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Crustal heat flow in Ukraine
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Information on the network density of heat flow measurements with the authors' par-
ticipation in Ukraine's territory and beyond is presented. Data of such quality can be
effectively used to control the schemes of deep processes in the tectonosphere and the
origin of mineral deposits. We provide maps of heat flow distribution and concentration of
geothermal resources. Combined geological and geophysical knowledge of Ukraine's terri-
tory allows us to proceed to a more in-depth study of the thermal field. The main objective
was to calculate the crustal heat flow due to radiogenic heat generation throughout the
country, which has not been done before. We used information on the distribution of P-wave
seismic velocities along the DSS (deep seismic study) profiles of about 12,000 km total
length. The error in determining the seismic wave velocity was calculated by the velocity
difference at the profiles' intersections or overlaps. On average, the velocity difference is
about 0.2 km/s. Accordingly, the error of velocity determination is about 1.4 km/s. Such an
error allows us to draw isolines of the crust heat flow through 4 mW/mz. Variants of velocity
and heat generation correlation for different crustal rocks are presented. Together with
mapping crustal heat flow distribution based on the DSS data, the Moho depth was also
plotted considering the error in determining this parameter. Regional crustal heat flow
anomalies were identified as being associated with the geological evolution of individual
regions. In the platform part of Ukraine, we detected heat generation anomalies related
to the anomalies in the upper mantle. The results allow us to proceed with determining
the heat flow from the mantle on the territory of Ukraine.
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Introduction. The latest edition of Earth
Heat Flow (HF) Catalogue [Global..., 2024] al-
lows us to estimate the density of the planet's
HF measurement network and the fraction
of data obtained with contributions from the
authors. The total number of HF determina-
tions in the Catalogue is about 91 thousand.
Of these, about 56 thousand are on the conti-
nents. Within Ukraine, 13 thousand heat flow
values were determined with the participation
of the authors. Also, approximately more than
1 thousand HF values were determined on the
territories of Russia, Poland, Belarus, Moldo-
va, Armenia, Uzbekistan, the southern part of
Kazakhstan, Kyrgyzstan, and Tajikistan [Gor-

dienko, Talvirskiy, 1990; Sergeev et al., 1992;
Gordienko et al., 2002, 2005, 2006, 2011, 2012,
2015, 2017%; Varentsovet al., 2013, etc.]. That is,
the authors' contribution to the study of con-
tinental heat flow is about 25 %. The number
of HF records in Ukraine is comparable within
the USA; the average density of HF measure-
ment in Ukraine is thus many times higher.
Detailed data on the number of HF values for
many countries are not yet available, but it
is quite possible to assume that the network
density in Ukraine is maximum. Of course,
it is very uneven. For example, in the Don-
bas, about 6 thousand single HF values have
been established, yet there are many «white
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spots» on the Ukrainian Shield and its slopes.

One should note the advantageously high
accuracy of the Ukrainian HF values. The au-
thors participated in estimating the errors in
temperature records (T) in wells using dif-
ferent methods under different conditions
in the USSR and some other countries. The
same procedure was applied to determine the
thermal conductivity of rocks. Finally, it was
possible to select the most reliable results,
which were used for HF calculating. Other
data obtained on the territory of Ukraine
(without the authors' participation) were not
taken into account in heat flow mapping.
The reliability of the HF values should also
be noted. It was achieved by introducing nu-
merous corrections considering the influence
of many factors that distort the heat flow value
at different depths in the near-surface zone.
Differences in the heat flow material quality
were revealed, particularly when considering
the data on long seismic profiles encircled the
northern hemisphere [Gordienko, Gordienko,
2023, 2024, etc.]. In different regions of conti-
nents and oceans, calculated HF (correspond-

