of one minute
of geographic coordinates. Naturally, this
method was used only in the most — detailed
studied areas (Donbas, Dnieper-Donets Basin,
the Fore-Carpathian Trough, and local areas
of other regions). Therefore, the adopted
step of digitizing isolines (10 mW/m?*) may
be insufficient in places with high and sharply
changing HF. For values over 80 mW/m?, the
step was 20 mW/m?.

Comparison with the distribution of crustal
HF was performed first by fixing the obtained
values of mantle heat flow at the intersection
points of the isolines. Then, based on the ob-
tained results, a slightly smoothed version
was constructed. For each trapezoid with an
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Fig. 3. Mantle heat flow (HF ;) in Ukraine's territory (in mW/m?).
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area of 0.5x0.5° geographic coordinates, the
average values of HF, were calculated. It
significantly reduced the contribution to the
overall picture of local anomalies, the sources
of which are knowingly absent in the HF ,
calculation model.

The error estimate for the mantle flow
(HF,,,), considering the errors of both pa-
rameters used [Gordienko, Gordienko, 2025],
can be taken to be approximately 4 mW/m?,
although the reliability of the error obtained
in calculating mantle HF cannot be consid-
ered fully proven based on the relatively small
amount of data involved.

Fig. 3 shows the distribution of the calcu-
lated parameter on the territory of Ukraine.

The resulting picture mainly contains the
expected elements. Mantle HF sharply in-
creases in the Carpathian geosyncline, less
significantly on the Scythian Plate, and in
the Donbas. Moderate values (except for the
activation zones of the Dnieper and, partly,
Kirovohrad HF anomalies) are widespread on
the East European platform. Some decrease
is noticeable in the Dnieper-Donets Basin,
where the effect of recent activation is weaker.
However, a similar lowering in the western
part of the Ukrainian Shield is spread signifi-
cantly further south than could be assumed
from the crustal heat flow data and geological
information [Gordienko, Gordienko, 2025].

Fig. 4. Sources creating mantle heat flow, supplement-
ing the one widespread on the unactivated Precambrian
platform: 1 — areas of recent activation, 2— the bound-
ary of the East European Platform, 3— parageosynclinal
zones of Donbas and the Lublin-Lviv Trough, 4 — zone
of reduced heat generation of upper mantle rocks.
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Direct calculation of mantle's heat flow
(HF_,;). The HF , calculation scheme in-
cludes three main elements: general cooling
of the Earth, heat generation (HG) in immo-
bile rocks of the upper mantle, and reflection
of heat and mass transfer processes in the tec-
tonosphere (practically only in the Phanero-
zoic). The latter, of course, contains recent
activation. In Ukrainian territory, this list can
be supplemented by the deviation of mantle
heat generation from the average (towards a
decrease), discovered here, identified on the
northeastern margin.

The calculation of the first element of the
described scheme has been repeatedly con-
sidered. It is not of particular interest, since
it assumes the same addition to the effects
of all other sources everywhere [Gordienko,
2017]. Fig. 4 shows the location of other heat
flow sources within Ukraine.

The division of Ukraine's territory shown in
Fig. 4 does not strictly follow the accepted ter-
minology for the convenience of describing
heatsources. In particular, this applies to the al-
location of Hercynian parageosyncline zones
(according to V.V. Belousov) [Belousov, 1975]
in the body of the East European Platform.

The heat flow caused by the general cool-
ing of the Earth has been considered for 4.2
billion years. The initial temperature distribu-
tion corresponded to the solidus temperature
of mantle rocks T501:1013+3-914H—0-0037H2v
where H is the depth in km. Fig. 5 shows the
magnitude of the modern effect.

Heat generation in the upper mantle of
Phanerozoic geosynclines during the Earth's
early history (up to about 2.5 billion years ago)
differed little from the platform HG. At this
time, convective heat removals (and, accord-
ingly, the frequency of active heat transfer
episodes) coincided [Gordienko, 2023]. In the
subsequent period, more acts of convective
heat transfer in the mantle of geosynclines
caused thelevels of heat flow due to HG and on
the platform to approximately equalize. The
calculated values differ by the first mW/m?,
which is comparable with the calculation er-
ror. Thus, the sum of the two components
studied can be considered the same and equal
approximately 20 mW/m?
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We monitored the value in a variety of
ways. One of the ways is by the HF level at the
continental platform sections of the profiles
around the northern hemisphere outside the
zones of recent activation. The total length
of such sections (with high-quality data on
the heat flow) is 5500 km. In all cases, the
mantle heat flow at 20 mW/m?level allows us
to explain the observed values with accept-
able deviations.

