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CALCLITHITES OF THE KROSNO ZONE IN THE EAST CARPATHIANS (UKRAINE)

(PexomeHdoeaHo YrieHoM pedakuyiliHoi Kosieaii 0-pom 2eor. Hayk, douy. C.€. LLHokosuM)

Results of carbonates distribution in the flysch rocks of the Krosno Zone (Ukrainian Carpathians), which are composed mainly by
interstratification of sandstones, argillites and aleurolites, and sporadically limestones, dolostones and marls as well as estimations of
contents are analysed in this article. Carbonates are widely distributed in variable amounts in the rocks outcropped into the new Beskyd
tunnel at the Carpathians watershed and surrounding area. Most high values of carbonates (up to 77,11 wt. %) as well as its lowest contents
(a few per cent) were found in different sectors. According to X-ray powder diffraction observations on whole-rock samples carbonates
are represented by calcite and dolomite. Dolomite is dominant phase and its total amount is about three times more than calcite.

Two main different age morphological and mineralogical generations of carbonates are distinguished within the flysch rocks after
petrographic studies and microbeam analyses. Early generation of the carbonates is represented by coarse grained detrital dolomite and
finer calcite as cement. Late generation of big in size crystals of carbonates is main component of the carbonate, carbonate-quartz, and
carbonate-sulphide druses and veins, which are distributed locally. Studied carbonate-bearing rocks are regarded as calclithites after the
Folk’s classification due to significant amounts of terrigenous carbonates. Carbonates from the initial flysch rocks have &°C and &0
values similar to those of the typical marine limestone carbonates and are limited in a relatively narrow field. It is additional evidence of

local sources for the flysch formations rich in carbonates.
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Introduction. Carbonates are widespread in variable
amounts in the flysch rocks of the Ukrainian Carpathians,
which are composed mainly by interstratification of
sandstones, argillites and aleurolites, and sporadically
limestones, dolostones and marls. The above-mentioned
rocks in different proportions are typical for all regional units
of the studied territory [1, 4, 6, 7] and surrounding parts of
the Carpathians [11, 14].

Most of these rocks are represented by terrigenous
components — quartz, plagioclase, carbonates, mica,
chlorite, zircon, titanite, tourmaline, rutile, etc. Two main
different age, morphological and mineralogical generations
of carbonates were distinguished within the flysch rocks.
Earlier generations of the carbonates are represented by
coarse grained detrital fragments and finer carbonate as
cement [5]. Total contents of carbonates in the sandstones
and shales are fluctuating from parts of tenth percent up to
dozens percents [1, 6, 7], and commonly regarded as
cement of terrigenous rock varieties.

In commonly used classifications of clastic rocks by
mineral composition, scientists consider three components:
quartz, feldspar and other terrigenous material [20]. Special
group of terrigenous rocks that mainly consists of eroded
limestones and other carbonate rocks fragments was for the
first time systematically described by R. L. Folk in 1959 [12]
and defined as calclithite. He studied composition of the
sedimentary rocks and identified species with a
predominance of silt-sand-gravel carbonate fraction more
than 50 per cent in the composition of terrigenous material.
The grain size of these rocks could range from siltstones
(rare) to sandstones (fairly common) and to conglomerate
(most common). The rocks often are product of intense
orogeny early phases and, particularly in its early phases
before the sedimentary cover has been stripped off the
source area. Their formation is possible in case of intensive
erosion and short detritus transport distance [12, 13].
Absence of uniform classification of terrigenous rocks

complicates analysis of rocks with a high content of
carbonates and leads to disparate treatment of geological
terms. That's why, calclithite should be considered as
distinct terrigenous rocks and form a terrigenous rocks
group equivalent to the orthoquartzite, arkose, or
greywacke. Thus the triangle composition for sandstones
should be expanded to a tetrahedron and include
terrigenous carbonate rocks [9, 12, 13].

Calclithites were discovered and described in different
age formations and numerous regions (the Miocene Oakville
Formation of the Central Texas [15], the Permian
Phosphoria Formation in the Idaho [19], the Palaeogene
Formation of the Tajo Basin, Spain [10], rocks of the
Laramide basement uplifts of the Rocky Mountain foreland
(Late Cretaceous-Late Eocene) [17], Upper Miocene
arenites of the central Apennines, ltaly [18]. These are
evidence of permanent presence of calclithites among other
terrigenous rocks.

In this article we described calclithites from the Krosno
zone, which are developed in the new Beskyd tunnel and
surrounding areas, and tried to give information on their origin.

Geological settings. Due to construction of the new
Beskyd tunnel at the Carpathians watershed there was a
direct access to the artificial outcrops and geological study
with sampling of materials from flysch formation rocks of the
Krosno Zone which changed minimally. Beside the tunnel,
similar clastic rocks with a high content of carbonates were
found in different sectors of the Krosno Zone near
Skotarske, Guklyvuy, Volovets villages, etc.

Krosno (or Silesian) Zone is located in the central part of
the Outer Carpathians [11, 14]. General structure of this
zone is similar to other Outer Carpathians nappes. lts
internal subzones were thrusted onto the outer ones in
north-east direction, as well as other main Ukrainian
Carpathians units. Geological boundaries and structural
features of this zone differ on various tectonic schemes of
the Ukrainian Carpathians [3, 14].
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The flysch series is composed of interstratification of
light gray massive sandstones (up to 90 % of the cross
section), and dark to black argillites and aleurolites,
sporadically limestones, dolostones and marls. They are
regarded [1-3, 11] as a part of the Oligocene Lower Krosno
Formation. General dipping of the Krosno Formation stratum
in limits of the tunnel is south-western, under varying angles
from 30° up to 60°. In some places there are flexures and
orthogonal or (rarely) perpendicular fractures in the rocks
which are often filled with late veins and druses (thickness
up to 50 centimeters) of the newly formed minerals.

Calcite druses and veins dominate; they contain small
crystals of quartz, which has all the features of the Maramures
"diamonds" [5]. Hydrocarbons seeps (yellow-green in color) on
surfaces of the late druse in flysch rocks were found in the new
Beskyd tunnel. In these places quartz contains a large number
of liquid and solid hydrocarbons inclusions.

Sampling and analytical techniques. Beside routine
geological investigation and sampling petrographic studying of
thin sections were carried out to determine of crystallization
ordering for minerals of carbonate-bearing rocks, which are
typical for the Krosno Zone, as well as to check shapes and
heterogeneity of individual minerals of these rocks.

To estimate total amount of carbonates in the rocks we
used its solution by hydrochloric acid of different concentrations
(5 % and 10 %) and temperature (with heating or without it).
Weight method was involved for resulting calculation.
Carbonate compositions were determined on whole-rock
samples using a DRON powder diffractometer.

Taking into consideration the results from thin sections
observations, microbeam analyses of mineral grains were
carried out using a REMMA-10202 scanning electron
microscope equipped with an energy-dispersivedetector
"EDAR" (Lab of the Faculty of Physics, National University
of Lviv, named after lvan Franko) on the previously cleaning
and prepared samples by carbon fine film decoration. Set of

the carbonate grains were used to determine its shape and
size, inner heterogeneity and coexisting phases. Analyses
included general investigations of chemical composition of
separate phases.

The oxygen and carbon isotopic compositions in the
whole-rock carbonates were analyzed in the Institute of the
Geochemistry and Ore Formation, Kyiv. Carbon dioxide was
released from carbonates using the PbCl2under 500 °C. The
relative difference in oxygen and carbon isotope ratios in
CO2(gas) was measured on a MI-1201MV mass
spectrometer. The laboratory CO2 was used as standard
GIN-1 during isotopic measurement, which is connected to
the International PDB and SMOW standards respectively.
The accuracy of 5'3C and §'80 measurement in whole-rock
samples was +0,1 %o and +0,2 %o respectively. The Craig
correction was taken into consideration for the determination
of 8"Csamp (PDB) and &'"®Osamp (SMOW). The oxygen
correction was taken into account for 8'3Csamp (PDB).

Results and discussion.Medium- and coarse-grained
and sometimes up to gravelitic (Fig. 1, 2) sandstones (up to
90 % of the total volume), and dark to black fine-grained
argillites and aleurolites are main rocks of the three
components flysch in the studied area. Beds of dark-gray to
black limestones, dolostones and marls are sporadically
found along the geological sections.

Psammitic textures and massive structures are typical
for sandstones, which are composed mainly by quartz-
carbonate lithocrystalloclastic varieties. Separate fragments
(0,1-0,5 mm in size) are represented by quartz (up to 50 %
of volume), carbonates (more than 50 % of volume), and
microquartzites, plagioclase, microcline, mica (first per
cents) and rare biotite and glauconite. Some foraminifera
and ore minerals relicts are also found. Clay-carbonate
cement of the sandstones (about 5 % of the volume) is
mainly film-like.

Fig. 1. Sandstone with late calcite druse (A) and typical thin sections of the carbonate rocks from the Krosno Formation:
B - poorly sorted, fine-grained clastic sandstone (Skotarske village, left bank of the Vicha river);
C - sericitic, well sorted, fine-grained clastic sandstone (Skotarske and Guklyviy villages); Symbols used:
Carb (d) — detrital carbonate, Q — quarts, Carb — carbonate cement, Fs — feldspar, Ser — sericite, C — calcite veins

. ~
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Fig. 2. Siltstone (A) and typical thin section of the carbonate rocks from the Krosno Formation — siltstone with late calcite veins,
new Beskyd tunnel (B). Symbols used: C - calcite veins
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Mineral composition of the argilites, aleurolites and
sandstones is similar, but with lower amounts of quartz (less than
5 %), sericite (less than 50 %), and carbonates (more than 50 %).

Pelithomorphic (rich in clay) limestone includes point-like
quartz grains and separate plagioclase grains, and is
characterized by pelitic texture and massive structure. The
rocks contain coal-clay, sometimes ore minerals, and
fragments (0,01-0,08 mm in size). Cement of the rocks is
clay-carbonate, sometimes clay-ferrous-carbonate. Texture
of rocks is aleuropelitic, structure — massive, sometimes
massive-banded due to intercalations of intervals with
different proportions of clay and carbonate amounts.

Separate sandstone beds have most significant
thickness (up to 10 m) in comparison to subordinated
thickness of argillites and aleurolites (up to few meters).
Thickness of limestones, dolostones and marls layers are
not more than a few centimeters.

Carbonate contents and its composition. Total
amounts of carbonates in the studied flysch rocks of the
Krosno Formation are variable (Table 1). Besides samples

with late carbonates we determined significant contents of
carbonates almost all over the investigated area. Most high
values of carbonates (up to 73,38-77,11 wt.%) as well as its
lowest contents (first per cents) were found among the
different sectors. There is no important distinction in
carbonate contents within the flysch rocks different in
composition and structures.

According to X-ray powder diffraction observations on
whole-rock samples, carbonates are represented by calcite
(dn/3,029; 2,088; 1,912; 1,869) and dolomite (dn/2,89; 2,65;
2,18; 1,78). Due to higher intensity of basal reflects dolomite
is dominant phase in the observed samples and its total
amount is about three times more than calcite.

Microbeam analyses were carried out on the previously
prepared and polished samples of the carbonate-bearing
flysch rocks. Quartz, dolomite, calcite, muscovite, illite,
albite in different proportions are main minerals of the rocks
(Fig. 3). Detrital coarse fragments of quartz and dolomite
have irregular shapes and are cemented by fine-grained
calcite, muscovite, illite, and rare grains of plagioclase.

Table 1. Carbonate contents in flysch rocksfrom the Krosno Formation

Ne of samples Sectors of location Total amount of carbonates, wt. %
1A Beskyd 21,04
6A Beskyd 67,52
7A Beskyd 24,65
13A Beskyd 27,21
15A Beskyd 25,10
33 Skotarske 23,60
36 Skotarske 33,65
37 Skotarske 29,12
38 Skotarske 73,38
39 Skotarske 63,76
49 Huklyvyy 36,02
53 Huklyvyy 77,11
54 Huklyvyy 36,77
55 Huklyvyy 35,75
64 Volovets 10,50
66 Volovets 14,32

Separate dolomite clasts (see Fig. 3) have different size (from 100 up to 200 mk) and almost pure chemical compositions.
Crystallochemical formula of the dolomite — Ca1,01-1,04(Mgo,90-0.93F€?*0,00-0,01)0,91-0,93[COs]2 reflects very low concentrations of the

iron admixture and is similar for dolomite cores and rims in different observed sectors.

20.00kV_~ x200 __ 200pm

Fig. 3. Back-scattered image of the sandstones: detrital dolomite (Dol) and calcites (Cal) cement,
Ms — muscovite, Py — pyrite, Rt — rutyl, Qtz — quartz, Ab — albite, lit — ilmenite
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Calcite, muscovite, illite, plagioclase are common
minerals of the cement. Isometric grains of pyrite (up to
10 mk) and short columns up to needle shape rutile crystals
(up to 20 mk) are found sporadically, too. Fine grained and
commonly isometric calcite (up to 20 mk) is typical cement
of dolomite and quartz irregular clasts (see Fig. 3).

According to calculated crystallochemical formula —
Ca0,90-0,95(Mgo,02F€2*0,00-0,02)0,95-0,98[CO3]2 calcite has also
pure chemical composition. no significant admixtures are
found in different grains of calcite.

C and O isotope composition. Carbonates from the
initial flysch rocks have 8'3C and 8'80 values similar to
those of the typical marine limestone carbonates and are
limited in a relatively narrow field (Fig. 4).

The spatial and composition relationship between
carbonates of the first generation and druse mineralization
indicates their commonness. Late carbonates were formed
during faults development in lithified rocks: they have the
characteristics of the open cavities. Carbon and oxygen data
of the late carbonates commonly close to 8'3C and &'80
values determine for primary carbonates. It can be a good
evidence for their inheritance, and formation of the late
carbonates from solutions that actively interact with the host
rocks. But some calcites enriched in heavy '3C isotope (5'3C
up to +7,2 %) were formed from mixing fluids. Late aragonite
enriched in heavy carbon isotope '3C (3'3C up to +9,5 %)
confirms possible connection between aragonite and
neighboring ore mineralization [7].

Marine
Limestone

5"C [%e, V-PDB]
o

Carbonatites

Freshwater
limestone

-10 f
0 10

T
20 30

50 [%o, V-SMOW]

Fig. 4. 8'3C vs. 8'®0 diagram shoving field of the stable isotopes values
in the measured primary carbonates (green) concerning of the main nature carbon and oxygen reservoirs (after [16])

Conclusions.Sandstones, argillites and aleurolites are
main components of the flysch formation of the Krosno Zone
within the new Beskyd tunnel at the Carpathians watershed
and surrounding sectors near Skotarske, Guklyvuy,
Volovets villages, etc. Limestones, dolostones and marls
are developed sporadically all over this area.

Carbonates are widely distributed in variable amounts
in the flysch rocks. Most high values of carbonates (up to
77,11 wt.%) as well as its lowest contents (a few per cent)
were found among the different sectors. Dolomite is
dominant phase and its total amount is about three times
more than calcite. Two main different age morphological and
mineralogical generations of carbonates are distinguished
within the rocks of the Krosno Zone. Early generation of the
carbonates is represented by coarse grained detrital
dolomite and finer calcite as cement. Late generation of big
in size crystals of carbonates is main component of the
carbonate, carbonate-quartz, and carbonate-sulphide
druses and veins, which are developed locally.

Studied carbonate-bearing rocks are regarded as
calclithites after the Folk's classification due to significant
amounts of terrigenous carbonates. According to calculated
petrochemical data (F = 0,11, A = 26, K = —21) investigated
flysch rocks of the Krosno Formation are represented by clay
greywacke [8] and greywacke — litharenity (K2O/Na20 — 0,77
and SiO2/Al203 — 4,5) after [20]. Taking into consideration
terrigenous carbonates occurring everywhere in the Krosno
Zone we should conclude about importance of the third

detritus component at the Folk's diagram [12, 13] besides
quartz and feldspars. At the same time wide variations of
carbonate contents (from 10,50 up to 77,11 wt.%) indicate
presence of facial heterogeneity within the Krosno Zone.
Paragenetic relationships and similarity of the flysch rocks
and significant variations of the detrital carbonates among
them point to not only quantitative but also genetic differences
between components at the Folk's diagram.

Terrigenous carbonates from the initial flysch rocks have
5'3C and 8'80 values similar to those of the typical marine
limestone carbonates and are limited in a relatively narrow
field. It is additional evidence of local sources for the flysch
formations rich in carbonates.
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FeonoriyHumn dakynbTeT, Byn. Mpywescbkoro, 4, M. llbBiB, 79005, YkpaiHa,
2KuiBCbKMiA HaLioHanbHUIM yHiBepcuTeT iMeHi Tapaca LUeByeHka

HHI "lHcTuTyT reonorii”, Byn. BacunbkiBcbka, 90, M. Kuis, 03022, YkpaiHa,
3MAO "IHTep6yaTyHens", Byn. Mpomucnosa, 1, m. Kuie, 01013, Ykpaina

KANBKNITITU KPOCHEHCBKOI 30HU CXIOHUX KAPMAT (YKPATHA)

HaeedeHo pe3ynbmamu eusyeHHs1 po3nodiny kapboHamie i usHa4yeHHs1 IXHbOI Kinbkocmi y ¢hniwosux nopodax KpocHeHcbKoi 30HU (YKpaiHCbKi
Kapnamu), siki npedcmaeneHi nepewapyeaHHsIM nepesaxHo rnickoeukie, apzinimie i anesposimie, a makox eanHsikamu, dosilomimamu i Mepzensmu,
sKi nosiensirombcsi ciopaduyHo. Kap6oHamu wupoKo po3noectodxeHi 8 3MiHHUX Kilbkocmsix y nopoodax, siki eiOkpumi npu npoxodxeHHi H08020
Beckudcbko20 myHesto y 8000po30inbHili yacmuHi Kapnam i Ha omoyyroyux dinsiHkax. Bucokuli emicm kap6onamie (do 77,11 eaz.%), sik i ix Heee-
NuKi Kinbkocmi (nepwi eidcomku), eusieneHi Ha pi3Hux dinsiHkax. PeHmaeHiecbki dugppakyiliHi docnidxeHHs1 npob nokasasnu, wjo 8 Mopodax NpucymHi
kanbyum i donomim. Kinbkicms donomimy npubnusHo 8 mpu pa3u 6inbwa Hix Kanbyumy.

Hei ocHoeHi pi3Hoegikoei 2eHepayii kap6oHamie ecmaHoesieHo 8 nopodax pniwy 3a pesynbmamamu nempozpagpidyHux i MikpopeHmaeHocnekm-
panbHux aHanisie. PaHHi kap6oHamu npedcmaesneHi 2py603epHUCMUM yslaMKO8UM O0JIOMImMOM i MOHKO3ePHUCMUM KaJibyumom, sikuli gidizpae posb
uemeHmy. [1i3Hi 2eHepayil KpynHUX Kpucmarnie Kanbyumy € OCHO8HUMU 8 Kap6oHamHux, kKap6oHam-keapyoeux i kap6oHam-cynbgioHux dpy3ax i
JKunax, siKi po3noecrodxeHi okanbHo. [JocnidxeHi kap6oHamMoHOCHI Nopodu cknadeHi 3Ha4YHOK KiNbKicmioo mepu2eHHUX kapb6oHamie i, 32i0H0 3
Kknacudpikauyiero ®orsnka, posansdaromscs siK Kanbknimimu. Kap6onamu euxiHux cniiwoeux nopid matome 3HavyeHHs1 5°C i 5'°0, siki aHanoziyHi 3Ha-
YeHHsIM 8USIBJIEHUM y Kap6oHamax MOPChLKUX eanHsikis. IxHi pizypamueni moyku nokanisoeaHi y ey3skomy nosi, wo € 000amKoeuM ap2yMeHmom
Ha Kopucmb Micyesux dxepes1 kapboHamie y nopodax ¢hniwoeoi gpopmauii.

Knrouoei cnoea: kanbknimimu, ¢oniw, KpocHeHcbka 30Ha, nickoeuku, kap6oHamu, izomonu C i O.
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KANbKIMUTUTblI KPOCHEHCKOM 30HblI BOCTOYHbIX KAPMAT (YKPAUHA)

lMpueedeHnbl pe3ynbLmamsi usyyeHusi pacnpedesieHus KapboHamoe U oyeHKU Kosudecmea ux 6o ghriuwiesbix nopodax KpocHeHckol 30HbI (YK-
pauHckue Kapnamsi), komopbie npedcmaesieHbl nepecsausaHueM, 2ragHbIM 06pa3oM, necyaHUKos, apa2usIIumos U asieeposiumos, a makxe criopa-
duYecKu nposiesIeHHbIMU U3eecmHsikamu, doslomumamu u mepzensimu. Kap6oHame! WUpPOKo pacrnpocmpaHeHbl 8 NepeMeHHbIX Koluyecmeax 6 ro-
podax, CKpbImbIX Npu NpoxoxdeHuu Hoeo2o Beckudcko2o moHHens1 8 sodopa3sdenbHoll yacmu Kapnam u Ha okpyxaroujux yyacmkax. Boicokue
codepxaHusi kapb6oHamos (3o 77,11 eec.%), kak u ux HuU3Kue codep)xaHusi (nepebie NPoyeHmMbl), 6b1/1U 06HapyXeHbl Ha Pa3/IuYHbIX y4acmkax. Coe-
JTacHO peHMa2eHo8CKUM AughpaKyUOHHLIM uccriedosaHusiM ob6pa3yoe nopod kap6oHamsl npedcmaesieHbl Kanbyumom u dosomumom. fonomum
npeobnadaem — e2o obujee codepxaHue NMPUMePHO 8 Mpu pa3a 6onbwe, 4eM Kanbyuma.

[ee ocHosHbIe 2ceHepayuu kap6oHamoes, omsu4aroujuecs Mo eo3pacmy, ycmaHoeJsieHbl 8 nopodax ¢nuwa no pesynbmamam nempozpagude-
CKUX U MUKpopeHmaeHocrneKkmparsbHbiX aHanu3oe. PaHHue kap6oHambl npedcmaesneHbl 2py603epHUCTbIM 065TO0MOYHbLIM GOJIOMUMOM U MOHKO3e-
PHUCMBbIM KasbUUumoM, KomopbIl uzpaem posb yemeHma. [1o30HUe 2eHepayuu KpyMnHbIX KpUCManioe Kanbyuma siesisitomcs 21aeHoli cocmasHol
4acmbto kKap6oHamHbIX, Kapb6oHam-keapyeebix U Kap6oHam-cynbhudHbIX OPYy3 U XKUusl, KOMopble pa3eumbl JI0KanbHO. U3yyeHHble kap6oHamcode-
pXaujue nopodkl codep)xam 3Ha4umesibHOe KOJIU4ecmeo meppuzeHHbIX KapboHamoe u coanacHo Knaccugukayuu ®osika paccMampuearomcesi Kak
Kanbknumumel. Kap6oHambl ucxo0HbIX hriuweebix nopod umerom &'°C u §'°0 3HaqYeHUsi, KoOmopble aHano2u4YHbI Kap6oHamam MOPCKUX U36€CMHSI-
Koe. Nx ¢huzypamueHbie MOYKU JI0Kalu3o8aHbl 8 y3KOM r1oJie, Ymo siesisiemcsi GonosIHUMesIbHbIM ap2yMeHIMOM 6 110J1b3Y MEeCMHbIX UCMOYHUKO8
kap6oHamoe e nopodax ¢hnuwesoli gpopmayuu.

Knroyesnie cnosa: kanbknumumel, ¢pnuwi, KpocHeHckas 30Ha, nec4aHuku, kap6oHamsi, uzomonsi C u O.
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NETPO®U3NYECKME OCOBEHHOCTU NOPOA MAUKOINCKOW CEPUM
KPbIMCKO-YEPHOMOPCKOIo PEFTMOHA

(PexomeHdosaHo YrieHoM pedakuyiliHOT Kosieail kaHO. 2e0r1. HayK, cmapul. Hayk. criepob. .M. Ge3podHotro)

Lenbro cmambu sienssemcsi oyeHka nempogu3uvecKux rnapamempoes nopoo-KossieKmopoe mpaduyUuoHHbIX U HempaduyUOHHbIX
ucmoyYyHukoe yaneeodopodoe malikornckol cepuu Kpbimcko-YepHomMopcko2o pezuoHa. Cmambsi ocHO8bleaemcsi Ha cO6CcmMeeHHbIX
3KcrnepuMeHmMarsbHbIX Ucciiedo8aHusixX, MpoeedeHHbIX Ha 6a3e nempoghusudeckol nabopamopuu YHU "MHcmumym 2eonozuu” Ku-
€8CK020 HayuoOHa/lbHO20 yHueepcumema umeHu Tapaca Lllee4yeHko. U3y4yeHbl nempoghuszuyeckue ceolicmea 27IUHUCMbIX TOPOOC
matikorickol cepuu C3 yacmu wenbgha YepHozo mopsi, yeHmpanbHol Yacmu KpbimMcko2o nonyocmpoea; KepuyeHckozo nosiyoc-
mpoea; lMpukepyeHckol Yacmu wesibgha A308CKO20 MOPSsi; ceaepHo20 wesnbgha A3oeckoz2o mopsi; lMpukepyeHckol Yyacmu wenbgha
YepHozo mMops, a makke mpaduyUOHHbLIX KOJ/IIEKIMOopo8 (MpeumMyuw,ecmeeHHO U3eecmHsiKUu U necyaHuku) C3 yacmu wenbga Yep-
HO20 Mopsi; cegepHol Yacmu wesnbgha A3oeckozo mopsi; [pukepyeHckol Yacmu wenbgha YepHoz2o Mopsi. Bnepebie 0aHa KOMII/IeKC-
Hasi xapakmepucmuka nempogu3u4ecKkux napamMempos8 HempaluyUOoHHbIX 2JTUHUCMbIX KOJI/TEKMOpPOoe8 MalKONMcKol cepuu, npose-
0deHo ux conocmaesJsieHue ¢ nempogu3u4ecKuMu xapaKkmepucmuKkamu mpaduyUuoHHbIX KOJI/TIEKMOpPOs.

HempaduyuoHHbIe Ko/I/1eKmophbl (2/1UHbI, apa2usiiumai) Xxapakmepu3yromcsi 3HaYyumesibHbIMU Kosle6aHusiMu nempoghusuveckux na-
pamMempoe, Ymo, 04e8UOHO, C8s3aHO C pa3HoLll cmerneHb mpeuwjuHogamocmu obpa3yos. Tak, o6beMHasi N1I0mHocMb cyxux obpa3syoe
2nuHucmbIx nopod matikorckoi cepuu usmeHsiemcsi om 1313 o 2621 k2/m® (cpedHsisi 1760 k2/mP), npu HackiuwleHUU 06pa3l0e KePOCUHOM
— om 1728 9o 2708 kz/m® (cpedHsisi 2081 K2/M°), a Kaxyuasicss MUHepasio2u4yecKkasi NIoMHocmes — om 2434 do 3022 k2/m® (cpedHsisi 2584
K2/M°). 3HayeHUe OMKPLIMOL NoPUCMOocmu 06pa3y06 HackIUEeHHbIX KePpOCUHOM usmeHsiemcsi om 0,3 8o 31,7 % (cpedHsist 19,6 %). Omk-
pbimasi nopucmocms "rno azomy" usmeHsiemcsi om 6,6 3o 38,1 % (cpedusisi 25,7 %,).

TpaduyuoHHble MOpPodbI-KONNIeKMOopbI (MecYyaHUKU, U38ECMHSIKU) XapaKmepu3ytomcsi 8 bICOKUMU €MKOCMHO-hunbmpayuoHHbIMU
ceolicmeamu. O6LeMHasi IIoMHOCMb CyxXux o6pa3yoe rnec4YaHUKo8 U U38eCImHSIKO8 MaliKorncKol cepuu usmeHsiemcsi om 1986 do 2638
K2/M® (cpedHsisi 2341 k2/M°), Npu HackbIweHUU 06pa3yoe KepocuHoM — om 2175 Ao 2662 k2/M® (cpedHsIs1 2647 K2/M®), Kaxkyujasicsi MuHepa-
Jio2uyeckasi IIomHocmb — om 2474 Ao 2724 k2/m® (cpedHsisi 2630 k2/m°). 3HavyeHUe OomKpPLIMOL MOPUCMOCMU MPU HackIWeHUU 06pa3yoe
KepHa KepocuHoM uameHsiromcesi om 0,7 do 24,1 % npu cpedHem 3HavYeHuu 11,0 %, npu HacbiweHuu o6pa3yoe ModesibIo MJ1acmo8o20
pacmeopa (no NaCl) — om 0,8 do 25,0 % (cpedHsiss 11,3 %), a omkpbimas nopucmocms "rno azomy” — om 1,5 do 25,9 % (cpedHsisz 12,9 %).

Knroyeenble crioea: malikorckasi cepusi, nempod)usutlec:(ue ceolicmea, mpaduquHHble u HempaalluUOHHble KOJ1lTeKmopbl.

MocTaHoBKa npobnembl. OnuroueH-M1MoLieHoBas Maii-
KOMncKasi cepusi LUMPOKO pacrnpocTpaHeHa BO BCEX pernoHax
H0XkHOro 06pamneHns BoctouHoeBponerckon nnaTdopmsl, B
TOM 4ucne B npeaenax YepHomopcko-KpbiMckoro naneoba-
cceliHa, rge, Kak cuMTaeTcs, oHa UMEET BaXXHOe ra3oHedTe-
reHepupylollee 3HadeHvne. B nuTomoruveckoi CTpyKType
MaWKOMCKOM cepun npeobnagalT [MMHUCTbIE Pa3HOCTU C
npocrosiMM  aneBpoNUTOB UM NecvaHukoB. [locnegHue
paccmaTpuBaloTCA Kak KOMNneKkTopa TpaguLMOHHBIX MECTO-
poXaeHun HedpTM U rasa, 4acTo CBS3aHHbIX C NMopogamu
MaWiKornckon cepun. B nocnegHee BpemMs nogHUMaeTcs BO-
Npoc O BO3MOXHOM Hanuuun HETPaAMUMOHHBLIX 3anexen
yrneBoaopoaoB, CBA3aHHbIX C IMUHMUCTBIMU MOpoAaMNU Mai-
kornckon cepun. OQHNM U3 BaXKHbIX BOMPOCOB OLIEHKN Hed-
TerasoreHepaLMOHHOro NoTeHumana nepcnekTUBHbLIX TOMLL,
ABNAETCA XapaKTepucTka NeTporsnyeckmx CBOMCTB Kak
TPaAMLUMOHHbBIX, TaK U HETPAAMLIMOHHBIX KOJNEKTOPOB. 3TO
06yCnoBnMBaET aKkTyanbHOCTb U3Y4YEHUS MOCNEAHMX.

AHanus nocnegHuMx uccnegoBaHUW U NyGnNUKaLMn.
CywectByeT 06LWIMpHas nuTepaTypa Nno Mankonckow cepum
[3, 4, 7-9 v gp.], rAe geTanbHO pacCMOTPEHbI 0COOEHHOCTH
€ee cocTaBa M CTPOEHWsi, NMUTONOrMN U cTpaTurpacgum, reo-
XUMUW, HedbTereHepupyoLero noteHumana, ogHako, cuc-
TemaTuyeckne MccrnefoBaHus NeTpoUsnNYecKMX CBOWCTB
ee nopofd, 0COBEHHO MMUHUCTBIX HETPaAAULMOHHbBIX Nopoa-
KOINMNEKTOPOB He NPOBOAUIUCD.

BblaeneHne HepelleHHbIX paHee 4acTerM oOLien
npo6nembl. Ha coBpemeHHOM 3Tane npobnema novckos 1
N3y4YeHUs HEeTPaAULMOHHBIX MCTOYHMKOB YrNeBOAOPOAOB
(cnaHueBbI ras, cnaHueBasi HepTb, ra3 YNIOTHEHHbIX KO-
nnekTopos u Ap.) npuobpetaet Bce OonblUyl akTyanb-
HOCTb. [Npu oLleHKe NepCNeKTUBHOCTU Ha CraHLEeBbIv ra3 re-
OIOrMYECKNX CTPYKTYP M KOMMIEKCOB, KPOME 3KOHOMUYE-
CKMX W Feorioro-reoMeTpruyeckmx napameTpoB, coagepkaHust

OpraHn4yecKoro BeLLecTBa U CTeNeHn TepMUYeckon nepepa-
0O0TKM, BaXXHOE 3HA4YeHWe MMEeKT neTpodusmdeckme napa-
METpPbI FOPHbIX NOpoA. ATU AaHHble HEO6XOANMbI NPY UHTE-
prnpetauuM maTtepuanoB reouanyeckux MccrnenoBaHumn
NMOMCKOBO-pa3BefoYHbIX CKBaXKWH, @ Takke Mpu OLeHKe na-
paMeTpoB rmapopaspbiBa nnacrta. CnegyeTr oTMETUTb, YTO
neTponsnyeckme NccnefoBaHns 0O HegaBHEro BpEMEHU
ObINM HanpaBneHbl, B OCHOBHOM, Ha W3y4eHWe MOpPOA-KO-
NNEKTOPOB TPaAULMOHHBLIX UCTOYHWMKOB YrNEBOAOPOAOB U
Ha JaHHOM 3Tane neTpodusnyeckne napameTpbl NOPOJ-KO-
NNeKTOPOB CMaHLIEBOro rasa siBMsitoTcsi cnabo nayyYeHHbIMM.

Llenbto uccnegoBaHuii 6bina oLeHKa NeTporanyeckmx
napamMeTpoB NOPOA-KOMNEKTOPOB TPaAMLUMOHHbBIX U HETPaau-
LMOHHBIX MCTOYHWUKOB YrMeBOOOPOAOB MaWKOMNCKOW cepun
A30B0-4epHOMOPCKOro permoHa kak OCHOBbI KOMMMEKCHOro
aHanu3a nx gumanyeckux ceoncts [10, 12, 13, 16, 19].

B ctaTtbe npuBeaeHbl pe3ynbTaTbl KOMMIEKCHbLIX UCCre-
[OBaHU neTpodmanyecknx cBoncTB 42 o6pasuoB KepHa
FMWHUCTBIX MOPOZ, MaKOMNCKOW cepun ceBepo-3anagHom Ya-
ctn wenbda YepHoro mops (ckB. ApxaHrenbckas-1, lNo-
nuubiHa-1, 6, 7, 9, 12, Wwvwnara-6, 9, 11, Nambypuesa-2),
LeHTpanbHoW Yactu Kpbimckoro nomnyocTtpoBa (CkB. [xaH-
Korickasi-1); KepueHckoro nonyoctpoBa (CkB. POHTaHOB-
ckasa-6, 12); MNpukepyeHcko 4vactu wenbda A30BCKOro
mMops (ckB. CeBepo-KasaHTunckas-3); ceBepHON Yactu Lie-
nbcpa AzoBckoro Mops (ckB. MaTpocckas-1), NpukepyeHc-
Kom YacTtu wenbda YepHoro mops (ckB. Cy66oTmHa-1, 403),
a Takke 58 06pa3uoB KepHa TpagWLMOHHBIX KOJEKTOPOB
(MpenmyLLECTBEHHO U3BECTHAKM M necdaHukn) C3 4yactu
wenbga YepHoro mopsa (cks. lmuaTa-6, 9, 11, Mambyp-
ueBa-2); ceBepHou YacTu Lwenbda A30BCKOrO Mops (CKB.
Martpocckas-1); MNpukepyeHckon yactu wenbcda YepHoro
mMops (ckB. Cy660TMHa-403).

© BbikBa C., Muxannos B., OHuwyk WU., 2017
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OkcnepuMeHTanbHble uccrnegoBaHus. B netTpodumau-
yeckow nabopatopum YHU "UHcTtuTyT reonorun” Kneeckoro
HaLMOHanbHOro yHusepcuteta umeHu Tapaca LUeB4veHko
BbIMOMTHEH KOMMNMEKC NEeTPOU3NYECKNX WCCIELOBaHUMN,
BKMHOYaOLWMiA onpegenexve (tabn. 1-2):

NNOTHOCTU NOpog, (CYXMX, HACbILLEHHbIX PACTBOPOM
NaCl n kepocuHom);

OTKPLITOW MOPUCTOCTU (METOAaMMN HaCbILLEHUS a30-
ToMm, pactBopom NaCl n kepocuHom);

NpoHMLaemMocTn (MeTodoM CTauMOHapHOW urb-
Tpauuu asoTa);

YAENBHOTO 3MEKTPUYECKOrO COMPOTMBMAEHNS (CyXUX
06pa3suoB 1 HackllweHHbIX pactBopoM NaCl);
MHTEpBarnbHOr0O BPEMEHU (CKOPOCTU) MPOAOMNbHbLIX
ynpyrvx BOJH.

MnomHocmeb. O6beMHas NMNOTHOCTb MCCNEeLOBaHHbIX
nopog B CYXOM COCTOSIHUM onpeaensnach nyTeMm B3BeLLUMBa-
HKS 1 onpefeneHns reoMeTpuYecKkMx paamepos rnabopaTop-
HbIX 06pa3LoB, a HacbILLEeHHbIX 0Opa3sLoB — METOAO0M MMAapo-
CTaTMYECKOro B3BELUMBAHMSA MO CTaHAAPTHOM MeToaumke [14,
15, 18]. Ins nsmepeHuin NpUMMEHANUCL LMdPOBLIE aHaNUTW-
yeckme Becbl WPS 360/c/2 (TouHocTb 0,001 r). PesynbTathl
N3MEPEHNIN HETPaAONLIMOHHBIX KOJNNEKTOPOB ManKOMCKON ce-
pwvn NpvBeAeHbl B Tabn. 1, TPaAMUMOHHBIX — B Tabn. 2.

O6bemHas NMNoTHOCTb CyXMX 0OpasLOoB MMUHUCTBIX MO-
pon MaWiKorncko cepumn namersietca ot 1313 oo 2621 kr/md
(cpegHsia 1760 kr/m3), a 4N NECYaHUKOB U U3BECTHSIKOB —
oT 1986 no 2638 kr/m3 (cpepHsia 2341 kr/m3). Mpu HacklLe-
HUM 06pasL OB KEPOCUHOM OGBbEMHAs NNOTHOCTb MMHUCTbIX
nopog wuaMeHsietca oT 1728 po 2708 «kr/m® (cpeaHss
2081 kr/m®), a TpagMUMOHHLIX KonnekTopoB — oT 2175 go
2662 kr/m® (cpeaHas 2647 kr/m3). Kaxyluasacs MuHepanorv-
Yyeckasi NNOTHOCTb MMMHUCTBIX NopoA MeHsieTcsa oT 2434 no
3022 kr/m3 (cpepHsa 2584 kr/m3), a TpaAMLMOHHBIX KOMek-
TOpPOB — OT 2474 o 2724 kr/m® (cpegHsis 2630 kr/mS).

LLinpokne npegenbl konebaHuss o6bEMHOW MNNOTHOCTU
CBUOETENLCTBYIOT 06 M3MEHYMBOCTU NMUTONOMMU Y MOPUCTO-
cTn obpasLoB kepHa. HeTpaanLMOHHbIE KOMNEKTOPbI Xapa-
KTEPU3YHTCS pe3KO HEOAHOPOAHBIM pacnpeaeneHmem nino-
THOCTM, YTO, BEPOSITHO, CBA3aHO KaK C MX COCTaBOM, TaK U C
pa3HON CTEMNEHbIO TPELLMHOBATOCTN 0Opa3LoB.