ing to the author's geological theory [Gordi-
enko, 2022, etc.]) and experimental HF were
compared. The current Catalogue [Global...,
2024] does not yet present the HF data for all
the necessary regions in a user-friendly form,
and its use is technically difficult. Therefore,
outside of Ukraine, information fromthe pre-
vious Catalogue (released in 2020) was used
to compare with the calculations. The results
of such comparison for the EUROBRIDGE
and VI geotraverses are presented in Fig. 1.
The combined profile crosses the north-
ern border of Ukraine at km ~1040. The histo-
grams of differences between calculated and
observed HF clearly illustrate the difference
in the intensity of arbitrary heat flow varia-
tions. Within Ukraine, it corresponds to an er-
ror of 4—5mW/m? This value differs slightly
from the TP variations at practically coincid-
ing points in Ukraine. Outside of Ukraine, it
increases so much (30 mW/m?) that there is no
point in using the observed HF to verify the
calculated values. A similar situation is also
found in other regions of the continents and,
in particular, oceans [Gordienko, Gordienko,
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2024, etc.], so on average the agreement is
much better than in the northern part of the
profile in Fig. 1. It can be expected that in the
territory of Ukraine, the distribution of ex-
perimental HF values in many cases is appli-
cable to verify the schemes of deep processes,
to determine the mechanisms of formation of
various minerals deposits, and to develop cri-
teria for their prospecting.

To use the available data in such a way;, it
makes sense to consider the entire data ar-
ray, first at the regional level, and to deter-
mine its background parameters with their
constituent characteristics. The distribution
of the total HF value at this level has already
been described [Gordienko et al., 2002, etc.].
This paper considers the HF produced by the
crust as a stationary radiogenic heat source.
Using this parameter, we can calculate its
mantle component, i.e., the difference be-
tween the observed and crustal heat flows.
In this case, the term «mantle component» is
assumed as conditional. It is obvious that by
using this method, the effects of HF sources
in the crust, different from those caused by
radiogenic heat generation (HG) in the giv-
en depth interval, will also be included in its
value. This implies the long-term cooling of
the planet and relatively young intrusions of
overheated matter from the mantle into the
crust. Besides, the youngest of them may not
manifest themselves in the heat flow at the
surface. Such features must be taken into
account when considering the value of the
mantle component of the HF at the next stage
— comparing it with the results of heat and
mass transfer in the tectonosphere of tectoni-
cally active regions [Gordienko, 2017, 2022,
etc.]. Such a comparison will allow the er-
rors of both parameters to be determined. As
aresult, it would be possible to construct the
distribution of regional (background) tem-
perature in the crust and upper mantle with
error estimation and to robustly model local
thermal anomalies, which could be associated
with some mineral deposits, or to abandon
the idea if the data are of insufficient quality.

Thus, we plan the following work order:
1) (the current paper) calculation of the crust-
al HF for the entire territory of Ukraine for
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all DSS profiles. Such calculations used to be
done for selected profiles within individual
regions. The velocities were converted into
heat generation values using formulas estab-
lished for the Ukrainian data [Gordienko et
al., 2002, etc.]; 2) calculation of the mantle
HF by subtracting the crustal HF from the
experimental data and determination of the
resulting error; 3) calculation of mantle HF
following the geological theory and history
of deep processes in Ukraine, comparison of
two variants of the mantle HF calculation re-
sults (results in the next article); 4) if the error
of mantle HF is acceptable — construction
of a thermal model for the entire territory of
Ukraine for the whole depth of the tectono-
sphere (the final article).

Materials. To calculate the heat generation
of crustal rocks required for calculating the
crustal HF, we used data on the distribution of
P-wave velocities (Vp) along the deep seismic
sounding profiles on the territory of Ukraine.
Information on the velocity cross-sections and
references to them are given mainly in the
same monographs written with the authors'
participation as the heat flow data [Gordien-
ko et al., 2005, 2006, 2011, 2012, 2015, 201%;
Varentsov et al., 2013, etc.]. Additional infor-
mation related to the results of recent years
is taken from publications [Yegorova et al.,
2006; Grad et al., 2006; Baranova et al., 2011;
Starostenko et al., 2013, 2015, 2017, Janik et
al., 2020, 2024, etc.]. In addition, we used the
data on the CEL 05 profile [Grad et al., 2006]
(outside but close to the border of Ukraine), as
well as some information along the profiles in
Russia close to the border near the Voronezh
massif. One of the Ukrainian seismic profiles
(XXII), passing through the Crimean Moun-
tains and Kerch Peninsula, was excluded from
the consideration since its velocity model was
constructed mainly using data on the inter-
secting profiles. The DSS profiles used are
presented in Fig. 2. Their total length is about
12 thousand km.

