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Hean. [TpexBapuTebHast OIICHKA PECYPCOB METaHA
YTOJIBHBIX TUTACTOB. OGOCHOBAHME aKTYaJTbHOCTH pa3-
BUTHUSI TOIUIMBHO-IHEPreTMYECKOro KoMmIuiekca Pe-
cryonuku KaszaxcrtaH Ha OCHOBE U3YYCHMS U UCTIONb-
30BaHUs HETPAIMIIMOHHBIX UCTOYHUKOB dHEPreThye-
CKOTO CBHIPbSI, CPeIX KOTOPBIX OJHUM M3 BaKHEUIIIMX
SIBJISICTCSI ME@TaH YroJIbHBIX IJIaCTOB.

Mertoauka. MeToauueckoil OCHOBOI ObLT cOOD,
aHajau3 1 0000lIeHUEe Pe3yJIbTaTOBMUPOBOIO OIbITA
TIPOMBIIIJICHHOM JOOBIYM METaHa YTOJBHBIX TUIACTOB C
oIpe/ieJIcHUEM XapaKTepUCTHK KOJIIEKTOPOB MeTaHa
YTOJIbHBIX TIJIACTOB B CPAaBHEHMU C TPATUIIMOHHBIM Ta-
30M U TEOJIOTO-TEXHOJIOTMIECKNX ITapaMEeTPOB IIep-
CIIEKTMBHOCTH METAaHOYTOJIBHBIX MECTOPOXICHUI IS
MPOMBICIIICHHOM TOOBIYM METaHA.

Pesyabratsl. [1peacraBieH aHaM3 MUPOBOI U OTEUE-
CTBEHHOM JIMTEPATYpPHI IT0 BOMPOCAM OITbITa pa3pabOTKU
MeTaHa yToJIbHBIX IIaCTOB. PaccMOTpeHbI BOIPOCHI TeX-
HOJIOTMM W3BJICYCHMST METaHa, OLICHKU PeCypCHOM 6a3bl
VIoJIbHbIX MecTopoxkneHuii Pecnyonuku KazaxcraH.
OO0ocHOBaHa 11€7ecCO00Pa3HOCTh MPOMBILLIEHHOTO W3-
BieyeHust MeTaHa B Kaparannunackom 6acceiine. [Tpose-
JICH CPaBHUTEIbHBIN aHAJIN3 U COMTOCTaBJICHNE T€0JIOTH-
YECKUX TTapaMeTPOB YTOJIBHBIX MECTOPOXIeHUI Pecrry-
omky Kasaxcrad u Ipy3ux CTpaH, TIe YCIICITHO Peatn-
3YIOTCSI TIPOSKTHI JOOBIYY MeTaHa YTOJIBHBIX TIACTOB.

UDC 553.981.2:551.735(4717.5)

Y. M. Zelenko,
0.V.Dziuba,
0. M. Karpenko, Dr. Sc. (Geol.), Prof.

Hayunas HoBu3HA. 3aKJTI0YaeTCs B CJAEAYIOLIEM:

- YCTAHOBJIEHBI Pa3/IUUMs B YCIOBUSIX HAXOXKAEHUS
U TIepeMelleHNsT MPUPOAHBIX Ta30B B TPaAULIMOHHbBIX
MOPOBBIX M TPELIMHHBIX KOJUIEKTOpaX W MeTaHa B
VTOJBHBIX ILIacTaX, MNpeAoNpeAcsiolne pa3indus
TEXHOJIOTHI Pa3BeIKU M Pa3pabOTKM TPaTUIIMOHHBIX
ra30BBIX I METAHOYTOJIBHBIX MECTOPOKICHUIA;

- onpeesieHbl 0COOEHHOCTU U KPUTEPUU IMTPOMBILI -
JICHHOM 3HAaYNMOCTH PEeCYpPCOB METaHa YTOJIbHBIX ILIa-
CTOB IIJIST IPOMBICJIOBOI TOOBIUM;

- 0DOCHOBaHbl OOBEKTHUBHBIC YCJIOBMSI MEPCIEK-
TUBHOCTU Pa3BUTUSI TEXHOJIOTUI M TOOBIUM METaHA U3
YroJIbHBIX T1acToB B KaparaHanHckoM 6acceiiHe.