Mopucmocms. ycTOTHOE NPOCTPaHCTBO MOpPOAbl Xa-
pakTepusyeTcsi MOPUCTOCTbLIO, @ CNOCOBHOCTb MOPOAbI MPO-
nyckate 4depe3 cebsi dpnounabl — NpoHMUAeMOCTbio. ITu

CBOWMCTBa Nopoabl onpeaensioT Tun dnonaa, ero Konuyec-
TBO, CKOPOCTb ABWKEHUSI U TEXHOMOIMNI0 n3BnedeHus. [py-
rme BaXkHble CBOWCTBA MOPOA-KOMNIEKTOPOB — UX CTPYKTypa
W cofepkaHvne Boabl B 3aBUCHMOCTU OT KanuINspHOro Aas-
neHusi, a Takke U3BUINMUCTOCTb MOPOBbIX KaHanoB. CTpyk-
Typa 0CafOyHbIX NOpPOo4 B 3HAUYUTENBHON CTENEHN onpeae-
nsaeTca hopMON 1 OKAaTaHHOCTLIO 3ePEH, X pa3Mepamu, Co-
PTUPOBKOWN, OPUEHTUPOBKOM M TUMOM YNAKOBKN, XUMUYECKUM
cocTtaBoM [14, 15]. KomnnekcHoe usyyeHue aTux napaMmeTpoB
Nno3BonseT Nony4YnMTb MHAOPMALMIO O ANAreHETUHECKUX U Ka-
TareHeTM4YeCcKMX NpoLeccax U 0 MexaHu3Max, KoTopble Aelc-
TBOBanu BO BPEMS TPAHCMOPTMPOBKN 1 OTIIOXKEHUS] 0Caa04-
HOro marepwana, ynnoTHeHus u gecopmaumm ocagkos. Mo
CTPYKTYpe nopoabl MOXHO CYAUTb O €€ NOPUCTOCTU U NPOHU-
LaeMocTu. MIameHeHus NPOHNLLaEMOCT MOXHO NPOrHO3NPO-
BaTb MCXOAsi U3 UBMEHEHUIA pa3mepa 1 hopMbl YacTuL, pac-
npeaeneHunto NopoBbIX KaHANoB B MOpoe.

MopucTtocTb nopoabl — BaXHbI NapameTp, KOTOpbIn
onpenensieT EMKOCTb KOMeKTopa — CBOMCTBO Nopoabl BMe-
watb dntonabl (HedTb, ra3 v Bogy). Pasnnyatot obuwyto, oT-
KpbITyto 1 addpektTuBHyto nopuctocTs [14, 15]. Koadpdm-
LMEHT OTKPbITON NOPUCTOCTU ONPEAEnAncs BECOBbIM METO-
[OM C MCMonb30oBaHNeM UMEPOBbLIX aHANUTUYECKNX BECOB
WPS 360/c/2 npu HacblweHun o6pasLoB ropHbIX nopog, pa-
cteopom NaCl — mogenbio NnacToBo BoAdbl C UCMONb30Ba-
HMEeM CTaHAapTHbIX METOAMK, a Takke cnocobom Hacbille-
HMa obpasua a3oTom nog AaBneHneMm (ra3oBoniomeTpuye-
CKUM), C MOMOLLBIO cneumanbHO pa3paboTaHHON YCTaHOBKN.

Mo pesynbTatam nabopaTopHbIX U3MEPEHUIA YCTAHOB-
NEHO, YTO 3HAYEHUS OTKPLITON MOPUCTOCTU, ONpeaerieHHble
BECOBbLIM METOOM MpU HAaCbILLEHUN 00pa3L0B KEpHa Kepo-
CVHOM, ANS MMHUCTBLIX NOPOA, MarKOMNCKON Cepun N3MeHs-
totcs ot 0,3 go 31,7 % npu cpeaHeM 3HadveHun 19,6 %, a
ONS TPaAUUMOHHBIX KOJNINEKTOPOB (NeCYaHUKOB U N3BECTHS-
koB) — oT 0,7 0o 24,1 % npwu cpeaHem 3HaveHnn 11,0 %.

3HayeHus OTKPbITOM NOPUCTOCTUN TPAAULMOHHBIX KOnne-
KTOpOB, onpeferieHHble BeCOBbIM METOAOM MpU HacbiLle-
HUM 06pa3LoB KepHa MOAENbIO NNacToBoro pacteopa (Mo
NaCl), meHsitotca ot 0,8 go 25,0 % npu cpeaHem 3HaYeHUn
11,3 %. Ona HeTpagMUMOHHbIX KONMMEKTOPOB 3TOT Mokasa-
Tenb He M3Mepsncs.

Ta6nuya 1. Netpocdmanyeckue napameTpbl HETPAAULIMOHHLIX KONMEKTOPOB MAaWKOMNCKOWN cepun
(obpasubl cyxue 1 HacblleHHble kepocuHom) [10]
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Ceeepo-3anadHasi Yacmb wenbga YepHo2o Mops
1] 1651 lonuupiHa-1 1034 | Meprenb 2621 2629 2636 0,3 | <0,001 | 3886 192 181
2] 162N lonuupiHa-6 1812 " 1811 2122 2562 17,2 - -
3]1162-11MN lonuupiHa-6 1812 " 1740 2061 2527 18,4 - -
4 1162-21MN lonvupiHa-6 1812 " 1811 2124 2568 17,3 - -
5] 1631 lonuupiHa-7 570 " 1426 1831 2556 | 34,2 | 284 - -
6| 1641 lonuupiHa-9 2100 " 2078 2313 2609 | 143 | 11,3 - -
7116110 onvubiHa-12 2710 | Aprunnut 2376 2494 2624 6,6 5,0 247 238
8 | 171-1 AX |ApxaHrenbckas-21| 867 Aprunnut 1470 1860 2533 33,8 | 26,6 - -
9 1171-2 AX " 867 | Aprunnut | 1448 1842 2530 | 30,3 | 27,2 482 407
10| 172 AX " 872 | Aneporut | 1411 1818 2556 | 32,9 | 28,9 426 383
11] 172-1 AX " 872 " 1495 1883 2544 | 28,2 | 26,0 1726 437 371
12| 173 AX " 877 " 1313 1728 2529 | 38,1 | 31,7 - -
13| 174 AX " 878 " 1376 1796 2584 | 355 | 30,56 - -
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LenmpanbHas yacmb KpbiMcko2o nosiyocmposa
14| 166 0K | OxaHkoiickasi-1 | 845 | Anesponut | 1623 1953 2451 | 27,2 | 20,3 364 314
15| 167 XK " 866 | Aprunnut | 1590 1951 2525 | 26,2 | 22,7 107555 | 405 344
16]167-1 OXK " 866 " 1603 1961 2525 | 27,2 | 22,3 429 358
17| 168 XK " 876 | Meprenb 1455 1848 2530 | 32,7 | 27,0 - -
18]168-1 AXK " 876 " 2452 2706 3019 | 124 | 104 | 0,63 280 247
19]168-2 XK " 876 " 2453 2708 3022 | 12,5 | 104 290 250
20| 169 XK " 885 | Aprunnut | 1625 2002 2606 | 26,2 | 23,2 - -
21]169-1 0X " 885 " 1662 1975 2434 18,9 376 331
22[169-2 K " 885 " 1586 1947 2521 22,8 383 337
23| 170 OXK " 892 | MecyaHuk | 1590 1963 2562 | 26,3 | 23,4 51035 480 405
24(170-1 XK " 892 " 1552 1930 2550 | 27,2 | 24,3 45813 383
25[170-2 XK " 892 " 1620 1983 2557 | 26,1 | 22,4 102386 | 466 365
Kepy4eHckuli nosiyocmpos
26| 180 ®H | doHTaHOBCKan-6 | 3292 | Aprunnut 2321 2474 2647 124 | 6,6 286 238
27| 179 ®H |®doHTaHoBckas-12| 3695 | MecyaHuk | 2340 2488 2656 6,3 - -
lNpukepyeHckasi Yacmb wesnbga A308CK020 MOPsI
28| 151K | C€BEPOKA3AH- | 4045 | Anesponur | 1483 | 1873 | 2539 26,3 - _
Tunckas-3
29[ 151-1 1K " 1042 | Anesponut | 1459 1857 2553 27,3 - -
30| 152K " 1100 MuHa 1545 1923 2547 24,5 - -
31| 153 1MNK " 1209 " 1461 1863 2569 27,5 342
32| 155T1K " 1420 | Aprunmut | 1532 1908 2529 | 32,1 | 24,6 - -
33| 156 NK " 1550 " 1622 2012 2648 | 30,5 | 24,0 1243 389 351
34| 157K " 2590 " 1897 2228 2698 | 229 | 17,4 | 18,74 | 3911 329 283
35[157-1 1K " 2590 " 1873 2209 2690 | 23,3 | 17,9 290 281
36| 159 MK " 2587 " 1883 2214 2686 | 23,1 | 17,6 1,66 2472 346 299
37| 160 MK " 2597 " 1862 2160 2573 16,0 - -
lMpukepyeHckas Yacmb wenbga YepHozo Mopsi
38| 176 Cb Cy660TuHa-1 1363 | Aprunnut | 1754 2094 2597 19,4 - -
39[176-1Cb " 1363 " 1980 2195 2462 10,8 326 289
40| 176-2 Cb " 1363 " 1928 2175 2496 12,8 - -
41| 178Cb " 1960 " 1762 2075 2523 | 25,2 | 17,8 - -
42| 177CBb " 2330 " 2041 2235 2470 9,5 - -
Ta6nuya 2. Netpocdmsnyeckne napameTpbl TPAAULIMOHHbLIX KONNIEKTOPOB MalKOMNCKOW cepun
(o6pa3ubl cyxue, HacbiWeHHbIe KepocuHoM U pactBopoM NaCl) [10]
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1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 | 15 | 16 | 17 | 18
C3 yacmb wenbgha YepHozo mopsi
1] 211 WM | Wmmnara-6 | 3580-3592 |N3BecTHsk| 2560 | 2583|2624 12637 | 4,8 | 2,9 | 2,3 [<0,001| 180 | 177 | 179 |5070 | 38,5
2| 212 IM " 3622-3632 " 2577126022644 [2662| 51 | 3,2 | 2,8 | 0,45 | 175 | 167 | 171 |15551]| 39,2
3]212-1 WM " 3622-3632 " 2574 2601|2638 [2665| 52 | 34 | 34 | 0,28 | 206 | 173 | 187 |6548| 37,4
4] 208 WM | Wmmngra-9 |3126-3139 " 2448247212654 2524 | 5,0 | 3,0 | 2,4 [<0,001| 207 | 171 | 177 |3783]| 32,9
5] 209 WM " 3110-3126 " 2522125492614 (2610| 4,2 | 3,4 | 2,9 [<0,001| 228 | 191 | 201 |1055]| 17,0
6 209-1 UM " 3110-3126 " 2519|2546 2611 [2610| 4,4 | 3,5 | 2,9 [<0,001| 203 | 193 | 205 |1752] 16,6
7] 210 WM " 3110-3126 " 2597 2611|2674 2644 | 32 | 1,8 | 1,8 [<0,001| 189 | 182 | 185 | 1298 33,6
8| 206 UM | Wmuara-11 |2957-2966 " 2543|2584 2625|2684 | 59 | 53 | 4,7 | 0,07 | 210 | 186 | 210 |9558| 27,4
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
9| 207 WM " 2966-2972 " 2562 | 2588 | 2631|2651 | 4,7 | 34 | 2,7 |<0,001| 197 | 171 | 169 |10460| 50,3
10| 207-1 UM " 2966-2972 " 2559 | 2587 | 2631|2656 | 58 | 3,7 | 29 [<0,001| 198 | 175 | 171 |24167| 45,5
11| 213T™M FaM6y£) HEBa| 50822090 " 2438 | 2508 | 2588 | 2680 | 10,5 | 9,0 | 7,9 205 | 199 | 200 (2473 | 8,7
12| 214TM " 2390-2400 " 2486 | 2541|2614 |2673| 91 | 70 | 64 184 | 183 | 183 | 5339 | 11,7
13| 215TM " 2560-2569 " 2605 | 2626 | 2691 | 2677 | 3,9 | 2,7 | 2,3 0,01 170 | 165 | 165 [84958| 43,0
14| 215-1TM " 2560-2569 " 2603 | 2627 | 2694 | 2686 | 4,1 | 3,1 | 2,7 0,03 | 179 | 168 | 167 |95873| 35,8
15| 216TM " 3270-3276 " 2595 | 2596 | 2657 | 2597 | 1,56 | 0,7 | 0,8 0,01 189 | 191 | 187 | 660 | 43,3
16| 216-1TM " 3270-3276 " 2598 | 2602 | 2660 | 2611| 19 | 0,8 | 1,0 |[<0,001| 241 | 189 | 191 | 651 | 40,0
CeeepHasi Yacmb wenbgha A308CK020 MOPST
17| 201 MA Marpocckas-1 1053—1059 | MNecyanuk | 2417 | 2491 | 2567 | 2670 | 11,0 | 95 | 9,6 8,23 | 312 | 253 | 240 |20632| 4,9
18| 201-1 MA " 1053-1059 " 2430 | 2500 | 2575|2671 10,7 | 9,0 | 9,2 0,37 | 311 | 246 | 233 |13376| 54
19| 202 MA " 1232-1241 | N3BecTHsik | 2105 | 2243 | 2331|2552 | 20,8 | 175|179 | 1,25 | 303 | 293 | 308 |1335| 2,2
20| 202-1 MA " 1232-1241 " 2117 | 2244 | 2333 | 2526 | 20,2 | 16,2 | 18,0 | 0,11 310 | 290 | 307 | 1204 | 2,2
21| 203 MA " 1300-1309 " 2069 | 2198 | 2283 | 2475 | 20,1 | 16,4 | 17,0 | 4,61 292 | 293 | 316 | 601 | 2,2
22| 203-1 MA " 1300-1309 " 2079 | 2204 | 2288 | 2474 | 205 | 16,0 | 174 | 015 | 314 | 234 | 319 | 714 | 21
23| 204 MA " 1500-1508 " 2314 | 2401 | 2464 | 2602 | 134 | 111 | 11,7 | 042 | 275 | 262 | 304 | 372 | 2,6
24| 204-1 MA " 1500-1508 " 2316 | 2405 | 2470|2612 | 135 | 11,3 | 116 | 0,08 | 277 | 207 | 302 | 553 | 2,6
25| 205 MA " 1765-1775 | Mecyannk | 2001 | 2184 | 2277 | 2612 | 25,7 | 23,4 | 24,1 1,72 | 420 | 382 | 382 | 515 | 1,3
26| 205-1 MA " 1765-1775 " 1986 | 2175|2267 | 2616 | 259 | 24,1 | 248 | 2,74 | 466 | 401 | 409 | 548 | 1,2
lNpukepyeHckasi Yacmb wesnbgha YepHo20 Mopsi
27| 186 Cb |Cyb6otnHa-1| 1948-1954 | MNecyanuk | 2063 | 2233 | 2305|2632 | 244 | 216 | 21,9 | 9,16 | 404 | 352 | 394 | 1950 | 2,3
28| 186-1 Cb " 1948-1954 " 2048 | 2222 | 2293 | 2633 | 24,3 | 22,2 | 22,4 | 16,05 | 388 | 340 | 376 | 2389 | 21
29| 187 Cb " 1960-1965 " 2156 | 2299 | 2355|2636 | 20,8 | 18,2 | 18,7 | 843 | 370 | 321 | 354 |2221| 2,7
30| 188CbH " 2342-2343 |AneBponuTt| 2259 | 2371 | 2423 | 2636 | 17,3 | 14,3 | 149 | 6,17 | 374 | 297 | 344 | 1224 | 3,2
31| 188-1Cb " 2342-2343 " 2261|2371 |2420|2632| 158 | 141|149 | 6,93 | 372 | 315 | 365 | 688 | 3,1
32| 189CB " 2342-2343 A”i:‘ff::(ec' 2068 | 2373 | 2424 | 2619 | 16,3 | 134 | 14,1 | 30,55 | 389 | 307 | 404 | 1200 | 32
33| 189-1 Cb " 2342-2343 " 2285|2386 | 2437 | 2622 | 16,1 | 14,0 | 13,5 | 18,25 | 353 | 300 | 345 |1399| 3,5
34| 190Cb Cy6‘618£vma- 2439-2444 | TMecyannk | 2292 | 2390 | 2420 | 2641 |15,27 (12,54 |12,52| 6,07 | 316 | 221 | 258 |87879| 3,7
35| 190-1 Cb " 2439-2444 " 2260 | 2357 | 2388 | 2636 | 16,97 [ 12,66|12,56| 4,65 | 351 | 244 | 291 | 6592 | 3,3
36| 190-2 Cb " 2439-2444 " 2294 | 2390 | 2420 | 2641 |15,06(12,38|12,29| 4,66 | 296 | 207 | 262 |[13166| 3,8
37| 191CB " 2591-2596 " 2288 | 2388 | 2420 | 2638 | 16,2 [12,89]12,69| 6,39 | 356 | 246 | 296 | 5788 | 3,3
38| 191-1 Cb " 2591-2596 " 2296 | 2396 | 2426 | 2639 |15,92| 12,8 |12,75| 6,75 | 343 | 240 | 292 |22366| 34
39| 192Cb " 2596-2605 " 2313 | 2405 | 2430 | 2643 |14,45(11,52| 11,7 | 3,10 | 377 | 263 | 311 |49662| 3,6
40| 192-1 Cb " 2596-2605 " 2314 | 2404 | 2433 | 2642 |14,69(11,79|11,62| 3,22 | 383 | 250 | 293 [10653| 3,4
41| 193 Cb " 2596-2605 " 2037 | 2213 | 2225|2625 | 24,3 | 22,4 | 25,0 371 | 329 | 359 |4972| 1,3
42| 194 Cb " 2596-2605 " 2191 2325|2348 2644 | 191 | 171|220 | 3,63 | 424 | 350 | 408 | 2925 | 21
43| 194-1 Cb " 2596-2605 " 2191 |2325|2355|2643| 19,0 | 17,1 | 220 | 3,97 | 413 | 348 | 393 |4221| 22
44| 195Cb " 2658-2665 " 2198 | 2325|2341 (2623 | 196 | 16,2 | 166 | 6,10 | 400 | 338 | 383 | 3294 | 21
45| 195-1 Cb " 2658-2665 " 2177 | 2314 | 2344 12639 | 20,0 | 17,5 | 17,3 | 3,71 438 | 352 | 422 | 3447 | 21
46| 196 Cb " 2658-2665 " 2194 | 2324 | 2363 | 2628 | 19,84 |16,54|16,57| 8,94 | 471 | 319 | 352 |[13222| 2,3
47| 196-1 Cb " 2658-2665 " 2209 | 2336 | 2373 | 2628 | 19,76|16,02|16,08| 529 | 466 | 299 | 337 [16814| 2,3
48| 196-2 Cb " 2658-2665 " 2197 | 2324 | 2361 | 2628 |19,75|16,11|16,16| 517 | 475 | 303 | 344 |[12035| 2,2
49| 197 Cb " 2665-2672 " 2541|2578 | 2578 | 2664 | 6,5 | 6,0 | 6,2 0,19 | 269 | 217 | 265 | 5833 | 10,5
50| 197-1 Cb " 2665-2672 " 2556 | 2585|2590 |2654| 59 | 55 | 55 0,13 | 268 | 235 | 260 | 6992 | 11,9
51| 198 Cb " 2665-2672 " 2275|2378 | 2423|2622 | 152 | 13,2 | 14,2 | 12,83 | 394 | 324 | 390 | 7226 | 24
52| 198-1 Cb " 2665-2672 " 2270|2376 2395|2622 | 155 | 134|140 | 9,70 | 379 | 316 | 385 | 3897 | 24
53| 199 Cb " 2665-2672 " 2138 | 2281 | 2325 | 2624 |21,65]|18,36[18,24| 5,82 | 445 | 309 | 356 |20312] 2,2
54| 199-1 Cb " 2665-2672 " 2172|2308 | 2350 | 2626 |20,63|17,46[17,36| 535 | 411 | 291 | 343 |21317| 21
55| 200Cb " 2729-2733 " 2637 | 2661|2671 |2721| 47 | 31 | 33 0,23 | 294 | 229 | 290 |2821| 89
56| 200-1 Cb " 2729-2733 " 2638 | 2662 | 2672|2724 | 48 | 32 | 3,3 0,17 | 290 | 221 | 283 | 3489 | 94
57| 217TM " 3442-3457 " 2573259112650 (2632| 3,7 | 22 | 20 0,03 | 235 | 193 | 206 | 784 | 16,6
58| 217-1TM " 3442-3457 " 2567 | 2589|2650 | 2641 | 3,9 | 28 | 2,6 0,06 | 211 | 202 | 213 | 983 | 14,1
OTKpblTast NOPUCTOCTb "NO a30Ty" HETPAAULIMOHHbIX KO- KoppensiumoHHass 3aBMCMMOCTb Mexay KoadduumneH-

NNeKTopoB, KOTopas onpeaeneHa ¢ NOMOLLbI0 HAChILLEHUS
uMnuHapuyecknx obpasuoB a3oToM Nog  AaBleHueM
0,25 MlNa, nmeeT HECKOSIbKO MOBbILUEHHbIE 3HAYEeHUs U
nmameHsieTcs ot 6,6 go 38,1 % npu cpegHeM 3HA4YeHUU
25,7 %. [na TpaanUMOHHBIX KOJITIEKTOPOB OHA U3MEHSsieTCs
ot 1,5 0o 25,9 % npu cpeaHeM 3HayeHumn 12,9 %. PocT 3Ha-
YEHWI OTKPbLITOM MOPUCTOCTM MNPWU HACLILLEHUN a30TOM
06bsACHAETCA NPOHMKHOBEHMEM ra3a B KanumnsipHble Nopbl,
B KOTOpbIE€ HE MOXET MPOHUKHYTb XUAKOCTb.

Tamuy NOPUCTOCTM NOPOA, ONpeaeneHHbIMU MeTogamMu ruapo-
CTaTMYECKOro B3BELUMBAHMS W Fa30BOSIIOMETPUYECKNM,
UMeeT BUA: ky ep = 0,9299 - kyy400r — 0,0111, npn R2= 0,991,
rae ky as0r — NOPUCTOCTL, ONpeaeneHHasn HacbILeHemM aso-
TOM; Ky ep — MOPUCTOCTb ONpeAerieHa HacbILLeHeM Kepocu-
HoM (puc. 1). CpeaHsAs oTHOCUTENbHAs MOrPELLHOCTb onpe-
OeneHunst 3Ha4YeHun nopuctoctun coctaensna 1,22 %.
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Puc. 1. KoppensiumoHHas 3aBUCUMOCTb MeXAay
ko3 prumMeHTaMM NOPUCTOCTU NOPOA,
onpegenieHHbIMM MeTOAaMM1 ra30BONTIOMEeTPUYECKUM
M ruapocTaTuyecKoro B3BelUMBaHUsA

TpoHuyaemocmsb. CBONCTBO Nopoabl MponyckaTtb drto-
nabl HasbIBAETCS NPOHMLAEMOCTbo. [MpoHU-uaemMocTb no-
poAbl 3aBUCUT OT ee IEKTUBHOM NOPUCTOCTU, TO €CTb Ha
Hee BNUAIOT pa3Mep 3epeH nopoapl, Ux dopma, pacnpene-
NeHne 3epeH Mo pasMepam (COPTUPOBKA) U MX ynakoBka, a
Takke CTeneHb KOHCONMAaumMu v ueMeHTauun. Tun rivH1C-
TOrO MW MHOTO LIEMEHTMPYIOLLEro MaTepuana mexay nec-
YaHbIMW 3epHaMU Takxe BIUSET Ha NPOHULLaEMOCTb, ocobe-
HHO B NPUCYTCTBUM BOAbl. HEKOTOpbIE IMUHNCTLIE MUHEpParb,
B YaCTHOCTW CMeKTUT (BEHTOHUTbI) U MOHTMOPWITIIOHUT,
pa3byxaloT B BOAE M MOMyT YaCTUYHO WU MOMHOCTLIO 3aKy-
nopuesaTb NOPOBOE NPOCTPaHCTRBO [3, 4].

MpoHnuaeMocTb k xapakTepuayeT abCcontoTHYH NPOHK-
LaemocTb, ecnu nopoga Ha 100 % HacblleHa ogHUM dorto-
noom (Mnu cpasoin), Takum Kak ras, HedpTb Unu Boga. Ecnm
nopoge npucytcteyeT 6onee opgHoro cronaga, npoHuuae-
MOCTb A1 KaXA0r0o U3 HUX XapakTepusyeTcs 3 EKTUBHON
NPOHNLIAEMOCTbLIO (NPY 3TOM K, Kz, Ke — 3cpeKTMBHBIE NpO-
HMLaeMocCTn Ans HedpTu, rasa v BoAbl COOTBETCTBEHHO). Bo
BpeMS ABWXEHWS MO MOPOBbIM KaHarnam nracTtoBble dnio-
nabl B3aMMOAENCTBYIOT Mexay cobon, mewwas apyr apyry,
noaTomy cymma 3cpdeKTMBHON NPOHNLLAEMOCTM BCEX TPeX
(a3 Bcerga MeHblue abCconoTHON NpoHMuaemocTu. Ecniv B
nopoge npucytcteyeTt 6onee ogHoro gnonaa, OTHOLWEHNE
3ahbheKTMBHOM NPOHMLLI@EMOCTU NGO hasbl kK abCOMNTHON
NPOHMLIAEMOCTMN NOpoabl HA3bIBAKT OTHOCUTENBHOM NPOHU-
LaemMocTblo (kr) Ans aton hasel. Hanpumep, oTHOCUTENb-
Hble MpoHMUAaeMocTn Ans HedTW, rasa u Bogpl OyayT
ki = kulk, kr = Kalk, kre = kelk cOOTBETCTBEHHO [14].

KoadduumeHt nopucroctu, kn

0,001

0,001

0.01

HedTaHbIe 1 rasoBble KONNEKTOPbl MOTYT UMETb NEPBU-
YHYIO0 MPOHULIAEMOCTb, KOTOPas U3BECTHA TakXke Kak NPOHM-
LaeMocTb MaTpuvubl (MUHEpPanbHOro kapkaca) nopogbl, U
BTOPUYHYIO NPOHML@eMocCTb. [poHnLaeMocTb maTpuLbl 06-
pasyeTcsl Npu OTNOXEHUN U NUTUdMKaLMK (KoHconuaaumm)
ocafoyHbIX nopoA. BropuyHas npoHuuaeMocTb sBnseTcs
pe3ynbTaToM U3MEHEHUs: MaTpu1Lbl MOPOAb! 3a CHET YNIoT-
HeHWs, LuemeHTaunm, obpasoBaHna TpewmH 1 Bblllenayiu-
BaHWs. YNNOTHEHWE W LeMeHTauus OObl4HO yMeHbLualT
NPOHULIAEMOCTb, TOrAa Kak obpasoBaHne TPELUMH 1 Bbille-
nayvBaHue MMeT TeHAeHUMIO yBenuumsaTb uX. B Heko-
TOPbIX NOPOAax, 0COOEHHO B HA3KONOPUCTLIX kapboHaTax u
aprunnmTax, UMEHHO 3a CYeT BTOPUYHOWN MPOHULLAEMOCTU
NPOMCXOANT OCHOBHAs MUrpaums dnonaos.

MpoHuLaemMocTb NOPOA-KONNEKTOPOB HETH 1 rasa Mo-
XEeT U3MeHATLCA B AnanasoHe ot 0,1 go 1000 dom? nnu 6o-
nee. KayecTBo konnekropa obycrnoBneHo ero NpoH1Laemo-
CTbl0, KOTOpas OENUTCA Ha HU3KY0 — Kk < 1 oM?; yaoBneTBo-
putenbHyto — k = 1-10 dm?%; cpeaHio — k = 10-50 pm?;
BbICOKYIO — k = 50—-250 chm?; 04eHb BbICOKYIO — k > 250 dom?
[6]. Konnektopbl C MpoHULaemMocTblo Huxe 1 M2, cuu-
TalTCA NNOTHLIMW. Takas HM3Kas MPOHNLAEMOCTb OBbIYHO
CBOWCTBEHHA aprunnuMtam, anesBponutam, nioTHbIM ra3o-
HOCHbIM NecyaHnkaM, mMaTpuue M3BecTHAKoB. MeToabl UH-
TeHcudUKkaumMm — rmgpopaspbiB U KUCNoTHas obpaboTka
nrnacra — MoBbILLAT NPOHMLIAEMOCTb MOPOA U NO3BONSAIOT
BECTM J0ObIYY M3 TaKMX KOMNMNEKTOPOB, KOTOPbIE paHee cun-
TanMcb HEKOHANLMOHHBIMM.

KoadhdpmumeHT npoHMuaemocTn o6pasLoB kepHa onpe-
Aensanca MeTogoM cTauMoHapHomn unbTpaumm a3oTa ¢ no-
MOLLbIO creumansHo pa3paboTaHHon ycTaHoBKM [2]. Beino-
MHEeHO ABa LMKNa n3MepeHuii nocre aKkcTparmposaHus ob-
pa3uoB B xnopodopme 1 cnmptobeHsonbHo cmecu. Cpea-
HSS1 OTHOCUTENbHAas MOrPeLIHOCTb onpeaeneHnn koaddu-
LMeHTa npoHmuaemocTy coctasnsna 2,6 %.

Mo pesynbTaTam nabopaTopHbIX U3MEPEHWI YCTaHOB-
NEHO, YTO 3HaYeHUe KoahPULMEHTA NPOHNLLAEMOCTU NOPOS
TPaAMUMOHHBIX KonnektopoB wusmensitotcs ot 0,001 pgo
30,5 m? npu cpegHem 3HadeHun 4 M2, MpoHULaeMocTb
ussecTHskoB Huskas (0,001-0,45 bm?), B €4UHMYHBLIX Criy-
yaax — ygosneTtsoputenbHas (1,25-4,61 m?), necyaHnkos
1 aneBponec4aHUKoB — NPEMMYLLECTBEHHO YAOBMNETBOPUTE-
neHaa (1,72-9,7 pm?), uHoraa Huskaa (0,03-0,37 pm?) n
Bbicokas (12,83-30,55 pm?). UTo KacaeTcs NMpoHMLaemMocTu
HeTpaanLMOHHBIX KONIEKTOPOB, TO B CUITY XPYNKOCTM obpas-
LIOB aprunnvToB yAanochb NpoBecTu 3amepbl TONbKO B eAu-
HWYHbIX 0BpasLax, B KOTOPbIX MPOHULIAEMOCTb XapaKTepuay-
eTcs 3HauMTenbHbIM pasbpocom (o1 0,001 go 18,74 dm>3).

[ns nopon TpaaWUMOHHBIX KOMMEKTOPOB YCTaHOBMEHA
KOppensiuMoHHasa 3aBUCUMOCTb (puc. 2) mexay Koadhdu-
umeHToM nopmctoctu (Kn) M k03O PULIMEHTOM NMPOHULGEMO-
cTu (Knp), KOTOpasi umeeT Bua: , Npu R?=0,684.

1 10 100

KoadduumeHT npoHmuuaemocty, knp, pm2

Puc. 2. KoppensiunoHHas 3aBucuMocTb Mexay Koadhdunumnentom nopuctoctu (K,) n koachduumeHTom npoHnuaemoctu (Knp)
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YdenbHoe anekmpu4eckoe cornpomuesieHue. Yoe-
NbHOE 3NEKTPUYEeCKoe COMpOTUBIIEHWE NpeacTaBnsieT Co-
00N BaxkHYIO XapaKTepuUCTUKy nopoabl. Ha BenuymHy atoro
napameTpa B FOPHOW Nopoae BruseT Lenbii psg hakTopos,
06yCroBnMBaLLUX U3MEHEHWE YAENbHOIO CONPOTUBIEHUS
B LUMPOKUX Mpefenax. JOneKkTpu4eckoe ConpoTUBMEHMEe
BELLeCTBa KONIMYECTBEHHO OLEHMBAETCSI BEMUYMHOW YAENb-
HOro anekTpuyeckoro conpotuaneHus (Om-M), KOTopoe xa-
pakTepusyeT NpoTUBOAENCTBUE eauHULbI 0ObeMa BeLlec-
TBa (rOpHbIX NOpPOA, BOA M T. .) NPOXOXAEHWIO 3NEKTpUYe-
CKOro TOKa. Y[enbHOe 3NekTpU4ecKoe COMNpoTUBIIEHNE
onpegensieTcs BeLeCTBEHHbIM COCTaBOM MOpoAbl, MUHE-
panu3aumei nrnacToBbiX Bod, TEMNepaTypon u AaBreHnem
npv KOTOPbIX N3MepsieTcs 3Ta BenuuumHa [6, 11, 14, 15].

JTaGopaTopHble aNeKTPOMETPUYECKNE N3MEPEHNS CYXUX
06pa3uoB kepHa BbiNonHeHbl Npu Temnepatype 20 °C ¢ no-
MoLLblo LmdpoBoro TepaommeTpa C.A 6547, KOTopbI NO3-
BOMSIET BbINOMHATL U3MEPEHUST ANEKTPUYECKOTO CONPOTMB-
nexus B ananasoHe ot 10 kOm go 10 TOM ¢ undpoBson 3a-
nucbto Ha ABM no cneumnanbHOM NporpamMme Ha MOCTOSH-
HOM TOKE MO ABYX3NeKTpogHon cxeme. [Ansa namepeHus ob-
pasuoB, HacbiweHHbIX pactBopom NaCl, npumeHsancs npe-
LM3NOHHbIA uudgppoBort RLC-metp MHC-1100, yto nosBo-
NSieT BbIMOMHATL U3MEPEHUS ANEKTPUYECKOro CONpoTMBIe-
HMS C MOBbILIEHHOW TOYHOCTLIO B AuanasoHe oT 106 go
108 Om B gnanasoHe YacToT ot 0 go 100 kIy. LiunuHgpuue-
ckue obpasLpbl Npy U3MEPEHUM BCTaBNSNUChL B cneuuarnbs-
HbIi KepHoAepXaTenb C HEenonsipU3yloLWMMUCS 3NEKTPO-
aamn [1, 12, 13, 18].

C uernblo yCTaHOBIEHNS 3aBUCUMOCTW METPO3NEKTpUYe-
CKVX NapameTpOB OT CTEMNEHN BOAOHACLILLEHHOCTY nopog, Tpa-
OVILMOHHBIX KOMIEKTOPOB B MPOLIECCE IKCMEPUMEHTarbHbIX
nabopaTopHbIX UCCNENOBaHWI BbIMOMHANACh CEPUS ANEKTPO-

1000

100

y =1,1334x*<
R? =0,9205

MapameTp nopucrocrty, P

0,001 0,01

Koadduument

METPUYECKMX U3MEPEHNIA, YTO NO3BOMUIO NOCTPOUTL PSi KO-
PensILMOHHBIX 3aBUCMMOCTEN MEXAY NeTPon3nNYecKUMmM na-
pameTpamn. [lopoabl  HETPAOMLMOHHBLIX  KOIIEKTOPOB
HacbILLANMCb KEPOCUHOM (U3-3a pa3byxaHus MMUHUCTBIX pas-
HOCTEW B BOAE M MX pa3pyLLEHNs), MOTOMY 3NIEKTpOMETpuYe-
CKME U3MepPEHVS BbINMOIHEHbI TOMBKO Ha CyXnx obpasLiax.

Mo pesynbTatam nabopaTopHbIX M3MEPEHWUIA YCTaHOB-
NEHO, YTO yaernbHOE 3MEKTPUYECKOE COMPOTUBIIEHNE CyXMX
3KCTparMpoBaHHbIX 06pa3LoB NOpPoA HETPAAULMOHHBLIX KO-
nnektopoB MeHsieTcs oT 1243 go 107555 Om-m npu cpegHem
3HayeHun 35560 OM'M, a TpagMUMOHHbIX — OT 372 po
95873 Om-M npu cpegHem 3HaveHumn 11220 Om-Mm. MNpm aTOM
HabnaalTCa 3HaYMTENbHbIE Bapuauum 3HaveHun yaenb-
HOro COMpPOTUBIIEHNSI 0OPa3LOB, YTO OOBACHAETCS HEOOHO-
POLHOCTBIO TEKCTYPbI MOPOZ, (HAanuymMe rMUHUCTBIX U necya-
HUCTBLIX CMOEB). YAENbHOE 3MeKTPUYECKOe COMPOTUBIIEHNE
06pasL0B NOPOA TPAANLIMOHHBIX KOMNMEKTOPOB, HACILLEHHbIX
Mogenbto nnactoBoin xugkoctn (pacteop NaCl), meHsieTcst
ot 1,2 go 50,3 OM-m npu cpegHem 3HayveHun 11,9 Om-m, a
napameTp NopucTocTn — ot 5,6 0o 252 (cpegHee 53).

Mo matepnanam nabopaTopHbIX UCCnegoBaHUi MOCTPO-
€Ha KoppensLMoHHas 3aBMCnMOocTb (puc. 3) mexay koadhdu-
umeHToM nopuctocTy (kn) 1 napameTpom nopuctoctu (P) ans
nopopa TPaanUMOHHbIX KOMNNekTopoB. YpaBHeHne Apumn — [a-
XHOoBa umeet Bua: P = 1,1334 - kn—1,zs, npu R? = 0,92.

[nsi TpagnUMOHHBIX KONMEKTOPOB MaKOMCKOM cepum nNpo-
BEOEHbl VCCNEAOBaHNSA WU3MEHEHUW YOENbHOro 3JfeKkTpuye-
CKOro COMpOTVBMEHUS MPW OTrOHKe BoApl Ha LieHTpudyre OC-
6M (o1 1000 oo 6000 06/mMuH ¢ warom 1000 06/mMuH, AaBneHne
BbITECHEHWS BOAbI M3MeHsrnock oT 0,02 go 0,9 Mla). YcTtaHo-
BIEHbI KOPPENSLMOHHbIE 3aBUCYMOCTU NapameTpa HedTera-
30HacblweHns (Pu) oT koadhduumeHTa BogoHachIWeHus (Ks)
ONna psifa CKBaxuH (pyc. 4) oTaenbHbIX Nrowanen.

0,1 1

nopucTocTu, kn

Puc. 3. KoppensiumoHHas 3aBMCUMOCTb Mexay koadduumeHTom nopuctocTu (k;)
1 napameTpom nopuctocTtu (P) — 3aBucumocTb Apum — [laxHoBa

Mempoakycmu4eckue uccnedosaHusi. CkopocTu
NPOAONbHbIX YNPYrMX BOMH Onpeaensnucb Ha nabopatop-
HbIX 0Bpas3uax ¢ MOMOLLbIO LMdPOBON YrbTPa3BYKOBOW yC-
TaHoBku "KepH-4". [Ina nccnegoBaHUst CKOPOCTEN pacnpo-
CTPaHEHUs yNpyrMx BOMH B FOPHbIX Nopodax MpuMeHeH
UMNYNbCHO-a30BbIN ynbTpa3sykoBon metop [17]. Name-
peHve CKOPOCTWU MPOAOSbHbLIX BOSIH OCYLLECTBAANOCH Ha
obpasuax, kKoTopble 6bInn OpMeHTUPOBaHbLI BAOMb CIIONCTO-
cti. pu KOHTPOSbHBIX M3MEPEHUAX OblNO yCTaHOBIEHO,
YTO OTHOCUTENbHas  MOrpelHOCTb  WU3MEPEHWn  He
npesblwaeT 2—3 % Ans NPoAOrbHBLIX BOSH.