In the activated areas of the platforms,
gravity modeling showed that the heat and
mass transfer scheme adopted in geological
theory corresponds to reality [Gordienko,
Gordienko, 2023b,c]. The scheme is the rise
of superheated and partially molten matter
of the lower part of the upper mantle under
the crust to a depth interval of 50—100 km
without an intermediate stop. In such areas (at
the total length of the DSS profiles of about
5000 km), increased values of heat flows are
also observed (if the material quality is suf-
ficient). The calculation shows they should
exceed the HF on a quiet platform by 12—
15 mW/m? The age of the onset of recent ac-
tivation remains an unresolved problem. In
cases where it is accompanied by magmatism,
dates have been established in the range of
approximately 5—25 million years. However,
such direct dating is relatively rare. Therefore,
an average value of 15 million years was often

used (including in the territory of Ukraine).
Naturally, this situation creates an additional
source of error in the calculation of HF .

Many signs indicate a complex nature
of the recent activation, probably including
several acts of matter movement in the crust
and mantle. The simplified model needs to
be complicated, bringing it closer to reality.
In any case, there is no doubt that the forma-
tion process of hydrocarbon deposits is much
younger. Here, we are talking about hundreds
of thousands of years and mass transfer to the
upper part of the crust from an intermediate
center of partial melting and fluidization in
the middle part.

Uncertainties in the age of the studied
rocks also create a problem when assessing
the modern decrease in mantle heat flow in
the northeastern part of the Ukrainian Shield
[Gordienko, Gordienko, 2024]. According to
the available data, the anomaly can be esti-
mated at minus 5+2 mW/m?.

In general, the distribution pattern of HF ,
on the platform part of Ukraine's territory
looks like this. Outside the activation zones
(see Fig. 4), the mantle heat flow is 20 mW/m?,
decreasing to 15 mW/m? in the area with re-
duced mantle rock heat generation. At the
boundary of the recent activation zone, it in-
creases to 27 mW/m? (except for the area with
reduced HG, where it reaches 22 mW/m?),

HG,
HF,
mW/m”
16 — 1
2
12
8" T T
4 3 2

Fig. 5. Time variation of heat flow (a) associated with the tectonospheric cooling (1) and heat generation in the upper
mantle of the platform (2); b— heat generation of the upper mantle rocks of the platform (3) and geosyncline (4).
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and in fairly large activated areas it grows to
32—35 mW/m*.

The heat and mass transfer processes in
the mantle of the Hercynian rift regions of
Ukraine are currently no longer manifested
in an anomalous (compared to the platform)
heat flow value.

In contrast, the influence of geosynclinal
events in the Donbas and Lublin-Lviv regions
is still noticeable. To take it into account,
calculations were performed for three acts of
heat and mass transfer corresponding to deep
processes.

1. The first quantum of tectonic action
rose 380 million years ago from the astheno-
sphere (260—480 km) into the depth interval
of 160—220 km. Anomalies reach +400 °C and
—110 °C.

2. About 330 million years ago, overheat-
ed and partially molten matter rose from
the depth interval of 350—470 km to 100—
160 km. The resulting anomalies are —320 and
+640 °C.

3. The removal of matter (260 Ma) occurred
from the depth interval of 130—270 km into
the 40—100 km depth interval. After a short
time, mantle melts were introduced from the
formed subcrustal asthenosphere into the
crust, to depths of 20—40 km. Some cooling
of the subcrustal depth interval occurred. The
calculated parameters are in full agreement
with geological data on the sources of mag-
matism in Donbas [Gordienko et al., 2015]:
190 km and 1650 °C, 150 km and 1500 °C,
90 km and 1300 °C, and 50 km and 1200 °C
(Table 1).

After the geosynclinal process completion,
two more one-act activations occurred in the

Table 1. Comparison of experimental (1)
and calculated (2) depths (km) of magmatic
chambers in Donbas

Age, million years 1 2
370 150 160
370 180 210
320 100 100
240 50 65
240 90 100

Donbas, the consequences of which are al-
most imperceptible in the mantle heat flow.
By now, the overall effect is about 10 mW/m?,
supplemented across most of the region
by the influence of recent activation with
12 mW/m?. In the Carpathians, the Transcar-
pathian (TrC) and Folded-Carpathian (FC)
zones are important for calculating the mantle
flow of Ukraine. The Alpine process began
in the TrC zone 190 Ma ago by the uplift of
rocks from the 230—480 km interval to the
180—230 km interval (anomalous T=+200 °C).
The rock subsidence from the upper interval
led to the cooling of the lower one by 40 °C.
At the second stage (150 Ma ago), the rocks
rose from the interval of 180—490 km (anoma-
lous 7=-60 °C) to the interval of 120—170 km
(anomalous 7=+ 360 °C). At the third stage
100 Ma ago — from depths of 180—480 km
(anomalous 7=-140 °C) to 40—90 km (anoma-
lous 7=+870 °C).