For the convenience of further processing,
the Vp distributions on the seismic cross-sec-
tions were presented by velocity isolines with
the steps given in the author's sections. In
several cases, notable gaps were found, such
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Fig. 2. Location of the DSS profiles on the territory of Ukraine [Gordienko et al., 2004; Tripolsky, Sharov, 2004;
Starostenko et al., 2013, 2015, 2017; Janik et al., 2020, 2024 etc.]: I — profiles, their numbers, pickets (in km).
Profiles PL — Poltava—Luhansk, PS — Poltava—Sverdlovsk.

as insufficient or absent information on sedi-
ments. In the calculations, such «blank spots»
were filled with information from neighbor-
ing profiles. The distortions introduced in this
case are insignificant.

Determination of the typical error in cal-
culating Vp seems interesting. According to
the assessment [Gordienko et al., 2005, 2006,
etc.], based on the comparison of the intersect-
ing profiles and those obtained on the same
profile by different authors, in the crystalline
crust (without a thick sedimentary layer), the
error in the upper part (up to ~10—15 km) is
about 0.1 km/s; below these depths, the value
is greater, but its quantitative determination
seemed unclear. According to the available
data, the differences in magnitudes on inter-
secting profiles with thick sedimentary layers
are higher than the mentioned value.

It makes sense to consider the entire data
set to compare all the velocity cross-sections
at the intersection and overlapping parts of
the profiles. The velocity values are then com-

ISSN 0203-3100. Geophysical Journal. 2025. Vol. 47. Ne 1

pared within a vertical step of 5 km. In places
where profiles were very close or coincided,
velocity differences at isovelocity intersection
points were considered. In total, more than
450 AVpvalues were obtained, and the results
are shown in Fig. 3, a.

At one point at the intersection of the
CELOS and TTZ-South profiles, the compari-
son of velocity distribution was made outside
Ukraine, near its border. The resulting differ-
ence shows a rather significant error — up to
0.14 km/s. At each depth section, only veloc-
ity isolines with a step of 0.4 km/s are con-
sidered reliable, which makes such a picture
rather uninformative.

Calculating velocity distributions along
thenew DSS profilesresulted in smaller errors.
Comparison of the models on profiles done
after 2000 at their intersections encounters
insignificance of information. There are few
intersections. It is possible to use DOBRES-
TTZ-South, DOBRE4-DOBRES, CELO5-TTZ-
South, DOBRES5-DOBRE2, DOBRES5-28,
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Fig. 4. Moho discontinuity depths in Ukraine: 1 — isolines of the Moho depths, km, 2— an insufficiently reliable

fragment of the isoline.

DOBRE?2-29, but the number of velocity com-
parisons is order of magnitude higher when
using data on all profiles, and the matching
is at least not better. Adding information on
the coinciding profiles DOBRE-5 and pro-
file 26 does not noticeably change the
situation. Thus, the material for calculating
heat generation was obtained with a signifi-
cant error. However, its value does not make
sense to directly transfer to the error of the
subsequent calculation. That is precisely
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what is happening in this case, so with a
methodology adequate to the calculation
situation, one can fully expect an acceptable
result.

The crustal thickness of Ukraine and typical
errors in its determination on the DSS profiles
are essential for assessing crustal heat genera-
tion. They are presented in Figs 3, b and 4. In
addition to the profiles in Fig. 3, the variants
of constructing velocity models from [Zverey,
Kosminskaya, 1980] were used for comparison.
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Fig. 5. Relationship between seismic wave velocity and
heat generation for crustal rocks [Gordienko et al., 2002
etc.]: I —sediments, products of epi- and catagenesis,
2 — crystalline rocks.