YnbTpasBykoBble UCCefoBaHNs 06pasLoB NpoBedeHbl
nocne aKcTparnpoBaHusa Ha Cyxmx obpasuax v npy NosHOM

UX HacblLweHnn kepocHom u pacteopoM NaCl. iHTepsanb-
Hoe BpeMsl, onpefefieHHoe AMNs CyXWMX 3KCTparmpoBaHHbIX
06pasL0oB Nopoa HeTPaAMLMOHHBIX KOMNEKTOPOB, U3MEHSsIe-
Tca ot 192 no 482 mkc/m (cpepHee 361 MKc/m), a Tpaguum-
OHHbIX — oT 170 go 475 mkc/m (cpeaHee 313 mkc/m). Ong
HacCbILLEHHbIX KepocuHoM 06pa3uoB nopos HeTpagvuu-
OHHbIX KOJINIEKTOPOB 3TOT NapaMeTp BapbupyeTcs B Avana-
30He oT 181 go 407 mkc/m (cpeaHee 318 Mkc/M), a Tpaau-
LUMOHHBIX — OT 165 no 401 mkc/m (cpegHee 256 mkc/m). Mpu
HacblLLeHMN 06pa3LoB NOPoA TPAAULIMOHHBIX KOMNMEKTOpoB
pacteopom NaCl nHrepsansHoe Bpemsi MeHsieTcs oT 165 go
422 mkc/m (cpegHee 287 MKC/m).
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Mapamerp HedTerasoHacLIWEHHUA, PH

0,

Cke. Cy660TnHa-1., P, = 1,0388 - k;*2°, npu R?=0,9
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y:

1,0198x 151
R*=0,918

¥

1,0388x%%
R? =0,9014

MNapameTp HedTerasoHackiWenua, PH

1

10
KoaddpuumeHT BOAOHICHIWEHHA, kB
KoadduumeHT BOAOHACLILEHWA, kB

CkB. Cy660TnHa-403. P, = 1,0198 - k; %%, npn R?=0,92

o

Mapametp HedTerasoHacbiWeHna, PH

y =0,9665x 2>
R*=0,8353

y = 1,0894x 1128
R?=0,747

Mapamerp HedTerasoHacHIWEeHHA, PH

k. |

0,1

CkB. MaTtpockas-1. P, = 1,0388 - k; 1228, npu R?=0,75

10

1,0 0,1 1,0

KoadduumeHT BogoHackILEHWA, ke KoadduumeHT BogoHackILEHWA, kB

Cke. Wmuara-11. P, = 0,9665 - k;>%°npu R?= 0,835

10

MNapameTp HedrerasoHacuiWeHun, PH

y = 1,0392x %52

¥ = 1,0339x32
R* =0,682

R =0,7624

Mapanerp nedrerasoHackiweHua, PH

0,1

YcTaHOBMEHbl KOPPENSILMOHHBLIE CBS3N MeXZy UHTep-
BamnbHbIM BpemeHeM (dt) n koadpULNEHTOM MOPUCTOCTMU
(kn) nccnepoBaHHbIX Nopogd. [ns npumepa, Ha puc. 5 npu-
BOOSTCS KOPPENSALMOHHbBIE CBA3M MHTEPBANIbHOIO BPEMEHM
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HurepsanbHoe spema, dt, mrc/m

Cks. Wmuara-9. P, = 1,0339 - k; 2%, npu R?= 0,762

1,0 0,1

Hoadduument HAChILLEHW
HKoadduumeHT BOAOHACKILLEHKUA, KB KO3 puumeHT BOAOHACHILIEHWR, ke

Cks. MlambypueBa-2. P, = 1,0392 - k; %2 | npu R?= 0,682

Puc. 4. KoppensiumoHHble 3aBUCMMOCTU MexAy koaddmumeHTom BogoHachiweHus (kg)
M napameTpom HedrTerazoHachblwweHus (P.) TpaaAULIMOHHbIX KONNEKTOPOB MaMKONCKOW cepum

1 koadbpuLmMeHTa NOPUCTOCTU ANS HACbILLEHHbIX Kepocu-
HOM 06pa3uoB, KOTOPbIE MMEIOT BUA: a) AN MOpoA HeTpa-
OVLMOHHBLIX KonnektopoB — dt = 718,25 - k;, + 185,14, npu
R?= 0,872; 6) Ans nopoa TPaAWLUMOHHBIX KOMMEKTOpOoB —
dt = 866,8 - k, + 157,67, npu R?= 0,823.

450

¥ = 886,8x+ 157,67
R*=0,8234

y.=718,25x+ 185,14
R*=0,8718

WHTepeanbHoe Bpema, di, mic/m
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Hosddmument nopucrocty, kn

6

Puc. 5. KoppensiuMoHHas 3aBUCMMOCTb MeXAY MHTepBaNbHbIM BpeMeHeM U K03 hULIMEHTOM NOPMCTOCTH
ANA HEeTPaAULMOHHBIX (a) U TPaAULIMOHHLIX (6) NnopoA-KonnekTopos
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BbiBoabl. [1poBefeHa oLieHka NeTpodmanyecknx napa-
METPOB TPAAMLMOHHBIX N HETPAAMLMOHHBLIX NOPOA-KOMMeK-
TOPOB MamKomnckon cepun A30BCKO-YepHOMOPCKOro pe-
rmoHa: O6BEMHOWM MITOTHOCTM, KaXyLLencs MUHepanornye-
CKOW MIIOTHOCTU, OTKPBITOW MOPUCTOCTM, MPOHMLAEMOCTH,
NeTPO3NEeKTPUYECKMX M aKyCTUYECKUX MapamMeTpoB. U3y-
YeHbl neTpodmanyeckne ceoicTea 42 o6pasLoB KepHa rnn-
HUCTbIX MOPOA MaWKOMNCKOW CepuM CeBepo-3anafHoro Lue-
nbga YepHoro mopsi (ckB. ApxaHrenbckasi-1, MonuubiHa-1,
6,7,9, 12, Wmunata-6, 9, 11, MambypueBa-2), LeHTpansHou
yactu Kpbimckoro nonyoctpoBa (ckB. [xaHkonckas-1); Ke-
pYeHcKoro nonyoctpoea (ckB. PoHTaHOBCKasa-6, 12); Mpuke-
pyeHckoro wenbda Asosckoro mops (ckB. CeBepo-KasaH-
Tunckas-3); ceBepHoro wenbga A3zoBckoro Mopsi (cks. Ma-
Tpocckasi-1), TNpukepyeHckon uvacTu Lwenbga YepHoro
mops (ckB. Cy66oTuHa-1, 403), a Takke 58 obpasLoB kepHa
TPaaWLMOHHbLIX KONMEKTOPOB (MPENMYLLECTBEHHO W3BECT-
HSKM 1 necyaHunkn) C3 wenbta YepHoro mops (cks. Lmu-
arta-6, 9, 11, NambypueBa-2); ceBepHoro wenbga A30BC-
koro mops (ckB. MaTpocckas-1); MNprkep4eHcKon YacTu we-
nbga YepHoro mops (ckB. Cy660TnHa-403).

Marikonckme obpasoBaHus YepHomopcko-Kacnmickoro
pervioHa BXoasiT B cocTaB MoLLHoro (6onee 1000 m) BbICOKO-
NepCrneKkTUBHOrO HedpTErasoHOCHOTO KOMMMEKCa, KOTOpPbIN
npeacTaBneH MMUHUCTLIMM TOMLWAMW C MPOCIIOSMM NecYaHu-
KoB 1 anesponuToB. C HAM CBSI3aH psi ra3oBblX MECTOPOX-
aeHuin (MonuubiHckoe, KOxHoronuubiHckoe, Lmnarta, ApxaH-
rensckoe, Kpbimckoe, [xaHkonckoe, Ctpenkosoe u Ap.), B
KOTOPbIX KOMNEKTOPaMu ABMNSIETCA rOPU3OHTbI NECYaHMKOB 1
aneBponunToB adpeKkTnBHOM MoLLHOCTbI0 0,5 — 7,0 M.

HeTpaamumoHHble KONNeKTopbl (MMWHbI, aprunnunTbl) Xa-
paKkTepu3yoTCst 3HaYUTENbHBIMU KonebaHnamy neTpodusu-
YeCKMX MapameTpoB, YTO, OYEBUAHO, CBSI3aHO C COCTABOM U
TpeLUMHOBaTOCTLIO 06pasLoB. Tak, 06beMHasi NNIOTHOCTb Cy-
X1Xx 06pasLoB MMMHUCTLIX MOPOA MaMKOMCKON CEpUn U3MEHS-
etca or 1313 po 2621 kr/m® (cpegHss 1760 kr/m3), npu
HacblleH 06pa3LoB KepocuHoM — oT 1728 mo 2708 kr/m3
(cpenHss 2081 kr/m3), a KaxyLLascsa MUHepanoruyeckas rno-
THOCTb — OT 2434 fo 3022 kr/m® (cpeaHsa 2584 kr/m3). 3Ha-
YeHVe OTKPbITOW MOPUCTOCTM ANSA FMUHUCTLIX Mopog Man-
KOrcKkomn cepun BapbupyeTcs B ananasoHe ot 0,3 go 31,7 %
npu cpegHemM 3HaveHun 19,6 %. OTkpbiTas NopucTocTb "No
a30Ty" HeTPaAMLUMOHHbIX KOMMEKTOPOB N3MeHseTcs oT 6,6 4o
38,1 % npu cpeaHem 3HaveHumn 25,7 %.

Y10 KacaeTcs TPaaULMOHHBIX MOPOA-KOMNNEKTOPOB MaWi-
KOMCKOWM cepun (NecYaHWKN, U3BECTHSKW, aneBponuTbl), TO
OHW  XapaKTEPU3YITCA BbLICOKUMW EMKOCTHO-UnbTpa-
LIMOHHbIMU cBoncTBamMn. OB beMHas NIOTHOCTL Cyxmx obpa-
3L/0B NECYAHMKOB U U3BECTHSIKOB MaNKOMCKOW ceEpUU uame-
HsieTca oT 1986 go 2638 kr/m® (cpeoHsis 2341 kr/m3), npu
HacbILLEHNN 06pasLIoB KepPOoCMHOM — OT 2175 0o 2662 kr/m3
(cpenHsas 2647 kr/m3), kaxyLiasaca MuHepanoruyeckas nno-
THOCTb — OT 2474 0o 2724 kr/m3 (cpeaHsas 2630 kr/m3). 3Ha-
YeHue OTKPbITON MOPUCTOCTU NPU HacbILWeHn 06pa3LoB Ke-
pHa KepocuHOM BapbupyeTcs B AnanasoHe ot 0,7 0o 24,1 %
npu cpegHem 3HadeHnn 11,0 %, npu HacbiweHn obpasLoB
KepHa mogenbto nnactosow BoAbl (pacteop NaCl), nsmens-
totcsa ot 0,8 go 25,0 % npu cpegHem 3HadveHun 11,3 %, a
OTKpbITast nopuctoctb "no asoty" — ot 1,5 go 25,9 % npm
cpeaHeM 3HadveHun 12,9 %.

B pesynbTaTe aHanu3a matepuanos nabopaTopHbIX ne-
TPOANEKTPUYECKNX UCCNEAOBaHUA MOCTPOEH pAn Koppens-
LIMOHHBIX 3aBUCMMOCTEN: KoadpmumeHTa nopuctoctu ot
napameTpa nopuctocTtu (ypasHeHve Apun — [laxHoBa) 1 na-
pameTpa HedTerasoHachllLEeHNst OT KO3hdULMEHTA BOOO-
HachblleHns. B pesynbTate aHanmsa neTpoakyCTUYeCKMX
MaTepuanoB MNOCTPOEHbl KOPPENSLMOHHbIE 3aBUCUMOCTU
KoadpmumeHTa NOpPUCTOCTN OT UHTEPBANbHONO BPEMEHM
06pa3sLoB, HaCbILEHHbIX KEPOCMHOM.

CnepnyeT OTMETUTb, YTO MOPOAbI HETPAAULMOHHbBIX KO-
NNekTopoB (MMWHbI, aprunmnnTbl), Kak NpPaBuo, UMeT Mo-
HWXXEHHbIe NPOYHOCTHbIE NapameTpbl. Becrneacteune atoro
Heo6X0AMMO YyCOBEpPLLUEHCTBOBATL TEXHOMOMM0 nabopaTto-
PHbIX NEeTpoM3NYEeCKUX NccrenoBaHuin nytem paspabo-
TKVM HOBbIX NTabopaTopHbIX YCTAaHOBOK C Yy4€TOM 3TUX OCO-
©6eHHocTel nopoga.
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PETROPHYSICAL FEATURES OF MAIKOP SERIES OF THE CRIMEAN-BLACK SEA REGION

The purpose of the article is to assess the petrophysical properties of reservoir rocks of traditional and non-traditional sources of hydrocarbons
in the Maikop series of the Crimean-Black Sea region. The article is based on our own experimental investigations conducted on the basis of the
petrophysical laboratory of the Institute of Geology of the Taras Shevchenko National University of Kyiv. Petrophysical properties of the clay rocks
of the Maikop series in NW part of the Black Sea shelf; the central part of the Crimean Peninsula; Kerch Peninsula; Kerch shelf of the Azov Sea; the
northern section of the Azov Sea shelf; Near Kerch section of the Black Sea shelf, as well as traditional collectors (mainly limestone and sandstone)
of NW part of the Black Sea shelf; the northern section of the Azov Sea shelf; Near Kerch section of the Black Sea shelf were studied. For the first
time, a complex characterization of petrophysical properties of non-traditional clay reservoirs of the Maikop series is given, and their comparison
with the petrophysical characteristics of traditional reservoirs is made.

Unconventional reservoirs (clays, mudstones) are characterized by significant fluctuations of petrophysical parameters. That is clearly associated
with varying degrees of sample jointing. Thus, the bulk density of argillaceous rocks of the Maikop series varies from 1313 to 2621 kg/m® (average
1760 kg/m®) in dry samples, from 1728 to 2708 kg/m® (average 2081 kg/m®) in samples saturated with kerosene and the apparent mineralogical density
range — from 2434 to 3022 kg/m® (average 2584 kg/m®). The coefficient of open porosity varies from 0,3 % to 31,7 % (average 19,6 %). Open porosity
on nitrogen varies from 6,6 % to 38,1 % (average 25,7 %).

Traditional reservoir rocks (sandstone, limestone) are characterized by high capacitive-filtration properties. Bulk density of sandstones and
limestones of the Maikop series changes from 1986 to 2638 kg/m® (average 2341 kg/m°) in dry samples, from 2175 to 2662 kg/m® (average 2647 kg/m°)
in samples saturated with kerosene. The apparent mineralogical density varies from 2474 to 2724 kg/m® (average 2630 kg/m°). Open porosity varies
from 0,7 % to 24,1 % (average 11,0 %) in core samples saturation by kerosene and from 0,8 % to 25,0 % (average 11,3 %) in core samples saturated
with model layers solution (as NaCl). Open porosity on "nitrogen” varies from 1,5 % to 25,9 % (average 12,9 %).

Keywords: Maikop series, petrophysical properties, conventional and unconventional reservoirs.
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KuiBcbkui HauioHanbHUM yHiBepcuteT imeHi Tapaca LleByeHka

HHI "IHcTuTyT reonorii”, Byn. BacunbkiBcbka, 90, m. Kuis, 03022, YkpaiHa

NETPO®I3UYHI OCOBNMBOCTI NOPIA MAUKOMNCLKOI CEPIi KPUMCbKO-YOPHOMOPCbLKOIO PEFOHY

Memoro cmammi € oyiHka nempogizuyHuUXx napamempie nopio-kosekmopie mpaduuiliHux i HempaduyiliHux dxepes ayare800Hi8 MaliKoncbKoi
cepii Kpumcbko-HYopHomopcbko20 pezioHy. C rpyHmy CSl Ha 8/1aCHUX eKCriepuUMeHmasnbHuUX 0ocioxeHHsIX, npoeedeHux Ha 6a3i nempo-
izuyHoi na6opamopii HHI "IHcmumym 2eonoezii” Kuiecbko20 HayioHanbHo20 yHieepcumemy imeHi Tapaca Lllee4eHka. Bue4yeHo nempogbizuyHi ena-
cmueocmi enuHucmux nopio malikonceKoi cepii nieHiYyHO-3axiOHOT YacmuHu wenbgy YopHo20 Mopsi, yeHmpanbHoi YacmuHu Kpumcbkozao nieocm-
poea; KepuyeHcbko20 nisocmposa; lpukep4yeHCcbKOI YacmuHu wesnbgy A308CbLK020 MOPSI; NMi8HIYHOT YacmuHu wenbgy A3oe8cbko20 mopsi, lMpuke-
PpYeHcbKoi YacmuHu wenbgy YopHo2o Mopsi, a makox mpaduyiliHux Kosiekmopie (nepeeaxHo eanHsiku i MNicKoeuku) nieHiYHO-3axiOHOI YacmuHu
wenbgy YopHo20 Mopsi; nieHiYHOT YacmuHu wenbgy A308cbko20 Mopsi; [pukepyeHCcbKOi YacmuHu wenbgy YopHoz0 Mops. Bnepwe 0aHa Kkomnie-
KCHa xapakmepucmuka nempogi3uyHux napamempie HempaduyiliHux 2uHUCMUX KosleKmopie Malikorncbkol cepil, npoeedeHo ix 3icmaeseHHs1 3
nempogizu4HUMU xapaKkmepucmukamu mpaoduyiliHux Kosiekmopis.

HempaduuitiHi konekmopu (2nuHu, apzinimu) xapakmepu3yrombcsi 3Ha4HUMU KOJIUaHHSIMU nempoghi3uyHuUX napamMempis, ujo, 04eeuodHo, rno-
8's13aHo 3 pi3HUM cmyneHem mpiwjuHyeamocmi 3pa3kie. Tak, 06'eMHa 2ycmuHa cyxux 3pa3Kie 2ruHucmux rnopio MaliKoncbKoi cepii 3MiHoembcsi 8id
1313 do 2621 k2/m® (cepedHsi 1760 k2/mM°), Npu HacuYeHHi 3pa3kie 2acom — eid 1728 Ao 2708 k2/m® (cepedHsi 2081 k2/M°®), a nosipHa MiHepanoziyHa
2ycmuHa — 8id 2434 do 3022 k2/m® (cepedHsi 2584 kz2/m°). 3Ha4deHHs1 eidkpumoi nopucmocmi amiHrorombcsi 6id 0,3 do 31,7 % (cepedHsi 19,6 %). Bidk-
puma nopucmicms "no asomy" eapitoemsncs 8id 6,6 do 38,1 % (cepedHs 25,7 %).

TpaduyitiHi nopodu-konekmopu (MicKoeuKu, 8arnHsKU) Xxapakmepu3yrombCsi 8UCOKUMU €MHICHO-inbmpauyiliHumu enacmueocmsimu. 'ycmuHa
cyxux 3pas3kie nickoeukie i eanHsikie MalikorncuKoi cepii 3MiHemMbcs1 8id 1986 Ao 2638 k2/m* (cepedHsi 2341 k2/M°), NPU HacuYeHHI 3pa3kie 2acom —
8id 2175 do 2662 ka/m* (cepedHsi 2647 k2/m°), nosipHa miHepanoziyHa 2ycmuHa — eid 2474 Ao 2724 k2/M® (cepedHsi 2630 k2/m°). 3Ha4YeHHs1 giOKkpumoi
nopucmocmi npu Hacu4YyeHHi 3pa3kie KepHa 2acom eapiroromscsi 8id 0,7 do 24,1 % (cepedHsi 11,0 %), Npu Hacu4YeHHi 3pa3kie MOOesITIo N1acmoeo20
po34uHy (no NaCl) — eid 0,8 do 25,0 % (cepedne 11,3 %), a eidkpuma nopucmicms "no azomy"” 3miHremscs 8id 1,5 % do 25,9 % (cepedHsi 12,9 %).

Knrouoei cnoea: malikoncbka cepisi, nempogpizu4Hi ennacmueocmi, mpaduuiiiHi i HempaduyiliHi konekmopu.




ISSN 1728-2713 FEONOriA. 4(79)/2017 ~21~

YAK 550.382
M. Orlyuk, Dr. Sci. (Geol.)
Chief of the Geomagnetism Department
E-mail: orlyuk@igph.kiev.ua,
A. Marchenko, Junior researcher
E-mail: andrey_marchenko@ukr.net,
M. Bakarjieva, Senior researcher
E-mail: bakarjieva@ukr.net
Subbotin Institute of Geophysics
National Academy of Sciences of Ukraine
Acad. Palladina Ave. 32, Kyiv, 03680, Ukraine

3D MAGNETIC MODEL OF THE EARTH CRUST
OF THE EASTERN EUROPEAN CRATON WITH THE ACCOUNT
OF THE EARTH SPHERICITY AND ITS TECTONIC INTERPRETATION

(PexomeHdoeaHO YrieHamu pedakuiliHoi kosneaii 3-pom 2eon. Hayk, npodp. O.M. IeaHik i 3-pom 2eor. Hayk, npogh. C.A. Buxeoro)

The geomagnetic field is widely used to obtain information on the deep structure and development of the Earth's lithosphere,
small-scale forecasting of minerals, and the solution of a number of environmental problems. The most significant results are
obtained due to the development of 2D, 3D and 4D magnetic models of the Earth's crust (lithosphere) in which the spatial and
spatiotemporal distribution of magnetic sources is reflected. The reliability of the spatiotemporal distribution (location) of magnetic
sources and the magnitudes of their magnetization depends on the adequacy of taking into account the geometry of objects and
the inhomogeneity of the Earth's main magnetic field. In this regard, for the East European Craton for the first time its regional 3D
magnetic model for a spherical Earth is developed. To develop the model, we used digital data WDMAM at a height of 5 km, a priori
data on the depths of the surface of the crystalline basement and Moho, the temperature distribution, as well as the results of other
geological and geophysics researches. According to S.V. Bogdanova, the Eastern European Craton was formed due to the
suturation of three segments (Fennoscandia, Volgo-Uralia and Sarmatia) in a time interval of 2,1-1,8 Ga. At the Phanerozoic stage
of development, the modern borders of the craton were formed. It is established that a non-uniform distribution of magnetic sources
and magnitudes of their magnetization is observed on the boundaries of the craton. The maximum concentration of magnetic
sources is characteristic for the edge parts of the craton. The southwestern boundary of the craton is marked by magnetic sources
with a magnetization of (1,0-3,0) A/m at depths of (10-18+46) km. Stretching of the sources is consistent with the stretch of the
Trans-European sutural zone and the Baltic-Transnistrian zone of pericratonic troughs (subsidence). The stretching of magnetic
sources in the southeast of the craton within Fennoscandia and the Volgo-Uralia is coordinated with the strike of the Phanerozoic
structures of the Ural and Timan. Magnetic sources lie in the interval (10-18+38-44) km and have a magnetization of (0,7-4,0) A / m.
Magnetic sources of the northern (within Fennoscandia) and southern (within Sarmatia) parts of the craton have an end joint with
its boundary. The zones of articulation of the EEC segments are also distinguished by sources of regional magnetic anomalies.
Magnetic sources of the Central-Russian rift system divide the magnetic crust of the Volgo-Uralia and the weak magnetic crust of
Fennoscandia, and the sources of the Volyn-Orsha rift system are Fennoscandia and Sarmatia. Magnetic sources of the Pachelma
rift zone are separated by Sarmatia and Volgo-Uralia. We note that approximately the same strike has magnetic anomalies of the
Kursk-Bryansk band with maximal values of the magnetization of their sources within the limits of the craton (>10,0 A/m). According
to the concept of tectonics of lithospheric plates, the magnetic inhomogeneity of the zones of suturation of the segments of the
craton and its outer boundaries can be considered as sources of subduction type, which arose at the stage of their formation. In
the Riphean and Phanerozoic stages of the development of the lithosphere within the zones of suturation of the segments of the
craton and its outer boundaries, magnetic sources of rift nature were formed. Magnetic sources of subduction-reduction and rifting
types are characterized by a corresponding metallogenic specialization, therefore the developed model can be used both for
tectonic constructions and for small-scale forecasting of minerals.

Keywords: East European Craton, 3D magnetic model.

Introduction. The development of three-dimensional
magnetic models of the Earth's lithosphere is an integral
component to reveal a sources allocation through its section,
as well as geological coordination of the results of surface,
aerial, stratospheric and satellite magnetic surveys. To
obtain the real sources shape and the values of their
magnetization from the results of magnetic modeling for
large areas, it is necessary to take into account the
sphericity of the Earth. In this paper, the task was to develop
three-dimentional magnetic model of the territory of the East
European Craton (EEC) taking into account the sphericity of
the Earth in order to clarify the Earth's crust deep structure.

Data and methods. To date, small-scale magnetic
models and magnetization distribution patterns in the
lithosphere of EEC have been developed [8, 12, 13, 28 et
al.]. For a number of DSS profiles within the Craton as well
as its individual parts, magnetic models in the 2- or
3-dimensional variant are constructed in the Cartesian
coordinate system [9, 18, 20 et al.].

Within a reasonable compromise between the size of the
territory and the detailed studies for the EEC, a scale model
of 1 : 5000 000 was developed, with the detailing of its
south-western part.

To create the initial approximation of the three-
dimensional magnetic model of the Earth's crust of the East

European Craton, the following data were used: World
Digital Magnetic Anomaly Map (WDMAM) at an altitude of
5 km, heat flow distribution data; temperature at the Moho
boundary; scheme of distribution of the foundation surface,
Moho, as well as other geological and geophysical data [7,
13, 19, 21, 22, 24, 25].

As shown by the experience of previous studies on the
construction of the scheme of the deep structure of the EEC
[8, 13, 14,17, etc.], in the anomalous magnetic field there is
a regional component, the sources of which belong to the
lower floor of the Earth's crust. An anomalous magnetic field
map [15] was constructed for the analysis of an anomalous
magnetic field and the development of a magnetic model of
the Earth's crust of the territory of the EEC, using a digital
array of WDMAM [25]. Taking into account the scale of the
map, one can take an abnormal magnetic field AB for the
first approximation of its regional component ABaeg,
naturally complicated by high-intensity anomalies of local
character. An anomaly of the magnetic field was obtained by
averaging the original field with a pallet (window) 50x50 km
(for the Kursk magnetic anomaly region -100x100 km).
These anomalies are considered as regional and they were
used for magnetic modeling. For the territory of Ukraine, a
map of the anomalous field ABa of 1 : 500,000 scale was used
as a basis [5, 10]. As for the EEC area, the regional

© Orlyuk M., Marchenko A., Bakarjieva M., 2017
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component was obtained by averaging the data with a window
50x50 km. Thus, 94 regional magnetic anomalies (RMAs) are
allocated within the EEC, the sources of which in the model
are represented by one and several magnetic blocks.

The magnetoactive layer of the Earth's crust extends to
the depths where the Curie temperature of magnetite
580 °C, the main magnetic mineral of the crystalline part of
the Earth's crust, is reached. Given the "cold" regime of the
lithosphere for a large part of the territory of the EEC [21],
the lower limit of this layer may be Moho surface, as a
petrological boundary. The upper edge of deep sources in
most cases refers to the roof of the diorite layer of the Earth's
crust. For the territory of the craton, the depth to this
boundary is (8—15) km. Exceptions are the Dnieper-Donetsk
avlakogen and the Caspian depression, where the depth of
immersion of the crystalline basement reaches 20 km.

The direction of the total magnetization vector as a result
of its equilibrium state in the deep parts of the crust
corresponds to the direction of the total geomagnetic field
strength vector.

Consideration of the spatial inhomogeneity of the main
(normal) magnetic field of the Earth Bicre and the
relationship between the components of the induction vector
for different parts of the investigated region are important
when developing magnetic models of large regions [15]. As
shown in [15] for the area of research in the 2005 epoch, the
modulus of induction of the main magnetic field varies within
the limits of 45000+57400 nanotesla, and the declination
and inclination angle is Dierr = 1°+19° and licrr = 62°+
79° respectively. Naturally, ignoring this can lead to errors
both in estimating the magnetization of the sources of the
Earth's crust and in their spatial position. The possibility of
taking this feature into account is realized in software and
algorithmic support of the solution of the direct magneto-
prospecting problem for a spherical Earth [4, 6].

Results and discussion.The East European craton has
an area of 6,7 square km, including the shelves. Within the
EEC, the Precambrian crystalline crust is represented in the
Baltic and Ukrainian shields, as well as in certain areas of
Belarus and the Voronezh crystal massif. The rest of the
craton is covered with Late Proterozoic and Phanerozoic
sedimentary cover.

The EEC consists of three segments: Fennoscandia,
Volgo-Uralia and Sarmatia, which differ in tectonic regime
and age of the crust, which have united in the interval of 2,1—
1,9 Ga. The processes of activation of the craton were
reduced to the formation of Riphean rifts in the zones of
suturation of segments and its marginal parts [22, 27].

The Fennoscandian segment occupies the northern,
northwestern part of the craton. Eastern Fennoscandia, like
the Volgo-Uralia, is characterized by the crustal age of 3,8—
2,6 Ga, the western part of the segment has a
paleoproterozoic crust of 1,95-1,65 Ga. The thickness of
the Earth's crust segment is from 30 km to 58 km.

Along the northeastern border, the Riphean and Vendian
Timan strata were thrusted to Fennoscandia. This is well
emphasized by the sources located along the boundary,
which differ sharply from their mosaic character in the inner
part of the segment (see Fig. 1). Marginal sources with a
magnetization of (0,5+1,5) A/m are confined to the elevation
of M-surface up to 34 km [24]. It should be noted the south-
west fall of the lateral faces of the sources.

Approximately the same ratio of magnetic sources is
typical for the northwestern boundary of the segment,
hidden under the overturned caledonides of northern
Scandinavia. Magnetic sources have magnetization mainly
from 1,0 A/m to 2,5 A/m and are located at depths from 10-
12 km to 42—-44 km.

The south-western boundary of the segment is traced
along the line of the Trans-European suture zone. It
delineates the ancient EEC and the Epipaleozoic West
European platform. According to seismic data, the
boundary is reflected by the vertical displacement of the M
section by about 10 km, and the thickness of the
sedimentary layer increased to (10-12) km [23]. In the
magnetic model, the boundary is represented by a chain of
the sources along it with a magnetization of 1-3 A/m and
the depths from (10-18) km to 46 km. In accordance with
[17], this area is associated with the Baltic-Transnistrian
zone of pericratonic subsidences.

Along 30°-31° east longitude magnetic sources form the
Pecheneg-Ladoga belt of the submeridional direction,
considered as a suture zone of repeated activation [16].
Within the zone, sources with a magnetization of 0,9-
2,1 A/m are located at depths of 8—10 km + 40—42 km.

The Volgo-Ural segment is represented mainly by the
Archean crust, which is completely buried under the
Phanerozoic sedimentary cover. However, under it there are
numerous Meso-Neoproterozoic avlakogenes and basins,
filled with sedimentary rocks with a thickness of (2—10) km.
The average thickness of the Earth's crust is about 40 km.
In the magnetic model, its central part is characterized by an
unordered mosaic nature of sources distribution with
location depths from 10-18 km to 38-44 km and the
magnetization of 0,7-1,5A/m. These sources can,
presumably, be connected with the system of stable
Archean dome-like structures (Fig. 1) [1], whereas linear
ones belong to the mobile belts of the Paleoproterozoic [22].

In the east, the Volgo-Ural segment is limited by the
hercinides of the Urals, which are thrusted to the craton. In
this part of the segment there are intense magnetic sources
(up to 4,0 A/m), the strike of which partially corresponds to
the strike of its boundary. Further to the southeast, a zone
of magnetic bodies also confined to the edge of the segment
is clearly distinguished.

The Sarmatian segment is characterized by an average
crustal thickness of 48 km and a strongly magnetized
lithosphere [17].

The magnetization of the lower part of the crust, as it has
been shown by the results of modeling, is much higher in
comparison with the sources of the Volgo-Uralia and
Fennoscandia. The spatial orientation of sources within
Sarmatia varies in different ways with the extent of both the
boundaries of the craton and the large tectonic units of the
segment. The south-western, north-western and
northeastern boundaries of the segment are characterized
by magnetic sources of consonant strike. For the southern
edge of the craton, the end joint of magnetic bodies with its
boundary is characteristic. High values of magnetization are
sources of Lviv (3,2 A/m), Odessa (3,5 A/m) and West
Ingulets (3,6 A/m) RMA. Especially it is worth to note Kursk
RMA with the source magnetization up to 10,0 A/m.
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Fig. 1. 3D regional magnetic model of the Earth Crust of the East-European Craton.
Tectonic base for S.V. Bogdanova [22]

The magnetic sources junction areas.The East (Fig. 2). This group includes Pachelma and Central-Russian
European craton is characterized by rifts and aulacogenes avlakogens, as well as the Volyn-Orsha Paleorift. A number
underlying the platform sedimentary depressions. As a rule, of Neoproterozoic rifts are confined to passive continental
meso-Neoproterozoic rifts and aulacogenes are associated margins. The Phanerozoic Pripyat-Dnieper-Donets rift and
with the system of Paleoproterozoic sutures that appeared the Oslo graben are sharply discordant with respect to the
at the stage of craton formation from individual segments ancient structures of the craton.
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Within the East European craton, the three Riphean
trascratonic rift systems will inherit zones of the
Paleoproterozoic articulations of the Fennoscandian, Volgo-
Ural and Sarmatian segments of the continental crust.
Dynamically these systems represent different types of
Paleoproterozoic tectonic events. The suture zone of the
Pachelma aulacogene was created by thrusting the Volgo-
Uralia onto Sarmatia, the Volyn-Orsha zone of articulation —
by pushing the Paleoproterozoic crust of Fennoscandia
under Sarmatia and the Central Russian suturation zone,
probably formed by the collision of the Volgo-Uralia and the
Archaean part of Fennoscandia. Rifting within the age is
usually accompanied by mafic magmatism.

The Central Russian rift system divides higher magnetic
crust of the Volgo-Uralia and weakly magnetic one of
Fennoscandia. The magnetization of the sources in this case is
up to 1 A/m from the side of Fennoscandia and up to 2,0 A/m
from the Volgo-Ural region. The sources are confined to a
system of abrupt faults in the side parts of the aulacogen.

The Volyn-Orsha rift system divides two very different
types of crust. The Fennoscandian segment is represented by
paleoproterozoic, and Sarmatia is mainly an Archaean.
Quantitative interpretation of seismic and magnetic data
suggests that the main faults in the crust of Fennoscandia are
associated with its immersion under Sarmatia. The Osnitsk-
Mikashevich belt is also descending to the southeast along
the border of Fennoscandia-Sarmatia, and can be traced to
the depths of 100 km [3, 22] forming a subduction zone. The
subduction zone and the rift system are clearly distinguished
by intensive mosaic sources of the regional class with a
magnetization of 0,5-3,0 A/m in the magnetic model along the
geotransect "EUROBRIDGE" (fig. 2).

The Pachelm rift system is the zone of the suturation of
Sarmatia and the Volgo-Uralia [22]. It should be noted that
a magnetic source with a magnetization of up to 2,0 A/m and
bedding depth of (10-32) km is confined to the southern
edge of the aulacogene, which may indicate its dependence
on mafic volcanics of Riphean age.

The characteristic features of the Central Russian and
Pachelm rift systems are the presence of positive linear
magnetic anomalies, clear boundaries of rifts and increased

heat flux. On the contrary, the rifts and grabens of the Volyn-
Orsha avlakogen are less developed and have no clearly
defined external boundaries with the host environment, and
are characterized by a relatively low heat flux [2].

Conclusion. According to [11, 26] the tectonotypes of
deep sources are subduction-obducted and rift zones of the
Earth's crust, as well as zones of transcrustal faults. In
accordance with discussed above, the sources of the edge
parts of the EEC can be considered as sources of subduction-
obducted type that originated in the Caledonian-Hercynian
stage of the formation of its boundaries. The sources of the
joint zones of segments formed in a time interval of 2,1—
1,8 Ga are likely to have the same nature [11, 13]. With the
further development and activation of the EEC, riftogenic type
sources that originated in the Riphean-Vendian and later
stages of the formation of rifts and transcrustal faults are
associated. These can be considered the Central Russian
and Volyn-Orsha, Pachelma inter-segment rift systems, as
well as intra-segment rifts, such as Pripyat-Dnieper-Donets in
Sarmatia, Kaltasinsky in the Volgo-Uralia as well as a suture
zone of multiple activation within Fennoscandia.
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3D MATHITHA MOOENb 3EMHOI KOPU CXILI,I_-_I_OSBPOI'IEVICbKOFO KPATOHY
3 YPAXYBAHHAM C®EPUYHOCTI 3EMJ1I TA Il TEKTOHIYHA IHTEPMPETALIA

reomazHimHe none wupoko 3acmocosyemscsi 07151 ompuMaHHs1 iHghopmauii ujodo 2nubuHHoi 6ydoeu ma po3eumky nimocgepu 3emni, Opi6bHO-
MacwmabHo20 rMpo2Ho3ye8aHHs KOPUCHUX KOMasluH, @8 MaKoX eupiweHHs1 HU3KU eKosloei4Hux 3aedaHb. Halibinbw eazomi pe3ynbmamu ompumy-
rombcs 3a paxyHoK po3pobku 2D, 3D ma 4D mazHimHux modesel 3eMHOI Kopu (rimocghepu) e sikux sidobpaxarombcsi npocmopoesuli ma npocmo-
poso-4acosuli po3nodin mazHimHux dxepesn. [JocmogipHicmb MPocmopo8o-4acoeoao po3nodiny (po3mawyeaHHs) MazHimHuUx Oxepes i eenUYUH
iXHbOT HaMa2Hi4eHocmi 3anexums 8id adekeamHocmi epaxyeaHHs1 2eomempii 06'ekmie i HeOOHOPiOHOCMIi 20/108H020 Ma2HiIiMHO20 nosist 3emsli Bigrr.
Y 38'13Ky 3 yum 9ns CxiOHoesponelicbKo2o KpamoHy enepuie po3pobrieHo lio2o pecioHanbHy 3D MazHimHy modenb Ons cghepuydHoi 3emni. Ans
po3pobku modesi eukopucmaHo yugpoei daHi WDMAM Ha eucomi 5 km, anpiopHi daHi uy000 2nubuH 3ansizaHHs1 MO8epPXHi Kpucmarsni4Ho20 ¢pyHOa-
meHmy ma Moxo, po3nodiny memnepamyp, a maKko pe3ysibmamu iHwux 2eos1020-2eoizudHux docnidxeHb. 32i0Ho i3 C.B. bo2daHoeoto, CxiOHO-
€eponelicbkuli KpamoH cghopMyeascsi 3a paxyHOK 34/IeHyeaHHs1 mMpbox ceameHmie (®eHockaHOii, Bonzo-Ypanii ma Capmamii) y yacoeomy inmep-
eani 2,1-1,8 mnpd pokie. Ha ¢haHepo3olickkoMy emani po3zeumky 6ynu cghopmoeaHi lio2o cy4yacHi epaHuyi. YcmaHoesieHo, Wo 8 Mexax KpamoHy
criocmepizaembcsi Hepi6HOMIPHUU Po3nodin MmazHIMHuUx Gxepes i eeNUYUH iXHbOI Hama2HiYeHocmi. MakcumanibHa KOHUeHmpauyiss Ma2HimHux Oxe-
pen xapakmepHa 051 lio2o Kpatiosux YacmuH. [liedeHHO-3axiOHa 2paHuUysi KpamoHy eiOMiyaembCcsi Ma2HIMHUMU Oxepeslamu 3 HamazHiyeHicmio 1,0—
3,0 A/m Ha enubuHax 10—-18+46 km. [lpocmsizaHHs1 Oxepen y3200)Kyembcsi 3 npocmsizaHHAM TpaHceaponelicbkol cymypHoi 30HU ma Banmilicbko-
lMpudHicmpoecbKoi 30HU NepUKPaMOHHUX NPo2uHie (onyckaHb). [[pocmsizaHHs1 Ma2HiMHuUX AXepes Ha nieHiYHOMY cx00i KpamoHy 8 Mexax ®eHoc-
kaHJii ma Bonezo-Ypanii y3200eHe 3 npocmsizaHHsIM ¢haHepo3olcbKux cmpykmyp Ypany ma TimaHy. MacHimHi Oxepena 3ansizaromsb 8 iHmepeaarni
10-18+38-44 km i Matomb HamazHiYeHicmb 0,7-4,0 A/m. MazcHimHi dxepena nieHiyHOT (y mexax ®eHockaHdii) ma niedeHHoT (y mexxax Capmamii) yac-
MUH KpamoHy Maromb mopuyese 34/1eHy8aHHs1 3 lio2o epaHuyero. 30HuU 34reHysaHHs1 ceameHmie CEK makox eudinsirombcsi Oepesamu pe2ioHasnb-
Hux MazHimHux aHomaniu. Ma2HimHi dxepena LleHmpanbHo-Pocilicbkoi pugphmoeoi cucmemu po3dinsitomb Ma2HimHy kopy Bonzo-Ypanii ma cna6-
KoMaaHimHy kopy ®eHockaHOIl, a dxxepena BonuHcbko-OpwaHcbkoi pugpmosoi cucmemu — PeHockaHdii i Capmamii. MacHimHi Oxxepena lMavyenmcbkoi
pugbmoeoi 30HuU po3dinsromb Capmamiro ma Bonzo-Ypaniro. 3ayeaxumo, wio npubu3Ho make X npocmsi2aHHsI Maromb Ma2HimHi aHomanii Kypcbko-
BpsiHCbKOI cMya2u 3 MaKCUMasnibHUMU, ¥ MeXax KpamoHy, eefluduHamu HamazHiYeHocmi ixHix dxepen (>10,0 A/m). 32i0Ho i3 KOHUYenyieto MeKmoHiku
nimocghepHux nnum mazHimHi HeoOHOPIOHOCMI 30H 34Y/leHye8aHHs ceaMeHmie KpamoHy ma (020 308HIWHIX 2paHUUyb MOXYMmb po32/1s10amucs siK
Oxepena cy60ykyiliHo-060yKyiliHo2o muny, W0 8UHUKIIU Ha emarni ixHbo20 ¢ghopmyeaHHsi. Ha pugpelickkomy ma ¢haHepo3olickkoMy emanax po3eu-
mkKy nimocgbepu 8 Mexxax 30H 34sieHye8aHHs ceaMeHmie KpamoHy ma (io20 308HIWHIX 2paHuUybL ¢hopmyeanucs Ma2HimHIi Axepesna pugpmoeoi npu-
podu. MazHimHi dxepena cy6dykuyiliHo-060yKyiliHo20 ma pughmoz2eHHO20 munie xapakmepu3yrombcsi 8i0noeiOHO Memasio2eHiYHol cneyianisa-
yito, momy po3pobneHa Modesib MoXxe 6ymu eukopucmaHa sik O5isi meKmoHiYHuUX i 2eo0uHamMiYHux no6ydos, mak i 0nsi Opi6bHomacwmabHo20 npo-
2HO3y8aHHS1 KOPUCHUX KOMasuH.