IIpakTHyeckasa 3HAYUMOCTb. 3aKJIIOYAETCsS B CO3-
naHuu B Pecriyonuke Kazaxcran HOBoO# razono0ObiBa-
Io1Iei oTpaciv, OCHOBAaHHOI Ha KOMILJIEKCHOM OCBO-
€HUU Ta30HOCHBIX YTOJbHBIX MECTOPOXIAEHUM, s
peIIeHMS LIEJIOTO PSIIa COITUATBHBIX, SHEPTeTUUECKUX
U 2Kojoruvyeckux mnpodbiem llentpanbHoro Kazax-
cTaHa.

KimoueBble ciioBa: memat, yeonvHolil naacm, deeasa-
yus, nepcneKmuesl 000bI4l, NPOMbIULACHHOE UCNONb308A -
Hue, MemaHo0e30NacHOCMb, 2a300Moa4a

Pexomedosano do nyonikayii 0oKkm. mexH. HAYK
T. K. Icabexom. /lama nHaoxooxncenus pyxonucy 27.09.15.

Taras Shevchenko National University of Kyiv, Educational-
scientific institute “Institute of Geology”, Kyiv, Ukraine,
e-mail:  zelenko.yuri@gmail.com; geoinformatic@ukr.net;
alexbrig@inbox.ru

ASSESSING THE PROSPECTS OF CARBONIFEROUS ROCKS
OF THE SOUTHEASTERN PART OF THE DNIEPER-DONETS BASIN
ON GAS DEPOSITS OF UNCONVENTIONAL TYPE

1O. M. 3enenko,
0.B. /I3100a,
0. M. KapneHKo, 1-p reoJji. HayK, mpod.

KuiBchkuit HalioHanpHUI yHiBepcuTeT iMeHi Tapaca Llles-
YyeHKa, HaBYaJIbHO-HAYKOBUH iHCTUTYT ,, [HCTUTYT reosorii®,
M. KuwuiB, VYkpaina, e-mail: zelenko.yuri@gmail.com;
geoinformatic@ukr.net; alexbrig@inbox.ru

OITTHKA MEPCITEKTUBHOCTI KAM’SHOBYTLJILHUX TOBIIT
MIBAEHHO-CXITHOT YACTUHU JTHITTPOBCHKO-TOHEITLKOI
3AMTAZIMHU HA TIOKJIAJIU TA3Y HETPAIUIIITHOTO TUTTY

Purpose. The study of the thermal maturity of organic matter-rich coal strata of a transition zone between the
Dnieper-Donets depression and Donetsk folded structure to assess their gas generation potential and prospects of gas

content assessment.

Methodology. The use of mathematical and statistical system for analysis and evaluation of katagenetic and ther-
mal maturity of organic matter. Forecasting oil-gas strata distribution according to contents of organic matter and

vitrinite reflectivity of core samples in the study area.

Findings. The thermal maturity of the studied species corresponds to the main phase of gas generation based on
application criteria and predictive signs, supplemented by statistical data on vitrinite reflectivity depending on the
depth. The most favorable depths for generation and location of unconventional gas reservoirs are defined.
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Originality. Relationship between vitrinite reflectivity (R,) and depth that is described by the logarithmic relation-
ship with the magnitude of the reliability of approximation (R?) greater than 0.8, was defined and substantiated for the

area studied.

Practical value. According to the evaluation parameters R,, by the high thermal maturity of the rocks was estab-
lished, which are located preferably within the main zone of gas generation. Investigation of the distribution of or-
ganic matter content and vitrinite reflectivity values made it possible to identify the most favorable time intervals for
the gas generation section within the studied areas. These intervals are considered to be favorable for localization of

unconventional gas.