The depth discrepancies at the points of
intersection (or coincidence) of the profiles
are rather significant — 4 km, corresponding
to the error of 2.5—3.0 km for each model
and determining the cross-section of reliable
isolines not less than 8 km. Therefore, placing
the depth anomalies of Moho depths on the
local mosaic scheme does not make sense.
Only large structural elements are reliable.
A clear reduction of crustal thickness in the
regions of recent activation of the Alpine and
Cimmerian geosynclines is obvious. Unlike
similar processes on the platform, here they
are accompanied by crustal thickness reduc-

tions comparable to rifting or even oceaniza-
tion. V.V. Belousov called such development
in the geological past «failed oceanization»
[Belousov, 1982]. More ancient traces of the
Hercynian rifting are traced by the reduced
crustal thickness in the Dnieper-Donets Basin
and part of the Donbas parageosyncline.

Some crustal thickening on the periphery
of the Dnieper-Donets Basin reflects a no-
ticeable horizontal overflow of crustal matter
within the rift advection zone [Gordienko et
al., 2006, 2015; Gordienko, 2017].

The strip of crustal thickening of the north-
eastern strike in the western part of the Ukrai-
nian Shield and the Volyn-Podolsk Plate is
associated with more ancient (at least pre-
Riphean) events. It is considered below as an
argument for anomalous heat generation in
the crust of the East European Platform.

Calculation of heat flow from the crust
of Ukraine. The relationship between the P-
wave seismic velocity and radiogenic heat
generation for the rocks of the Earth's crust
of Ukraine has been studied in detail and
undergone multiple checks and refinements
by our research in all regions of the country
[Gordienko et al., 2002, 2005, 2006, etc.].

The values of the parameters in Table and
Fig. 5 are given for platform PT-conditions.
Information for a recalculation that consid-
ers the effects of abnormal temperatures
compared to platform ones can be obtained
relatively easily for velocities (approximately
0.06 km/s per 100 °C) in crystalline crustal
rocks. They are the ones that underwent

Longitudinal seismic wave velocities and crustal rock’s heat generation

Vp, km/s HG, mkW/m® | Vp km/s | HG, mkW/m® | Vp, km/s | HG, mkW/m®
Sediments, products of epi- and catagenesis
2.0 1.18 3.5 1.05 5.0 0.87
2.5 1.15 4.0 1.01 5.5 0.73
3.0 1.10 4.5 0.95 6 0.48
Crystalline basement rocks
5.8 1.54 6.4 0.66 6.9 0.28
6.0 1.22 6.5 0.60 7.0 0.23
6.1 1.08 6.6 0.54 7.1 0.23
6.2 0.90 6.7 0.43 7.2 0.20
6.3 0.80 6.8 0.34 7.4 0.16
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the most significant impacts of anomalous
temperatures [Gordienko et al., 2002, etc.].
Naturally, theirimpact led to the rock density
change (U, Th, and K concentrations, i.e., to
a change in heat generation), to which cor-
rections in the calculated HG (of a different
sign) should correspond. However, they are
insignificant (less than 10 % of corrections re-
lated to the account of temperature anomalies
of velocity).

As calculating the HG value using the
velocity models of the crust requires a suf-
ficiently detailed idea of the composition and
PT-conditions incrust, we used geological and
geophysical data covering the entire Ukraine
area [Gordienko et al., 2005, 2006, 2011, 2012,
2015, 201%; Varentsov et al., 2013, etc.].