Knro4voei cnoea: CxioHoeeponelcbkuli kpamoH, 3D mazHimHa modenb.
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3D MATHUTHAS MOJENb 3EMHOW KOPbl BOCTOYHOEBPOIMNEWUCKOIO KPATOHA
C YYETOM C®EPUYHOCTU 3EMJIU U EE TEKTOHNYECKAA UHTEPMNMPETALUA

FeomazHumHoe nosie WUPOKO NPUMeHsiemcsi O/1s1 NoJlyYeHus1 UHghopmMayuu o 2/7y6UHHOM CMPOEHUU U pa3sumuu aumocgepbl 3emMsiu, MesKo-
MacwimabHo20 Npo2HO3UPOo8aHUs MOJIE3HbIX UCKOMNaeMbiX, @ makxe peueHus psida skosioeudeckux 3aday. Haubonee eecombie pesynsmamsbl rnosy-
qJaromcsi 3a c4yem paspabomku 2D, 3D u 4D macHUMHBbIX Modeseli 3eMHOU Kopbl (IuMocgepbl) 8 KOMOPbLIX OMPAXaroMmcsl MPOcmMpPaHcMeeHHoe U
npocmpaHcmeeHHo-epeMeHHoe pacrnpedesieHUe Ma2HUMHbLIX UCMOYHUKOS. [JocmoeepHOCMb MPOCMpPaHCMEEHHO-8PEMEHHO20 pacrpedesieHus!
(pacnonoxeHue) Ma2HUMHbLIX UCMOYHUKO8 U 8€J/IUYUH UX HaMazHUYeHHOCMU 3asucum om adekeamHocmu y4ema 2eomempuu o6beKmoe u Heoo-
HOpPOOHOCMU 2/71a8HO20 Ma2HUMHOo20 nossi 3emnu Bicrr. B cesi3u ¢ amum Ans1 BocmoyHoegpornelicko2o kpamoHa enepebie pa3pabomaHa e20 pe-
2uoHanbHasi 3D macHumHasi Modenb Ans cgpepuyeckol 3emnu. ns pazpabomku modesniu ucnosnb3oeaHsbl yugpoesie daHHbie WDMAM Ha ebicome
5 KM, anpuopHble 0aHHbIe 0 2/1ly6uHe 3ane2aHusi M0O8ePXHOCMU Kpucmasnnau4yeckozo ¢gpyHoameHma u Moxo, pacnpedenieHusi memnepamyp, a makxe
pe3ynbmamsbl Opy2ux 2eos1020-2eogpusuyeckux uccredosaHuli. CoanacHo C.B. BozdaHoeol, BocmoyHoeeponelickuli KpamoH cghopMuposarsics 3a
c4yem co4sieHeHuUs1 mpex ceameHmoe (PeHHockaHOuu, Bonzo-Ypanuu u Capmamuu) o epeMeHHoOM uHmepeane 2,1-1,8 mnapd nem. Ha ¢hanepo3solic-
KOM amane pa3eumusi 6bL71u chopMuUpPOBaHbl CO8PEMEHHbIE €20 2paHUUbl. YcmaHoe/ieHo, Ymo 8 npedesiax KpamoHa Habnodaemcsi HepagHoMep-
Hoe pacnpedesieHUe Ma2HUMHbIX UCIMOYHUKO8 U 8€/IUYUH UX HamMazHU4YeHHocmu. MakcumarnbHasi KOHYeHmpauusi Ma2HUMHbIX UCMOYHUKO8 XapakK-
mepHa 0nsi e2o kpaeebix Yacmel. KO2o-3anadHas epaHuUya KpamoHa ommeYyaemcsi Ma2HUMHbLIMU UCMOYHUKaMu ¢ HamazHu4eHHocmsto 1,0-3,0 A/m
Ha eny6uHax 10-18+46 km. [l[pocmupaHue ucmo4HUKo8 coanacyemcs ¢ npocmupaHuem TpaHceeponelickol cymypHou 30Hbl U Banmuticko-lpudHe-
cmpoeckoli 30HbI MePUKPamMoHHbIX Npoauboe (onyckaHul). [l[pocmupaHue Ma2HUMHbLIX UCIMOYHUKO8 Ha ceeepo-80CMOKe KpamoHa — 8 npedenax
®eHockaHOuU u Bonezo-Ypanuu coznacHo ¢ npocmupaHuem ¢haHepo3olickux cmpykmyp Ypana u TumaHa. MazHumHbIe ucmoYHUKU 3arne2arom e
uumepsane 10-18 + 38-44 km u umerom HamazHu4YeHHocmsb 0,7-4,0 A/m. MazHumHbIe UCMOYHUKU ceaepHoli (8 npedenax ®eHHockaHOUU) U FOXXHOU
(e npedenax Capmamuu) 4Yacmel KpamoHa UMerom mopyeeoe CoYsieHeHuUe ¢ e20 2paHuyel. 30Hbl coyneHeHusi ceemeimoe BEK makke ebidensi-
OMCsi UCMOYHUKaMU pe2uoHaslbHbIX Ma2HUMHbIX aHomanul. MazHumHble ucmo4Huku LjenmpanbHo-Pocculickol pugpmosoli cucmemsl pa3de-
Nisilom Ma2HUmMHyro Kkopy Bonzo-Ypanuu u cnabomazHumHyro kopy ®eHHOckaHOUU, a ucmMoYHUKU BonbiHcko-OpwaHckol pugpmoeol cucmemsbl —
®eHHOCKaHOUU u Capmamuu. MazcHumuble ucmoyHuku lMayenmckoli pugpmoeoli 30HbI pazdenstom Capmamuro u Boneo-Ypanur. 3amemum, ymo
MPuUMepHO makoe ke npocmupaHue uMerom MacHUMHbIe aHomanuu Kypcko-BpsiHckoli nosiockl ¢ MakcuMasibHbIMU, 8 npedesiax KpamoHa, eenuYu-
HaMu Hama2HuU4YyeHocmu ux ucmo4Hukoe (>10,0 A/m). Co2nacHo KOHUenyuu meKmMoHUKU 1umocgepHbIX Maum MacHUmMHble He0OHOPOOGHOCMU 30H
COY/IeHEeHUSsI Ce2MEHIMO08 KpamoHa U e20 8HeWHUX 2paHuly, Mo2ym paccMampueamsbCsi KaKk UCMOYHUKU Cy60yKYUOHHO-063yKUUOHHO20 muna, 803-
HUKwue Ha amane ux ¢gpopmupoeaHusi. Ha pugpelickom u ghaHepo3olickoM amanax pazeumusi 1umocegepsbl, 8 npedesiax 30H COYNIEHeHUs1 ce2aMeHmoe
KpamoHa u e20 8HeWHuUX 2paHuy, ¢hopMupoeanucb MazHUMHbIE UCMOYHUKU pughmoeoli npupodbl. MazHuUMHbIe UCMOYHUKU Cy6AYKUUOHHO-060yK-
YUOHHO20 U puhmMo2eHHO20 MUIMOoE8 XxapaKmepu3yHImcsi coo meyrouwjell nnozeHuveckol cneyuanu3ayuel, noamomy pa3pabomaHHasi
modesib MoXXem 6GbImb UCMOJIb308aHa KaK OJisi MEeKMOHUYECKUX U 2e00UHaMU4eCKUX MOCMpoeHuli, mak u 01151 MesikomacwmabHO20 Npo2Ho3uposa-
HUS Mos1e3HbIX UCKOMaeMbiX.

Knroveenle cnosa: BocmoyHoeaponelickuli kpamoH, 3D mazHumHasi Mmodenb.
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THE FEATURES OF THE PROPAGATION OF ELASTIC WAVES
IN ISOTROPIC MEDIA AT HIGH AND ULTRA-HIGH PRESSURES

(PexomeHAo8aHO 4YrieHOM pedakyiliHoi konezil 0-pom ¢his.-mam. Hayk, npodp. b.I1. Macnoeum)

Studies of problems of the propagation of elastic waves in the geological medium constitute the scientific basis of the processing and
interpretation of dataset of seismic exploration and seismological works.

Objective. Creation of a more grounded theoretical basis of the geomechanical interpretation of various groups of geophysical
observational and experimental data.

Methodology. Nonclassical-linearized approach of non-linear elastodynamics. Linear and nonlinear small and large initial
deformations are taken into account. The strain processes are described applying various elastic potentials.

Results. Analytical dependences of the parameters of pressure and velocities of propagation of elastic waves on deformations without
additional linearization are obtained within the framework of various versions of the theory of small and initial deformations using the
quadratic and elastic potentials of the Murnaghan type.

Scientific novelty. It is established that there are critical values of deformation while reaching them elastic pressure and shear waves
with true velocity cannot propagate in uniformly deformed elastic isotropic media. The quantitative values of the critical values of
deformations for pressure and shear waves differ, and essentially depend on the applied elastic potentials.

Practical significance. The obtained analytical dependences allow synthesizing the true values of the elastic parameters of the
deformed media from seismic exploration and seismological dataset. The establishment of critical deformations for velocities of pressure
and shear waves will make it possible to suggest differential criteria of the distribution of elastic parameters in theoretical models of the
Earth in its various structural elements as a whole and separately.

Keywords. Nonlinear elastodynamics, elastic waves, initial deformation, velocities of pressure and shear waves.

Introduction. The nonclassical-linearized approach
(NLA) of nonlinear elastodynamics has been greatly
developed in studies of problems of the mechanics of a
deformed solid body in the last few decades [4, 5, 10, 11, 16,
18, 21, 37]. Later the NLA was applied to study various
problems of geology, geophysics, mining, etc. [1, 3, 6-9, 11,
19, 20, 26]. The problems are considered in all these studies
excluding separate papers in case of the ratio of the pressure
parameter P to the shear modulus g is much less than unit.
Based on this circumstance, a direction is developed in the
NLA where after the linearization of all the equations and
correlations in a small neighborhood of the disturbed state
(both at small and large initial deformations), linearization is

also additionally carried out in terms of the parameter P .
U

This constraint is not adequate with both practically [2,
12, 13] and experimentally observed result [14, 29, 30, 32,
33] in large classes of problems of geology and geophysics.
In particular, the distribution of physico-mechanical as well
as elastic parameters of the Earth are obtained in the
theoretical structural and dynamic models of the Earth [2,

0

Where u,?, are components of the displacement vector

of the initial-deformedstate, and 4, are coefficients of

elongation (shortening) along the coordinate axes.

Further, let's consider the problems on the propagation
of elastic waves in a previously deformed isotropic space
under the conditions (1)—(3).

12, 13, 15, 17, 22-25, 27, 28, 31, 34-36, 38] while violating
the condition of smallness of the indicated correlation.

It is shown that, the basic requirements of the mechanics
of the deformable solid body relating to the strength, stability
and propagation of elastic waves with true velocity are
violated in the process of the generally accepted distribution
of the elastic parameters of the medium and pressure in the
inner solid core of the Earth applying the NLA (under the

conditions P << 1)in [20]. In this connection, it is of scientific
y7i

and applied interest to study the character of changes of
parameters of propagation of velocities of elastic waves and
pressures as a function of changes of strains within the NLA

under the conditions of removing the constraints Lid <<1
U

which are important for the problems of geophysics of deep

depths. Theoretical results are used for this purpose [4, 5].

Materials and methods. Let'sconsider an unbounded

elastic space subject to homogeneous deformation in the

Lagrangian coordinate system x,7:x,17 coinciding in the

natural state with Cartesian coordinates.

Um = (4m 1) Am; Am = const,m =1,2,3. (1)

In case of compressible models of the medium, the basic
systems of equation of motion for the theory of large and
various versions of the theory of small initial deformations in
a unified form have the form [4, 5]

o; i azu” - =0, o; =const . (2)
/aﬂaxiaxﬂ I_[(Zﬂ
In case of the theory of large initial deformations
O jap = 47| 61 j0u pAi 5 + (1= 81 1)(8140) 5 + 6 501 )i j |+ 6 5074 - )
For the theory of small initial deformations according to the first and the second versions of the theory
Oijap =4y [5:'/'5,1/3"\;/3 +(1-0; ;)69 4 +5Iﬂ5ja)ﬂijJ+5iﬁ5ja‘72'ﬂ ; (4)
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0
wijaﬂ = 5I'j§aﬂAiﬂ +(1_5Ij)(§la5]ﬂ +5,-ﬂ5ja),u,-j +5iﬁ5jagﬁﬂ . (5)

The following correlations [4, 5] are obtained considering elastic waves propagating along the axis ox; according to the

equation (4) in case of the theory of large initial deformations

2 _ 4 200, 2 4,2 2 q0
PCiyy = A+ 4 Sty pCsyx, = 4 Az + 44 Sty (6)

2 4,2 2 <0
PCsxy =M A3 13+ 47 Sy -
In case of the second variant of the theory of small initial deformations

PV, = A (A +0ty); pVE, = (g +071); PVszx3 = (g +ots) - (7

The structure of the values A; 4,4;; and Sgﬂ (oragﬂ )

for each version of the problem statements is concretized by
the definition of the correlations of the elasticity of the
nonlinear theory (elastic potentials) in the correlations (3)—
(5). Specific expressions of these values for the simplest
elastic potentials are given in [4, 5, 21]. In the expressions
(2)~(7), u; (i =1,2,3) are the components of the perturbation

of displacements, 82/, are the components of the stress
tensor assigned to a unit of an area in the initial-deformed
state, 0',-? is the stress tensor component assigned to a unit
of an area in the natural state, p is the medium density and

o;; are the Kronecker symbols. It is easy to obtain

analogous formulae in case of the propagation of elastic
waves along other coordinate axes through cyclic
permutations of the indices in (8) and (9).

The experimentally observed acoustoelastic effect (of
various kind of reactions, velocities of polarized shear waves
on the action of initial deformations) in comparatively solid
compressible media is described using elastic potentials in
the structure of which, the third algebraic invariant of the
Green's deformation tensor [4, 5] is also taken into account
along with the first two. The simplest elastic potential
corresponding to this requirement is a potential of the
Murnaghan type. Thereby, the results concerning the
potential of the Murnaghan type are given below.

In this case for all variants of the theory of initial
deformations [4, 5]

Ap = /1+2ag,9,, +2b(g,? +82ﬂ)+2§,ﬂ (y+bg,?n +cg,9) , (8)

0

o 1
/JU :/l+b€nn +§C(8ﬁ +€jj

For theories of large initial pressure

) ., A,u,ab,c=const. 9)

2 2
89y = 160, +2uey +a(eD,)? + 260,69, +b (g,?n) +c (ggﬂ) , (10)

where 4, are Lame's elasticity moduli, a,b,c are the elasticity moduli of the third order.
There are correlations for the first and the second version of the theory of small initial deformations correspondingly

2 2
agﬂ = /182,7 +2,u€2,3 +a(£2,, ) +2b£2n82ﬂ +b(£2,,) + c(ggﬁ) , 28,? = 0j (;sz —1) , (11)
2 2
05 = 20y + 2uefly +alepn P +2bs0nehs +b(0, ) +o(e5s) s & = (% -1). (12)

Formulae (6) and (7) considering the correlations (8)—
(12) allow studying the behavior of the parameters of
velocities of propagation of elastic waves in isotropic
compressible solid media depending on the nature of the
change of random value of homogeneous deformations
within the theory of large and two versions of the theory of
small initial deformations.These formulae and correlations
are obtained and applied to solve various specific problems
of mechanics in [4, 5, 21].An additional linearization is
carried out in the expressions of formulae (10)—(12)
eliminating nonlinear terms with respect to deformations in
the study of specific problems based on practical
mechanical arguments.

Pressure P with stress are related to the following
correlations [21] for the theory of large, first and the second
variants of small initial deformations

for the theory of large and the first version of small initial states

0 0 . po 0 . po0 0
Pﬂ:)’ﬂsﬂﬂ’ Pﬁ:ﬂﬂgﬁﬂ’ Pﬂ:(fﬂﬁ . (13)

The nonlinear character of the dependence of the
basic parameters of the medium on the change of
strains. Normal components of stress tensor within the
theory of large and small initial strains within the NLA are
determined according to the equations (10)—(12).

Let's consider the case of overall deformation for clarity
and simplicity of statement especially in problems of
geomechanics of large depths of overall deformation, i.e.

,9101 = 582 = 333 = &g is the most important case. At the same
time we get from correlations (10)—(12) considering (13):

1
PO :(1+280)§ |:3K0 &0 +(93+15b+0)8§:|; KO = ﬁ+§/4, (14)

for the second version of the theory of small initial deformation states
Py =3Ky g +(9a+15b+c)sp . (15)
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Using the correlations (6), (7) and (8)—(12) in case of overall

homogeneous deformation to determine the dependence of

the quasive locities of propagation of elastic waves on deformations considering the well-known correlations

pC,20 =1+2yu,

PV = A+2u,

ngO =HU, (16)

PV = u, (7

in case of the theory of large and the first version of small initial deformations we will get

C/X1
C

()l

{2(3 V)
(1-v)
2 2
Csxp | _[Csxs 14 [

[4(2 V),

1-2v
_1+|:3—v
1-

+[1+—V+(z +2u) (242 +40b +4c)

H
]

Here C,0 and CSO are the velocities of propagation of

VSX3
Vs,

VSX2
Vs,

2(2_V)+
1-2v

pressure and shear waves in the medium without initial
deformations within the theory of large initial deformations

accordingly; \/,O and Vso are the same within the second

version of the theory of small initial deformations. In the
correlations (18)—(21), v —is Poisson's ratio of the material.
The parameters of pressure and shear waves within the
theory of large - the first version of the theory of small and
the second version of the theory of small initial deformations

RESR]

2
] in the paper accordingly.

/X1 IX1

2
Cs# and L
Cs, Y

lo

are defined with values[
lo

SXo

5

So

+(33a+55b+9¢)(4 +2u) }55 +(A+2u) (422 +70b +100) 55,

6(1-v)

(9a+27b+50)}50 +—(18a+42b+60)go ,

}f‘o +(A+2u) (9a+15b+c)50 ,

’1(3b+c):|50 +|:?+2V

+17\(18a+33b +3c)}gg +u Y(9a+15b +¢)sf .

+(A+2u) (6a+10b+20):|30 +

(18)

Y (3b+c)}go+

(19)

~1(6a+10b +20)}go +[¥ +(A+2u) \(21a +35b +50)}s§ +
-V

(20)

+u '(9a+21b +30)}5§ +

(21)

In case of the quadratic elastic potential in the formulae
(14), (15) and (18)—(21), it is necessary to consider
a=b=c=0.

Initial data for numerical experiments. The structures
of formulae (14), (15) and (18)—(21) allow performing
calculations for the entire interval of variation of the
Poisson's ratio 0 <v <0,5 in case of using the quadratic

elastic potential. In case of applying an elastic potential of
the Murnaghan type for performing specific calculations, it is
also necessary to have information on the elasticity moduli
of the second ( 4, # ) and the third (a,b,c ) orders.

The necessary initial data for a number of materials are
shown in Table 1. Data for plexiglas and steel 092c are
taken from [4], and data for plagiogranite are taken from [8].
The data related to the theory of large initial deformations
are given in the numerator and the data related to the
second version of the theory of small initial deformations are
given in the denominator. The dashes in the plagiogranite
column indicate lack of data for this case.

Table 1. The necessary initial data for a number of materials

Medium

parameters | 102 ,MPa | 10%b ,MPa | 103, MPa | 1034, MPa | 104, MPa v
Plexiglas -39 -7.16 “144g 4,04 19 0,3401
0,268 312 6,77
Steel 3} =309 -799 94,4 79,0 0,2722
269 214 483
Plagiogranite 387 -199 624 39,95 26,63 0,1999

Results and discussion. Graphs of change of the
parameters of pressure and shear elastic waves in plexiglas

(red color), steel 092C (green color) and plagiogranite (blue
color) depending on the growth of compression
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deformations are shown in Fig. 1-2. These calculations are
performed using the quadratic elastic potential. Similar
results calculated using an elastic potential of the
Murnaghan type are shown in Fig. 3, 4. Comparison of the
results in Fig. 1-2 with Fig. 3-4 show that the results
obtained using various elastic potentials differ quantitatively.
In this case, it is necessary to give preference to results

£
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corresponding to the potential of the Murnaghan type, since
it is known that [4] the use of this potential allows correctly
describing the acoustoelastic effect. The character of the
change of parameters of pressure and shear waves
fundamentally differ within the framework of linear and
nonlinear approximations due to the increase of the value of
compression deformation.

0
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£ ; — — — — 0
045 04 035 03 025 -02 015 0.1 -0.05

d

Fig. 1. Dependences of the parameter of elastic waves pressure on the growth of values of compression strains:
a — equation (18) considering linear constituents, b — equation (18) considering all the constituents within the theory of large and the first
variation of small initial strains, c — equations (20) considering the linear constituents, d — equations (20) considering all the constituents
within the second version of the theory of small initial strains (in calculations a=b=c=0)
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Fig. 2. Dependences of the parameter of shear elastic waves on the increase of values of compression deformations:
a — equation (19) considering only linear constituents, b — equation (19) considering all the constituents within the theory of large and the
first version of the theory of small initial deformations, ¢ — equation (21) considering only linear constituents, d — equation (21) considering
all the constituents within the second variation of the theory of small initial deformations (in calcualtions a=b=c=0)
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Fig. 3. Dependences of the parameter of elastic waves pressure on the increase of the values of compression deformations:
a — equation (18) considering only linear constituents, b — equation (18) considering all the constituents within the theory of large and the
first version of the theory of small initial deformations, ¢ — equation (20) considering only linear constituents,

d — equation (20) considering all the constituents within the second version of the theory of small initial deformations
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Fig. 4. Dependences of the parameter of elastic waves pressure on the increase of the values of compression deformations:
a — equation (19) considering only linear constituents, b — equation (19) considering all constituents within the theory of large and the first
version of the theory of small initial deformations, ¢ — equation (21) considering only the linear constituents, d — equation (21) considering
all the constituents within the second version of the theory of small initial deformations

It follows from Fig. 1—4 that the values of the quasi-
velocities of pressure and shear waves decrease in case of
quadratic elastic potentials both at small (taking into account
both variants) and large initial deformations due to the
increase of compression deformation. Such results do not
describe available [4] experimental data. Similar results for
the considered materials obtained within the framework of
an elastic potential of the Murnaghan type show
fundamentally different character of the change. The quasi-

velocity of both pressure and shear waves increase for each
concrete material up to a certain value of the deformation
values of overall compression within the framework of all
variants of the theory of initial deformations and types of
elastic waves. Further, due to the increase of values of
compression deformation, the values of the quasi-velocities
of both types of volume waves continue to increase within
the framework of linear approximations, and they decrease
within the framework of nonlinear solutions. For both types
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of volume waves, there are critical values of the
compression deformation while reaching them elastic waves
with true velocity cannot propagate in the medium. Despite
the quantitative difference in the increase of quasi-velocities
in the initial stage of the increase of values of compression
deformation, critical values of compression deformations are
found in the further stages of deformations (at large
deformations) within the framework of the considered
versions of the theory of the quadratic potential.

Based on the obtained theoretical formulae and numerical
results, the impossibility of propagation of elastic waves with
true velocity in the deformed media can be explained as
follows. Dimensions of stresses and elasticity moduli are the
same. The quantitative values of velocities of propagation of
elastic waves are determined in the form of certain ratios of
the elasticity moduli to the medium density. In case of
deformed media, the ratio of the values of stress tensor
components to the density is caused by nonlinear actions of
the medium by the velocity dimension. The levels of the
normal components of the stress tensor reach values
comparable to the elasticity moduli of the medium of
propagation of elastic waves under high baric conditions.
Therefore, the quasi-velocities of elastic waves can increase,
decrease, and turn to zero in the process of deformation
depending on the nature of the action and on the stress level.

Conclusions. The dependences of change of pressure,
parameters characterizing the velocities of pressure and
shear elastic waves on the increase of values of the
compression deformation in elastic isotropic media are
analyzed within the framework of linear and nonlinear
approximations of the NLA of nonlinear elastodynamics
involving various elastic potentials. The linear and nonlinear
solutions obtained within the framework of various elastic
potentials differ quantitatively and qualitatively. Consideration
of large and nonlinear strains of compression made it possible
to determine their critical values while reaching them elastic
pressure and shear waves with true velocities cannot
propagate in elastic isotropic media. These features
manifested in the process of propagation of elastic waves in
the deformed isotropic media have important theoretical and
applied values in the development of structural and true
models of the Earth. It is necessary to properly take them into
account in the process of development and interpretation of
the corresponding geophysical data.
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MPO OCOBIMIMBOCTI PO3MOBCIOMKXEHHA NMPYXXHUX XBUIb B I3OTPONHUX CEPEOOBULLIAX
3A BUCOKUX | HAOBUCOKUX TUCKIB

HocnidxeHHs1 numaHb NOWUpPeHHs1 NPYXHUX Xeuslb y 2eoslo2iyHoOMy cepedosuwi cmaHoesisimb Haykogy ocHogy o6pob6ku ma iHmepnpemayii
KoMmriekcy OaHux celicMopo3eidyeasnbHux i celicMos1o2i4HuUx po6im.

Mema. CmeopeHHs1 6inbw 062pyHmMoeaHoi meopemuyHoi 6a3u 2eomexaHi4Hol iHmepnpemauii pisHux 2pyn 2eoghizu4HUX crrocmepexeHHUX ma
ekcriepumMeHmasnbHuUXx aHux.

Memoduka. HeknacuyHo-niHeapu3oeaHuli nidxid HeniHiliHoi enacmoduHamiku. Ypaxoeyrombcs niHiliHi ma HeniHiliHi Mmani U eenuki no4amkoei
degpopmauii. lMpoyecu deghopmayii onucyromscsi 3a AONOMO20F0 Pi3HUX MPY)KHUX MOMeHyiarnis.

Pe3ynbmamu. Y mexax pisHux eapiaHmie meopii Manux i noyamkoeux deghopmauyili i3 3acmocyeaHHsiM keadpamuyHozo i MypHa2aHCbK020
murnie nNpyHuUX MomeHuyianie ompuMaHoO aHanimuyYHi 3anexHocmi napamempa Mucky i weudkocmel MOWUPEHHS NPYXHUX X8Usb 8i0 deghopmayili
6e3 dodamkoeoi niHeapu3auii.

Haykoea Hoeu3Ha. YcmaHo8/1eHO, W0 iCHylomb KpUmuYHi eenuyuHu deghopmayii, npu docsiaHeHHI sikux 8 00HOPiOHO deghopMo8aHUX MPYX-
Hux i3omponHux cepedoguujax He MOXymb MOWUPrOBaMUCS NMPYXHi M03006XHI U nonepeyYHi xeuni 3 pe4osuHHot weudkicmro. KinbkicHi 3Ha-
YeHHSs1 KpUMUYHUX 8eslu4UH deghopmayili 0151 N03008XKHIX | MonepeyHUX xeusib 8iOPI3HSIFOMbLCS Ma iCMomHo 3asexamp 8i0 3acmocoeaHux npy-
JKHUX MomeHuyianie.

lMpakmuyHa 3HaYumicms. OmpumaHi aHanimu4Hi 3anexHocmi 003601sIloMb CUHMe3y8amu CrpPaeXxHi eeIUYUHU NPYXHUX Nnapamempie deghop-
MoeaHux cepedosuuy 3 KOMMeKcy celicMopo3eidyeanbHux i celicMonio2iyHUX OaHUX. YcmaHOesIeHHs1 Kpumu4Hux Gegpopmayili dnss weudkocmeli
no3008XHIiX i nonepeyHux xeusb 00380/1UMb 3anporoHyesamu OughepeHyiliHi kpumepii w000 po3nodiny NPyXHUX nNapamempie y meopemu4yHux
modernisix 3emri 3a2asioM i OKpeMo 8 1T Pi3HUX CMPYKMypHUX efleMeHmax.

Knroyoei cnoea: HeniHilina enacmoduHamika, NpyXHi xeusti, mo4amkoea deghopmauisi, weudKocmi NO300BKHIX i monepeyHuUX xeusb.
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OB OCOBEHHOCTAX PACMPOCTPAHEHUA YINPYIUX BOJIH B U3OTPOMHbLIX CPEAAX
MNPU BbICOKUX U CBEPXBbICOKUX OABJIEHUAX

HccnedoeaHusi eonpocoe pacnpocmpaHeHusi yrpyaux e0JIH 8 2eosio2udeckoli cpede cocmaersisiiom Hay4yHyro ocHoey o6pa6omku u uHmepnpe-
mayuu Komnekca 0aHHbIX celicMopa3eedoy4HbIX U celicMosio2udecKux pabom.

Lenb. Co3daHue 60nee o60cHo8aHHOU meopemuyveckoli 6a3bl 2e0MexaHUYecKol UHmepnpemayuu pasudHbIX 2pynn 2eogpu3uyecKux Habsro-
OeHHbIX U 3KcrnepuMeHmarsnbHbIX OaHHbIX.

Memoduka. HeknaccuyecKu-nuHeapu3upogaHHbIl nodxod HenuHeliHOU 351acModuUHaMUuKu. Y4umbieatomcsi IuHeliHble U HesluHelHble Marnbie U
6onbwue Ha4anbHble deghopmayuu. lpoyecchbl deghopmayuu onuckbI8aromMcsi C MOMOWbIO Pa3IuUYHbIX ypyaux MomeHyuanos.

Pe3ynbmamsi. B pamkax pa3nu4HbIX 8apuaHImos meopuu mMasbiX U HavyanbHbIx deghopmayuli ¢ npumMeHeHUeM keadpamuy4Ho20 u MypHazaHc-
KO20 muroe yrnpyaux nomeHyuasnoe nosy4eHbl aHalumu4Yeckue 3agucuMocmu napamempa AaesieHusi u ckopocmel pacrnpocmpaHeHus yrnpyaux
8os1H om deghopmayuii 6e3 donosnHUMenbHOU JUHeapu3ayuu.

HayyHasi Hogu3Ha. YcmaHoesieHo, Ymo cyujecmeyrom Kpumu4yeckue eesiuduHbl deghopmayuu npu ocmuxxeHUU Komopbix 8 0OHOPOAdHOo degho-
PMUpPOBaHHbIX Yyrpyaux U30mMpOorHbIX cpedax He Mo2ym pacrnpocmpaHsmbsCcs ynpyaue npodosibHbie U rnornepeyYyHbie 80JIHbI C 8eU,ecmeeHHolU CKo-
pocmeio. KonnuyecmeeHHble 3Ha4YeHUs1 KpUMuYeckux eesiuduH degpopmayuli 0s1s1 NPOAOSILHLIX U MOMEePeYHbIX 80JSIH OMIIUYAOMCST U CyujecimeeH-
HbIM 06pa30M 3asucsim om NPUMEeHsIEMbIX yNpyaux NomeHyuanoe.

lMpakmuyeckasi 3Hayumocme. [Tony4yeHHbIe aHasluMuYyecKue 3a8UcCUMOCMU M0380JISIH0M CUHMe3UpPo8amb UCMUHHbLIE 8e/TUYUHbI yrpy2ux napa-
mempoeg deghopMuposaHHbIX cped U3 Kommnekca celicMopa3eedoYHbIX U celicMosio2u4yecKux OaHHbIX. YcmaHoeieHue Kpumuyeckux deghopmayuii
0Ons ckopocmeli MPOAOILHbLIX U MOMNepPeYHbIX 80JIH M03807UM Mpednoxums OugghepeHyuanbHbIe Kpumepuu rno pacnpedesieHuro yrnpyaux napame-
mpoe e meopemuyeckux modesisix 3eMs1u 8 YesIoM U 8 omAesIbHOCMU 8 ee Pa3siuYHbIX CMPYKMYPHbLIX 3/IeMeHmax.

Knroueenie crnoea: HenuHeliHas anacmoduHaMuka, yrpyaue 60JIHbl, Ha4abHasi de¢hopmayusi, CKOPOCmMuU NPodosibHbIX U MONepPeYHbIX 80JIH.



ISSN 1728-2713 FEONOriA. 4(79)/2017 ~35~

YOK 550.382.3
A. MeHbLUOB, KaHA. reor. HayK, AOKTOpPaHT
E-mail: menshov.o@ukr.net,
A. Cyxopapa, kaHA. reon.-MmuHeparn. Hayk, Aou.
E-mail: suhorada@univ.kiev.ua
KueBckuit HauMoHanbHbIW YHUBepcUTeT MeHn Tapaca LlleB4yeHko
YHWU "UHcTutyT reonorun”, yn. BacunbkoBckas, 90, Kue, 03022, YkpauHa

OCHOBbI TEOPUM U METOAONIOMMU TEO®U3UKU NOYBEHHOIO NOKPOBA:
NMEPBLIE PE3YJNIbTATbI MPAKTUYECKOIO NTIPUMEHEHUA

(PexomeHA08aHO YrieHOM pedakyiliHoi Konezii 0-pom 2eosl. Hayk, npogh. O.M. KapneHkom)

MazrHumomempu4eckuti pa3den 2ceoghusuku nedocghepsni (no4eeHHol ob6ono4yku 3emriu) siensiemcsi Haubosiee pazeumsiM OMHOCU-
mesibHO ceoeli meopuu U MemodosiI02uu 8 KOHMeKcMme NPakKMuU4YecKo20 NpPUMeHeHusi. Bbidensilomes mpu ocHoeHble 3adayu, cmosiwue
neped nedomazHumorsozuell u Kacarouuecsi Yesioeedecmea. 3mo HapaujueaHue pecypcHoli 6a3bl, MOHUMOPUH2 COCMOSIHUSI OKpPY-
JXarouwjell cpeOlhbl, yanybrieHHoe usy4yeHue ro4YeeHHO20 MOKpPoea & cesi3u ¢ e2o dezpadayuell U He06Xx0O0UMOCMbIO MO8bLIWEHUS MPOCYK-
mueHocmu cesibCKoxo3slicmeeHHbIXx 3emMesib. [To4yeeHHbIl MOKPoe siefiiemcsi NPSIMbIM OMpaXeHUeM Mpoyeccoe, npoucxodsawux Ha
KOHmMakme siumoceghepbl U ammocghepsbi. Cyuyecmeyrom 0ea murna no4eeHHo20 MoKposa. 3mo rMoYekl C 0OCMamoYHbIM MacHemu3MoM,
Maz2HUmHbIe ceolicmea KomophbIX ofpedesIsiFoMCsi IUMOo2eHHOU OCHOBOU U Npoyeccamu ee ebieempusaHusi. Ponb makux rnoye e npak-
muyeckoli nedomazHUMoI02uu Ha daHHbIlU MOMeHmM 00 KOHYa HesiCHa. [JlemanbHee u3y4eHbl! o4eb! ¢ 1eG02eHHbIM 2eHe3UCOM MazHU-
MHO20 cu2Hana, MagHUMHbIe MUHEPasibl KOMOPbIX CGhopMUPO8aNIUCh 8 Npoyecce pa3sumus Mo4YeeHHo20 npogunsi. Bedywyro ponb e
¢hopmuposaHUU ux MacHUMHbIX c80lICME U2parom OKUCIIbI U 2UGPOOKUCIIbI XKesle3a, 8 HEKOMOPbIX Crly4Yasix cynbgudbl xenesa. Maz-
HUmMHasi ModeJsib Mo4Y8EHHO20 pa3pe3a MOXem CYW,eCmeeHHO U3MeHsIMbCS 00 e/TUsSHUEM aHMPOMNO2eHHbIX U MeXHO2eHHbIX ghakmo-
poe. MazHuUmHble napamempbl u3MeHsitomcesi nod eo3delicmeueM 8bI6POCO8 MpaHcnopma, MPOMbIWIIeHHbIX npednpusmut, men-
noanekmpocmaryuli u m.d. PenbeghoobpasoeaHue, ghopcupysi N1I0CKOCMHOU CMbI8, MOXXem Cyu|ecmeeHHO U3MEeHSIMb COOMHOoWeHue
Mexdy no4YeeHHbIMU 2eHemu4YecKUMU 20pu3oHmMamu. Takxe uzeecmHsl crly4au, ko20a MazHUMHbIe MUHepasibl 0Ca004YHO20 MPOUCXO-
X OeHus1 obpa3yromcsi Had 3anexamu ya2rieeo0opodoe Mod esusiHUEM MU2payuu ux ucxoOHo20 ¢hrirouda u Mo2ym U3MeHsImb Ma2HUm-
Hble ceolicmea noyesi. [pakmuyeckoe NpumeHeHuUe amux Modesieli pPaCCMOMPEHO & CMambe Ha KOHKPEeMHbIX NpuMepax.