Keywords: Dnieper-Donetsk basin, kerogen, unconventional gas deposits, vitrinite reflectance, thermal maturity of

organic matter, katagenesis, oil-and-gas source rock

Introduction. In recent years, the problem of hydro-
carbon output in Ukraine has been becoming highly im-
portant. From the mid-seventies of the 20" century the
volumes of gas output have decreased from 68.3 to
20 billion cubic meters and continue decreasing, the
output of oil has decreased from 11.6 to 3.5 billion tons.
The additional exploration of existing hydrocarbon de-
posits and search of new conventional and unconven-
tional sources of oil and gas are the main objectives in
the field of oil and gas geology and engineering. The
forming of hydrocarbons is being connected with trans-
formation of organic matter during immersion of sedi-
mentation basins that is accompanied by gradually in-
creasing maturity of organic matter [1, 2].

The study of organic matter in comparison to tec-
tonic processes, that influenced the change of structural
architecture of the Dnieper-Donets basin (DDB), gives
the possibility to compare the stages of hydrocarbon
generation with the periods of forming of oil and gas
structures. It conditions the possibility to predict the
most prospective oil and gas stratigraphic levels and
highlight the perspective areas for search and prospect
drilling.

Hydrocarbon deposits of the Dnieper-Donets basin
(DDB) known for today are located in a wide range of
depths from 300 to 6,750 m and in a stratigraphic range
from the Precambrian basement to sediments of the Ju-
rassic period. Among them are deposits of conventional
type that are connected with structural forms of sedi-
mentary cover called anticlines, tectonic and lithologic
screens; moreover, large-sized gas concentration of cen-
tral basin type in low-permeability aleurolite-siltstone
rocks and shale gas in politic strata are forecast. Thus,
important issue is the problem of determining the most
promising rock formations with a high content of or-
ganic matter, the study of lateral and spatial distribution,
the selection of the main maturity criteria of oil and gas
generating rocks on the basis of assessment of distribu-
tion of the vitrinite reflectance index (R;) as the main
indicator of maturity of gas generating rocks.

Objective of the article is the study of prospective
rocks of DDB with a high content of organic matter and
its maturity based on the vitrinite reflectivity coefficient
(Ro)-

Presentation of the main research. Geological assess-
ment of reserves is based on processing the large
amounts of data on the structure of the layers (trap-
rocks) and characteristics of rocks and fluids obtained
during prospecting and exploitation of oil and gas de-
posits. It should be noted that almost all the parameters
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required for determining promising areas for gas depos-
its of unconventional type can only be estimative, made
in the condition of considerable uncertainty. The stud-
ies of this problem have been conducted by many na-
tional and foreign scholars. Lukin A.E. [1], Vakar-
chuk S.G. [3], Mykhailov V.A. and Yemets O.V. [4]
investigated the formation of unconventional gas re-
sources associated with different low-penetrated (“tight”)
reservoirs by lithology that are the black shale (shale
gas), tight sandstones, siltstones and rhythmites (central
basin gas), coal (methane of coal deposits). Yevdo-
schuk N.I. and Chebanenko I.1. [5] studied the phe-
nomenon of uneven and hydrophobic capillary absorp-
tion of methane from different sources, making it pos-
sible to clarify the discrepancy of gas capacity of tight
reservoirs and actual amount of natural gas produced
from them (added to earlier established dependency).
Some of the results and established relationships, which
are presented in the paper, were partially revealed and
confirmed earlier in works by Lukin A.E. [1]. This al-
lows considering the shale, central basin and coal de-
posit methane as unconventional renewable resources.
Many other scientists have been studying the prospects
of gas generation from deposits of unconventional type
at different sedimentary basins in the world. The analy-
sis of these studies allows distinguishing the main fore-
cast and search criteria and characteristics for assessing
the prospects for search, exploration and production of
unconventional hydrocarbon resources (Table 1).