For calculations, we used the program
for estimation temperatures (T) produced by
stationary three-dimensional sources used
in many publications mentioned above. The
program calculates the parameters of objects
with anomalous AT and volumetric heat ca-
pacity (cv) over short periods of time (Af) —
AT=HGAt/cv. Successive inclusions of such
sources occurred until complete stabiliza-
tion of T was achieved in the depth range of
about 70 km. At a greater distance from the
sources, it is necessary to consider the change
in heat generation over time. In this case, we
used the results of the upper 5-km section, for
which regional thermal conductivity values
could be applied (as, for example, has been
done by calculating the geothermal energy
reserves of Ukraine [Gordienko et al., 2002,
etc.]). The check demonstrated sufficient ac-
curacy of the calculations — within 1 mW/m?
level. It was performed for a pack of layers of
practically infinite length and width with a
total thickness of 40 km (the reference block).
Precise knowledge of heat generation in the
strata was assumed.

For almost all regions of Ukraine, the char-
acteristics of the HG models were studied
in terms of the influence of the sizes of the
crustal sources on the results of the calculated
total effect of HF [Gordienko, 2005, etc.]. For
typical cases, for a block width of 30—40 km,
the effect of the upper 15 km of the crust is
15 mW/m? its difference from the reference
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block reaches a few percent. The effect of
the block at a depth of 15—30 km is about
7 mW/m?, constitutes a difference from the
reference block of about 10 %, and for the
block in the depth range of 30—45 km, it
reaches 3 mW/m?with a difference up to 20 %.

Such peculiarity of the radiogenic HF from
the crust of calculation in comparison with
calculations of the gravity effect of the den-
sity model is associated with a sharp change
in heat generation with depth (basicity) and
metamorphic stage of the crustal rocks. From
the top of the basement, the rock density in-
creases by about 50 %, whereas heat genera-
tion decreases by an order of magnitude.

Results, discussion, and conclusions.
Acomparison of the calculated HF at the in-
tersection and coincident regions of the DSS
profiles was made (Fig. 6). The difference be-
tween them is 10 % of the medium HF value
on average — about 2.5 mW/m?. The error of
the separate value is about 1.8 mW/m?. Reli-
able isolines can be drawn with a 5 mW/m?
interval (a 4 mW/m? seems more convenient
for representing the real field).

Asin the case of the Moho depths scheme
(see Fig. 4), the compiled scheme (Fig. 7)
characterizes only the regional features of
radiogenic heat generation of crustal rocks.

The observed crustal heat flow values
range from 15 to 30 mW/m? Almost the same
values occur in all fairly large and tectoni-
cally heterogeneous continental regions of
the Earth.

30 —
o | L—
20—
10
— AHF,
] mW/m2
2.5 mW/m’
0 [ | [ [ [
0 2 4 6

Fig. 6. Distribution histogram of differences in the cal-
culated crustal heat flow values obtained at intersecting
or overlapping profiles within Ukraine.
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Fig. 7. Heat flow distribution formed by radiogenic heat generation of crustal rocks in Ukraine: I — HF isolines,

mW/m?.

Natural minima on the HF scheme are
visible in the areas of reduced crustal thick-
ness on the margins of the Pannonian massif,
which belongs to the Alpine geosyncline of
the Carpathians and the Black Sea Basin.

A smaller decrease in crustal HF has been
recorded in the Dnieper-Donets Basin and
Donbas. In these regions, it is associated with
the cumulative effect of some reduction in the
thickness of the crust, and its notable basifi-
cation occurred during rifting (including the
Riphean stage of this process).

It is possible to obtain fundamentally new
information by considering the nature of the
above-mentioned band of abnormal crustal
thickness and heat generation over the north-
western margin of the Ukrainian Shield and
the Volyn-Podolian Plate. Large parts of this
band show simultaneous crustal thickening
at 10—15 % and a reduction in crustal HF
by approximately the same value (to 18—
20 mW/mz). Such variations in heat genera-
tion in the rocks of the upper mantle beneath

ISSN 0203-3100. Geophysical Journal. 2025. Vol. 47. Ne 1

the platform seem quite probable based on
the experimental data. In the central part of
the Ukrainian Shield, the background value of
crustal heat flow is 20—24 mW/m? [Tsymbal
etal., 1999]. By combining the anomalous HG
in the crust and upper mantle of the platform,
it turns out that calculated temperatures in
the tectonosphere of these areas are notice-
ably different (up to 200 °C). Naturally, such
calculations consider the formation of tem-
peratures during the complete (in time and
depth) thermal history of the tectonosphere
[Gordienko, 2017, etc.].