In the FC zone, the process began 150 Ma
ago with the rise of matter from the depth in-
terval of 220—480 km to the interval of 170—
220 km (anomalous 7=+200 °C). The lower in-
terval cooled by 40 °C. In the second stage,
100 Ma ago, from depths of 180—480 km
(anomalous 7=-80 °C) the substance was car-
ried to the depths of 120—170 km (anomalous
T=+400 °C). At the last stage (50 million years
ago) — from the 140—260 km (anomalous
T=-240 °C) to the 40—90 km interval (anom-
alous 7=+580 °C). The calculated depths of
magmatic chambers in the Ukrainian Car-
pathians agree with those established by the

Table 2. Comparison of experimental (1)
and calculated (2) depths (km) of magmatic
chambers in Carpathians

Age, Ma TrC FC
1 2 1 2

190 200 220 — —
140 125 130 — —
90 200 220 150 160

90 50 60 100 110

50 — — 50—100 50
215 75 4590 20 25
215 | 2025 | 2025 — —
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composition of the region's igneous rocks
(Table 2), as are the sedimentation rates, the
anomalous densities' distribution correspond-
ing to the calculated gravitational field, etc.
[Gordienko et al., 2011].

The calculated values of HF , associated
with the geosynclinal processes in the Car-
pathians and recent activation (assuming a
different version of heat and mass transfer
than the platform one) reach a maximum of
60 mW/m”.

Similarly, calculations were for the terri-
tory of the Scythian Plate, including relatively
narrow folded zones of the Hercynian and
Cimmerian ages. Here, the obtained tempera-
ture data are also consistent with geological
information, particularly by the composition
of the Lomonosov Uplift's rocks [Gordienko
et al., 2017]. The corresponding effect as an
additional mantle anomaly is 15—20 mW/m?.

Fig. 6 presents a summary scheme of the
HF |, distribution as isolines of the parameter
under consideration. They were constructed
based on calculating results of the average
values in the above-mentioned trapezoids of
0.5x0.5° geographic coordinates.

The scheme reflects the current develop-
ment's state of deep processes’ mechanisms
in the tectonosphere. The above information
on the problems due to the lack of geological
data insufficiency shows that many more clar-
ifications are needed. However, the scheme's
achieved level of adequacy to the real situa-
tion already allows us to obtain a robust solu-
tion to the problem.

Comparison of options of mantle heat
flow calculation. The above results of HF 4
and HF  , calculations were obtained by fun-
damentally different methods using different
initial information. They can be considered as
established independently. Their coincidence
means the reliability of the data used for the
calculation and correctness of the calculation
methodology. The differences indicate exist-
ing errors (Fig. 7).

Comparison of Figs. 3 and 6 in the text of
the article reveals elements of similarity and
difference in the presented distributions. The
most intense anomalies (in the Carpathians,
on the Scythian plate, and in the Donbas)
are naturally present in both cases, although
with some offsets. It is difficult to capture the

Fig. 6. Distribution of the calculated heat flow (HF ,) from the mantle of Ukraine (in mW/mZ).
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Fig. 7. Comparison of the results of two variants of mantle heat flow calculation in the territory of Ukraine (HF ;—

~HF,, in mW/m?).

prevailing trends in areas with less intense
disturbances.

In this case, the comparison is for the en-
tire study area based on the mantle HF val-
ues for the trapezoids mentioned above. Their
total number was 320. Isolines with a step of
10 mW/m? are drawn based on the values of
differences.

Obviously, over most of the territory, there
are discrepancies of diverse signs, differing
from O by several units of mW/m?. Discrep-
ancies of —10 or +10 or more mW/m? occupy
2—3 % of the area each. For a more complete
quantitative characterization, it is convenient
to consider a histogram of their distribution
with a more detailed step than the step of the
isolines (Fig. 8).

Judging by the histogram, the distribu-
tion of differences is close to normal. Two-
thirds of them do not exceed 6 mW/m? which,
with equal calculation errors of both options,
gives an error estimate of each option at about
4mW/m? The result of calculating HF ,, using
observed HF data with an error of 3 mW/m?

ISSN 0203-3100. Geophysical Journal. 2025. Vol. 47. Ne 3
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Fig. 8. Distribution of the HF  ,—-HF , differences on the
territory of Ukraine.

and crustal HF data with a probable error of
2—3 mW/m? seems valid. Correspondingly,
the HF , error seems realistic as well.

The successful verification (likewise for
other parameters of physical fields reflecting
the character of deep processes in the tec-
tonosphere) allows us to proceed to the next
stage: the complete thermal model construc-
tion of Ukraine's tectonosphere. Naturally, we
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are talking about the creation of a model of a
regional character.