The main prospects of opening new hydrocarbon
deposits and deposits within the DDB are associated
with medium upper coal terrigenous and carbonate for-
mations. The objects of search and exploration works
are buried and disrupted brachy-anticlines and hemian-
ticlines with traps of anticline, non-anticline and com-
bined types [4, 6]. In lower coal formations there are two
productive systems — Tournasian-Lower-Visean and
Upper-Visean-Serpukhovian, each of which has its own
oil and gas characteristics. Hydrocarbons were and are
the main prospective complexes for further exploration
and discovery of new oil and gas formations by the po-
tential of resources. The greatest prospects for gas pro-
duction from compacted rocks are associated with the
territory, which corresponds structurally to the Bahmut
and Kalmius-Toretsk basins. Some national researchers
distinguish a transition zone between the DDB and Do-
netsk folded structure (DFS), which also includes the
aforementioned basins.

The investigated structures (Artemivsk, Shebelynka,
Komyshuvakha, and Sloviansk) are within the men-
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Table 1

Forecast and search criteria and characteristics for assessing the prospects for search, exploration and production
of unconventional hydrocarbon resources [2]

The main forecast and search criteria and features for assessment of resources of compacted gas rocks and central basin type gas

1. | Occurrence of compacted rocks of all genetic types of sediments in layers or lensoid forms of migration and deep drainage
depending on their current structural and tectonic position in the oil and gas basins presented as secondarily altered
sandstones and siltstones with various textural and structural features

2. | Thermal maturity of rocks from 0.7 Ryto 1.3 R, (from the upper zone MK, to the lower MKs) and more

(98]

Tectonic conditions of formation of gas deposits of unconventional type determined by the presence of fracturing zones
near tectonic faults and areas of rock occurrence with changing angles

The total content of organic carbon (OMC) > 1 %

The filtration capacitive characteristics of rocks: porosity > 3 %, permeability > 0.005 mD

The total thickness of the productive series > 500 m

N A

The depth of prospective rocks occurrence varies from 1 to 5 km

tioned transition zone. The geological information is
presented in the form of data on research of core from
clefts: Artemivsk — 1, Shebelynka — 800, Komyshu-
vakha — 4 and Sloviansk — 613. Optical methods for de-
termining thermal maturity of organic matter are based
on the study of phenomena of vitrinite reflectance (R,),
fluorescence of liptinite and color and transparency of
petrologen. Vitrinite reflectance index is one of the most
studied biomarkers which allows evaluating the degree
of diagenetic changes of organic matter with depth [2].
In this connection the coefficient of vitrinite reflectance
(R,) and the total content of organic matter in the rock
(OMC) have been identified as key factors in mathemat-
ical and statistical analysis.

Vitrinite reflectance (R;) depends on the refractive
index (p) and absorption of light (k) by vitrinite accord-
ing to widely known equation of Bir

R o (R K
0 2 27272
(L—py) +Wk

where 1 is the index of reflection of immersive liquid.

With the increasing level of katagenesis and flavoring
of organic matter the vitrinite reflectance increases from
0.15 % (low value) to more than 5.5 % at the level of
transformations that corresponds to greenschist meta-
morphism. With the increasing katagenesis vitrinite be-
comes more anisotropic and therefore standard devia-
tion reflections are widening. According to statistical
data, medium values of arbitrary reflectance (Rr), which
was measured during the investigations, correlate well
with the values of maximum reflection and do not differ
at low levels of maturity of organic matter [5,7]. When
measuring vitrinite reflection, one should take into ac-
count that there are a number of factors that distort the
evaluation of thermal maturity of organic matter of sed-
imentary rocks:

- vitrinite with different origin can show different re-
flection at the same level of maturity;

- wrong definition of the type of macerals;

- redisposition of old vitrinite with more reflection in
the lower layers;
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- souring of vitrinite;

- statistical errors that increase with maturity of vi-
trinite and growth of its optical anisotropism;

- poorly polished vitrinite.

In the studies conducted, data of the analysis and
processing core material fields from seven basins are
used, each of which is represented by the cleft (Table 2)
[8—10].