The results allow independent verifica-
tion by geological data. Moreover, it turns
out that similar anomalies are known not
only in the Ukrainian Shield but also in the
eastern part of the Baltic Shield (Karelian
and Belomorian blocks) [Tsymbal et al., 1999;
Panov et al., 2000; Tsymbal, Tsymbal, 2003;
Svetov, Smolkin, 2003; Shcherbakov, 2005,
etc.] (Fig. 8). In Ukraine, this information
was obtained by studying xenoliths taken
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Fig. 9. Histogram of differences between calculated and
experimental temperatures in the mantle of the Ukrai-
nian and Baltic Shield blocks.

out from the mantle by kimberlites. In some
places, their concentration reaches 40—50 %
of the volume of kimberlite dikes. They are
practically lacking crustal xenoliths. On the
Baltic Shield, proper igneous rocks of mantle
origin were studied. From the available data,
two rock groups originated approximately
at the same time range (middle Proterozoic)
as kimberlites and had different calculated
temperatures.

A comparison of calculated and experi-
mental data (temperatures calculated from
rock compositions [Gordienko, 2022, etc.])
demonstrates their complete consistency
(Fig. 9).

The average discrepancy is 70 °C. The er-
ror in determining the temperature from the
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Fig. 8. Calculated (1, 2) and
experimental (3, 4) tem-
peratures (a — UKkrainian
Shield, b — Baltic Shield)
in zones of background (1,
3) and reduced (2, 4) heat
generation in the crust and
upper mantle [Tsymbal et
al., 1999; Panov et al., 2000;
Svetov et al., 2003; Tsymbal,
Tsymbal, 2003; Gordienko
et al., 2005; Shcherbakoy,
2005; Gordienko, 2017,
2022, etc.]; 5 — mid-plat-
form modern T distribution.

composition of mantle rocks is 50 °C. That is,
AT corresponds to the same calculation error.

The findings allow us to draw the following
conclusions.

1. The density of the DSS profiles network
and the error in determining the values of P-
wave seismic velocity on the velocity models
for the Ukrainian crust allow us to calculate
the total radiogenic heat generation of crustal
rocks with the revealing regional crustal heat
flow anomalies.

2. The main differences in HF from its aver-
age value for the Precambrian platform could
be explained by active deep processes of the
Alpine (Carpathians, Black Sea) or Hercynian
(Dnieper-Donets Basin) age.

3. HF anomalies of both signs are revealed
on the platform territory.

4. These heat generation anomalies coin-
cide with the anomalies of the same sign from
the upper mantle.

5. Similar anomalies were found in the
Baltic Shield mantle. However, the source of
information differs significantly from that of
the Ukrainian one. Moreover, based on the
available data, it is impossible to assume the
existence of uniform anomalous zones ex-
tending across the entire platform.

6. The coincidence of mantle and crustal
HG anomalies is preserved to depths of about
150—200 km during >1800 Ma. Hence, the
crust and upper mantle of the Ukrainian part
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of the platform did not experience mutual
displacements during this period.

7. The calculation shows that the tempera-
tures under the zones of anomalous heat gen-
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KopoBuil TenAoBuii MOTiK Ha TepuTopii YKpainu

B.B. I'opaieHko, I.B. I'opaieako, 2025
InctutyT reodizuku im. C.I. Cy66oTtina HAH Ykpainu, Kuis, YkpaiHa