Knroyeenlie crioea: noyea, MazHemu3m npupodelx o6BbeKkmos, meopusi u memodorioausi, Ma2HUMHasi eocrnpuumM4ueocms.

BcTynneHue. MarHMtomeTpuyeckun pasaern reousnku
negocdepsl [3] saBnseTca Ha AaHHOM aTane Hanbonee pas-
BUTbIM KaK B CBOEWN TEOPETUYECKON YaCTu, Tak U B NpakTn4ye-
ckom acrniekte. OBbSCHAETCA 3TO B NEPBYO OYepeab BbICO-
KOW paspeLuatoLlert CnocobHOCTbI0 MarHUTHOrO MeToaa npu-
MEHUTENbHO K 3agayaM W3y4eHWs MOYBEHHOTO MOKPOBaA.
MIMeHHO OH, B KnaccuyeckoM onpeaeneHnm, BeiCTyrnaeT 3ep-
Kanom naHgwadra, TO eCTb XpaHWUnUeM nHdopmaumm o
npoLieccax, NPoOMCXOAALIMX Ha NOBEPXHOCTM MIaHeThl, a UHO-
raa HecylweM [aHHble O HEKOTOPbIX 3HAOTEHHLIX CODBITUSX.
CeroHss MOXHO rOBOPUTb O TPEX MaBHbIX Npobnemax, cTosi-
LUMX nepes NeaoMarHUToONorMen 1 BNnmoTHYH KacatloLwMXCs Ye-
noseyecTsa. epBoe — 370 HapalumBaHne pecypcHon 6asbl
[7], npexae Bcero chipbsi. [lanee — MOHUTOPUHI COXPaHHOCTU
okpyxatowlen cpegpl [10], a Tawkke yrnybGneHHoe usydeHve
CcoBCTBEHHO NOYBEHHOTO NokpoBa [14], ocobeHHO B CBA3M C ero
Jerpajauven U 3agadert NoBbILEHUS MPOAYKTUBHOCTU 3e-
menb [13]. Takum 0obpa3omM, Hamu KOMNMEKCHO paccMmaTpu-
BaloTCsl BCe TpY Npobremsbl, UMetoLLMEe TEOPETUYECKOE U He-
nocpeaCcTBEHHO NPaKTUYECKoe 3HaYeHe.

Teopus u metoponorusa. Knaccuyeckuin aHanus no-
60ro reonanyeckoro MeToga CBOAUTCH K PELLUEHUO OBYX
OCHOBHbIX 3aa4 reousnku — npsimon 1 obpatHon. Kpatko
U3MNOXUM UX TEOpeTUYEeCKMe M MEeTOOONOrMYecKme MnpuH-
uunbl Ans obobLatoLlero paspesa NnoYBEHHOro NokpoBsa 3e-
Mnu. MNMoYBEHHEIN NMOKPOB SIBASIETCS NPSIMbIM OTPaXXeHnem
NPOLLECCOB, NPOUCXOASILLMX Ha KOHTaKTe nMTocdepsbl U aT-
Mocdepbl. C OAHON CTOPOHbI, TEKTOHMYECKAs 3BONOLMS
nboro pervoHa NpuBOANT B KOHEYHOM cHeTe K (hOpMUpo-
BaHMIO NMUTONOrMYECKON OCHOBBI MOYBEHHOTO MOKPOBA, a Co-
OTBETCTBEHHO CO3[al0TCA M Npeanocbinki Ans opmmnpo-
BaHMA cOBCTBEHHO NoyBbl. C Apyroil CTOPOHbI, TEKTOHUYE-
CKUe ABWXKEHWS!, @ B HEKOTOPOW CTEMNEHN 1 caMa NUTOreHHas
OCHOBa, cnyxaT 6asucom ans opMMpoBaHUS UCXOLHbIX
ycnosun penbeda. lNocneaHee onpegenseT BepTUKambHbIN
paspes NoYBEHHOro NMOKpOBa M €ro AUHaMUKy BO BPEMEHM.
CnepoBaTenbHO, MOYBEHHBIA MOKPOB ABMAsieTcs 00606-
wiarowen yHKLUMen AByX rmaBHbIX cocTaBnstowmx. MNepeas
— 3TO 9HAOreHHas uctopms 3emMnu B TOYKe HabnoaeHus, a
BTOpasi — ee koopauHaThl, B NEPBYIO oYepepb LumpoTa.

Otcioga, Ha TeppuTopuax BYpHOW TEKTOHUYECKON Aes-
TENbHOCTU, rAe NPeBanupyeT porib MarmMaTU4eCcKMX ropHbIX

nopoz, Ha nepBbIi NnaH BbIXOAWT BbICOKasi poflb OCTaTOu-
HbIX MarHUTHbIX MUHeparnoB. Takve cuTyauuum W3BECTHbI
Ansa HekoTopbix Noys py3umn, Bonrapuw, MopTtyranum u T.4.
[1, 6, 15]. B 6onee cnokonHbIX YCNOBUAX, OCOBEHHO BbICO-
KX LUMPOT, BEAYLUY pofb ANnA (POPMUPOBAHUSA MarHuT-
Horo obnvka NOYBEHHOIO NOKPOBA UrPaoT aKKyMYNATUBHbIE
NMpoLEeCChl, CMbIB MOYBbI, OKUCIUTENBHO-BOCCTAHOBUTEMb-
HbIA MOTeHUMan cpeabl 1 HeEKOTopble Apyrue npoleccel. B
utore ooOpMMPYTCA COOCTBEHHbIE MOYBEHHbLIE MUHEpPArbI,
B TOM yncne n peppomarHuTHbIE.

Takum 06pa3om, MOXHO roBOPUTL O ABYX TUNax NoOYBEH-
HOro NOKpOBa. ATO NOYBbLI C PECTUTOBBLIM (OCTaTOYHBLIM) Ma-
rHETU3MOM, MarHUTHblE CBOMCTBa KOTOPbLIX ONpeaensoTcs
JNINTOreHHOM OCHOBOW M MpOLEeccamMu €€ BbIBETPMBAHMS.
Ponb TakvMx NoyB B NpakTM4eCcKon NegomMarHnTonorum cero-
[OHs1 0O KOHLa HesAcHa. NoaTtomy Gonee aeTanbHO paccmoT-
pVM NOYBbI C NEAOrEHHBIM MarHUTHLIM CUrHaNoM, copmu-
pOBaHHbLIM B NPOLECCe pasBUTUSA NOYBEHHOTO Nokposa. Be-
OyLyto porb B UX MarHUTHOM OBMMKe UrpatoT OKUCTIbI U TH-
OPOOKMCIbl  Xenesa, B HEKOTOpbIX Cryyasx Takke
cynbcunapl xxenesa. Mpu 3TOM reHepaums MarHUTHON KOM-
MOHEHTbI MPOUCXOAMWT MaBHbIM 0Opa3oM B BEPXHEN YacTu
NMOYBEHHOrO pa3pesa, cogepxallen rymyc. B atnx reHeTtu-
YeCKUX rOpu3oHTax nog BNusHMEM BUOTbI NPOUCXOaUT Tpa-
HcchopmaLms xenesocodepXaliux MUHEpPanoB NUTOreH-
HOro NPOUCXOXAEHNS B YNOMSHYTbIE BbILE MarHUTHbIE CO-
eanHeHvs. MNegoreHHble MarHeTUKN Yalle BCero SABNsTCs
ogHopgomeHHbIMu (SD) n cynepnapamarHntHeiMmn (SP) dpa-
Kumamu. VIx ndyyeHve nposBoauTcs, HaumHas ewe ¢ pabor
Jle bBypxe [5]. N3BecTHO, 4YTO BaXHYIO pOnb UrpakT TEPMU-
yeckne npeobpasoBaHNs — aHTPOMOreHHbIE U NPUPOAHbIE
pasorpeBbl, Hanpumep noxapsl [8]. B To e Bpems, ons Tak
Ha3bIBAEMOro apXeosiorM4eckoro BeLLecTBa CyLIEeCTBYET
CB13b C M3MEHEHNAMU MarHUTHbIX CBOWCTB MOYBbI, YTO MO-
NOXEHO B OCHOBY UCMONb30BaHWA NegoMarHeTuama Kak vH-
CTPYMEHTa apxeornorn4ecknx uccrnegosaHun [12].

B ocHoBHOM BepTuKanbHas 30HaNbHOCTb MarHWTHbIX
XapakTepucTuk obycrnoBneHa eCTeCTBEHHOW 3BonouMein
MOYBEHHOrO MOKPOBA, BMepBble YeTKo obo3HauveHa [oky-
YaeBbIM M MPEBOCXOOHO WNIMOCTPUPOBaHa HEOOHOKPAaTHO
HabnAEHHBIMU MarHUTHbIMU pa3pe3amy pasHbIX MOYB U
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MHOrMMU uccneposatensamu [4]. Kak npasuno, 6onee mar-
HWUTHblE NOYBbI oboralleHbl ryMyCcoBbIMU (DpakUMAaMU, XO-
pOLLO OKUCNEHbI U a3pobHbI. Mpyn 3TOM BEPXHWIA TYMYCOBbIN
ropmn3oHT "A" no knaccudmkauumn WRB valle Bcero siBnsie-
TCA U Hanbonee MarHUTHLIM Kak Ans COBPEMEHHbIX MOYB,
TaK 1 Ans naneoroys.

PaccmoTpeHHble Bbllle 3aKOHOMEPHOCTM CTPOEHNs Ma-
rHUTHON MOAENV MOYBEHHOIO paspesa MoryT (MHorAa cylue-
CTBEHHO) U3MEHATLCA MO BIUSHUEM aHTPOMOreHHbIX U Te-
XHOreHHbIX hakTopoB. Peyb naeT o NoBbILEHUM 3HAYEHUN
MarHUTHbIX XapakTepUCTWK, YTO CBSI3aHHO C BbliGpocamu
TpaHcMopTa, NPOMBILLNEHHbIX MPEANPUATUN, TEnno3feKT-

pocTaHumi u 1.4. Kpome Toro, pensedoobpasoBaHue, ¢o-
pCYpys MNOCKOCTHOWM CMbIB, MOXET CYLLECTBEHHO U3MEHSATD
COOTHOLLEHUE MEXAY PasnUYHbIMK NegoMarHUTHbIMU Fropu-
30HTamMu. JTO OTMEYarnoch ele yAMYPTCKOMN LUKOIOW B UX
aBTOPCKOM CBWAETENbCTBE, a Mno3gHee AeMOHCTPUpOBa-
nocb Ha Npumepax Ans pasHbix Yacten 3emnu.

Mpumepbl. MOXHO CKOHCTPYMpOBaTb HEKyH) (HOHOBYHO
nefoMarHUTHYI0O MoAernb NoYBeHHoro nokposa (puc. 1). Ha
puycyHKe NpeAcTaBreH KnacCUYecku paspes 4vepHosema
lOra YkpawuHsl. Mo knaccudmkaummn nous WRB v no marHu-
THOM BOCMPUMMYMBOCTM Mbl BbIAENUMN TPU FEHETUYECKUX
ropmnsoHTa A, B, C.
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MarHuTHas BOCNPUMMUYMBOCTD
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Puc. 1. Mpumep pacnpepeneHns MarHUTHOW BOCNPUMMYUBOCTHM C FMYOGUHOMN
AnA ycnoBHo ¢hoHOBOro He3arpsi3HeHHOro YepHo3ema KXXHoro yyactka "CaHxenka"

CnepnyeT ckasaTtb, YTO BEMWYMHbI MarHUTHbIX NapameT-
POB [IOBOJBHO BbICOKME KaK A He3arpsi3HEeHHbIX NoyB. [o-
YBEHHbIV paspes3 COCTOMT K3 CNeAYOLLNX rOpU3oHTOB. Bep-
XHUA rymycoBbIi A 3aneraet Ha rnybuHe 0—40 cm: TeMHo-
Ceporo LBeTa, CTPyKTypa Menko3epHucTas, Ha noBepxHO-
CcTu HabnogaeTcs My4yHUCTas npuckinka. N'ymycosbiin nepe-
xoaHbIn B1 3aneraet Ha rnybuHe 40—70 cm: ¢ TEMHO-KOpU-
YHEBbIM OTTEHKOM, CTPYKTYpa OpexoBuaHas, HEKOTopbIe ar-
peraTbl OCTPOKOHEYHbIE, NIOTHBIN, Nepexos K noacTunat-
MM nopoaam peskun. byposaTto-nanesbln MAOTHLIN ropu-
30HT B2 3aneraet Ha rnybuHe 70-85 cm, no wensim Bu3y-
anuaupyeTcs 3aTtekaHue rymyca. CnegytoLumi ropusoHt BC
3aneraeTt Ha rnybuHe 85-130 cm, Gonblwoe copepxaHue
kapboHaToB B Buae benosepku. Moactmnarowmii ropusoHT
C Ha rnybunHe 130-180 cm: TeMHO-NaneBbli TMUHUCTLIN
nec, Ha 3Ha4UTENbHbIX MyOGMHaX BCTPeYalTCst Kpuctanmbl
rvnca. Pa3pes Obin 3anoxeH B HEMOCPEACTBEHHOM 6M30CTH
OT 06pbiBa C YaCTUYHBLIM UCMOSIb30BaHWEM ECTECTBEHHOIO
o6HaxeHns1. BepxHWI rymycoBbI TOPU30OHT A XxapakTepusy-
€TCs BbICOKOW MarHWTHOW BocnpuumumnsocTbio  80—100%
10-8 m3/kr. Huxe Ha rnybuHe 40-70 cm 3aneraeT nepexo-
OHbIN TOPU3OHT B € MarHuTHOM BOCNPUUMYMBOCTLIO 70—
80x%108 m3/kr. Ha rny6uHe Gonee 80 cM 4eTKo naeHTUduLm-
pyeTcst NOACTUNAOLWLUA MATEPUHCKUIA TOPU3OHT C € MarHnT-
HOW BOCTIPUMMYNBOCTLIO 30—40%10-8 M3/kr, cocTosALLWMIA 13 Cy-
TMWHUCTBIX nopof. OTMETUM, YTO 3a CYET ECTECTBEHHOMO 00-

HaxeHusa rmyoxe 10 M Mbl OTCREXUBaNM NaneonouyBbl, KO-
TOpble B METOAONOMMYECKOM OTHOLLEHUN SBMNSOTCS BaXXHOM
COCTaBIALWEN 4518 NOCTPOEHMS NeAOMarHUTHLIX MOAEnen.

YacToTHO 3aBucKMMas MarHUTHasi BOCMPUMMYUBOCTb Xfd
B 6OMbLUMHCTBE CNy4YaeB Ans BEPXHENO r'yMyCOBOIo ropm3o-
HTa npesbiwaeTt 3—4 % u nHorga gocturaet 10 %. 370 ro-
BOPWT O NpeBanupoBaHuK cyrnepnapamarHuTHbIX U 04HOA0-
MEHHbIX CTabWNbHbLIX YNbTPagUCNepCHbIX MUHEPAarnoB ne-
[OreHHOTrO NPOUNCXOXAEHWS.

Heckornbko NoOBTOPSAACh, MOAYEPKHEM BaXKHYIO pOrib A1s
TEOPETUYECKOro M NPaKTUYECKOro 3eMNeaenusi CneayoLmx
3aKoHOMepHocTel. Pellatowmm ans onpegeneHnst Nnopo-
pOAMS MOYB U MAarHUTHBIX XapakTEPUCTUK SBNSETCS Konnye-
CTBO M COCTaB r'yMyCOBbIX (hpakLMii, CKOHLEHTPUPOBAHHbIX
B naxoTHom cnoe (0-30 cm). MiMeHHO geTanbHOe ero mnsy-
YeHVe NO3BOJISET LWUMPOKO MCMONb30oBaTb NeLOMarHUTOo-
TUI0 ANS peLleHns SKONTOMMYECKNX 1 arpapHbIX 3agad.

BmecTte ¢ TeM, ucnonb3oBaHvue pecTUToOBOro (octaTtou-
HOro) MarHeHTM3ma MOYBEHHOrO MOKPOBa [aeT BO3MOX-
HOCTb MPUMEHSITb METO A1 KAPTUPOBAHUS KpUCTanuye-
ckoro doyHAaMeHTa 1 pyaHbIX MuHepanos (puc. 2). Mpuse-
OEHHbIA PUCYHOK NO3BONUN Ha npumMmepe nnowaan "Xauue-
BaToe — 3aBanbe" naeHTUULMPOBaTbL HECKONBKO NCTOYHU-
KOB, KOTOpPbIE SIBNSTCSA NPUYMHAMM MarHUTHbIX aHOMarnui.
B reonorvyeckom OTHOLLEHMM 3Ta NNoLlaAb NpeacTaBneHa
BASKMM pas3fioMoM B Mpegenax BsI3KOPA3NTIOMHOW 30HbI.
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OTOT pasnom HapyLllaeT r'mnepcreH (C rpaHaToM U GuoTu-
TOM), KpUCTanmnocnaHLbl U FHeNCbl, PaHUTONHENCHI (Takke
C rpaHaToM), XWurbHble 1 rTHE3A0BUAHbIE TeNa NerMaTnTos,
KpuUcTanmbl xenesocogepxalimx nopog u ap. [2].
CuctemHas kanaMeTpus KOPEHHbIX OOHaXKEHWI Mo no-
BEPXHOCTU YKa3biBaeT Ha 3HAYUTENbHYK POflb OCTAaTOYHBIX
MarHUTHbIX MYHEpAaroB B COCTaBe MarHUTHOW cppakuum no-
YBEHHOTO MOKPOBa. ATO BMNUSIHWE MPOCIEXMBAETCH B Ha-
npaBneHnn Bogopasaena u NoaATBEPXKOAETCS cneunanbHo
BbIMNOSTHEHHBIMUY NOYBEHHBLIMM paspe3amMun. JTU paspesbl 40-
Ka3bIBalT, YTO OCTATOYHblE MarHUTHbIE MUHEPanbl B MoY-
Bax (PUKCUPYIOTCA Nub B crnyvyae (OpMMpOBaHMS KOpbI

MarHutHas BOCNPUNMYMNBOCTD,
OTHOCUTENNbHadA

TeKkToHO4OMEHbI

BbIBETPMBAHMWSA KPUCTANNNYeCKnX Noposd, kak MaTepUHCKON
NMOACTUNAIOLLIEN OCHOBbI MOYBLI. [1pn 3TOM pesynbTaThbl Ka-
naMmeTpuu Kak no KOPEeHHbIM, Tak U MO MPUMUTUBHBLIM MOY-
BaM JOCTaTOYHO 6nnsKku.

Kpome 3adhukcmpoBaHHbIX B npegenax obHaXeHHoW Ya-
CTN TeppuTOpMM €BMM3NTOB, (PUKCUPYETCA elle OAWH Cu-
NbHO MarHUTHBIN TEKTOHOAOMEH, 3areralolwmii Ha Hecko-
nbko GonbLuen rnybuHe oT UsnYeckon NOBEPXHOCTM U, Be-
posiTHee BCero, He BbIXOASALWMIA Ha MOBEPXHOCTb KpUC-
Tannuyeckoro pyHaamenTa. O6 aTom cBUAETENbLCTBYET OT-
CYTCTBME €ro NPOSBMEHNS Ha kKapTe MarHUTHON BOCNPUUM-
YMBOCTM MOYBEHHOIO MOKPOBA.

Puc. 2. Mpumep pecTMTOBOro MarHeTM3ma NoYBEHHOro NOKpoBa
Npu KapTUPOBaHUM KpUcTannuyeckoro yHaaMeHTa U pyAHbIX MMHeparoB Ha NnpuMepe nnowaam "XaweBartoe — 3aBanbe".
(OcHoBa pucyHka B3sitTa U3 MoHorpadum [1])

M3BecTHbI cnyyawn, Korga MarHUTHble MUHepansl ocago-
YHOro NPOUCXOXAEHNS 0BpasyloTCa Had 3anexamu yrneso-
AOPOAOB MOA BANSHWEM MUTPaLMKM X CXOAHOTO dronaa.
3710 cnocobecTByeT NpeobpasoBaHnio 1 HOBOOOPA30BaHMIO
heppoMarHUTHbIX, NapaMarHUTHbIX 1 OTHOCUTENbHO HeMa-
FHUTHBIX MUHepanoB. Kak 6b11o noka3aHo, 3TOT NPoLIecc OX-
BaTbIBaeT M NoYBeHHbIM Nokpos [9, 11]. M3 aToro cnepyer,
YTo Ona uenen npakTUYeCKOW reonorMnm novsa MOXET
BbICTyNaTb LEHHbIM OOBEKTOM, HECYLLUM 3BPUCTUYECKYHO
nHdopmaumio. Peub nget o HactosiTenbHoM HeobxoanMo-
CTW BOBMEYEHUSI MarHUTHbIX NCCIeA0BaHUNA B KOMMIEKC re-
onoropasBefku Ha HedTb U ra3, B MepBYLo ovepedb B NaHa-
wadpTtax akkymynatuHoro Tuna (puc. 3). NaHgwadTHble
yCrnoBus OnbITHOrO yyacTka "CTtapyHs" 6onbLle Noxoxu Ha
cocefHee [Monecbe. [OpHbIA MaccvMB pacnonaraeTcs Ha
pacctosHun 10-20 kM. NaHgwadTHeIN Npodunb BKAOYan
rnokanbHble kaTeHbl 6e3 3HaYnMMbIX NepenafoB BbICOT U CeTb
MenKux pek n pyvbeB. KoHeyHas 4acTb npodmns pacnoso-
XeHa B npepenax fneca, rge oTMeyaeTcs CyLeCTBEHHbIN
pocT abcontoTHBIX BbICOT. B reomopdonornyeckom OTHO-
LWweHnn ydacTtok "CTtapyHs" BKMOYaET paBHWHHbIE MECTHO-
CTW, OMOM3HW, MeCTa 3PO3NOHHOW aKTUBHOCTM (Kak peyHO,
TaK 1 noyBeHHon), 6onoTta. B HU3MeHHOCTAX Npeobnagatot
6onoTHbIE 1 NyroBble MOYBbLI, @ B Npedenax rneca — cepble
rnecHble pasHoBUAHOCTH NoYB. CornacHo 4aHHOMY Npumepy
OTMEeTMM, 4YTO BTOpas CeKkumns naHaLwadTHOro nepeceveHmns
HaxoAUTCsA B mpegenax ckBaxuHbl "Hagexga-1" u rpsise-
BOrO ByfikaHa B 30He BNNSHWSA yrneBodopoAos. MoyBbl ¢ BU-

OUMbBIMW NMPU3HaKaMn COAEPXKaHWUs YreBoAOPOaOB Xapak-
TEPU3YHTCH MOBbILLIEHNEM MarHUTHOW BOCMPUMMYMBOCTU B
10—-20 pa3 oTHoCUTENBbHO HOHOBBLIX 3HAYEHUIA, U3MEHSIETCA
UX MarHUTOMUHepanornyeckuin coctas. [NepBas cekums siB-
nsieTcst NecHbIM NaHALWadgTOM C CEpbIMU NECHLIMW NPUPO-
OHBIMU HEU3MEHEHHBIMU MoYBaMu (NUKeTbl HabnoaeHNs
140-440 Mm.). MarHutHas BOCNPUMMYMBOCTL  3aBUCUT
Oonblue OT anbTUTyAbl TOYEK HabnwgeHus U cocTaBnsieT
X = 20-45x10-8 mM3/kr Ans BEpPXHEro cnosi noyebl.

BTopasi cekuusa naHpwadgTHOro nepeceyeHus Haxo-
OuTCcsa B OKpecTHOCTM nuketoB 440-840 M. 310 Hamnbornee
WH(OPMaTMBHAs y4acTOK B KOHTEKCTE UCCIEeLOBaHNS BNU-
SHUS YreBoaopoaoB Ha MarHeTnam noys. OHa HaxoauTcs
BOMM3N MeCT NPMPOAHOro BbITOKA Ha NMOBEPXHOCTb YrMeBO-
[opoaoB., a, cnefoBaTenbHO, MOYBEHHbIV NMOKPOB U NOACTU-
nawwue nopoabl nogBeprnMcb  Hanbonbliemy BO3-
OENCTBMIO MPOLLECCOB MUKPOMNPOCaYnBaHus. MIaMeHeHHble
MoyBbl 3TOr0 y4yacTka XapakTepu3ylTCs MarHWTHOW BO-
CTIPUMMYMBOCTBIO X = 20—50%20—-45x1078 m3/kr.

TpeTbs NaHpwadTHasa Cekunsi HaXoauTCs B Npeaenax
nukeToB 940—-1540 m. OHa crnoXeHa CUCTEMON MUKPOKAaTEH,
0HaKo nepexobl OT NOKanbHbIX MOHWXKEHWIA K Bogopasae-
naM He3HauuTenbHbI, TaK Kak y4acToK hakTU4ecku siBnsie-
TCS nyroBbiM. JlyroBble 1 OOMOTHBIE MOYBLI, pacnpocTpa-
HEHHble B 3TMX nNpedenax, He MpOoSABMSOT MPU3HAKOB
HacbILLEHNs  YrNeBOAOPOAHbIMY  NMPOAYKTaMK, BEPXHUN
CNOW NOYBbl XapaKTepunsyeTcss MarHUMTHON BOCNPUNMYNBOC-
Thio X = 10-20%20—45%x10-8 m3/kr.
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Puc. 3. Mpumep ncnonb3oBaHUA MarHeTM3mMa NOYBEHHOrO NOKpoOBa
npy KapTUPOBaHUM TEPPUTOPUM OTIIOXKEHUN yrrieBogopoAoB BAonb npoduns MAG1 nonuroHa "CrapyHsa"

BosBpaTumMcs k MCNoMnb30BaHUIO NeJoMarHUToNorMm Kak
WHCTPYMEHTA NS PELLUEHNS 3KONOrMYECKNX U arpapHbIX 3a-
Aad. Heobxoanmo nogyepkHyTb CYLLECTBEHHYIO POsb rny-
OOKOro NOHMMaHus oO0bEeKTa MCCnedoBaHUM U BaXXHOCTb
BCECTOPOHHErO yyeTa CTpoeHUs naHawadTos kak OHOBOM
XapakTepucTuki. Hanpumep, ans uenoro psga naHgwad-
ToB lMpepkapnatbsi, KapnaT, rge WMpoOKO pacnpocTpaHeHbI
Oypo3sembl, a Takke B npegenax 6onoTUCTbIX MECTHOCTEN,
KpaliHe XxapaKTepHbIM SIBMNSIETCS NpeBanvupoBaHue napama-
FHUTHBIX MWHEPANOB B Pa3BUTMU MOYBbI. JTO CBSI3@HHO C
HU3KUM OKUCIUTENbHBIM NOTeHUManomMm cpegbl. [ns Takux
MECTHOCTEN NPaKTUYECKOe UCNOSb30BaHNE MarHUTHbIX Xa-
paKkTepUCTMK MOYB MMEET OrpaHNYeHHoe 3HayeHne 1 crnabo
n3y4eHo. BeposTHee BCcero MOXHO BECTU peyb TOMbKO 00
onpeneneHHoM noteHumane MarHeTu3Ma Kak MHCTpyMeHTa
9KONOrMYECKNX WCCNEAOBaHWA, a TaKke MWCNonb30BaHUM
MarHUTHbIX CBOWCTB MOYB Kak MHAuKaTopa naHgwadrTa.

Cnepyet OTMeTUTb, 4TO HambonblUME MNEPCNEKTUBHI
NPakTU4eCKOro WUCMonb30BaHUS NefOMarHUTONOrnn CBSi-
3aHHbI C MOYBaMM, B KOTOPbIX XOPOLLIO pa3BUTbI F'yMyCOBbIE
rOPU3OHTHI, @ CTEMEHb X MarHUTHOCTW yKa3blBaeT Ha Mno-
TeHuuaneHoe nnogopoave (MarHuTHas BOCNpUMMYMNBOCTb
BO3pacTaeT C poCTOM cofepXaHus rymyca). C gpyrom cto-
POHbI, Aerpajaumsa Takmx MOoYB SIBHO CKa3blBAETCA Ha UX
MarHUTHbIX XapaKTEPUCTUKaX U MOXET 4YeTKOo hrKcupo-
BaTbCHA NPY KAPTUPOBAHUN 3POAMPOBAHHBIX MOYB, UX 3aCO-
NEHHOCTU, BTOPUYHOW 3a6004EHHOCTM 1 APYTUX ONacHbIX
arpapHbIx npoueccax.

BbiBogbl. [ogBoasa UTorn, NOCTaBUM akLEHT Ha 0cobeH-
HOCTSX TEOPUU 1 METOAONOMMM NPUMEHAEMON B NeAOMarHu-
Tonorun. CneuudnyHocTb 06bEKTa NCCreaoBaHWIN, CpaBHW-
TENbHO C KNacCU4YecKMU reofniorm4eckmummn obbekramm, npo-
ABMSIETCSI B O4EHb Marow MOLLHOCTW MNOYBEHHbLIX FTOPU3OHTOB,
HU3KOM YPOBHE WX HAMarHWYEHHOCTU, 3HAYUTEMbHbLIX MMO-
Laasx uccneaoBaHuin. 3To BeeT K HEBO3MOXHOCTM UCTOSb-
30BaHUsI Krnaccuyeckmx reonsnmyecknx nogxonos npv mar-
HUTOMETPUYECKoM onpoboBaHMM MNOYBEHHOrO MokpoBa. B
TOXe Bpemsi paspaboTaHa TexHONorus yrnbTpageTanbHOro
MarHWTHOrO KapTUPOBaHMWSA, KOTOPas MOXET MPUMEHSTbCS
Ons MccriefoBaHus NoYB reohr3nyecKMMmn MeTogamm.

[nsi KOHEYHOro NOMb30BaTENS BAXHBIM U MHTEPECHBLIM
ABMNAETCA HOBLIA 31EMEHT PMU3NYECKUX OCHOB MArHUTHOIO
MEeTOAa — BbICOKasi MIIOTHOCTb CETKU HABMIAEHWUIA, KPYMHbIE
TeppuTopun onpobosaHuin. Takme matepuansl akTn4ecku
nocryxaT OCHOBOW Afsi HOBOrO 3Tana KapTupoBaHusl nna-
HeTbl — ee reonorMm, NOYBEHHbIX NMOKPOBOB, apxeonorui. B
nobom crnyyae B NefOMarHUTONOMM yxxe cenvac copmm-
poBaHbl OCHOBbI €€ TEOpPUW, METOAOMOrMU, NEepCreKkTUBbI

NPakTUYeCcKoro WCMomnb30BaHWs BO BCEX HanpaBneHusX
KOHBEPCUOHHOW  reou3nkn: Mouckax MuHeparnbHOro
Cbipbsi, COXPaHEHUN OKpYXaloLen cpedbl, 3KOMOrm4ecku
0e3ynpeyHor MeTOOUKM NOyYeHUs ypOXKaes.

BnaropapHocTb. PaboTa BbinonHeHa B pamkax rocoto-
mxeTHon Tembl Ne 16B6M049-02 "Haykosi 3acagn nepepny-
MOB HadTOra3oHOCHOCTi CriaHLeBMX TOBLLY i cknagHonooby-
[0BaHMX Nopig-KonekTopis".
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BASIC THEORY AND METHODOLOGY OF SOIL GEOPHYSICS: THE FIRST RESULTS OF APPLICATION

The magnetometric part of the geophysics of the pedosphere is the most developed one in its theoretical and practical aspects. We talk about
three main problems facing pedomagnetology and humanity. This is an increase in the resource base, environment monitoring, and deep soil study,
especially land degradation and productivity. The soil is a direct reflection of the processes occurring at the contact of the lithosphere and the
atmosphere. There are two types of soils. The soils with residual magnetism have the magnetic properties related to their lithogenic base and
processes of weathering. Much more investigated are the soils with the pedogenic magnetic signal origin. The iron oxides, hydroxides, and sometimes
iron sulphides play the leading role in their magnetic behavior. The magnetic model of the soil horizons can significantly change under the
anthropogenic and technogenic impact. Magnetic contrasts are associated with emission of vehicle, industrial enterprises, and power plants. Relief
formation forces the slope erosion. These processes of change are related to the differentiation between soil horizons and soil magnetic properties.
There are cases when magnetic minerals of sedimentary origin are formed above hydrocarbon deposits under the influence of fluid migration, which
change the magnetic properties of the soil. The practical cases are considered in the examples.

Keywords: soil, environmental magnetism, theory and methodology, magnetic susceptibility.
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KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleBueHka

HHI "IHcTuTyT reonorii”, Byn. BacunbkiBcbka, 90, m. Kuis, 03022, YkpaiHa

OCHOBM TEOPIi | METOAONOr I FEO®I3UKU FPYHTOBOI'O NOKPUBY:
NEPLUI PE3YNIbTATU NPAKTUYHOIO 3ACTOCYBAHHSA

MazHnimomempu4Huli po39din 2zeogizuku nedocgpepu (rpyHmoeoi o6os10HKu 3emiii) € Halibinbw po3suHeHUM w000 ceoei meopii ma memodonoeii
8 KOHMeKcmi NnpakmMu4Ho20 3acmocyeaHHsl. Budinstombcsi mpu ocHoeHi 3aedaHHs1, w0 cmosimb neped nedomMazHimosiozietro i cmocyromscs odc-
mea. Lje HapowyeaHHs1 pecypcHoi 6a3u, MOHiMopuHa cmaHy HaéKo/IUWHbLO20 cepedosgula, noaubsieHe 8UYEHHs I'PYHMOBO20 MOKPUBY y 38 'A3KY
3 (io2o0 dezpadayicto i HeobXidHiCMIO NideuuieHHs NPOdYKMUSHOCMI CinbChKo20CnodapchKux 3eMenk. pyHmoauii Nokpus € npsiMum 8ido6paxeH-
HSIM npoyecie, wjo 8idbysaromucsi Ha KOHMakmi nimocgepu ma ammocgpepu. IcHyromb dea munu rpyHmoeo2o rnokpuey. Lje rpynmu i3 3anuwkoeum
Maz2Hemu3MOM, Ma2HimHi ennacmueocmi siKux eu3Ha4arombCsi JTiMO2eHHOI OCHOBOI0 i Mpouyecamu ii susimprogaHHsi. Posib makux rpyHmie y npak-
muyHili nedomazHimosoeii Ha cbo200Hi ocMamoYyHo He 8u3Ha4eHa. [JlemanbHiwe eue4yeHo rpyHmMu 3 Ne002eHHUM 2eHe3UCOM Ma2HimHOo20 cuaHary,
MazHimHi MiHepanu sikux cghopmyeasnucsi e npoyeci po3sumky rpyHmoeoz2o npoginto. [IpoeidHy posnb y hopMyeaHHi ixHix Ma2HIimMHuUX efacmueoc-
meli gidizpatomb okcudu i 2idpokcudu 3ani3a, e desikux sunadkax cynbgiou 3aniza. MaeHimHa Modesib IpyHMOo8020 PO3pPi3y Moxe icmomHo dudgbe-
peHyitoeamucs nid enueomM aHMpPoONo2eHHUX i MexHo2eHHUX YuHHUKie. MazHimHi napamempu 3MiHIOIOMbCS1 3@ paxyHOK eukudie mpaHcropmy,
npomucnosux nidnpuemcme, mensoesekmpocmanyit i m. iH. PenbeghoymeopeHHsi, hopcyroyu niowuHHuULl 3Mu8, Mo)ke icmomHo 3MiHl8amu crie-
8iOHOWEHHS1 MiX I'PyHMo8UMU 2eHeMUYHUMU 20pu3oHmamu. Takox eidomi eunadku, Kosu Ma2HimHi MiHepanu 0cado8020 MOX0OXXEHHSI YM8opHo-
rombcs Had noknadamu eyaneeodHie nid ennueom mizpayii suxidHoz2o ¢hoidy i MOXXyms 3miHrO8amu Ma2HiMHi enacmueocmi rpyHmie. lpakmuyHe
3acmocyeaHHs yux modesieli po3a/isiHymo e cmammi Ha KOHKpemHuX npuknadax.

Knroyoei cnoea: rpyHmu, maezuemu3sm npupodHux o6 'ekmie, meopisi i Memodonoezisi, MazHimHa cnpuliHsimauegicms.
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ENEKTPOMArIHITHI METOOMU
NMPU NPOrHO3YBAHHI PYAONPOSABIB KOPUCHUX KOMAJNMWH

(PexomeHAo8aHO YrieHOM pedaKyiliHoi konezii 0-pom 2eos. Hayk, npog. M.I. Opnrokom)

Mema po6omu nonsieae y eus4eHHi 38's13kie ertlekmpornpoegioHocmi 3 2e00UHaMIKOIO, Memasio2eHiYHUMU i cmpyKkmypHUMu ocobnu-
socmsamu 2eosioziyHozo cepedosuuja. Memodu: mpusuMipHe 2eoesiekmpuYyHe MOOesII08aHHS 2e0J102i4H020 cepedosuuia 3a A0romMo-
2ot npozpamu Mtd3fwd R.L. Mackie Ha ocHoegi OaHux Ma2Himomeslypu4Ho2o 30HOyeaHHs (MT3) i mazHimoeapiayioHHo20 npogi-
nroeaHHs1 (MBI1). BusieneHo aHoManii eucokoi eslekmponpogioHocmi 3 p = 2-250 OM M y 3eMHil Kopi, ki 36i2zatombcsi 3 2nU6UH-
Humu 3oHamu po3snowmie: TanbHiecbkoro, [lepeomalicbkoro, Bpadiiecbkoro, Feo30aeckbkoro, 3e8eHu20podcbko-bpamcbkotro, Cmins-
HcbKoro, Cy66omcko-MowopuHcbkoro. Lji anomanii do enubuH 2,5 km npedcmaesieHi cyb6eepmukalibHUMU cmpyKkmypamu, a aJu-
6we — 8 0CHOBHOMY cyb620pu3oHmManbHUMuU wapamu. lloza NonoeaHiecbkoro wWoeHor 30HO (IML3) cnocmepicaembcsi HEOAHO-
piOHa 3eMHa Kopa i eepxHs1 MaHmis1 y eu2nadi pezioHanbHUx YepHieeybko-KopocmeHcbkoi ma Kipoeozpadckkoi aHomanill enek-
mponpoeidnocmi. HuzbkooMHi aHomanii npuypoYyeHi 0o npomsikHuUx cMmye i obacmeli nowupeHHs 2paghimu3zosaHux rnopio i 3o0H
Memacomamo3y 83008 30H po3siomie. B ixHix Mexax € 6inbwicmb s8idomux e pezioHi podosuw i pydonposigie pyOHUX KOPUCHUX
KonanuH. By3nu nepemuHy cucmem po3siomie pi3HO20 HanpsiMKy € 205108HUMU pydosiokanisyrodumu e L3, e ssikux eidbysanucs
aKkmueHi 2eoOuHaMiyHi Mpoyecu, a MakoX MazMamu4Ha i nocmmazMamu4Ha 2iopomepmasnibHo-MemacoMmamuyHa OisisibHicmb.
3 ocmaHHbOI Noe'si3aHo0 ymeopeHHs1 pyGOHOCHUX MemacoMmamumie, y momy 4Yucni i3 cynbghioHoro i 2paghimoeoro miHepanisa-
yiero. L3 € nepcnekmueHOI0 Ha 8usie/IeHHsI Hogux podoeul 3asi3a, 6racopodHux i padioakmueHux Memarsnie ma ixHix cynymHix
eniemMeHmis, epaghimy, piokicHux memanie. Ynepwe 0ns L3 nokaszaHo npocmoposeuli 38'A30k aHoMaril enekmpornpoegidHocmi 3
podoeuuwiamu i pydonposieaMu KOPUCHUX KonanuH. OmpumaHuli po3nodin enekmponpoegidoHocmi 8 3eMHili Kopi ma eepxHil maHmii
L3 moxe sukopucmosyeamucsi npu nobydoei 2MU6UHHUX 2e0s102i4YHUX | 2e0MmeKmMoOHuU4Yeckux modesiel, MPO2HO3HUX Memarsio-
2eHiYyHuUXx kapm i cxeM YKpaiHcbko2o wyuma (YLL), a makox Onsi NosicHeHHs 2e00UHaMi4YHUX npouyecie pe2ioHy.