As a result of primary statistical data of core studies
on four clefts, the dependence is defined between vitrin-
ite reflectance index (R;) and depth which is described
by the logarithmic connection with the magnitude of
the reliability of approximation (R?) in the range of 0.85
to 0.95 (Fig. 1).

Regular change of intensity of gas production and
phase condition of hydrocarbon in the process of genera-
tion, depending on changes in temperature and pressure
and geochemical conditions in oil and gas production
rocks at different depths indicates the stages of the pro-
cess of oil and gas production or vertical zoning. Analysis
of the behavior of vitrinite reflectance index (R,) with
depth characterizes the oil and gas production potential
of sedimentary strata of researched areas. In the cleft of
Artemivsk—1 with the depth interval of 1500—4500 m vi-
trinite reflectance index (R,) varies from 0.5 to 1.75 %
that corresponds to the main phase of oil production
(MK1 — MK2) and ends with methane generation.

Table 2

Intervals of selection and amounts of sample
collections in separate clefts

Interval The number

# Name of cleft of sample of processed

selection, m | samples, pcs.
1 | Artemivsk — 1 2015—4120 10
2 | Komyshuvakha — 4 1400—4300 15
3 | Shebelynka — 800 4600—6050 26
4 | Sloviansk — 613 3000—5000 23
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Fig. 1. The connection between vitrinite re flectance index (R,) and depth of bedding of rocks of clefts of Artemivsk — 1 (a),
Komyshuvakha — 4 (b), Shebelynka — 800 (c), Sloviansk — 613 (d). Axis of ordinates is the depth of bedding (h, m),

axis of abscissa is the vitrinite reflectance index (R;, %)

At depths of 1500—5000 meters, thermobaric char-
acteristics of clefts of Komyshuvakha — 4 and Slo-
viansk — 613 correspond to the second region of meso-
katagenesis (MK2) with the transition to the first zone
of apokatagenesis (AK1). At this stage, the second max-
imum of gas production occurs, mainly methane and
physicochemical.

The transformation of scattered organic matter begins
and ends with methane generation. The second, after a
biochemical one, and more significant stage of gas forma-
tion occurs at great depths and spacing of the section of
sedimentary rock in which it appears, is defined as the
main gas generation zone (MGGZ) [1, 7]. Depth displays
of MGGZ meet the strictest temperature and pressure
conditions. Such conditions are observed and well-illus-
trated in the chart of Shebelynka-800, where 0.85 <
< Ry (%) < 2.5 and h =4—6 km. On the basis of construc-
tions, it can be assumed that there is continuous generation
of fluids (hydrocarbons) from deeply embedded horizons.

Logarithmic connection between the parameters 4
and R,, depicted in the integrated graph (Fig. 2) allows
tracking the behavior of vitrinite reflectance index (R)
in sedimentary rocks of the researched areas.
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Fig. 2. Summarized graph of dependence of the vitrinite
reflection index from the depth of clefts of Arte-
mivsk — 1, Komyshuvakha — 4, Shebelynka — 8§00,
Sloviansk — 613. Axis of ordinates is the depth of
bedding (h, m), axis of abscissa is the vitrinite re flec-
tance index (R,, %)

23




TEQJNIOriA

According to the forecast and search criteria and in-
dicators for assessment of prospects for searching, ex-
ploration and production of unconventional deposits of
hydrocarbon resources, the vitrinite reflectance index
(R,) and the total content of organic material in the rock
(OMC) must fit to the intervals simultaneously, namely
0.8 <Ry(%)<3and OMC>1% |4, 6].

Dependences between the vitrinite reflectance index
(Ry) and general content of organic carbon in the rock
(OMC) with depth are additionally constructed for each
cleft (Artemivsk — 1, Shebelynka — 800, Komyshu-
vakha — 4, Sloviansk — 613) (Fig. 3).