Hasepeno inoOpMarito Mpo BUBYEHICTb TEIIAOBOI'O IIOTOKY Ha TEPUTOPIl YKPAIHU Ta
3a 11 Me’KaMHU 3a y4acTIo aBTopiB. [Toka3aHo, 110 3a AOCATHYTOL AIKOCTI OTPUMAHUX AQHUX
BOHU MOJXYTb OyTH e(DEeKTUBHO BUKOPHUCTAHI AN KOHTPOAKO CXeM I'NMOMHHUX IIPOIIECiB
Y TEKTOHOCEepI Ta MOXOAKEHHS POAOBHUIL KOPUCHUX KOIIaAuH. [ToOyp0BaHO KapTu po3-
IIOAIAY TEIIAOBOI'O IIOTOKY 1 KOHIIEHTpallil reOTepMaAbHUX pecypciB. 'eororo-reodiznuna
BUBUYEHICTb YKPAIHU AQ€ 3MOry IIePEeUTH AO OIABII MOTAUOAEHOIO BUBUEHHS TEIIAOBOTO
noAs1. [TocTaBAeHO 3aBAGHHS PO3PaXyHKY KOPOBOTO TEIIAOBOT'O IIOTOKY 3 OTASIAY Ha Paaio-
reHHY TEeIIAOT€HePAllilo Ha BCiM TEPUTOPII KpaiHU. AAS IIbOTO BUKOPUCTAHO BIAOMOCTI IIPO
PO3IOAIA IIBUAKOCTI ITOIIMPEHHS ITIO3A0BKHIX CEMCMIUYHUX XBUAB Y3A0BXK IPodinis I'C3.
Ix 3araabHa IPOTAKHICTH CTAHOBUTL 6AN3BKO 12 000 KM. BUSIBA€HO TOXMOKY BU3HAYeHHS
IIBUAKOCTI IOUIMPEHHS CEUCMIUHUX XBUADB Ha IPO(IAIX 3@ BEAUUMHOIO Pi3HUIL B TOUKAX
IX IepeTrHIB a00 HAaKAAAEHb. Y CepeAHbOMY PI3HUIA IIBUAKOCTEU CTAHOBUTH OAM3BKO
0,2 kM/c. BipmioBiaHO, ToxrbOKa BU3HAYEHHS IIIBUAKOCTI AOPiBHIOE OAM3BKO 1,4 kM/c. Taka
oXnUOKa AQ€ 3MOT'Y IPOBOAUTH 130AiHIT TEIAOBOrO IIOTOKY 3€MHOI KOpH 4epe3 4 MBT/M.
HaBeapeHO BUAM 3B'SI3KY CEHMCMIUHOI HMIBUAKOCTI Ta TeNAOTeHepallil AAS Pi3HUX IOPiA
KOPH, A@HI IIIOAO BpaxXyBaHHS aHOMAABHUX (IIOPIBHSIHO 3 IAQT(OPMHUME) TEMIIEPATyp.
PaszoM i3 moOyAOBOIO CXeMU KOPOBOI'O TEIIAOBOIO IIOTOKY 3a AaHuUMH ['C3 mobOyaoBaHO
CXeMy AMOUWHU IOAIAY MoXO, 1o BpaxoBye IIOXMOKY BU3HAQUEHHS I[BOIO IIapaMeTpa.
BuaineHo perioHaabHI aHOMaail KOPOBOTO IOTOKY, IIOB'sI3aHi 3 I'eOAOTiIUHOIO iCTOpi€ro
OKpEMUX perioHiB. BUABA€HO aHOMaAIl TelAoreHepariil y TAaT(OPMHIN YaCTUHI TEPUTOPIT
Yxpainu. [TokazaHo ix 3B's30K 3 @aHAAOTIYHMMM aHOMAaAIsIMU Y BepXHil MaHTil. OTpruMaHi
PEe3yABTATU AQIOTH MOKAUBICTB IIEPEUTH AO BU3HAYEHHS MAHTIMHOTO TEIIAOBOI'O IIOTOKY
Ha TepUuTOpil YKpaiHu.

KAr040Bi cAOBa: MIBUAKOCTI CEMICMIYHUX XBUAB, PAAIOTreHHA TEIAOTeHepallis, KOPOBUM
TEIIAOBUU MOTIK.
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