Knroyoei cnoea: NonoeaHiecbka woeHa 30Ha, 3D ceoenekmpu4Ha modenb, enekmpomMazHimHi memodu, enubuHHa 6ydoea,

pydonposieu.

Bctyn. BukopuctanHusa metogis MT3 i MBI 3 meToto
OOCIiIKEeHHs1 pyoHUX reonoridHmx o6'ekTiB i npoueciB €
OOUINbHUM, OCKINbKM pO3LUUPIOE KOO 3aBAaHb, WO MO-
XyTb OyTW BUpiLlEHi Npy noluykax i po3Bigui pygHUX po-
aosuuy [4, 11, 18].

MpocTtopoBo abcontoTHa BiNbLWICTE POAOBULL, PYAHUX
KOPUCHUX KOManuH Ha TepuTopii LeHTpanbHoi YacTuhn YL
notpannge B obnacTi aHoOManin MiaBULLEHOI enekTponpo-
BigHocTi [9, 17]. Buxogauu 3 xapakTepy nokanisauii pogo-
BWLL i pPygonposiBiB KOPUCHMX KOMANwH, BUAINEHO pag me-
TannoreHiYHnx 3oH [5]:

1 — oxonnioe MNU3 — ue 30Ha 3ani3opyaHMX POAOBMULL,
nepeBaxHoO KapOOHATHO-3arni3nCTo-KpEMEHNCTO-MeTabasu-
TOBOI chopmaLlii 1 pogoBuLL, 3aMi3MCTO-KPEMEHMCTOI chopma-
uii. 3oHa MicTMTb pogoBuLla rpadiTy, XPOMy i Hikent, po-
OOBULLA | pyAONpPOsiBA ypaHy i 30510Ta B NY>KHUX MeTacoma-
TUTax, KobanbTy, MNaTUHOIAIB;

2 — 30Ha, dKa, iIMOBIpHO, 3amae NpocTip Mix Nepsoman-
CbKOI rMnBUHHOI 30HOK posnomiB (3P) Ha 3axogdi n TpaH-
CcperioHanbHUM TEKTOHIYHUM LWBOM XepcoH — CMOMeHCbk
Ha cxopai. BoHa micTuTb pogoBuLa ypaHy KanieBo-ypaHOBOI
dopmalii B OKBapLIbOBaHNX NErMaTUTOBMX XMMax i NPosiBu
nNiTieBUX NermaTuTiB;

3 — 30Ha ypaHOHOCHMX anbbiTUTIB, 30N10TOPYAHMX PYAO-
NposiBiB, NOB'A3aHMX 3 pPerioHanbHUM fy>XHUM MeTacoMaTo-
30M, fika po3TalloBaHa Bi po3MexXyBanbHOI NiHil Ha 3axoai
fo rmubuHHoi Kiposorpagcbkoi 3P. [o Hei npuypoueHi
Aanky KiMbepniTiB i HeanMasoHOCHUX NPOSIBIB NYXXHO-YIbT-
PAOCHOBHOrO MarMaTusmyj;

4 — obnactb IHryneubko-KpnBopi3bKoi LLOBHOI 30HM. Lle
pavioH MOLUMPEHHST 3ani30pyAHUX POLAOBULL, MEPEBAXKHO 3a-
Ni3NCTO-KpeMeHUCToi chopmalii 1 kapboHaTHO-3ani3ncTo-

KpeMeHUCcTo-MeTaba3nToBoi dhopmauii. BoHa MicTuTb pogo-
BULWA rpadiTy, YpaHOHOCHMX KOHrriomepaTiB, pygoBusSIBU
BOnbdpamy, KonyegaHHUX NPosBiB nomniMeTanis i nepcnek-
TUBHI KOHLEHTpaLii repMaHito.

Ha ocHoBi ocobnueocTten rmnbuHHoi 6yaoen B IMU3 aB-
Topamu [16] NpOrHo3yThCs HOBI POAOBULLIA 3ani3a, PyaHi
BY3NnW i pyAHi NONSA pagioakTMBHUX MeTanis (ypaH i Topin) i
CYMyTHiIX eneMeHTiB y panoHi lNepBoMancbLKoro posnomy,
CuHuuiscbko-CaBpaHcbkoi 30HM | JlnnoBeHkiBcbko-Kanita-
HCbKOro pygHoro panoHy. OgHUM i3 KpuTepiiB, Ha AKNX r'py-
HTYETBLCS Lie NPOrHO3yBaHHA, € Te, WO nNpupoga aHomanin
nigBULLEHOT enekTpPonpoBiAHOCTI 06yMOBNEHa HasBHICTHO
acouiauii miHepanis (cynbgiais, rpadity) y 3oHax meTaco-
MaTU4Hoi NPOpPO6GKM MopiA, Wo BeAyTb A0 YTBOPEHHS pyad-
HOT MiHepanisauii (ypaH, 301070, pigkicHi meTtanu) [8] Ha
rmmburHax nepLlumx KinomMmeTpiB Big NOBEPXHi, a TaKoX rpa-
diTu3auielo BHAcCMigoK perioHanbLHOro Metamopdismy.
AHomanii niaBuLLEHOT enekTpPonpoBIAHOCTI B 3€MHI Kopi
Ha rmubuHax 5-30 kM i y Bepxax BepxHbOi MaHTii (50—
120 km) HamnimoBipHiwe BigobpaxaloTb Cnigu BNUBY Cy-
YaCHUX MaHTIHUX NoiaiB.

Y po6oTi [17] HaBegeHO pe3ynbTaT TPMBUMIPHOTO reo-
enekTpuyHoro mogentoBanHsa U3, Mobygosa 3D mopeni
(puc. 1) Gyna 3giicHeHa Ha OCHOBI aHanidy marHitoBapia-
LiHMX  napamMeTpiB  MNona  reoMarHiTHAX  Bapiauin
(T =150 C), Tvnnepis i kpuBmux MT3 y gianasoHi nepioais
mMarHitotenypuyHoro nons go 1000-16000 c¢ 3aranom y
134 nyHkTax; ornag, cuctemaTmaadis i aHanis umMx gaHux Ha-
BeAeHi B pobotax [3, 5]. OTpumaHmi posnodin nosipHoro
€NEKTPUYHOro onopy (Pn) AaB MOXNUBICTb BUAINUTW 30HU
aHoMarbHO BMCOKOI 1 HU3bKOi €NTeKTPONpPOBIAHOCTI.

© LWupkos B., Bypaxosuu T., 2017



ISSN 1728-2713

FEOJNOrIS. 4(79)/2017

~41 ~

=2 [T 3 [—]4 5 =56 (7

S 20 - 25 km
v = A =
5 T =g et
g
ESe— o
o
s LR
/ v s 25 - 30 km
. =
= . sTeE
e &7 7=
e = 4
o E -
" o — e
Paee ;’ 50 - 120 km
s ”/___." — St =
= - & T T
: ‘ =
R -
=g
-
__; el : -__ S

o IS 10 . 112

Puc. 1. TpuBumipHa reoenektTpuyHa mogens MNuU3
YMOBHi no3HayveHHsi: A — MonoBaHiBcbka LWoBHa 30Ha; B — PocuHcbko-By3bkuint merabnok; C — IHrynbcbkuin Merabnok. Brnioku MLU3:
| = NucsiHebkui, |l — AtpaHcbkuid, [l — FonoBaHiebkuiA, IV — Tunirynscekmit. OcboBi MNiHii MUMBUHHUX 30H PO3MOMIB:
1 — nepworo nopsaky (1 — TanbHiBCcbkKa, 2 — MNepBoMalicbka), 2 — gpyroro nopsaky (3 — BpagiiBcbka,
4 — 'BO3aaBchka, 5 — Ogecbka, 6 — 3BeHuropoacbko-bpatcbka, 7 — CMinsHebka, 8 — Cyb660Tcbko-MoLLopuHebka,
9 — bobpuHeubka, 10 — KoHkebka, 11 — €munisebka); 3 — mexi 6nokis MLL3 pisHoro cknaay; 4 — niHii npodinis MT3;
5—-12 — 30HM 3 IMTOMMM onopoM: 5 —2 Om'M; 6 — 5 OM'M; 7 — 10 Om-m; 8 — 25 Om-M; 9 — 50 Om-m; 10 — 100 Om-Mm;
11 — 250 Om'm; 12 — 10 000 OmM

3 noBepxHi BUSBNEHO BENWKY KinbKiCTb aHOManin 3 nu-
TOMUM onopom p = 2-250 OM-Mm, AKi YacTKoBO 36iratoTbes i3
30HaMW 34neHyBaHHsi 6MokKiB, rMUOMHHMMK 30HaMK PO3Mo-
miB (3P) Ta ixHiMn nepetuHamun. Mepexa NpoBiOHMKIB Ha
rmubuHax 0,1-2,5 km 3 p = 10-100 Om-Mm Bigobpaxae cuc-
Temy 3P, Takux sik TanbHiBcbka, NepBomMaliceka, Bpagiis-

cbka, [BosgaBcbka, 3BeHuropofckbko-bpatcebka, CMminsH-

cbka, Cy660oT1cbko-MolopuHebka. Akwo go 2,5 km nposia-
HUKW NpeAcTaBneHi cyGBepTUKanbHUMWU CTPYKTypamu, TO
rmnble 3 KM CnocTepiralnTbCA NepeBaXHO CyOropusoHTa-
nbHi wapw [17]. Ha 3-10 kM 3ansrae andgepeHuiioBaHa no
p = 10-250 OM'M aHoManis, sika po3TalloBaHa Ha MiBHOMi
[onoeaHiBcbkoro 6roka. mubwe 10 kM po3nogin aHoma-
NbHO BMCOKOrO/HU3bKOrO P HOCUTb MO3aiYHWIA XapakTtep.



~42 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

Tak, aHomanii Bucokoro p = 10000 Om-m goGpe y3romxy-
I0TbCHA 3 MUOUHHUMK YaCTMHaMM MacKBIB rpaHiToigiB: Yma-
Hcbkoro, HoBoykpaiHcbkoro Ta KopcyHb-HoBomupropoach-
KOro. Y 3eMHili kopi aHomanii Hu3ekoro p = 10-250 Om-M ckna-
[OHOI KoHdpirypauii npuypoyeHi oo JNncsHebkoro 6mnoka, LeHT-
panbHOi YacTUHK TanbHiBCbKOT 1 nepeTuHy KoHkebkoi Ta Me-
pBomaricekoi 3P. Po3nogin p Ha rmnbunHax 50—120 km Bigno-
Bigae "HopmansHomy" ansa YL i posginse HeogHopiaHy Bep-
XHIO YacTuHy MaHTii [17]. 3a gaHumu pisHnx metoais M3 €
nepexigHow obnacTio 3a CKNagoM apXerCbKUX KOMMIEKCIB
3eMHoi Kopw [14], a Takox 3a TMNamu MaHTii: Ha 3axodi BoHa
€ AndepeHLUiioBaHo, Ha cxofi — AenneToBaHoto [15].

Taknum yuHom, U3 xapakTepuayeTbeca cknagHUM pos-
noaifiomM p, HasiBHICTIO sIK MPUMNOBEPXHEBUX, TaK i IMUOUHHMX
KOHTPACTHUX HEOAHOPIOHOCTEN eNneKTPOonpoBIAHOCTI foKa-
NBHOrO Ta perioHanbHOro MacuTaby, Lo NpuypoYeHi 4o oc-
HOBHMWX CTPYKTYPHO-TEKTOHIYHWNX OOUHULb PETIOHY.

3B'AI30K aHOManin eneKTpPonpoBIiAHOCTI 3 pPoOAOBU-
wamm i pyaonposisaMm KOPUMCHUX KonanuH. Yacto pogo-
BULLA | PYAONPOSBM PYAHUX KOPUCHMX konanuH M3 posTtawio-
BaHi 6e3nocepeaHbO B 00'eMi NpMNoOBEPXHEBUX aHOManil ene-
KTponposigHocTi. KpiM Toro, iXHE po3TallyBaHHsI CNIPSPKEHO i 3
BinbLU rMMBMHHYMK NPOBIGHUKaMK, A0 NPOEKLT KOHTYPIB AKX
BOHM noTpannstoTh [8, 16]. Ocobnmeo sickpaBo Le BUSIBNIEHO
ansa Cy66oTtcebko-MoLuopuHeekoi 3P, y Mexax sikoi fokanisy-
I0TbCSA POAOBULLA | PyAONPOSABY 3ani3HUX PyA, rpadiTy, ypaHy,
Xpomy, 3or1oTa (3okpeMa Mavicbke pofoBuLLE), HIKEMHO, piaKic-
Ho3emerbHUX enemeHTiB. [Jo uiei 3P npocTtopoBo npuypoYeHi
aHomanii eneKkTponpoBIQHOCTI Ha Pi3HNX rMMBWHaXx, ski NpoJo-
BXYIOTbCS i Ha 3axoAi B mexax I'LL3 Ta BusiBneHi B3goBx npo-
dhinto "MepBomaricekunit” (pyc. 2). HU3bkooMHi 30HM Bynn BUsiB-
neHi B Mexax Lboro npodinto e Ha eTani AkicHoi iHTepnpeTa-
uii [3] B mexxax 3P, wo nepeTtnHatoTe Npodinb: TanbHIBCLKOI,
KypaBnuHcbkoro HacyBy, EMunicbkoi, MNepBomaricbkoi. MNpu

Poowcnost | ONOBAHIBCbLKA
€&

0 100

nobyaoBi TPUBMMIPHOT MoZeni iXHi MPOCTOPOBI NapamMeTpu Ta
€MNeKTPONPOBIAHICTE By YTOUHEHI.

MceBOoopo3pian pn NOKa3ywTb, WO HaBedeHa B poboTi
[17] mogenb po3nodiny p 3a40BOMbHSAE CNOCTEPEXEHI AaHi
(puc. 2, a, 6). JlokanbHi enekTponpoBigHi 06'ekTH, WO 3a-
KnageHi B Mogene y panoHi TanbHiBcbkoi 3P Ha rmmbunHax
no 100 m i 10-30 km (puc. 2, ), 4anu MOXNMBICTb AOCAITU
HM3bKUX 3HAYeHb Pn Ha BCbOMY AianasoHi T (puc. 2, B, r). Y
LibOMY panioHi po3TalloBaHi pyaHi nons: Xalesartcbke, 3a-
BanniBcbke Ta CaBpaHCbKe, WO MICTATbL pogoBuLLa Ta py-
[onposiBuM 3ani3HuX pya, Hikento, kobaneTy, rpadity, 3onoTa
(Mancbke) Ta iH. Ha rmubuHax 3—10 km Ha 3axig Big €mu-
niecbkoi 3P posTawoBaHa aHOMarisi enekTponpoBigHOCTI,
LLIO OXONJIOE BCHO Lo obrnacThk i Bignosinae Moby3bkomy me-
TanoreHiyHomy parnony. [lo Nepeomarcekoi 3P npuypoyeHi
NPOBIAHWKM 3 MOBEPXHi A0 2,5 KM, a TaKoX Ha rmmbuHax 10—
30 kM (puc. 2, 8), y Mexax Skux BUsIBMNEHi pyAonposiBu 3ani-
3HUX Py i piaKiCHO3EeMENbHUX eNeMEHTIB.

3a gaHvmu [8], nepcnekTBHI KOHLEHTpaUii ypaHy i 30-
fioTa 4YacTo nNpuypoYeHi Ao NiHINHUX aHoManin enekTponpo-
BiAgHOCTI Ha rmmnbuHax 0,1-2,5 km B IHrynbcbkomy Merabnodi
YL, wo noe'sA3aHi i3 30HaMM MeTacoMaTU4YHO 3MIHEHUX MO-
pig. Cnig BuAaiNnUTK cnpshKeHiCTb 30H NiABULLEHOT enekTpon-
posigHocTi KipoBorpaacbkoi, MNepBomaricekoi, BobpuHeLbkoi
3P 3 pogoBuamy i pyaonposBaMu pPi3HMX KOPUCHMX Kona-
nvH [8, 9]. MopibHi aHomanii BusineHi v y MNU3 i 3 HAMKM Tak
CaMo CrpshkeHi pogoBULLIa | pyAonposiBU 30M10Ta, ypaHy, rpa-
oity, nitito B MNepeomaricekin 3P, a Takox nobnudy TanbHis-
cbkoi 3P (CaBpaHcbke pygHe none).

Y po6oTi [5] aBTOpaMun HaBegeHO MeTanoreHiYHe panoHy-
BaHHs B Mexax JlncaHcbkoro, AtpaHcekoro i FonosaHiBCLKOro
6nokiB niBaeHHoi YacTuHm M3, a Takox npunernoi TepuTopil
[HicTpoBcbKo-By3bKkoro Ta IHrynbcbkoro Merabnokis. BuaineHi
MeTasoreHi4Hi TakCOHM NPOCTOPOBO 36iratoTbCA 3 NPOEKLISIMU
aHoManiv BUCOKOI eNeKTpOonpoBIigHOCTI Ha OEHHY NMOBEPXHIO.

woBHa 30HAa baryTacuod
WH

Puc. 2. NMpodinb "MepBomaiicbkuin”. NceBaopo3pian NosipHoro onopy 3a cnocrepeXxeHMMn AaHUMK:
a — MiBHiYHa KOMMOHEHTa; 6 — cxiAHa KOMMNOHEHTA; 3a MOAENbHUMY AaHUMK: B — NiBHIYHA KOMMOHEHTA, I — CXiAHA KOMMOHEHTA;
A — po3pi3 3D mogeni Ta poAoBuLLa | pyAONPOSABY PyAHUX KOPUCHUX konanuH [10].
3oHu poanowmis: Tn — TanbHiBcbka, EH — Emunisebkoro HacyBy, XKH — XKypasnuHcbkoro Hacysy, MM — MNepBomaricbka
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Tak, 30Ha aHOMarnbHO BMCOKOI eNeKTPonpoBigHOCTI Ha
rmnbuHax go 50-100 M y BurnsAai cuctemmn cyGLIMPOTHUX
npoeigHukis 3 p = 10-250 Om M BignoBigae NPOrHO3HUM py-
AHUM nonsm Lampaescbkomy, MonoBaHiBCbkoMy i TposiH-
CbKOMy [5], kMM XapaKTepHi BUCOKI KOHLeHTpaLii 30m0Ta,
TUTaHy, piAKo3eMenbHUX enemMeHTiB, ypaHy Ta Mmigi. TyT xe
posTawoBaHo i [pylwiKoBCbke pyaHe none i3 3anisopya-
HUMU, Hikenb-k06anbLTOBMMU, MapraHLEeBOPYAHUMM, YpaHO-
BVMMM pyZonNposiBaMu. YCi BOHM NOTPaNIsoTb Y KOHTYP aHo-
Manii eneKkTponpoBigHOCTI Ha rMnbuHax 3-10 kv, andepex-
uinosaHoi 3a p = 10-250 Om M, d = 50 km, | = 80 km, ska
po3TalloBaHa B MiBHIYHIN YacTuHI [onoBaHiBCbKkOro Grioka
(puc. 2) Ta obmexeHa yacTMHamu TanbHIBCbKOI, BpagaiiBchb-
Kkoi, MepBomalicbkoi Ta Emuniscbkoi 3P. BoHa maixke noe-
HicTio 36iraetbcsa 3 BigoMuMm [M0GY3bKMM MeTanoreHiyHum
paioHOM, SIKUA XapaKTepU3yeTbCH Hikenb-XpoM-kobanbTo-
BOIO, 3050TOPYAHOI, rpadiToBol MiHepanisadieto. [Mpu-
poaa uiei aHomarnii BUCOKOI eneKTponpoBiAHOCTI WBMAaLLe
3a BCe NoB'A3aHa 3i cneundiyHnM ckrnagom i rpadpitmsauieto
nopig, a TakoX iXHbOKW MiABULLEHOK TPIlMHYBATICTIO. Y
LbOMY paioHi AOKeMOpINCbKi nopoan npencTaBneHi nepe-
BaXKHO rHencamu, crnaHusMu, rpaHyniTamn i pisHOMaHiT-
HAMM MarmMaTU4HMMK Nopoaamu, 3 SKUMK NOB'A3aHi poao-
BuLLa rpadiTy. Hanbinblw npoeigHa YacTuHa uiei aHomanii
HaneXxuTb 40 palioHy MaKCMMarbHOro Po3BUTKY rinepbasu-
TiB (cepneHTuHITIB) CepeagHboro MNobyxoka — KanitaHiska —
JInnoBeHbkU. AKLO 3 NOBEPXHI NiABMLLEHA €NEKTPONpPOBIa-
HICTb LIBMALLE 3a BCE NOB'A3aHa 3 PO3BUTKOM CEPNEHTUHI-
TiB, TO rMubLLE i NpMpoay MOXHA NOSICHUTK rpadpiTu3adiero
i TpilwmHyBaTICTIO Tipcbkux nopia. LleHTpanbHa 4acTuHa
aHomanii 3 p = 10 Om M 36iraeTbca 3 [lepeHoXiHCbKUM pya-
HUM BY3I1OM, LU0 BkItoyae B cebe MongoBceke, KanitaHis-
cbke Ta TepHyBaTCbKe pyAHi nons i BignoBigHi pogosuLLa
3anisHux pya: Mongosceke, CekpeTtapcbke, Jlawiscske, Ho-
Bocenuubke Ta iH. Kpim Toro, HasBaHi pyaHi nons posraiio-
BaHi B Mexax aHomanin Ha rnmbmHax 0,1-2,5km 3
p =50 Om m B panoHi Bpagiiscbkoi 3P.

AHaH'iIBCbKa CTPYKTYPHO-MEeTanoreHiyHa nig3oHa cnpsi-
KeHa 3 aHoMarieto enekTponposigHocTi B3gox 30° cx.4. 3 p
= 100-250 Om M. Lia nignsoHa Bkntoyae B cebe BiooMi pyaHi
nons: XawesaTcbke, 3aBanniscbke, CaBpaHCbKke Ta NPOrHo-
3Hi: OnbxoBeLpbke i MonsiHeupke. [piGHiLWi MeTanoreHiyHi Ta-
KCOHU BiAMOBiAaTb NPOBIAHMKAM Bif MOBEPXHi 1 A0 MMUOUH
2,5km 3 p =10 OM M y pavioHi TanbHiBCbKOI 1 BO3AaBCLKOT
3P. HanimoBipHiwe npupoga uUMx aHOManin MOsICHIETHCS
3Ha4yHMM BMicToM rpacdpity ax ao 20-30 %, gk y mexax 3a-
BanniBCbKoro pogosuLla. TyT e BUSBIEHI PyaONposiBM 30-
noTa, ypaHy, 3anisHux i MapraHueBux pyf, piako3emernbHi
nposien. [1o CaBpaHCbKOro pyaHOro Mosisi HanexuTb Aobpe
Bigome Maricbke pogosuLLe 3050Ta.

MiBoeHHiwe, mix 48°00' Ta 48° 30' NH. W. po3TallIOBaHi
CMUCTEMW MPOBIAHUKIB Y BUIMSAI TPbOX NapanenbHux, ranb-
BaHIYHO He 3B'A3aHMX MiXX coboto, 06'ekTiB cyOMepuaioHa-
JNIBHOTO MPOCTAraHHA WuprHot 10 kM, OBXMHOK 3045 Km
Ta 3 p = 2-100 Om M Ha rnmbuHax meHwe 50-100 m. Mpoc-
TOPOBO B IXHiIX MeXax po3TalloBaHi BXe 3ragaHi Jlawiscbke,
HoBocenuubke pogoBuLa 3anisHux pya, Jllososatceke i Ka-
NVHIBEKE POAOBMLLA YpaHy.

B iHTepBani runbuH Big 100 M 4o 2,5 KM Y reoenekTpuyHIin
mMozeni nigibpaHi B OCHOBHOMY CybmepumaioHanbHi NpoBiaHMKA
3 p =50 OM Mm, 5iki 3 NiBHOYI Ha NiBAEHb ranbBaHi4HO 3B'3aHi B
OOMH NnaHutor. Y panoHi Nepsomaricekoi 3P BOHU CnpsKeHi 3
pyaonposiBaMu 30510Ta, ypaHy, NiTito, PigKiCHNX 3eMernb.

Mpupoaa aHomanin eneKkTpPonpPoBIAHOCTI LleHTpanb-
Hoi yacTuHm YLU. 30HKM nigBMLEHOI eneKkTponpoBIgHOCTI
MOXYTb OYTV NpeacTaBneHi Sk TBEPAUMM, TaK i pigkumu da-
3amu — coriroigamum. Onip nopig kopu 3i 36iNbLUEHHAM TeM-
nepaTtypu 3meHLyeTbca HabaraTto cnabkille, HiK Npy nosBi

TBepaoi abo pigkoi dasm nposigHuKiB. Bucoka enektponpo-
BiAHICTb Y KOpPi MOXe ByTn NOsiCHEHa BKIMOYEHHAMU rpaddiTy
i cynbdiaiB, SKi MOBWMHHI BOMOAITM CYLNbHOK 3B'A3HICTIO,
arne B reorioriyHin icTopii 4aBHbOI KOHTUHEHTArbHOI KOpK Lii-
JIKOM MOXITMBI €Tanu akTuBi3aUil, i ToAi HU3bKWIA onip B Hag-
pax WwuTiB MOXe OyTu NoB'A3aHWi 3 NPUCYTHICTIO dontoiaiB
Pi3HOro0 NOXOOXKEHHS.

EnekTponpoBigHi CTpykTypu Ha rmubuHax 6nmsbko 2-
10 KM MOXYTb YTBOpIOBaTUCA B pe3ynbTaTi AunaTtaHcii —
3MiHM o6'emy nopoaun npu 3cyBHi gedpopmadii [13]. MpoTe
CKIagHO YABUTW peanisauito Takoro MexaHiamy enekTponpo-
BiJHOCTi Ha BENUKUX MMONHAX y CepeaHili i HKHIN YacTUHaXx
KOPW, OCKINMbKW 3i 30iNbLUEHHAM TUCKY | 3MEHLLEHHSM NOPUC-
TOCTi B nopoAax BiCOTOK 3B'A3aHNX KaHariB 3MEHLLYETHLCS.

Pa3som i3 T1m, Bigomo, LLO KpucTanisauis po3nnasis 3a ne-
BHMX YMOB MPU3BOANTL A0 YTBOPEHHS LUApyBaTUX IHTPY3uUB-
HWUX TiN 3 NiABULLEHOIO 3ani3nCTICTIO BEPXHIX LWwapiB [2, 12].
CunikaTn 3 AOMiLLKOI Midi, BiCMYTY Ta iHLUMX NepexiagHnX me-
Tanis MaloTb BUCOKY 34aTHICTb 40 NPOBIAHOCTI CTPYMIB 3a Bi-
[OHOCHO HM3bkux TemnepaTyp [1]. [o niaBULLIEHHST enekTpon-
POBIQHOCTI OKPEMMX LUAPIB MOXE MPU3BOAUTU | HACUYEHICTb
ix ByrneueM. MnacTuyHicTb, cnabka po34nHHICTb y Marmi rpa-
iTy [O3BONSAIOTL MOMY KOHLIEHTpYBaTucs y Burnsai 6esne-
pepPBHMX MDK3EPHOBUX MMIBOK Y TOBLUAX BEPXHIX KpucTaniy-
HMX Nopia Ha BiQHOCHO BEMNWKUX NoLax.

Y pobori [13] HaBegeHo pe3ynbTaTi BUBYEHHSI OMNOpPY Mo-
pia, nigHATMX 3 Hagrnmbokoi Kpmeopisbkoi cBepanosuHu. ns
MOACHEHHSI CNOCTEPEXEHMX ABWLL, 3aNpPONOHOBAHO NEePKOns-
LiNHWIA MexaHi3aM eneKTPonpoBigHOCTI ABOa3HOro cepeno-
BuwWa. BiH Moxe OyTu peanisoBaHuin B NPOLIECI AECEPNEHTU-
Hizauii nopig [7] 3 BUBINbHEHHAM hrtoigy, KU 3anoBHUB TPi-
LMHYBATICTb, BWKIWKaHY HaAMULIKOBMM TUCKOM. Proig,
cnpusB 36iNbLUEHHIO 3B'A3HOCTI NPOBIAHMKIB, 30Kpema rpadi-
TOBWX BKpanmneHb, i 3aranbHa enekTponpoBigHICTb 3pocna o
piBHS, Npy skomy nomiTHa KipoBorpaacbka iHAYKLUiMHa aHo-
Manisi B reoMarHiTHMX Bapiaujisix.

Taki ysBrNeHHs1 NOEAHYHOTb riNoTe3n eneKkTponpoBiaHOCTI
— conroigHy i rpacpiToBy.

AnbTepHaTuBHa Touka 30pYy BUKMNadeHa B MoHorpadii
[6], ae Byno 3anponoHOBaHO MOSICHEHHS NPUPOAW TMNOUH-
HMX HU3bKOOMHUX aHomanin (rmubwe 25 km) "saTarysaH-
HAM" Ha rMMBKHY ripcbKMX Mopia (3anisucTi KBapuuTw, rpa-
hiTOBMICHI KpucTaniyHi nopoam) 3a rmmbuHHummn 3P y npo-
ueci cybaykuii. Lli BucokoenektponposigHi nopoau (30—
300 Om m), meTamopdisoBaHi 40 rpaHyniToBoi cauii, 36e-
pernuca Ha rmmubuHi nig nopogamu, WO BOSOAITb BUCOKMM
€nekTpuYHUM onopom (1-5 kOm m).

BucHoBku. By3nn nepetuHy cuctemM po3nomiB pPi3HOro
HanpsMKy € TOfIOBHMMMW PYAOroKani3yloyMmn 30HaMu B
W3, B sikmx BiaOyBanucst akTMBHI reoamMHaMiyHi npowuecu, a
TakoXX MarMaTuyHa i nocTMarmMaTuyHa rigpoTepmanbHO-Me-
TacoMaTuyHa AisnbHICTb. 3 OCTaHHBOW MOB'A3aHO YTBO-
PEHHS pi3HOOPMALIiHUX PYOAOHOCHUX MeTacoMatuTiB, Y
TOMY umcri i3 cynbgigHo i rpadiToBOK MiHepanisauieto.

MNU3 € nepcnekTMBHOIO Ha BUSIBMEHHSA HOBMX POAOBMULL,
3ani3a, 6bnaropogHVX i pagioakTMBHMX MeTaniB Ta iXHiX cy-
NyTHIX enemMeHTiB, rpadiTy, piakicHMX meTanis. HN3bKOOMHI
aHoManii npuypoYeHi 40 NPOTSKHMX CMYT | obnacTei nowwm-
peHHs rpadiTOBMICHMX nopig i 30H MeTacomaTo3y B3OO0BX
NPOTSHKHMX 30H po3nomiB y Mexax NU3. B ixHix mexax po-
3TaWOBYOTLCA BiNbLWICTE POAOBULY, | PyAONPOSABIB PYAHUX
KOPUCHUX KomnanuH, 3okpema CaBpaHcbke i KanitTaHiBcbke
pyaHi nons, Monpgoscbke, CekpeTapcbke, JlawiBcbke, Ho-
BOCENMLbKE POAOBHMLLA 3ani3HNX py4, 3aBanmiBcbke poao-
BuLe rpadiTy, lNMiBaeHHe, JlosoBaTtcbke i KanuHiscbke pogo-
BuLLA ypaHy, Malncbke pogoBuLle 3050Ta, a TakoX pyaon-
posiu rpadity, ypaHy (onoBaHiecbke, LLlampaiBcbke, Ko-
XaHOBCbKe), TUTaHy, 30M0Ta, 3anisHux pya, niTito, migi, Ko-
6anbTy, Xpomy, Hikento (Jemos'apcbke) Ta iH. [NMpoBeaeHHs
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AeTanbHUX eKcriepuMeHTanbHUx pobiT metogamu MT3 i
MBI i3 3acTocyBaHHsIM HOBITHBOI anapaTypu Ta MeToauKn
CMHXPOHHOro 3anucy, obpobka ixHiX pedynbTaTiB 3a JoMo-
MOFOK Cy4aCHUX NPOrPaMHUX KOMMMEKCIB Aa€ MOXIMUBICTb
BMKOHYBaTW perioHarnbHe i flokanbHe NPOorHo3yBaHHA PyAo-
NposiBiB i POAOBULL, KOPUCHUX KoManuH y mexax YL,
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ELECTROMAGNETIC METHODS
FOR FORECASTING OF MINERAL RESOURCES OCCURENCES

The purpose of the article is to study the relationships of electrical conductivity with geodynamics, metallogenic and structural features of the
geological environment. Methods: three-dimensional geoelectrical modelling using Mtd3fwd R.L. Mackie's program based on geophysical experiment
as magnetotelluric sounding and magnetovariational profiling investigations. It revealed that the anomalies of high electrical conductivity with p = 2—
250 Ohm-m in the crust coincide with the deep fault zones: Talne, Pervomaisk, Vradievka, Gvozdavka, Zvenigorod-Bratsk, Smila, Subbotsko-
Moshorinka; to the depths of 2,5 km they are subvertical structures and deeper — mainly subhorizontal layers. Outside the suture zone a
heterogeneous upper mantle is observed. The low resistivity anomalies are confined to the alongated strips and areas of the spread of the graphitized
rocks and metasomatic zones extended along the fault zones. On its boundaries there is a large amount of the ore deposits in the region. The nodes
of the intersection of fault systems of the different directions are the main ore-localizing structures in the Golovanivsk suture zone, in which the
active geodynamic processes occurred, as well as magmatic and postmagmatic hydrothermal-metasomatic activity. The last is associated with the
formation of the ore-bearing metasomatites, including sulfide and graphite mineralization. The Golovanivsk suture zone is promising for the new
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deposits of iron, noble and radioactive metals and their accompanying elements, graphite, rare metals. For the first time, the spatial relationship
between the electrical conductivity anomalies and mineral occurrences is shown for the Golovanivsk suture zone. The distribution of electrical
conductivity in the Earth's crust and upper mantle of the Golovanivsk suture zone can be used for the developing of deep geological and tectonic
models and predictive metallogenic maps, as well as for an explanation of geodynamic processes in the region.

Keywords: the Golovanivsk suture zone, 3D geoelectric model, electromagnetic methods, deep structure, mineral occurences.
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WHcTuTyT reodmsnkm um. C.U. Cy66otnHa HAH YkpaunHbi
np. Akag. MannapuHa, 32, r. Knes, 03680, YkpanHa

ANEKTPOMAIHUTHLIE METOAbI
NPU NPOrHO3UPOBAHUN PYOONPOABIEHUM MONE3HbIX UCKOMAEMbIX

Lenb pabomsi 3akioyaemcs 8 usyvyeHuu cesizell 3/1IeKmponposodHocmu ¢ 2e00UHaMUKOU, Memasio2eHU4ecKuUMU U CmpyKmypHbIMU 0CO6eHHOC-
msimu 2eonozuyeckoll cpedbl. MemoOdbl: mpéxmepHoe 2eo3siekmpuyeckoe ModenuposaHue 2eosio2uqeckoli cpedbl ¢ MoMowbio npozpammbsl Mtd3fwd
R.L. Mackie Ha ocHO8e OaHHbLIX Ma2HUIMOMeJsTypu4ecKo20 30HOUPOBaHUsI U Ma2HUIMO8apuayUoOHHO20 nNpoguupoeaHusi. BoisienneHbl aHomanuu ebico-
Kol anekmponpogodHocmu ¢ p = 2-250 OM M 8 3eMHOU Kope, Komopble cognadarom ¢ as1y6uHHbIMU 30Hamu pa3nomos: TanbHoeckol, [lepeomatickol,
Bpadueeckoli, [eo3daeckoli, 3seHu2opodcko-Bpamckoli, CmensiHckoli, Cy66omcko-MowopuHckol; do 2ny6uH 2,5 kM npedcmaesieHbl cybeepmukasib-
HbIMU cmMpYyKmypamu, a 2s1y6)ke 8 0CHO8HOM Cy620pU30HMasbHbIMU CI05IMU. BHe MonoeaHesckoli woeHoU 30HbI Habnrodaemcsi HEOOHOPOOHasi 3eMHasi
Kopa u eepxHsisi MaHmMusi 8 sude pe2uoHanbHbIx YepHosuyko-KopocmeHckol u Kuposozpadckoli aHomanuli anekmponpoeodHocmu. Hu3KooMHbIe aHo-
Masnuu npuypoYeHbl K MPOMsHKEHHbIM rosiocamM U obriacmsim pacnpocmpaHeHus epaghumu3uposaHHbIX Mopod U 30H Memacomarmo3a 0d0JIb rpomsi-
JKeHHbIX 30H pa3siomos. B ux npedenax Haxodsmcs 60/bWUHCMBO U38ECMHbIX 8 pe2uoHe MecmopoxdeHuli u pydonposienieHuli pyOHbIX MONIe3HbIX
uckonaembix. Y3/bl nepeceyeHusi cucmem pas3sioMoe pa3siu4HO20 HanpaesieHusl s18Nisilomcs annasHbIMu pydosiokanusupyrouwumu e ML3, e komopbix
npoucxodunu akmueHbie 2e00UHaMuYecKue MPOYEcChl, @ Makke MazMamuyeckasi U nocmmazmamuyeckasl 2udpomepmasnibHo-Memacomamuyeckasi de-
ssmenbHocmeb. C nocnedHell cesi3aHO ob6pa3oeaHue pyGOHOCHbLIX MemacoMamuimos, 8 moMm 4qucse ¢ cynbgudHol u epaghumoesoli MuHepanusayueu.
T3 ssensiemcsi nepcrneKkmMueHoli Ha 8bisie/IeHuUe Ho8bIX MECIMOPOXAeHull xene3a, 651a20p00HbIX U paduoaKkmueHbIX Memarsnsios u ux conymcmeyruwux
anemeHmos, 2pagpuma, pedkux Mmemasnos. Bnepenie dns L3 nokazaHa npocmpaHcmeeHHasi cesi3b aHoMasnull 351eKmpornpo8oGHOCMU C MECIMOPOX-
OeHusiMuU U pydorposiesIeHUsIMU MoJs1e3HbIX uckonaembix. [losyyeHHoe pacnpedenieHue 351eKmponpo8odHOCMU 8 3eMHOU Kope u eepxHeli maHmuu L3
MoOXem ucrnosib308ambCsl MPU MOCMPOeHUU 2/Ty6UHHbIX 2e0J102UYECKUX U 2e0MEeKMOHUYecKuUx Modesiell, MPO2HO3HbIX MemMaslslo2eHUYeCcKuUx kapm u
cxeM YKpauHCKO20 wyuma, a makxe 011 06bsicCHeHuUs1 2600UHaMUY€eCKUX MPOY,Eeccos8 pe2uoHa.