Since the depth of the gas deposits of unconvention-
al type usually ranges from 1 to 5 km, the authors de-
cided to use only these intervals of the vitrinite reflec-
tance index and general content of organic carbon,
where the connection between these factors is the most
correlative, and the data of these indicators do not ex-
ceed the limits specified in Table 2.

The areas highlighted by rectangular zones indicate
the most favorable depths to generate gas deposits of un-
conventional type while hydrocarbon generation of deep
horizons can be accepted as space searching criteria of
location of gas-containing rocks. All three divisions of
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the carboniferous system developed throughout the
searched site. Regional types serve as various kinds of
limestone, dolomite and clay, whereas intercalation of
mudstone, sandstone and limestone can be the place of
accumulation and formation of hydrocarbons in the fu-
ture. This ratio of permeable and impermeable rocks
substantiated the existence of conditions for regional
development of reservoirs of conventional and uncon-
ventional types [4, 6].

Despite the variability of conditions sedimentation
and sharp fluctuations in thickness, according to litho-
logic characteristics, the carbon cut keeps the overall
look of sandy clay-type rocks formed by the cyclic inter-
calation of packs and packs with layers of sandstone
mudstone, siltstone and limestone. All of the above
confirms the possible presence of gas deposits of uncon-
ventional type, especially gas of central basin type in the
southeastern part of DDB.

Conclusion. Due to the lack of geological knowledge
of the territory, there is considerable uncertainty in the
assessment of the possible volume and cost of output.
However, the primary information on the characteris-
tics of geological structures and analysis of technologi-
cal aspects of output provide an opportunity to hold pre-

Ro, TOC (%)
0.0 0.5 10 15 20 2.5 30
0
%
500 ARo0%
®TO0C, %
1000
1500 oo
£ 2000
@‘ e o
2500
§' 3000 ° A
o A
3500 . N
4000 . A
° AA
4500 .
5000
b
Ro, TOC (%)
00 0.5 10 15 20 25
2500
ARo%
®TO0C, %
3000
E 3500
% 3
£ 1000
® A
° A
4500 L A
L) Al
A
5000 i 3

Fig. 3. Distribution of content of TOC and R, by the depth of bedding of terrigenous rocks for clefts of Artemivsk — 1(a),
Komyshuvakha — 4 (b), Shebelynka — 800 (c) and Sloviansk — 613 (d). Axis of ordinates is the depth of bedding (h,
m), axis of abscissa is the vitrinite reflectance index (R, %) and general content of organic carbon (TOC, %)
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liminary forecasts of prospect of an area for hydrocar-
bons.

According to the results of the studies, it was estab-
lished that organic matter of the researched area is ther-
mally mature and sufficiently katagenetic converted to
form gas deposits of unconventional type. This is proved
by the dependence between the vitrinite reflectance in-
dexes (R;) and depth which is described by the logarith-
mic connection with the magnitude of the reliability of
approximation (R?) over 0.8. Based on the evaluation of
indicators of the vitrinite reflectance (R,) and the con-
tent of organic matter in the rock (OMC), zones of
spreading gas-generating rocks which are prospective for
hydrocarbon were discovered and outlined. The re-
search results indicate that the southwestern part of
DDB is prospective for conducting geological prospect-
ing works for searching gas deposits of unconventional

type.
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Merta. BuBueHHS Ta BU3HAYEHHSI HANOIJbII Tep-
CMEKTUBHUX TIJUOUH 3aJiIraHHsS KaM’ SIHOBYTLIbHUX
TOBII MePeXiAHO1 30HU MixX [IHiMpoBchKO-Jl0HELIBKOIO
3anaauHol0 i JJoHebKOIO CKJIaA4acTO0 CTPYKTYPOIO 3
METOIO OLIIHKM iX ra3oreHepauiiHOro MmoTeHIlialy Ta
OLIIHKY MEPCITeKTUB ra30HOCHOCTI.