Conclusions. Comparison with indepen-
dent data allowed us to establish that the
constructed scheme of heat generation and
transfer in the tectonosphere is correct and
as accurate as possible. Such a result is pos-
sible only with high-quality initial data — ob-
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MANTLE HEAT FLOW IN THE TERRITORY OF UKRAINE

MaHTiiHU TeNAOBUM MOTIK Ha TepuTopii YKpaiHu

B.B. I'opaieHko, 1.B. I'opaieHko, 2025
IrcturyT reodizuku im. C.I. Cy66otira HAH Ykpainu, Kuis, YkpaiHa

ITpoBepeHO ApyTHY eTall BUBUEHHS TEIIAOBOTO MOASL YKPAIHU — PO3TAIHYTO ABa Bapi-
AQHTHU PO3PAXYHKY MAHTIMHOIO TEIAOBOro noToKy. Ilepumnmii sapiant (HF ;) Oys 00umnc-
AEHHSIM Pi3HUII MijK CIIOCTEPE’KEHUM TEIAOBUM ITOTOKOM i BCTAHOBAEHHUM Ha II€PIIOMY
eTari AOCAIAKEHHS TEIAOBUM IIOTOKOM, BUKAMKAHUM PAaAlOT€HHOO TEIIAOTEHEPAIli€Io ¥
IIOPOAAX 3eMHOI Kopu. Apyruii Bapiant (HF, ;) po3paxoByBaBcs sIK CyMa KiABKOX edeK-
TiB. ByAO BpaxoBaHO: 3araabHe OCTUTAHHSA 3€MAIL, TeIIAOTeHepallis B HePYXOMUX IIOPOAAX
BepXHBOI MaHTII Ta BiAOOpa>keHHS IPOIeCiB TelIAOMacollepeHeCeHHd B TeKTOHOoChepi
(mpakTuuHO Aullle y paHepo30i). AO OCTaHHIX BiAHeCeHO i cydyacHy akTuBi3anito. Oxo-
AOAJKEHHS IIPEACTaBAEHE K CyTO KOHAYKTUBHUM IIPOIIEC, IO ITo4YaBcs 4.2 MADPA POKIB
TOMY 3 TEMIIEPATYPH COAiAyCa B MOPOAAX BEPXHBOI MaHTii. BHECOK y MaHTIMHUM TEIIAO-
BUM IOTIK PaAiOreHHOI TellAOoreHepallil pO3TASIHYTO AAS 11 PiBHIB Mip AOKeMOPIiNCBKOIO
IAQTGOPMOIO Ta TeOCHUHKAIHaAAIO. [TokazaHo, 110 3HauHA Pi3HUI Mi>K HUMU iCHYE B
OCTaHHI IPUOAM3HO 2,5 MADPA POKIB, @ BHECOK Y Cy4aCHUU KOHAYKTUBHUM TEIIAOBUM ITOTIK
3 MaHTIl y WX perioHax IOMITHO He BiApi3HAETHCA. PI3HUIIA B eHepril, 1110 BUAIAMAACH,
KOMIIEHCYETBHCS PI3HOO KiABKICTIO aKTiB KOHBEKTHUBHOI'O TelIAOMaconepeHocy. Edekru
OCTaAHHIX IIOAIM PO3TASIHYTO AASL BUIIAAKIB, KOAM BOHM IIOMITHI Yy Cy4aCHOMY MaHTIMHOMY
TenAaoBoMy noToIli. DakKTUYHO Ije CTOCYETHCS I'ePIIUMHCHEKUX I MOAOAIIINX TeOCUHKAIHAAEH.
Edektu pospaxoBaHi pasg AoHOACY, AFOOATHCBEKO-ABBIBCEKOTO IIPOruHy, CKipChKOI MAUTH
Ta Kapmnat. OcoOAUBY yBary IpHUAIA€HO CydacCHIN aKTUBi3allil, TAMOMHHUM IIPOLeC SKOI
IIOBHICTIO 1IIe He BUBYeHUM. PesyabTaTy oOuncAeHb 000X BapianTiB HF | 30irarorbcsa Ha
TepUTOPIl YKPaTHU i3 IPUNUHATHOIO pO30iKHiCTIO. TaKMM YMHOM, HE3aAEKHUMHU AQHUMU
IIPOKOHTPOABOBAHO IIPUMHATI aBTOPAMU CXeMHU TellAOMacollepeHeceHHd. Lle pae MOXK-
AMBICTB IIEPEUTU AO TPETHOTO eTAaIly AOCAIAKEHHSI — IIOOYAOBHU IOBHOI TEIIAOBOI MOAEAL
TeKTOHOC(epr YKpaiHMU.

KA1040Bi cAOBa: MaHTIMHUM TEIIAOBUM ITOTIK, CXEMHU TeIIAOMAcOIllepeHeCeHHs, CydacHa
aKTUBi3allisd.
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