Knroyeenie cnoea: NonoeaHeeckasi wioeHasi 30Ha, 3D 2eoanekmpuyveckasi Modeslb, 35IeKmpomMazHUMHbIe Memodsbl, 2i1y6UHHOe cmpoeHue, pydo-
nposieneHus.
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Feonornyeckum MHCTUTYT, yn. NManutkoBckown, 31, r. T6unuccu, 0186, Npyaus

BYJIKAHOIEHHBIE MECTOPOXAEHUA LBETHbLIX METANNOB
NAJIEOOCTPOBOAY>XHbIX COOPY>XEHUM U NPOBJIEMbl FEHE3UCA PY[]
(va npumepe pyaHbix o6bexkToB Npy3un, ApmeHun m Typuumn)

(PexomeHAo8aHO YrieHOM pedaKyiliHoi Konezii 0-poM 2eos.-MiHeparn. Hayk, npog. B.M. 3azHimkom)
Lens: usy4yeHue okosnopydHo20 npocmpaHcmea 8yJsIkaHO2eHHbIX MeCMopPOoXGeHUll YeemHbIX Memarssioe rnaaeoocmpo8olyKHbIX
coopyxeHul (Ha npumepe MadHeyribCK020 MECMOPOXOeHUs1) u onpedesieHue ycrioeuli ux hopMupo8aHUsi C UCIOJIb308aHUEM 2€0XU-

mMudeckux u mepM06apoeeOXUMuqec1(ux uccnedoegaHull.

MemoOoki: ebinonHeHO KapmuposaHue Kapbepa MadHeyibcKko20 MecmopoxdeHus, onpedesieHbl cooepxaHusi PeOKUX U pacCesiHHbIX
anemeHmoe Ha npu6bope ICP-MS, e Neonozuyeckoli cnyx6e CLUA u KagkazckoM uHcmumyme MUHepasibHO20 ChipPbs NpoeedeHbl mep-
MobapozeoxumMuyeckue uccriedoeaHus U onpedesiéH U30MonHbIl cocmae Kucsiopoda u eodopo0da 8 pyodax.

Pe3ynbmamei: 8bisienieHbl CMpyKmMypHbie 0CO6eHHOCMU Mecmopo)XOeHUs, XapaKimep OKO/I0pyOHO20 rpocmpaHcmea, ornpedenéx
MUHepasibHbIl cocmase Memacomamumos u dokazaHa MHO203marnHocmb (hOPMUPO8aHUST MECIOPOKOEHUU.

Hay4Hasi Hogu3Ha: ebicKa3aHbl COOOPaXXeHUsI O 2eHe3Uce 8Y/IKaHO2EHHbIX MECMOPOXAeHUl anbnuliCKux naneoocmpo8olyXXHbIX
COOopYyKeHUl ¢ y4€MOM 8bIMNoJTHEHHbIX agmopamu mepmobapozeoxumMuyeckux uccredosaHutl, @ makke ¢ rpussieyeHUeM cyuecmesyto-

wux 8 Hay4YHOM mMupe npedcmaesieHull 0 2eHe3Uce Mecmopo)xoeHul.

lMpakmu4eckasi 3Ha4uUMOCMb: OnucaHHble ocobeHHocmu oxonopdeoao npocmpaHcmea Mmo2ym 6bImb C ycrnexom ucrnosib308aHbl
e dpyaux peauoHax e rpouyecce rroucKoe Mecmopo»(deHu& 8YJIKaHO2€eHHO020 Krlacca.

Knroyeenlie cnoea: Kaekas, 8YJIKaAHO2€eHHbIe Mecmopo;kdeHus, cmpykmypa, yeemmHbie Memalsijibl, MemacomMamu4ecKkue U3MeHeHuUsl.

BBepeHune. B ueHTpanbHon 4vactu Anbnuiicko-luma-
Nanckoro ropHOro nosica CoOXpaHWnNncb oparmMeHTbl naneo-
OCTPOBHbIX AYr U MpUMerawLmMx K HUM CTPYKTYp — 3aayro-
BbIX M BHYTPUAYroBbIX MOPCKUX naneobaccenHos. OgHowm ns
TakMx naneogyr sensetca [loHTuiicko-KOxxHOKaBKa3ckas
(Ha puc. 1 dparmeHTbl Naneoayry BblAENEHbI CEPbIM LiBe-
TOM). VIMEHHO B €€ BYINKaHOCTPYKTypax COCPEAOTOYEHbI
Hambonee kpynHble No MaclwTabam MecTopoXaeHUs LBEeT-
HbIX METanmnoB KonyedaHHoOro cemencrea. B anbnuiickyto
3MOXYy MaKCUMYM BYIKaHNU4YECKOW aKTUBHOCTU Mpuxoauncs:
Ha BOCTOKE MarieoCTpyKTypbl — Ha Ganoc-no3aHo opy, a
Ha 3anage (B Typumu n 'py3un) — Ha men. K yucny BaxHen-
LUMX TEKTOHUYECKUX COOBITUI, NpeaonpenenmBLLNX Feoso-
rMYeckuin obnuK anbnup 3TOro CermMeHTa ropHO-cKnagva-
TOTO COOpPYXEHWsi, OoTHocATcs: 1) oTTopKeHue WpaHckon
MUKPOMMUTbI OT kpasi oHABaHbI B NnepMu-Tprace n ee npu-
coeaiMHeHne K akTMBHOM EBpasnarckon okpavHe BocTouHo-
TrxookeaHCKOro TMna; 2) packpbiTve B KOHLe Tpyuaca — Ha-
Yyane topbl pudTa, NPeodbpasoBaHHOrO B OAHY M3 BETBEW
okeaHa Heotetuc; 3) obaykumsi B CEHOHE OKeaHU4eCKMX
KOMMNNEKCOB — Mo obpasHomy BbipaxeHuto A. KHunnepa,
obo3Havatowan "cmepTb" okeaHa [19]. 3aeck B3aMmogenc-
TBOBanu B TeyeHue anbnuickoro umkna Ckudpckas u KOx-
HokaBka3cko-lNoHTulickasi (akTMBHasi naneookpavHa EBpa-
3MaTCcKoro KOHTMHeHTa) ¢ MoHaBaHckummn 6nokamu (KnpLue-
XUpckuM, AHaTonunckum, Taepckum, [apanaresckum wu
apyrumn). B HacTosLee Bpemsa 3TU NOABWMXKHbIE BrnokM 3e-
MHOW KOpbl (TeppenHbl) pasfaeneHbl LIOBHbIMWA 30HaMu
(cyTypamu), 6onbluas YacTb KOTOPbIX MapKMpyeTcs yrnbTpa-
6a3nToBbIM MenaHxeM. 34ecb, Ha akTMBHOW OkpaunHe EB-
poasnaTcKoro KOHTMHEHTa BO3HMKanu TepMoaHoManuu,
pasMeLLeHne KOTopbIX ObiNo n3bupaTtensHsIM 1 CoBMaaano
c obracTsiM1, UCMbITaBLUMMK HAUBONbLUME HAaNPSPKEHUSA —
30HaMN BMAWAHWUA TPaHCHOPMHBLIX pasnomoB. MmeHHO B
3TUX MECTaXx, B YCIOBUSAX KOHBEPreHTHOrO B3anMoaencTBus
MUKPOMIUT, NPOSIBNANAach ByfKaHU4YecKas akTMBUHOCTb, a
Takke rmaporepmanbHas AeATeNbHOCTb.

Pe3ynbTathl. Ha Typeukoin Tepputopuy NpoOMbILLNEH-
HbIMWU MECTOPOXAEHUSAMM KONYyeaHHOro ceMencTea ABns-
toTcsa Awmken, JlaxaHoc, Kytnynap, Yaenu, Mypryn, Yeppa-
Tene. 34eck e pasmMeLleHo MeaHo-monnbaeHnopdupoBoe
mecTtopoxaeHue lNysenainna. CnegyeT nNogyvepkHyTb, YTO
BocTto4Hble MNoHTUAbI ABMAKTCA TEM €ANHCTBEHHBLIM PEerno-
HOM [MoHTUCKo-KOXXHOKaBKa3CKOM OCTPOBHOWM Maneoayru,
roe BbISIBMEHbI MOPOTEPMAribHO-0CaA0YHbIE CKOMMEHUs
pya UBeTHbIX MeTannos. VIx npumepamn criyxat Mectopo-
xaeHns Awnken n Haenn (MageHnkon). Ha mectopoxgeHun
Yaenu pyabl (3anacel meam 6onee 800 ThIC. T) cocpenoTo-
YeHbl B OHOW 3anexw, KoTopas NpocnexeHa no npocTupa-
Huo Ha 920 M, ee makcumanbHasa mowHocTb 100 m [28].
3pecb BYNKaHOCTPYKTypa crnaraeTcs HagpyaHbimmn 6asanes-
Tamu (MUnnoy-nasamu), YepeayLnUMNCst C M3BECTHSIKAMMN
n "nypnypHeiMu" Tydamu, a Takke NponUIUTU3MPOBaH-
HbIMW dauuTamun. Ha nocnegHux n 3aneraroT MacCUBHbIE
cynbdumaHble pyabl, NOA KOTOPbIMU NPOSIBIIEHbI KBAPL-XI10-
pwvT (C CEepMUUTOM), METACOMATUTbI C MPOXUIIKaMU 1 BKparn-
NEHHOCTbIO Ccynbtnaos. BHyTpu Tena BblgeneHbl, kak 1 Ha
mMecTopoxaeHuax Tuna Kypoko, xenTble (oboraileHHble xa-
NbKONMPUTOM) U 4YépHble (oboralleHHble cdaneputTom)
pyabl. PyaoHas 3anexb, KoTopasi COXpaHunach B No3aHeMe-
NOBbIX ByNKaHUTax, nogsepranacbk HeoAHOKpaTHOMY Gpek-
YMPOBAHWIO NOA BO3AENCTBMEM B3PbIBHbIX SIBMEHWIA B NPO-
uecce yHKUMOHMpPOBaHMA ruapocucTemsl. MaccuBHble
pydbl 3aneratT Ha rmanoknacTutax, COCTOSALMX B OCHOB-
HOM 13 OpMEHTUPOBaHHbIX "06nomkoB" enb3nToB. NMano-
KNacTUTbl UHTEHCMBHO U3MEHEHbI: MUPUTU3MPOBAHbI N Kao-
NMHUTM3NPOBaHBI. Mog rmanoknactTuTaMmmn pasmeLLeHsl de-
Nb3NTbl C peaKMMU NOPEUPOBLIMI BbIAENEHNAMMU KBapLia U
nonesoro wnaTa. Ha oTMe4eHHble NOPOAbI HANOXEH KBapLi-
NUPUT-XanbKONMPUTOBBINA LITOKBEPK. OTMeYvaeTcs [27], 4To
ONg Kknactudeckux pyg Yaenu xapakrtepHa XOpoLuo Bblpa-
XXEHHasa CroucTOCTb; PyAbl COCTOST B OCHOBHOM W3 yrno-
BaTbIX M MONyokaTaHHbIXx 06rnomkoB cynbcduaos (ccane-
puTa, NUpuUTa 1 XanbKonupurta).

© Kekenus C., Kekenusa M., Monxaase H., Fariuase H., 2017
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Tpatiaan

Puc. 1. PacnpeaeneHne oCHOBHbIX PyAHbLIX MecTopoXxAeHu B npeaenax BoctouHon Typunm n KaBkasa:

1 — cknoH n nogHATMe KOXXHOKaBKa3CKoOro MMKPOKOHTUHEHTa (topa — paHHuiA men, bonbluoi Kaekas); 2 — wenbgoBas 3oHa Ckndckoro u
HOxxHO-KaBKa3ckoro MMKpOKOHTUHEHTOB (topa — naneoreH, bonbuon Kaeka3s); 3 — wenbgoBas 3oHa AHaTonunckoro 1 [lapanare3ckoro
MUKPOKOHTUHEHTOB (Men — naneoreH); 4 — wenbgosas 30Ha MoHTUACKOro MUKPOKOHTUHEHTA (paHHsis topa, BocTouHble MoHTUAbI);

5 — manokaBka3ckasi aHcManuyeckasi ocTpoBHas ayra (6anoc — paHHUI men); 6 — [MoHTuiickas aHcuanuyeckast oCTpoBHas ayra (men);
7 — rnybokoBoaHble BacceliHbl KpaeBoro nNaneoMops (paHHAS — CpeaHss opa); 8 — okeaHNYecKkMe 30HbI B arnNMOXTOHHOM 3arneraHuu;

9 — ManokaBka3ckas 3agyroBas BynkaHogenpeccus (nosgHun men); 10 — MNoHTuiickas 3agyrosas BynkaHogenpeccus (no3gHui men);
11 — BHYTPUNNUTHBIE PUCTOrEHHbIE BYNKAaHOCTPYKTYpbI (30LeH — onuroueH, Manbiii KaBkas); 12 — 30LeHOBbIE BYNKaHOAENPECCUH,
HamnoXeHHble Ha [OKONNM3NOHHble CTPYKTYpbI (MoHTUAbI, Manbin KaBkas, AHaTonuabl); 13 — Monoable BynkaHu4eckue nnato (OnmroueH —
YeTBEPTUYHBIN); 14 — OpOreHHble TPOru (ONUrOLEH — YETBEPTUYHBIN); 15 — TeppUreHHo-BykaHMYeckue nopoabl (Ansckas cepus, 4EBOH —
Tpuac), UHTpyANpOBaHHbIE CPeaHePCKUMU rpaHMTonaamu; 16 — goanbnuiickuin coyHaameHT Ckudpckon n KOXXHOKaBKa3CKoM MUKPOMUT
(nokembpuii? — naneoson); 17 — poanbnuiicknii pyHaameHT AHaTonua n [lapanaresa (CeBepovipakckasi MUKponnuTa,
nokembpun — naneo3on); 18 — TEKTOHNYECKME LLIBbI, pa3fensioLine OCHOBHbIE reo6roku (B36pochkl U caBurn, A — yCTaHOBIEHHbIE,

B — npeagnonaraemsie); 19 — Hagsuru; 20 — npegnonaraemass rpaHvua mexay Ckudckon n KOxXHOKaBKa3CcKoM MUKpPOMMMTaMm (nepekpbita
Hagsuramu); 21 — rpaHUTONAbI (2 — paHHUI Men, B — NO34HWIA Men, C — 30LEH — ONIUIOLEH); 22 — MOHLIOHUTDI,

CMEHUTBI (ONMUroLieH — MUOLIEH); 23 — MeCTOPOXAEHNS MONe3HbIX UCKonaeMblX; 24 — pparMeHTbl NaneooCTPOBHON Ayru.
Haubonee 3Ha4umernbHbie pyOHbie MecmopoxoeHusi BocmoyHbix NoHmud u Kaskasa: 1 — Awukon (Cu); 2 — JlaxaHoc (Cu,Zn,Pb);

3 — Yaenun-Magetkori (Cu,Zn); 4 — Mypryn (Cu,Zn), 5 — Ypyn (Cu); 6 — Ktu-Tebepaa(W); 7 — TeipHbi-Ay3 (W); 8 — Jlyxpa (Au);

9 — LlaHa (As,Au); 10 — Jlyxymm (As); 11 — Sonxuto (Au, Sb); 12 — CagoH (Pb,Zn); 13 — Yuatypa (Mn);

14 — dunusyan (Zn,Pb,Cu); 15 — Kusun-fepe (Cu); 16 — MagHeynu (Cu,Au, Zn,Pb); 17 — Anasepau (Cu); 18 — lamnyr (Cu);

19 — TexyT (Cu); 20 — Merpagsop (Au); 21 — JawkecaH (Fe, Co); 22 — 3oz (Au); 23 — KadpaH (Cu); 24 — KagxapaH (Cu,Mo).
Mukponnumai: EBpoa3snatckoro naneokoHTuHeHTa: A — Ckudpckas, B — MNMoHTuncko-KOxHokaBkasckas
(B4 — BocTouHble MoHTuakl, B, — FOxHbIN KaBkas); Adpo-Apasuiickoro naneokoHTuHeHTa: C — CeBepo-MpaHckas

Opyroii TMn rmpgpoTepMarnbHO-0CaA04YHON MUHepanu-
3aumm (Awwwuken) Bbin 06Hapy>XeH B anmoxToHe, Mo-BUAM-
MOMY, MepeMeLleHHOM B ManeooCTPOBHYIO CTPYKTYpy U3
OKparHHOro mopckoro 6acceriHa MNManeotetuca. No gaHHbIM
[41], B MecTax nposiBNeHus pyaHOW MuUHepanusaumu Ha-
OntogaeTcs reonornyeckasi KapTuHa, cxogHasi ¢ Kunpckoi.
Cnepnyet cornacutbes ¢ M. MNoHepom [31], KOTOpbI OTHEC
"obnaropoXxeHHble" Meabl CepHOKOMNYeaaHHble 3anexu K
kunpckomy Tuny VMS. Bbino BbIACHEHO, YTO B paiioHe
Kiope, Ha mectopoxaeHun Awwnken-Tankongy [29], Ga-
3anbTbl 0PUONMTOBOrO KOMMJEKca Mo XMMUYECKUM Xapak-
TEPUCTMKaM OTHOCATCS kK 0bpa3oBaHUsIM 30H crnipeguHra.
[onyckaeTcs, YTo B TpMace — paHHEN tope CnpeanHrosas
30Ha pacnonaranacb B 3ayrosom 6accenHe.

MprmepaMun NpOXMIKOBO-BKpaneHHbIX pya B MoHTuaax
ABMATCA MecTtopoxaeHus Mypryn, Kytnynap, Yeppatape u
JlaxaHoc. Ha JlaxaHoce LwToKBepK cchanepuT-nmpuT-xanbKo-
NMPUTOBOrO COCTaBa NPOSIBIIEH B AALIMTOBOM LUTOKE. [Mpoxurn-
KOBO-BKpansreHHas MMHepanu3aums cocpeaoTodeHa B apearne

pasBUTUSA KBaPLI-CEpULMT-XIOPUTOBLIX MeTacomaTnTos. Cxo-
AHyto ¢ JlaxaHoCOM reornorMyeckyto Mo3vumio 3aHMMaeT Mec-
TopoxaeHne Mypryn. 34ech LUTOKBEPK MUPUT-XarnbKONMpUTO-
BbIX PY4 OrpaHN4eH CBEpXy KBapLEBO-XENe3nCTbIMU (SLLUMO-
BWAOHLIMW) 0Opa3oBaHUAMU, HA YPOBHE KOTOPbIX Bbinn pasme-
LLeHbl TMncoBble NWH3bI. PygoBmellarolime nasbl AaumToB
3POAMPOBAHbLI N HECOrNACHO MEPEKPbIThl KAaMMNaH-MaacTpUXT-
CkMMK BynkaHutamu. B6nmsn Mypryna, Ha y4actke Kusunkas
[37], Bbinn 13BECTHBI MMAOPOTEPMAarbHO-0CaA0YHbIE 3aMnexu C
"yepHbIMU" 1 "enTeiMU" pyaamMu, Onsi KOTOPbIX XapaKTepHbI
konrnomMopdHble nornocyaTele 1 dpambonaansHble TEKCTYpbI.

MefHo-CBMHLOBO-LMHKOBAs MPOXMITKOBO-BKpanieHHas
MWHepanu3aumns — oTnM4nTenbHas YepTa rpy3vHCKUX 1 ap-
MSHCKUX MECTOPOXAEHWI (3anackl Mean B KaXaoM M3 HUX
He npesbiwany 400—450 TbiC. T). YHMKaNbHBIM B pyAHO-TEO-
FIOTMYECKOM CMbICNE SBNSETCS rPY3NHCKOE MECTOPOXAEHNE
MagHeynu, B npegenax KOTOPOro NPOCTPaHCTBEHHO cOmu-
XeHbl pa3HO3TanHble 30M0Tble, bapuT-cynbuaHblie n Mea-
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Hble pyabl (puc. 2). MenoBasa BynkKaHO-TEKTOHMYECKast Ae-
npeccus npeacTaensina cobol YacTe 3agyroBoro 6acceliHa.
BynkaHOCTpykTypa cnaraetcs Tpemsi KOMNiiekcamm, KotTopble
ABMATCA pe3ynbTaToM (YHKUMOHMPOBAHUSA B TeYeHue
anbba-kamnaHa B Ha4arne ByNkaHOB TPELUMHHOrO Tvna, a 3a-
TeM 1 LeHTparnbHbiX [14]. BepxHuiA KOMMNEKC — KOHTPaCTHbIN
6asanbT-aHOe3VUT-pUoAaLNTOBLIN — 3aBepLUaeT BYJIKaHWYe-
CKyl0 OEesTenbHOCTb. Py[OHOCHBIMK SBNSIHOTCA KynonoBWA-
Hble "B3ayTns", 06pasoBaHHble B MeCTax BbPKMMaHUSA puofa-
LMTOBbIX 9KCTPY3WI CpeaHEro pvoaaumnToBoro Kommnnekca (B
COCTaB KOTOPOro BXOAST UTHUMOPUTBI, SKCTPY3UM U NaBbl py-
ONTOB M PUOAALIMTOB Ha CKMOHaX KPYMHbIX BYIIKAHUYECKUX
noctpoek). lNocnegHue cnaraloTca aH4E3UTONAAMU HYDKHETO
BYIKaHOr€HHO-0CaA04HOro KOMrIeKca.

PynoHocHble 6mnoku orpaHunyeHsl pasnomamu C3 n CB
NPOCTMPaHWN, KOTOPbIE U SBMSKOTCA MarmMmo- U pya0OBbIBOAS-
wmmn. MNog nokpoBamy NaB puogauMToB B pesynbTaTe -
ApoTepmMarbHoro "konnanca” 6biv cdhopMMpoBaHbl AKCMIO-
3MBHble Opekynmn, npeobpas3oBaHHbIE BO BTOPUYHbIE KBap-
LNTbI, KBAPL-MMAPOCMOANCTBIE C XNOPUTOM METAacOMaTUTbI U
nponunuTel. Hawuvmy noneBbiMK mccneaoBaHusMK Bbino
noaTBepxaeHo, yTo MagHeynbckas ByrkaHO-KyrnosibHas no-
CTpoWka pa3mellleHa Ha cknoHe [danupgarckoro naneosyr-
KaHa, CNIOXEHHOro, MOMMMO NMPOKIACTONMUTOB aHAe3nTo-Aa-
LMTOB, TaKKe NMoKpoBaMn UTHUMOPUTOB U NaB pUoOAaLMTOB.

BaxHbIMM 1 00A3aTENbHBIMM 3NEMEHTaMN PYAOHOCHON
BYIMKAHOCTPYKTYPbI SBMSOTCA NO3AHME rMnaduccarnbsHble Tena
rpaHoaMopMT-NOpAdMPOB, SBNSAOLLMECS, MO-BAOMMOMY, KOMa-
TUATaMN KaMMAHCKOrO aHAe3WTO-6a3anbToBOro KOMMMeKca.
Ha puc. 2 (ogHOM 13 ropu3oHTarbHbIX CPE30B MECTOPOXAe-
HWS1) NOKa3aHO B3aUMOOTHOLLIEHWE Py/, U OKONOPYAHbIX MeTa-
comatuToB. NMoa nrHumMbpuTamm 1 niaBamm KyrnosoB YCTaHOB-
neHa crnepyowasi MeTacoMaTUYeCKas KONMOHHA: Ha BEPXHUX
rOpU30OHTax M LeHTparbHbIX 4acTsX — MOHOKBapLMTLI, KO-
Topble Ha rmybuHe 1 donaHrax CMEHSTCA KBapL-CepuumT-
XIOPUTOBMMU METacoMaTUTamu, a NocrnegHue — NponunmuTU-
31POBaHHBIMM M OTMMNCOBAHHBIMM (4acTo C aHaanysuToMm) Ty-
dhputammn. Ha mecTopoxxaeHun oT4YETIIMBO BbIOENATCA ABa
PYAHbIX YPOBHS: BEPXHWI 6apuUTONONMmeTanin4eckui ¢ 3010-
TOM B KBapUUTax WU HWKHUA — B OCHOBHOM CIIOKEHHbIN Mea-
HbIMM (C MUPUTOM) MPOXMITKOBO-BKPAMIEHHBIMA  pyaaMMU.
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Ham npeacTtaBnsieTcs yMeCTHbIM NPUBECTU reoxvmmnye-
CKve AaHHble Mo NopoAaM, BMELLAloWMM MeCTOpOoX4eHue
Pany-Pany (®vnunnuHel), onyGnmnkoBaHHbIE B HAy4YHOW NnTe-
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Cnepyet nopyvepkHyTb, 4TO OapuToBble, GapuTononvme-
Tannuyeck1e 1 MeaHble pyabl pa3oOLLeHbl B MPOCTPaHCTBE U,
BEPOSITHO, SIBMSOTCS pa3HOBO3PaCTHbIMW. 30M0TOe opyaeHe-
HVe BO "BTOPUYHBIX KBapumTax" sBnsieTcs Hanbonee paHHUM.
OcTaeTcs BnevatneHne, YTo MHTEHCUBHbIE Npeobpa3oBaHus
nopoz ¢ o6pa3oBaHNEM MeTacoMaTUYECKOM KOSTOHHbI BHYTPY
KyrnoInbHOW MagHeYnbCKOW CTPYKTYPbI NPeaLLEeCTBOBanu OCHO-
BHOMY pyAHOMY npoLieccy. PyooHOCHBI Briok orpaHnyeH pas-
nomamn C3 n CB npoctnpaHni, KOTopble SBRSnCL MarMo- 1
pyooBbiBOAAWMMKN. Mo Hawum AaHHbIM [36], GasanbTbl
paitoHa (3Sr/8Sr = 0/0704910) mornm 6bITb NpoayKTamm and-
hepeHLmMaLmmn HENCTOLLIEHHOW MaHTWK, a PUOSTbLI MaaHeYb-
CKOTO MECTOPOXAEHUS — NPOAYKTaMu BepxHel kopbl (87Sr/88Sr
=0,710269). O KOPOBOM MCTOYHVKE PUOSIMTOB U UTHUMOPUTOB
CBMOETENLCTBYET U YCTAHOBIIEHHbIE B HUX €BPOMUEBbIE OTHO-
weHuns (ansa puwonutoB = Eu/Eu*= 0/65-0/68; nrHumbpmtos —
0,52-0,58), a Takke oboraLleHve nopog nerkvumun P33 un kpyn-
HOWOHHbIMW NUTOhUNbHBIMK 3nemeHTamm — K, Rb, Ba, Sr [8].

Mo paHHbiM T.LW. MorMwewnu [14], meTacomaTtnyeckumm
U3MeHeHVsIMU Obina oxBadeHa npakTndeckn Bca bonHucckast
ByrnkaHozenpeccus (puc. 3). B naneogenpeccum yBepeHHo Ka-
PTUPYIOTCS MeTacoMaTmyeckve oopmaLymm KUCITOTHOTO BbILLe-
naynBanus. Tak, Ha NPeaCTaBMNeHHOW CXeMe B 30HE KUCHOoT-
HOrO BBbILLENAYMBAHUST BbIOENSIIOTCA BTOPUYHbIE KBapLUTbI
(oman-anyHuToBbIE, KBapL-TMAPOCIIOANCTLIE, pexe aHaarny-
3UT, KBapL-CEPULIMTOBbIE W KBapL-CEPULIUT-XTIOPUTOBLIE); B
30He LUEMNOoYHOr0 MeTacomaTto3a — KBapL-afynsip-cepuum-
TOBblE; B 30HE KPEMHELLLENIOYHOro MeTacomatosa (nponunu-
Tax) — anboUT-XNOPUT-NMNPUTOBLIE; anNbOUT-XIOPUT-3ANUAOT-Te-
MaTUTOBbIE U anbOUT-XNOPUT-aHMIMAPUTOBbIE; B (DENbLUNATON-
[ax — Keapu-KanuwnaTt-ansbutoBble, KBapL-ansouT-kanu-
LUNaT-XNOPUTOBbIE, anbbUT-XNopuT-aaynsap-LeonmToBbIE.

PacnpegeneHusi TMNOMOPMHbLIX CIOUCTLIX CUIMKaTOB,
Kak 1 faHHble onpegeneHus TeMmnepaTtyp MeTo4oM romore-
HM3aumm [2], cBMOETENBLCTBYIOT O HaMbornee BbICOKOTEMINE-
paTypHbIX YCNOBUSIX MUHEPanoobpa3oBaHusi HA YPOBHE pa-
3BUTUSI MEHbIX PYA, rae pacnpocTpaHeHbl cnabo rugpatu-
pOBaHHbIe CNtoAbl C BbiCOKOTEMMNEpaTypHon 2M nonutun-
Hol moamdmkaumeinn. Ha ypoBHe passutusi 6aput-nonume-
Tannuyeckmx pya yCTaHOBMEHbI rMapoTepMarbHbIe Croab
C HM3KOTemnepaTypHou Mmoandukaumen 1M.

Puc. 2. Neonoro-cTpykTypHasi kKapTa Kapbepa MecTopoxaeHus

MagHeynu:
1 — 9KCTPY3usi puoaaLMNTOB; 2 — NaBbl PUONUTOB;

3 — cybBynKaHuyeckme puonuTbl; 4 — BUTpoKacTuieckme Tydbl;

5 — ncammo-ncecutoBble TydPduThl; 6 — arnomepaToBble

1 ncammo-nceduToBble KCeHOTYMbI; 7 — BTOPUYHbIE KBAPLUUTHI;
8 — KBapL-CEPULIUT-XNOPUTOBbLIE METACOMAaTUTLI; 9 — CKOMMeHUs

runca-aHruaputa;pyosi: 10 — 6aputoBble,
11 — maccrBHble 6apUT-CBMHLOBO-LIMHKOBBIE;

12 — NpoXuMnkoBble NonuMeTannnyeckue
(c manon npumeckto 6apuTta nnm 6e3 Hero);

13 — NPOXMNKOBbIE MeAHO-LIMHKOBBIE; 14 — NPOXMITKOBO-BKpanneHHbIe

mMepHble; 15 — CnnoLWHbIE MENKO3ePHUCTbIE KonYedaHHbIe;
16 — akcnnoavBHas bpekyns; 17 — nonorne paspbiBbl;
18 — 6nm3BepTMKanbHble paspbiBbl

patype [38]. MaccrBHble cynbduaHble 3anexn MecTopoxae-
Hust Pany-Pany npocTpaHCTBEHHO accouumpyloT C Aauu-
Tamu, UCMbITABLLUMKM 3erIEHOKaMEHHOEe NepepoxaeHne. ATo
MecTopoxaeHue otHocutcss k Tuny Kypoko. B paspese
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IOPCKON pyAoBMeLLatoLlen TOMLWM, NMOMUMO pPyOOBMELLaH0-
LUMX OALMTOB, YCTaHOBMEHbI Madmyeckme 1 KBapL-noneso-
LnaToBble OCafoyHble nopodbl. daunTel 6nM3ku No CBOUM
XMMUYECKMM XapaKTepucTukam K gauutam 3agyrosoro 6a-
cceriHa CyMuCy; OCHOBHbIE MOPOAbI XapaKTepU3yrTCsl HU3-
kummn cogepxkanuamm TiOz (< 0,9 %) n Zr (40-50 ppm), HK3-
KM oTHoLleHnem Zr/Y (2,5-3) n HebGonbLuMM cogepXxaHnem
P33. OcHoBHble NOpoabl SABMAAKTCA TUNUYHBIMW NPEACTaBU-
TENnsiM1 TONEUTOB OCTPOBHbIX Ayr U CONOCTaBMMbl C MUOLIE-
HOBbIMW aHae3uTo-0azansTamu mectopoxaeHus Kypoko u
onuroueHoBbIMK 6azanstamu ayrn Pumku. Nccnegosartenu
nonararoT, 4To oboralleHHble P33 BynkaHudeckne nopoapl
mMecTopoxaeHus Pany-Pany ccopmupoBanvcb Ha craguu
aKTUBHOrO pudpToreHesa okeaHN4YeCcKon Oyrv U 3aQyroBoro
topckoro 6accenHa [38]. NlobonbITHO, YTO Ha Tex xe Punun-
NnMHax M3BECTHO MecTopoxaeHne KaHatyaH, kotopoe cdop-
MUpOBaroch B 00CTaHOBKE HE3PENON Yy, YTO MOATBEPXKAA-
€TCsi Pe3kUM YMeHbLLEHUEM cofepxaHus nerkux P33 B kuc-
NbIX N OCHOBHbIX Nopofax. Hawwm aaHHbIe[36] cBuaeTensCcT-
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3akntoueHue. B 3aknoyeHn obpaTtvm BHUMaHue Ha BO-
3MOXHblEe YCroBUsi GOpPMUPOBaHNS pya.

MpencraBneHnss 0 MarMaTU4eCcKOM MCTOYHMKE Oron-
[OOB BYNKAHOTEHHbIX MECTOPOXAEHUA B MOCNEAHUE rofbl
noTepsiNM CBOK MNPUBMEKATENbHOCTb U3-3a TPYAHOCTEN,
CBS3aHHbIX C HEOOXOAMMOCTbLIO OO BACHEHMS BOBINEYEHUS B
rmgpoTepMarbHbIN NPOLECC 3HaYNTENbHBIX 0O BEMOB BOAbI.
Cam mexaHu3m oTaeneHvs riovaoB U3 MarmMaTtuyeckmx
KaMep MbICIUTCHA KaK OTHOCUTENbHO KPaTKOBPEMEHHOE SiB-
nenue. "Cnegbl" nocrnegHero B MmarMaTnyeckux (MHTpy3uB-
HbIX) Tenax Bblpa)keHbl aBTOMETacCOMaTUYECKUMWN N3MEHE-
HUSIMW, PaBHOMEPHLIM pacnpefeneHmem cyomukpockonu-
YeCKUX MHOVBUOOB OKMCIOB B MEX3EPHOBOM MPOCTPAHCTBE
nopogoobpasyomx MuHepanoB. W30TonHo-reoxummnye-
CKMe 1ccregoBaHus CKIMOHAT uccnegoBartenem K Mbicnv o
0OonbLUION Aorne METEOPHBIX BOA B rMapOCMcTEMax BYNKaHO-
reHHbIX MecTopoXxaeHui [23, 25]. kcnepyMeHTanbHbIe pa-
60Tbl [7, 34] No 3KCTpaKuMK 3reMeHTOB 13 nopopg npu PT-
YCMNOBUAX, COOTBETCTBYHOLLUMX (PYHKLIMOHMPOBaHMIO hroun-
[OOB, JOMNYCKalT BO3MOXHOCTb PAcCMOTPEHMST MarmaTuye-
CKUX U 0Caf04HbIX 0Opa3oBaHUii B Ka4ECTBE NCTOYHUKA Me-
TanmnoB ANs BYNKAHOrEHHbIX MECTOPOXAEHWNA.

Ha Manom KaBkase BbINONHEH G0MbLION 00BHEM U30TO-
MHO-TEOXMMUNYECKUX U TepMODBapOreoXnMmM4eCcKux Mccneao-
BaHWN, HA OCHOBaHUM KOTOPbIX, @ TaKKe NMTepaTypHbIX AaH-

BYIOT O TOM, YTO OTHOLLEHMs1 Zr/Y Gonee BbiCOKME (4ns aauu-
ToB 9,5-11,2; ansa puonutos 2,7; ana 6asanbtoB 3,7—4,1) 1,
BEPOSATHO, Mbl MMeeM Aerno ¢ bonee 3penon naneoayrow.

B cpepHetopckmx BynkaHWTax ApMeHun Gbinn pasme-
LLieHbl MeaHble 1 6apuT-nonumeTannnyeckue HolHe otpabo-
TaHHble MecTopoxaeHus — Anasepackoe, Lamnyrckoe, Ax-
Tanbckoe, KadaHckoe. B AnaBepackoM panoHe B paspese
CpPEeaHEelopCKOM TOMLWM MaroMOLLHbIE XEMOreHHO-0Caa0u-
Hble OTMOXEHUSI CMEHSIIOTCA CBEPXY BHW3 rMarnoknacTtu-
Tamu, CKOMNSIEHNSIMU NOABOAHOIO KOSSOBUS, TePOoNaHbIMN
TypbuanTamn, naBamu OauuToB, aHOE3UTOB U aH4Ee3UTo-
6a3anbLToB; pyAOBMeELLaloLas Tonwa nepekpbiTa no3gHeto-
PCKMM BYNKaHOr€HHbIM KoMMyiekcom [14].

Pasnuuus B xapaktepe pyg oTAenbHbIX CETMEHTOB Nna-
NIe00CTPOBHOW AyrM MPOSIBNASIOT NPsIMYy0 3aBUCUMOCTb OT
reogUHaMUYECKmX PEXNMOB (PYHKLIMOHMPOBaHUS BYIIKaHOB.
OTmeTuM Takke, YTo HAa Manom KaBkase noucku rugpotep-
MarnbHO-0CaZloMHbIX 3anexen pya LUBeTHbIX MeTannoB (no-
0o6HbIX pyaam mectopoxaeHus Yaenu, Typuunsi) obpeyeHsi
Ha SBHYIO Heyaady, MOCKONbKY 30eChb OTCYTCTBYHOT "reoam-
HaMn4ecKne OCHOBaHUS" ANst X HaKOMNMEeHUs.

Puc. 3. Cxema pa3meLleHUss MeTacomaTM4eCcKnux
c¢opmauun B Bonucckom panone (no T.WU. Fornwsunu).
30HbI KUOMHO20 8blwenayueaHus: 1 — BTOPUYHbIE KBApLUThI
(onan-anyHuToBbIE, KBapL-TMAPOCOANCTbIE,
pexe aHAanysuT-guacnopoBble); 2 — aprunuanTbl
(rmapocnofa-MOHTMOPUIIOHWUTOBBIE, KAONTMHUT—arnyHUTOBbIE,
XMOPUT-MOHTMOPWIOHNTOBbIE); 3 — KBapLi-CepULIMTOBbIE
1 KBapL-CepuULIMT-NOPUTOBBIE.
30HbI Weno4yHo2o0 Memacomamosa:

4 — kBpU-aaynAp-CEPULUTOBBIE U TMPOSIOAUCTbIE.
30HbI KpEMHeweno4yHo20 Memacomamo3a (nponunumsi):
5 — anbbuT-XNopUT-CEepULNT-NNPUTOBLIE;

6 — anbOUT-XNOPUT-CEPULIUT-NMPUTOBBIE U anbBUT-XNOPUT-
aHrMguToBble; denblunatodupsl; 7 — KBapu-kaniwnat-
anbbuToBbIE; KBapL-anbbuT-KanuLwnaT-xnopuToBkbIe,
anbbuT-xnopuT-agynap-LeonuToBble, 8 — MECTOPOXAEHUS

HbIX MO APYIMM perMoHam, Mbl MOXeM yTBepAaTb, YTO BYI-
KaHOreHHble (KOn4yeAaHHOro Tuna) MeCTOPOXAEHWS OTMu-
YatoT criegytoLme ocobeHHOCTH:

1. KOMNOHEHTHbIN cocTaB pynd NposiBNsSeT 3aBUCK-
MOCTb OT NETPOXMMUYECKNX 0coBeHHOCTeN nopod. Tak, Ha-
npumep, ¢ aHgesnTo-6asanbTamMyM M HaTPUEBLIMU PUONU-
Tamu accoummpyeTt MeaHO-UMHKOBasi MuHepanusaums [17].
Bbino 3ameyeHo, 4YTO pyaoHoCcHbIe nopoasl CpeanHHO-OKe-
aHu4yeckmnx xpebTos [21] BkntovaroT cchepuyeckue arperatbl
OKMCHO-PYAHBIX CKOMMNeHun. B cybuienoyvHbix adpdysmBax
pudToBon AonuHbl  CpednHHoO-OkeaHuveckoro xpebra
Takke obHapyxeHbl cynbduael B Buge "kanens" Bo BKpan-
NeHHUKax KnMHonuMpokceHa 1 nonesoro wnata [1]. OTcioga
MOXHO NpeanonoXvTb, YTO HEKOTopble M3 MarmaTuToB
ObINy M3HaYanbHO NPOAYKTUBHBIMM.