Metoauka. BukopucTaHHS MaTeMaTUYHO-CTaTUC-
TUYHOTO amapaTy IUIs aHaJIi3y Ta OL[iHKM KaTareHeTHY -
HOI Ta TEPMiUYHOI 3piJIOCTi opraHiyHoi pedyoBuHU. [1po-
THO3YBaHHS ITIOIIMPEHHS Ha(pTOra3oIepCreKTUBHIX
TOBII 32 TAaHWUMMU BMICTYy OPraHiYHOI PEYOBUHU Ta IMO-
Ka3HUKa BiIOUTTS BITPUHITY Y 3pa3Kax KepHY JOCi-
JIKyBaHOI TEPUTODIi.

Pe3ynbraT. Ha mincraBi 3acTocyBaHHSI IPOrHO3-
HO-TIOLIYKOBUX KPUTEPiiB Ta O3HAK, JOMOBHEHUX CTa-
TUCTUYHUMU NaHUMU LIOJ0 3aJ€KHOCTI MOKa3HUKa
BiIOUTTS BiTPUHITY Bil IMUOUHU 3aHYPEHHS, MTOKa3a-
HO, 1110 TepMidyHa 3piTiCTh JOCHIIKEHUX MOPia BilMo-
Bila€ roJIoBHill (ha3i razoyTBopeHHs. BumineHi Haii-
COPUSTIUBILI IIMOMHU JJ1s1 TeHepalil Ta JJokasizallil
MOKJIa/1iB ra3y HETPAAULIIHHOTO TUILY.
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rreonoriAa

HaykoBa HoBusHa. [11s1 10C1iIXKeHOro paifoHy BCTa-
HOBJIEHA Ta MiATBEpAXKeHAa 3aJIe>KHICTh MiX TMOKa3HU-
KOM BiIOUTTS BiTpUHITY (R;) Ta IMMOUHOIO, IO OMUCY-
€TbCS JIOTapUMMIYHUM 3B’SI3KOM 3 BEJIMUMHOIO TOCTO-
BipHOCTI anpokcumaii (R?) 6inburoo, Hix 0,8.

IIpakTuyHa 3HAYMMICTB. 3a pe3ybTaTaMU OLIIHKU
MOKA3HUKIB R)BCTaHOBJIEHA BUCOKA TEPMiuyHa 3PUTiCTh
TIOPi, IO PO3MIIITYIOTHCS TIEPEBAXKHO B MeXKaX TOJIOB-
HOI 30HM Ta30yTBOpPeHHs. JloCHimKeHHsI PO3IMOoinLy
BMICTYy OpraHiuHOi peYyOBMHH Ta 3HA4YeHb MMOKa3HMKA
BiIOUTTSI BITPUHITY JO3BOJIWUIN BUIIIUTU HAUCTIPUSIT-
JIBILI U151 Ta30oreHepallii iHTepBaiu po3pi3y B MexkKax
BUBUYEHUX Tutonl. Lli iHTepBaniM pO3MISIAIOTECS SIK
CTIPUSITIUBI IS JIOKasi3allil MOKJIaAiB ra3y HeTpaau-
LiAHOTO TUITY.

Kmouosi cioBa: /[ninposcvko-Zloneyvka 3anaduna,
Kepoeer, nokaadu eazy Hempaouyilino2o muny, NOKA3HUK
8i00umMmst 8iMpuHimy, mepmanvHa 3pinicmes opeauiyHol
PeH0BUHU, KamazeHe3, HaghmoazomMamepuHcoKi nopoou

Henb. N3yyeHue u omnpeneaeHue Haubojee Iep-
CMEKTUBHBIX TJIYOWH 3aJleTaHUsl KaMEHHOYTOJIbHBIX
TOJIIIL TIepeXOAHOM 30HbI MeXny [AHenpoBcko-doHerr-
KOi1 BriaanHoM 1 JIOHELKOi CKJIaayaToi CTpyKTypoii ¢
LIEJIBIO OLIEHKU WX Ta30r€HEPAllMOHHOIO MOTEHIIMaIa
M OLIEHKU TePCIeKTUB ra30HOCHOCTU.

Mertomuka. Mcnonb3oBaHue MaTeMaTHUYeCKU-CTa-
TUCTUUYECKOTO amrmaparta /Uisl aHajJu3a U OLleHKM KaTa-
TEHETUYECKON 1 TEepMUYECKOU 3pesloCTM OpraHuye-
ckoro BelecTBa. IlporHo3upoBaHue pacrpocTpaHe-
HUS HedTerazonepcrnekKTUBHBIX TOJI MO JaHHBIM CO-
JIep>KaHWs OPraHMYECKOro BelIecTBA M IoKazaTess
OTpak€HUsl BUTPUHUTA B 0Opasliax KepHa MUCCeaye-
MOU TEpPUTOPUN.
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Pe3ynbTatel. Ha ocHOBaHUMM NpUMEHEHUsS MPO-
THO3HO-TIOMCKOBBIX KPUTEPUEB W TIPU3HAKOB, JOITOJ-
HEHHBIX CTATUCTUYCCKUMM JaHHBIMU O 3aBUCUMOCTU
ITOKAa3aTeNIsl OTPaskeHUsT BUTPUHUTA OT TJIYOUHBI IO-
IpYXeHUs, TOKAa3aHO, YTO TepMUUECKast 3peJIOCThb UC-
CJICIIOBAaHHBIX TTOPOJ, COOTBETCTBYET INIABHOU (ha3e ra-
3000pa3oBaHusl. BeineneHHbIe OJ1aronpusiTHbIEC TITYOU-
HBI IUT TeHepalny 1 JIOKAJIU3alluK 3ajJeXeil raza He-
TPaTULIMOHHOTO THUTIA.

Hayunas noBm3Ha. /Ina mcciemoBaHHOro palioHa
YCTaHOBJICHA M TIOATBEPXKIEHA 3aBUCHUMOCTh MEXIY
rokasaTejieM OTpaKeHUsI BATpUHUTA (R,) U TJTyOUHOIA,
KOTOpasi ONMUChIBaeTCs JOrapuMUIECKUM CBSI3U C Be-
JIMYMHOM IOCTOBEPHOCTH anmnpokcumauuu (R?) 60Ib-
e yeMm 0,8 Mo3BONUIO YTOUHUTH ONTUMAbHbIE TJIy-
OWHBI TeHEpaIMU YTJIEBOTOPOIOB.

IIpakTuyeckas 3HaUMMOCTh. [10 pe3yrbTaTaM OLeHKHN
rokasatesieii R, ycTaHOBJE€Ha BBICOKAsl TepMUYecKast
3peJIOCTh TIOPOM, Pa3sMEIIAroTCsS ITPEHMYIIECTBEHHO B
npejesax rJlaBHOM 30HBI Ta3oobpa3oBaHus. Mccnenona-
HME pacTIpeeICHUST CONEePXKaHMSI OPTaHUIECKOTO Bellle-
CTBa 1 3HAYCHUIA MTOKa3aTesIs1 OTPaXkKeHMsI BATPUHUTA TT0-
3BOJIWJIO BBIIEIUTD OJIArOIIPUSITHBIC TSI Ta30reHepaluy
MHTEpBAJIbI pa3pe3a B Mpenesiax M3yYeHHbIX IIOIIANeH.
DTU UHTEPBAIbl PACCMATPUBAIOTCS KaK OJaronpusiTHbIC
JUTS JIOKaJTM3alliy 3aJIeKel Taza HeTpaIUIIMOHHOTO THTIA.

KmoueBble ciaoBa: /[nenposcko-/loneykas eénadumua,
Kepoeen, 3anexncu 2a3a HempaouyuoHH020 MUna, noKa3a-
menb OMpAadCeHUus 8UMPUHUMA, MEPMANbHAS 3DeN0CHb
OP2aHU4eCcK020 eeujecmea, KamaeeHes, Hepmeeazoma-
mepuHcKue nopoobl

Pekomendosano 0o nybaikayii dokm. eeon. Hayk
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