2. B npepenax pyaHbiX y3noB MyTy MUrpaLmn ruapotepm
0603Ha4Y€eHbl U3MEHEHMSAMW MUHEPANBbHOTO CocTaBa nopoA. B
HMCXOAALLMX BETBAX NPOSIBMNEHbI aprunnn3nThbl, @ HAAUHTPY3N-
BHble 1 (OriaHroBble 30HbI MaclUTabHO NPONUNTU3NPOBAaHSI.

3. Bbaput-cynbuaHble pyabl BO BTOPUYHBIX KBapumTax
nposBNAOT (Hanp., Ha MagHeynu) HespPKoBbIPaXeHHY0 Bep-
TUKarbHYO 30HaNbHOCTb. LLITOKBEPKM MEAHBIX Y MEOHO-LH-
KOBbIX pya 4acTO NEPEKPbIThI MMNCOaHTMAPUTOBBIMM NMUH3aMU,
a nepekpbIBaoLLIMe UX NOPoAdbl reMaTUTM3NPOBaHbIl. 3Ta Kap-
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TUMHA XapakTepHa W Ons rMopoTepMarnbHO-0CafouqHbIX 3arne-
xen Tuna Kypoko. O6 aTom nucanu ewe B koHue 60-x IT. npo-
wirioro cronetus T. Mauykama m E. Xopukocm [18].

4. Tlo coneHocTn rmgpoTepMarbHble pacTBOPbI OrM3KK K
MOPCKOW BOAE, HO oboralleHbl MO CPaBHEHUKO C NOCHeaHeN
Fe, Ag, Pb, Cu un Zn [35]. HeBbicokass coneHoCTb — XxapakTep-
Hasi 0COOEHHOCTb (PNOUAOB AJ1st 30H COBPEMEHHOTO PyA006-
pa3oBaHusi [3]. OToMy He npoTBOpeyaT AaHHble 1 no Mano-
KaBKasckum mecTopoxaerusm [13, 14]. Ha Manokaeka3sckux
MECTOPOXAEHNAX MakcumarnbHas Temneparypa MMHepanooo-
pa3oBaHUsi yCTaHOBMEHa METOAOM rOMOreHV3aumMn 1 paeHa
410-390 °C gnsa megHbIX, a anst 6apuT-nonMMmeTansiMyeckmnx
— 280 °C [26]; paBneHusi cootBeTcTBOBanu 150—200 Gapam
(6bIMn ncnonb3oBaHbl AnarpamMmbl, onybnMKoBaHHbIE B pa-
6ote [39]). Mo paHHbIM [1. ApeBaase n B. Apowesunya [2, 26],
BbIMOSTHUBLLUM KPUOMETPUYECKME NCCNEO0BaHNS ra30BO-XKM-
OKUX BKITKOYEHWI B NPO3paYHbIX MUHepanax pyd, Ha MagHe-
ynn CONEeHOCTb hriiovnaoB, OTnaraswMxX MegHble u 6apuT-um-
HKOBO-CBUHLOBbIE pyAbl, Obina Hu3kon — meHee 40 rp-akB
NaCl Ha nuTp pacTBopa. PacTBOpbl XapakTepr3oBarnmcb XJ1o-
pUaHO-CynbaTHbLIM, KanMin-HaTpueBbIM COCTaBOM. OTU AaH-
Hble NOATBEPXKAEHBI 1 pe3ynbTaTaMy XMMUYECKUX aHanmn3oB
BOAHbIX BbITSPKEK M3 KBapLa, cynbguaos n 6aputa.

5. Kak nssectHo n3 Hay4How nutepaTtypsl [4, 40], Hau-
bonee GnaronpusiTHble ycrnoBusi Ans ctabunbHOro Hakon-
neHuns pya rMapoTepmarnbHO-0Caf0uHbIX 3anexen cosga-
Banucb Ha AHe MOPCKuX BaccenHoB, rmyBuHbl KOTOPbIX KO-
nebanuce B npegenax 2—3 k.

6. [aHHble N0 M30TONMHOMY COCTaBy BOAOPOAA U KNCIO-
poaa drongHbIX BKIOYEHWI B KBapue, 0apute 1 Kanbuute
BYIKaHOrEHHbIX 6apuT-nonnuMeTannyeckux pyg uHTepnpe-
TUPYIOTCS B NOMb3Y BbICOKOW 4OMW y4aCTUS METEOPHbIX BOZ
B pynoobpasoBaTtenbHOM npouecce. B 1o xe Bpemsi MeTeo-
pHas BoAa AN HEKOTOPbIX MEAHbIX MECTOPOXAEHUA Morna
ycTynatb MarmatoreHHom [17, 25, 26].

Mo marepuanam, cobpaHHbiM B MupoBom okeaHe [6,
10-12, 22] , MOXXHO 3aKO4YUTb, YTO MacLUTabHLIN pydore-
Hes OCyLLEeCTBNAETCA B Crydae NpoTekaHus nocrnegoBaTe-
NbHbIX Mpoueccos: 1) Kpuctannusauuym marm; 2) B3avMo-
AencTBus nprobpeTLLmMX "arpeccnBHOCTL" HarpeThbIX NOBeEp-
XHOCTHbIX BOA C MarmMaTuTamu (Mpuyem TennoBbIM UCTOY-
HUKOM SIBNAIOTCA BHEAPUBLUMECH B BYNKaHOr€HHO-0Caao4-
Hbl€ KOMMNMEKChbl UHTPY3uK); 3) CTabUnbHOrO PYHKLMOHMPO-
BaHWs Ppm3nKo-xmmmnyeckoro 6apbepa B 06nactu pasrpysku
rmgpoTepm (BnaguHbl MOPCKOrO OHA UMW 3aKpbITble CTPYK-
TYpbl NPUNOBEPXHOCTHBIX 30H 3€MHOWN KOpbI).

PasBuTue 1 hyHKLUMOHNPOBAHWE MMAPOCUCTEM B BYIiKa-
HUYECKUX KOMMIMEKCax MOXHO MNpeacTaBuTb CreayHLim
obpasom: B Hayane B 3a4yroBbIX U UHTPadyroBbIx naneoba-
CCenHax — B NokKarnbHbIX Aenpeccusix oTnaranncb BYnKaHo-
reHHO-ocafiovHble 06pasoBaHns (MpuYeMm, Kak NpaBuIo, By-
NKaHOoreHHble nopodbl ObiNM  M3BECTKOBO-LLEMNOYHBLIMM);
BCre[ 3a CnajoM BYNKaHWYECKON AeATenbHOCTH (B Nepuog,
WHBEPCUU BYIKAHOCTPYKTYP) BHEAPSNNCE UHTPY3WU, KpUC-
Tannusauusi KoTopbIX Npoucxoguna Ha rnybnHax okono
2 KM OT NoBepxHOCTM unun 1 km oT Mopckoro aHa. M'maopore-
pManbHO-0CafoYHble 3anexun CXoAHbl N0 MWHEeparbHOMY
COCTaBY W CTPYKTYpe C COBPEMEHHLIMU MOTYXLWMMU "4yep-
HbIMU KypunbLivkamu". B HUX MuHepanbHas 30HanbHOCTb
o6bsACHMMa nepepacnpeaeneHvem pygoobpasyoLmx Kom-
NMOHEHTOB B pe3ynbTaTte paspyLleHUs "pyaHbIX XONMOB" 1 nX
Andy3un ¢ HUKHUX Ha BepxHMe ypoBHM [9, 32].

Ha Kapmapgercko OCTpOBHOW Jayre B ByIKaHWTax
M3BECTHbI ’MOpPOTEPManbHO-0Ca0uYHbIE 3anexu Tuna Ky-
poko [30]. No gaHHbIM TEPMOreOXnMMMNYECKNX UCCIIEA0BaAHUN
CONEHOCTb rmapoTepMansHOro pacteopa BapbupoBana ot
2,2 po 3,9 Bec. % NaCl-ak. TemnepaTypa roMmoreHu3aumnm
konebanacb ot 175 go 322 °C. Mbl npuBenu aTOT Npumep,
4YTOObI NOAYEPKHYTb CTaHAAPTHOCTb (PU3UKO-XMMUYECKMX

ycnoBuii hOpMUPOBaHNST pya LIBETHbIX METannoB He3aBu-
CMMO OT cnocoba MX OTMNOXEHUSA — INUrEHETUYECKOro Unm
rmapoTepMarnbHO-0CaA0uHOrO.

B ycnoBusix mopckoro gHa pectabunusaums dnouaa
NPOVCXOAWT B CBA3M C NaeHeM TeMnepaTypbl U ero OKUC-
nenvem. 34ecb OoOnyckaeTcsl, C y4eTOM COCTaBa B3BECEWN,
BblbpackiBaeMbIX "4epPHbIMU KypunbLUykamm" (MMpUT, NMppo-
TWH, cchanepuT), YTO MeTannbl TpaHCNopTUpoBanucb B do-
pMe rMapocynbUTHBLIX KOMMEKCOB. YPOBHU MUHEPanoob-
pa30BaHMs AMUreHEeTUYECKNX MECTOPOXAEHUI B OBLLMX Yep-
Tax CpaBHUMbI C 30HaMU TpyO "4epHbIX KypunbLMKOB", rpa-
HUYHbIE aHOMarbHble (OU3UKO-XMMUYECKME NapameTpbl KO-
TOpbIX 0DYCMOBMNN OOHOBPEMEHHYIO KpUCTanM3aumio aH-
rMapvTa n cynbuaoB xenesa. OTUM YCIOBUSIM OTBEYAOT
30HbI TMAPOCUCTEM C MUHUMAIIbHBIMW aKTUBHOCTSIMW KUCIIO-
poaa, coBnagaloyMM C HWXKHEWN rpaHuLen YyCTOMYMBOCTU
GapwuTa npy paBHbIX akTMBHOCTAX H2S—S042- [24, 25, 36].

30HanbHOCTb B 3MUreHeTUdeckux Gaput-cynbuaHbIX
3anexax BYJIKaHOreHHbIX MECTOpPOXAEeHUA ObbsCHAETCA
KOMMIEKCOM Mpu4mH: 1) BonbLuen 3aBUCMMOCTLIO PacTBOPU-
MOCTU MEHbIX MMHEPArioB OT TemnepaTypbl MO CPaBHEHUIO
C pacTBOPUMOCTbLIO ccpanepuTa u rarneHuTa unm pasnuyHom
YCTOWYMBOCTBIO KOMMMEKCHbIX coeanHennii [20, 25]; 2) 3aBu-
CUMOCTBIO OCaXKAEHWSI MeTanmna OT KOHUeHTpauum S—2 Tak,
Nnpu paBHbIX KOHLIEHTpaLMsX METarnsnoB B pacTBope Ansi
BbiMaleHns Meam 1 LMHKa TpebyeTtcsa 6onee BbiCOKast KOHLe-
HTpauus H2S, yem ansa ceuHua [5]. CnepyeT yunTtbiBaTh U
nevictene ceposogopoaHoro 6apbepa, apdEeKTUBHOCTL KO-
TOPOro ONpeaenseTcs ManbiMy KoHUueHTpauuammu S=2 [15].

Heckonbko cnoB n 06 06pa3oBaHMM 30/1I0TOHOCHBLIX KBa-
pueBbIX MPoXurkoB Ha MagHeynu. Kak Ham npeacrasnsie-
TCS, OHU ObINn 0bpa3oBaHbl O4HOBPEMEHHO C (hOpMUPOBa-
HMEM 3KCMMO3UBHBLIX BpeKYnin (HaYanbHbI Nepuog rmapo-
TepmanbHOro komnmnanca). BeinageHnve 3onota, kBapua wu
MarbiX KONIMYECTB CyrnbgMaoB BO BTOPUYHbIX KBapumUTax Ha
MagHeynu, Bugnmo, npoucxogurno B nepuog gectabunu-
3auum dononga MarmaToreHHow npupogbl. Y. XenHpud [33],
KoTopbii n3yyan Cu-Au nopdmpoBble MECTOPOXAEHNS, OT-
METUIT, YTO B YCIOBMSIX BbICOKUX TemnepaTtyp marmaTunye-
CKu1e BOAbl C HEBLICOKOWM COMEHOCTbLI CMOCOOHbBI TpaHcmnop-
TMPOBAaTb 30M10T0. A Takxe TO, YTO OOHUM W3 FMaBHbIX YCNo-
BMI TPaHCMOPTUPOBKM 30510Ta SBMASIETCA LOCTATOYHOE KO-
nnyectBo H2S. Marmatuyeckue novapsl B yCrnoBusix BbICO-
KNX AaBneHnn "cxmxarTca" B XXMOKocTb 6e3 reTeporeHHoro
(ha3oBOro Nepexoaa, 1 Ux BANSHNE Ha OKPYXXaloLLyto cpeay
BbIpaXXaeTCs KanvMeBbIMY 1 NPOMUITMTOBLIMW U3MEHEHUSMMU.
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Al. Janelidze Institute of Geology, 31, Politkovskaia Str., Thilisi, 0186, Georgia

THE VOLCANOGENIC DEPOSITS OF NON-FERROUS METALS
OF PALEOISLAND ARC ENVIRONMENT ASSOCIATED WITH WALL ROCK ALTERATIONS OF HOST ROCKS
AND PROBLEMS OF ORE GENESIS
(on the example of ore districts in Georgia, Armenia and Turkey)

The goal of our work is the study of ore wall rock zones of the volcanogenic deposits of non-ferrous metals of paleoisland arc environment (on the
example of Madneuli ore deposit) and determination of the conditions of their formations using geochemical and geothermobarometrycal investigations.
Methods: the mapping of the open pit of Madneuli deposit, determination of the content of trace elements by ICP-MS, in the US Geological Survey and
Caucasian Institute of Mineral Resources chemical geothermobarometry investigations were held and the isotopic composition of oxygen and hydrogen
in the ore was determined. The results:the structural features of ore deposits, character of ore wall rock zones were identified, mineral composition of
metasomatic rocks was defined and the multistage formation of deposits was proved. Scientific novelty: at the end the conclusion (including some
scientific ideas about the genesis of ore deposits) about genesis of volcanogenic deposits of Alpian paleoisland arc environment taking into account the
studies of geothermobarometry investigations by the authors was given. Practical significance:described features of ore wall rock zones can be
successfully used in other regions of the world in order to find new volcanogenic ore deposits.

Keywords: Caucasus, Volcanogenic deposits, structure, non-ferrous metals, metasomatic alterations.
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T6inicbkui AepxaBHUM yHiBepcuTeT im. |. [hkaBaxiwwBini

FeonoriyHum iHcTUTYT, Byn. ManitkoBcbkoi, 31, M. T6inici, 0186, Mpy3in

BYNKAHOIEHHI POOOBULLA KONNIbOPOBUX METANIB NMAJNTIEOOCTPOBOAYXXHUX CNOPYA
| NTIPOBJIEMU FrEHE3UCY PY[
(Ha npuknagi pyaHux o6'ekTiB pya3ii, BipmeHii Ta Type44nHu)

Mema: eue4eHHsI OKO/IOpPyOHO20 NMPocmopy eyJIKaHO2eHHUX podoeulw; KOJIbOPOBUX Memasiie naseoocmpoeodyXHux crnopyd (Ha npuknadi
MadHeynbcbko20 podosuwa) i BU3Ha4Y€HHS yMO8 IXHb020 (hopMye8aHHs 3 BUKOPUCMaHHSAM 2e0XiMiYHUX i mepMobapo2eoxiMidHUX OOCiOKeHb.

Memodu: eukoHaHo kapmyeaHHs kap'epy Madueynbcbko20 podoeuuja, eUsHa4YeHO emicm pioKiCHUX i po3cissHUx enemeHmie Ha npunadi ICP-MS,
y FeonoeiyHiii cnyx6i CLUA i Kaeka3zbkomy iHcmumymi miHepanbHOi cupoguHu rnpoeedeHo mepmobapozeoxiMiyHi AocnidKeHHsI ma eU3Ha4yeHo i30-
monHuii cknnad KUcHo i B00HI0 8 pydax.

Pe3ynbmamu: eusieneHo cmpykmypHi ocob6nueocmi podoeuuja, xapakmep okos1opyGHO20 pocmopy, eusHa4eHo MiHepanbHull ckiad Mmemaco-
mamumie i dosedeHo 6azamoemanHicmb ¢ghopmMyeaHHs1 podosuu.

Haykoea HogU3Ha: 8UCI08/1€HO MipPKY8aHHSI PO 2eHe3UC 8YIKaHO2eHHUX POO08UW, anbiliCbKUX Maseo0cmpo8odyXHUX cropyd 3 ypaxyeaHHAM
B8UKOHaHUX agmopamu mepmMobapozeoximiyHux docnidxeHb, a MaKoOX i3 3any4eHHsIM iCHYIOHYUX Y HayKO8OMY ceimi ysiesieHb Npo 2eHe3uc podosuly.

lMpakmuyHa 3HaYyumMicmb: onucaHi ocob1ueocmi okosropyAHO20 NMPOCMOpPY MOXymb 6ymu 3 ycrnixoM eukopucmaHi e iHwux pezioHax ceimy Ans
nowykie podosuuy 8ysIKaHO2EHHO20 Kiacy.

Knroyoei cnoea: Kaekas, eynkaHo2eHHi podoeuuja, cmpykmypa, Kosiboposi nu, C I4Hi 3MiHU.
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MINERALOGY OF SODIUM METASOMATITES OF THE PERVOMAYSKE DEPOSIT
AND THEIR INFLUENCE ON QUALITY OF IRON ORE CONCENTRATE

(PexomeHAo8aHO YnieHOM pedaKyiliHoi kosezii 3-pom 2eon. Hayk O.B. [lybuHoro)

Nowadays, the exploitation of the Pervomayske deposit is in the northern direction. The large metasomatic bodies of
ferruginous quartzites are manifested in the productive strata in the northern part of deposit. The metasomatic bodies of
ferruginous quartzites influence technological parameters of the iron ore concentrate.This situation determines the purpose of
this investigation. The mineral composition, genesis and technological parameters of riebeckite ferruginous quartzites of the
Pervomayske deposit productive strata are studied.

The metasomatically changed ferruginous quartzites and features of their mineralogical zoning are examined mineralogically.
The zones of riebeckitization are substracted within the boundaries of metasomatic bodies.The mineral composition, the structural
and texture of riebeckite ferruginous quartzites are studied. The technological research for enrichment of riebeckite ferruginous
quartzites is conducted.

Results of the mineral composition, the structure and the texture investigation, conditions of genesis of riebeckite ferruginous quartz-
ites of riebeckite ferruginous quartzites are given. Generalized regularities in changing of ore technological parameters (iron content in
concentrate composition, concentrate ratio, iron recovery in the concentrate, iron losses in mine tailings) in the metasomatic bodies
section of deposit's productive strata are presented. The authors studied the influence of sodium metasomatism on technological param-
eters of riebeckite ferruginous quartzites

The results of mineralogical and technological studies of authors have been used as the basis for compiling mineralogical and tech-
nological maps for the deposit that are utilized for operation and future mining, for elaborating schemes of optimal iron ores blending
before conveying them to concentration plants with the purpose of increasing the iron ore concentrate quality and decreasing iron losses
in concentration wastes.

Originality consists in detailed carrying out of mineralogical research of riebeckite ferruginous quartzites of the Pervomayske deposit.
Further, these results are used in technological tests for enrichment of riebeckite ferruginous quartzites.

It is necessary to take into consideration the obtained regularities of the variability for the technological parameters while specificating
the mineralogical and technological ores classification and the mineralogical and technological mapping of the Pervomayske deposit.

Keywords:Ukranian Shield, Kryvyi Rih basin, Pervomayske deposit, ferruginous-siliceous formation, ferruginous quartzites, metaso-

matic changes, zone of riebeckitezation, dressability.

Introduction. Within the boundaries of ferruginous-
siliceous formation in the Kryvyi Rih basin the sodium
metasomatites are widely developed. Most intensively they
occur in the northern part of the basin at the intersection of
two deep-seated faults—Kryvyi Rih—Kremenchuk and
Devladove.To the north and south from the Devladove fault
zone sodium metasomatites in ores of the Kryvyi Rih series
sharply decrease.

The Pervomayske deposit is located within the boundaries
of the North iron ore district of the Kryvyi Rih basin.The
productive strata of the deposit is composed of the fifth and
sixth iron horizons of the Saksagan series. Such geological
processes as sedimentagenesis, dynamothemal
metamorphism, sodium metasomatism and hypergenesis
took part in the formation of the productive strata. Influence of
hypergenesis on the quality and ore concentration is
negligible. It is connected with the conducting of mining
operations at the level of hypsometric horizons in the
opencast which are located much lower than the crust of
weathering of ferruginous-siliceous formation.

It is difficult to assess the direct influence of
sedimentation on ore enrichment, because iron ore
sedimentary formations were exposed to dynamothermal
metamorphism. As a result their mineral composition,
structural and textural features, physical properties have
been changed. Main characteristics of the mineralogical and
chemical zoning of iron and shale horizons of the Saksagan
series are preserved in the metamorphism process.

So, modern condition of magnetite quartzites of the
Pervomayske deposit productive strata is due to the
manifestation of dynamothermal metamorphism, sodium
metasomatism and tectonogenesis.This is confirmed by the
presence of about 50 routine mineral varieties of iron ore
[19]. The latter are united in essential and accessory mineral
varieties.The percentage of unchanged iron quartzites is

about 40 %, riebeckitezated ones is about 44 %, catalysed
ones is about 10 %, aegirinized, silicified and other varieties
are up to 1 % of the productive strata of total volume.

Such diversity of varieties of magnetite quartzites leads
to variability of technological parameters of iron ore
concentrate. Ores product of enrichment plant (iron
content in concentrate composition) is changing between
62-63 wt.% and 67-68 wt.%. So,the main problem of
technological stabilization process is solved by identifying
of technological parameters' correlation of iron ore
concentrate from iron ores composition.

As stated above, the volume of the Pervomayske deposit
productive strata comprises riebeckite magnetite quartzites.
It is constantly observed in the form of lens-like bodies in the
quarry wall (fig. 1). Thickness of these bodies reaches 100—
150 meters. In this connection, the authors of the article
decided to study mineralogical and chemical composition,
structural and texture of riebeckite metasomatites, and their
influence on technological parameters of ironores.

Research analysis. During the 50"-70%"years of the
20tcentury sodium metasomatites were the object of active
examination of many researchers. They considered the
issues of geological positions, mineralogical and chemical
composition,  structure and texture, metallogenic
specialization of metasomatic bodies. [1, 3-5, 8-10, 16-18].
Previous researches [5, 7, 11, 13] proved that genesis of
metasomatism had been occurring at an interval 200-400
myr after completion of dynamothermal metamorphism of
ferruginous-siliceous sediments (age of rocks, respectively,
1,840,051 2,2+0,05 Ga). This particularly caused genesis of
metasomatic bodies within the boundaries of iron ore series.
These bodies influence technological parameters of ferrous
ores of the Pervomayske deposit ofthe Northern Iron Ore
Enrichment Works of Kryvyi Rih basin. [14, 15].

© Tikhlivets S., Filenko V., 2017
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Fig. 1. Outcropping of riebeckite ferruginous quartzites in open-pit side of the Pervomayske deposit

Sodium metasomatism accompanied by aegirinezation,
riebeckitezation of ferruginous quartzites and albitization of
clay shales [5, 6, 12, 13, 15, 21]. There are several opinions
on the metasomatite genesis. According to some of them,
sodium metasomatites originated as a result, of
dynamothermal metamorphism of sodicferruginous-
siliceous sediments. These sediments were similar to the
sediments from the modern volcanic lakes of the East
African rift. [22, 23]. Correspondingly to [2, 5, 7, 18] it is
believed that in the iron ore strata metasomatic minerals are
connected with metasomatizing effect of carbon dioxide
sodium hydrothermal fluids on the protogene ferruginous
quartzites. The third point of view is based on an
assumption of convergency genesis of sodium amphiboles
[5, 23] and possibility of metasomatites genesis as a result,
of metamorphic, hydrothermal and metasomatic processes.

Most intensively sodium metasomatites occurred within
the boundaries of productive strata of the Pervomayske
deposit. In smaller quantity they occur within the
boundaries of enclosing rocks [15, 21]. Riebeckite,
aegirine, albitite and others are metasomatically formed
minerals. They are rock-forming minerals of many kinds of
metasomatic ferruginous quartzites.

Mineralogical and technological features of ore of
ferruginous-siliceous association including Pervomayske
deposit were examined by B.l. Pirogov et al. [20]. Authors
demonstrated the existence of direct dependence between
concentrate quality (B) and magnetite morphology and
anatomy. They also proved a weaker bond of this
technological parameter with general content of iron in ore
composition (Fetta.) and iron content in magnetite
(Femagn.). It was sustained that the direct dependence
between concentrate ratio (y), iron recovery in the
concentrate (¢) and content ofFetota. AndFemagnin ore
composition exists. It was determined that there was no
dependence between content ofFetotal.,Femagnin ore
composition and iron losses in mine tailings (9).

Practical experience of the Northern Iron Ore
Enrichment Works shows that technological parameters of
magnetite ores of the Pervomayske deposit are
characterized by the considerable instability. This is
explained with the occurrence of authigenic-
metamorphogenic zoning of ore strata, natural ore breaking
in zones of faulting and metasomatic changes.

Objective of research.Nowadays, the exploitation of
the Pervomayske deposit is in the northern direction.The
large metasomatic bodies of ferruginous quartzites occur in
the productive strata in the northern part of deposit.

The metasomatic bodies are characterized by
metasomatic zoning [4, 16, 21, 23] within the boundaries of
protogenic  mica-hematite-magnetite, = magnetite  and

cummingtonite-magnetite-quartzites. In peripheral part of the
productive strata the magnetite-cummingtonite quartzites
rarely underwent metasomatic changes.This fact determines
widening of mineralogical classification of iron ores. Generally
mineralogical zoning is characterized by changing of
metasomatic mineral zones (from the central to the peripheral
part of metasomatic body): zone of aegirinezation — zone of
riebeckitezation — zone of silification — zone of
carbonatization — uninvaded zone of ferruginous quartzites
[4, 5, 12, 15]. Mineralogical zoning is based on significant
changing content of rock-forming minerals and chemical
components in mineralogical zones.The objective of this
research is the determination of the regularities in mineral and
chemical composition of metasomatically altered rocks
depending on the intensity of metasomatic processes. As a
result,the influence of sodium metasomatism on technological
parameters of ferruginous quartzites'metasomatic varieties
was studied. In condition of metasomatic changes of
ferruginous-siliceous formation rocks the metasomatic zoning
is superimposed on protogenicauthigenic-metamorphogenic
zoning.The metasomatic zoning succeeds features of
protogenicauthigenic-metamorphogenic zoning. As a result,
these polygenic (sedimentation + metamorphism +
metasomatism) bodies are complex in structure and variable
in mineral and chemical composition within the boundaries of
metasomatic zones.

The quantity of sodium (riebeckite) metasomatites
exceeds 90 % of the total volume of metasomatites in the
Pervomayske deposit. In connection with this, the
mineralogical composition, structure and texture of riebeckite
varieties of ferruginous quartzites and variability of their
technological parameters are considered below.

Laying out the main material. Ferruginous quartzites,
which are specific in composition, structure and texture, are
referred to sodium metasomatites.They are composed of
such rock-formed minerals as aegirine, riebeckite (rhodusite)
and albite. The affluent minerals include tetraferrous biotite,
celadonite, apatite, zircon and other minerals. Sodium
metasomatic bodies are characterized by the variety of forms
and sizes. Veins, mineralization zones of crumpling and
brecciation are the most common forms. The large lensoid
bodies have the thickness of 100-150 meters and the length
of 500—700 meters (rarely to 2000 meters).

When the Pervomayske deposit researched
topomineralogically it was defined that mineralogical zoning
is the characteristic feature of the metasomatic bodies. It is
found in the maximum in thick strata. Within the boundaries
of productive strata the mineralogical zoning is
characterized by above mentioned metasomatic mineral
zones. This zoning is poorly developed or absent in small
metasomatic zones and zones of crush. In shales of the
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third-fifth horizon, the veins and lensoid bodies of sodium
metasomatites are found in close spatial connection with the
thick zones of desalination of the ferruginous quartzites. The
third-fifth horizon interlays productive strata.

Zone of aegirinezation is zone of maximum
metasomatic reconversion of ferruginous quartzites. If
disregard the late-magmatic and postmagmatic minerals
(carbonites, quartz, hematite, riebeckite and other) the
composition of aegirinitemetasomatites is bimineral
(aegirine + magnetite). Magnetite is relic. Mineral
composition of aegirinites does not depend on content of
protogenic ferruginous quartzites. Scaly texture of
protogenic ferruginous quartzites is succeeded with
aegirinite metasomatites. But the thickness of ore and
nonore interbeds decreases due to the removal of silica and
metasomatic compression.The thickness of aegirinezation
zone is changing from 10s centimeters to 20-30 meters.
Some bodies are70—100 meters thick.

Zone of riebeckitezation is traced by the replacement of
quartz, magnetite and hematite with riebeckite. Affluent
minerals are tetraferrousbiotite, celadonite, carbonates,
aegirine. Thickness of riebeckitezation zone is changing from

tens centimetres to 4-50 meters, rarely 70 meters.
Prolongation is 30-400 meters. These zones were formed as
a result of influence of the metasomatic dissolutions on the
protogenicferruginous quartzites, and the increase of value of
thermodynamic characteristics (sodium temperature activity,
fugitivity of oxygen). It caused the greater dependence of
mineralogical characteristics of riebeckitemetasomatites from
the composition of protogenicferruginous quartzites. If
riebeckitemetasomatites are formed by micaceous-hematite-
magnetite and magnetite quartzites, the substantial part of the
protogenic metamorphogenic micaceous-hematite and quartz
has been preserved. In this case, riebeckite is close to the
stoichiometric composition. Riebeckitezation of
cummingtonite-magnetitequartzites occurred through
pseudomorphosis of magnetite and magnesioriebeckite.
According to the microscopic observations the

neocrystallisation of the magnesioriebeckite is 1-20 % of its
total amount from the composition of metasomatites.
Structurally and texturally, riebeckitemetasomatites retain the
main features of protogenic ferruginous quartzites (fig. 2). In
this connection they are called riebeckitemetasomatites or
riebeckitevarieties of ferruginous quartzites.

Fig. 2. Processes of riebeckitezation in ore (a) andno ore (b) interbeds of magnetite quartzites.
Microscopic observations in translucent light.Nicol prism Il. Zoom, In 50,
White — quartz; black — magnetite; blue — riebeckite; green — aegirine

Zone of silificationis characteristic for almost all
metasomatic bodies. This zone is diagnosed by external
signs. They show significant content of quartz, appearance
of rich silification sections of enclosing rocks and presence
of cross-cutting quartz veins. Ore and non ore interbeds of
ferruginous quartzites are exposed to the processes of
silification. As a result, the content of magnetite (in ore
interbeds) and hematite (in non ore interbeds) is lower than
their content in the unaltered ferruginous quartzites. In zone
of silification affluent minerals are riebeckite,
tetraferrousbiotite, celadonite, carbonates, rarely aegirine.
Thickness of zone of silification is changing from 7-
10 meters to 40-50 meters.

Genesis of this zone was connected with "rundown" of
silicon with metasomatic battery solutions. The "rundown"
process took place from central metasomatic zones of
riebeckitezation and aegirinezation to periphery of
metasomatic bodies. Secondary ferruginous quartzites are
characterized by complex morphology of magnetite

individuals and aggregates (in the consequence of their
partial replacement) and filling of protogenic ferruginous
quartzites' grikes and vugs with secondary quartz.

The riebeckite varieties of ferruginous quartzites are
widely developed within the boundaries of the fifth and sixth
ferruginous horizons of the Pervomayske deposit. It is
connected with the considerable thickness of the
riebeckitization zone of metasomatic bodies.

The authors investigated 104 mineralogical samples of
riebeckitemetasomatites in a face of the quarry of
Pervomayske deposit. The mineral composition was
identified in samples of the riebeckite metasomatites with a
view to clarifying the existing data. The authors studied
mineral composition on the base scientific and research
mineralogical laboratory at the department of geology and
applied mineralogy of Kryvyi Rih National University.
Intermediate mineral composition of riebeckiteme
tasomatites is shown in Table 1.
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Table 1. Intermediatemineral composition(vol.%) of riebeckitemetasomatites
Riebeckitemetasomatites, which formed for such mineral varieties of ferruginous quartzites
Minerals micaceous-hematite- . . cummingtonite- magnetite-cummingtonite
. . magnetitequartzites . f .
magnetite quartzites magnetite quartzites quartzites
quartz 23,74 24,48 24,34 26,76
magnetite 25,94 33,14 28,70 17,44
micaceous-hematite 5,05 0,95 0,25 0,16
cummingtonite 0,00 0,04 1,77 4,15
biotute 0,00 0,00 0,05 1,15
aegirine 0,54 0,41 0,30 0,17
riebeckite, 41,78 37,79 41,31 46,54
magnesioriebeckit
albite 0,00 0,00 0,00 0,06
tetraferrousbiotite 0,39 0,34 0,11 0,07
celadonite 0,44 0,42 0,28 0,22
ferruginous talcum 0,12 0,08 0,06 0,06
carbonates’ 1,15 1,28 1,44 1,55
sulfides? 0,19 0,22 0,27 0,29
apatite 0,12 0,15 0,18 0,21
other minerals® 0,54 0,70 0,94 1,17
Total 100,00 100,00 100,00 100,00
Quantity of definitions 26 27 25 26

"Carbonates: calcite, dolomite, ferodolomite, reralysideroplesite, pistomessite.

2Sulphides: pyrite, pyrotine, chalcopyrite, arsenopyrite, marcasite.
3Other minerals: chlorite, garnet, stilpnomelane, tourmaline, zircon.

According to the results of the mineralogical studies the
authors discovered that the largest content of riebeckite
(46,54 vol. %) was characterized for riebeckitization zones
of metasomatites, which were originated from magnetite-
cummingtonite quartzites.This phenomenon is due to a
significant content of silicates (cummingtonite) in protogenic
ferruginous quartzites. Sodium amphibole (riebeckite)
displaced cummingtonite in the process of metasomatism.

The content of the commercial component (magnetite) is
slightly changed. In micaceous-hematite-magnetitequartzites
the content of magnetite is 29,96 vol. %, averagely. In the
riebeckite varieties of the micaceous-hematite-magnetite

quartzites the content of magnetite is 25,94 vol. %. It is 4 %
different. The same situation is observed in othervarieties of
ferruginous quartzites and their metasomatitic bodies in the
deposit. The content of quartz decreased more than twice. It
makes easier the enrichment process of the mentioned ores.
To prove that the authors have carried out technological
research to select the methods of riebeckite ferruginous
quartzites enrichment of the Pervomayske deposit.
Technological testing were carried out scientific and research
mineralogical laboratory at the department of geology and
applied mineralogy of Kryvy iRih National University.The
obtained data are given in the Table 2.

Table 2. Technological parameters of riebeckitemetasomatites of ferruginous quartzites

Varieties offerruginous quartzites Chemicalparameters, % Technological parameters, %
Fetotal. I:emaqn. B V € 0
Micaceous-hematite-riebeckite-magnetitequartzites 40,6 26,7 67,7 46,2 76,1 20,5
Magnetite-riebeckite-quartzites 40,8 33,8 68,8 49,1 83,4 11,7
Cummingtonite-magnetite-riebeckitequartzites 33,4 26,0 68,5 40,7 81,8 9,6

It was established that the quality of magnetite
concentrate obtained from riebeckite varieties is high and
stable (B = 68—-69 mass. %) depending on the protogenic
magnetite quartzites of the deposit (Table 2). This is due to
relatively weak displacement of magnetite (ore mineral) by
riebeckite in comparison to other zones of metasomatic
bodies (zone of aegirinezation and silification). In addition,
moderate metasomatic changes contributed the first
displacementof disseminated magnetite by riebeckite and
simplification of the form of large individuals and aggregates
of magnetite. Possibly, this improves the release of
magnetite during ore crushing and also promotes
improvement of recovery of magnetite in the concentrate
and low losses of magnetite in mine tailings.

Concentrate ratio (y) and iron recovery in the concentrate
(¢) are monitored with the content of magnetite in ore
composition and proportion of magnetite and other iron-
bearing minerals (micaceous-hematite, cummingtonite). The
highest technological parameters (concentrate ratio 49,1%,
iron recovery in the concentrate 83,4 %) are characterized for
riebeckitemetasomatites, depending on the magnetite
quartzites of the deposit. This is explained with the high
content of magnetite in protogenic magnetite quartzites.

The values of general iron losses in the process of
enrichment (9) depend on the content of relic high-ferrous
nonmagnetite  minerals  (cummingtonite, micaceous-
hematite, and neogenicriebeckite and aegirine) in the ore
composition. This parameter causes the character of
variability for iron losses in the process of enrichment in the
riebeckite varieties of ferruginous quartzites. This largest
parameter is for micaceous-hematite-riebeckite-
magnetitequartzites (3 = 20,5 %) and the lowest one — for
cummingtonite-magnetite-riebeckitequartzites.

In the previously published works of one of the authors,
data were obtained on the enrichment of the aegyrinized and
silicified varieties of ferruginous quartzites in the Northern
Region of the Kryvyi Rig basin [15].Analyzing the obtained
data, we can conclude that the technological parameters of
riebeckite varieties of ferruginous quartzites( = 67,7—
68,8 %) are larger than the technological parameters of
aegirine(B = 66,6 %) and silificate (3 = 61,8-66,4 %)
ferruginous quartzites.

Conclusions.1. Within the boundaries of the
Pervomayske deposit productive strata the developed
sodium metasomatism is imposed on the protogenic
magnetite quartzites, thus forming the inhomogeneity of the
mineral iron ore composition.
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2. Riebeckitezatingferruginous quartzites comprise the
significant amount (about 44 % of the total volume of
productive strata) of mineral varieties of ferruginous
quartzites. Mineralogical research showed a significant
variation in compositionof riebeckite varieties of ferruginous
quartzites. This phenomenon is due to superimposition of
the metasomatic zoning on protogenicauthigenic-
metamorphogenic zoning.The authors of article showed that
the largest content of riebeckite (46,54 vol. %) is
characterized for cummingtonite-magnetite-
riebeckitequartzites. The obtained data specificate the
mineral composition of riebeckitezating ferruginous
quartzites, which were uncovered in the third ore body within
the boundaries of the Pervomayske deposit.

3. During technological investigation it was defined that
sodium metasomatism has different effects on the of
technological parameters changing. The most positive effect
is observed in riebeckitemetasomatites depending on
originating from the protogenic micaceous-hematite-
magnetite, magnetite and  cummingtonite-magnetite
quartzites. This is caused combinations of following factors:
the improvement of ore morphological features, internal
structure of individuals and aggregates of magnetite, the
character of extensional interrelation of individuals and
aggregates of magnetite and no ore minerals under the action
of sodium metasomatism. The best technological parameters
(B and y) are characterized for magnetite-
riebeckitequartzites.This is due to the proportion of magnetite
and other minerals in protogenic magnetitequartzites.

4. Itis necessary to take into consideration the obtained
regularities of the variability for the technological
parameters while specificating the mineralogical and
technological ores classification and mineralogical and
technological mapping of deposit.
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KpuBopi3bkuii HauioHanbHWI YHiBepcUTeT
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MIHEPANOT 151 HATPIEBUX METACOMATUTIB NEPBOMAWUCBLKOIO POAOBULLA
TA IXHIW BNNUB HA AKICTb 3ANI3BOPYAHOIO KOHLUEHTPATY

Ha cyyacHuli momeHm po3po6ka lMepeomalicbko20o kap'epa eedembcsi 8 NieHIYHOMY HanpPsIMKy. Y yili yacmuHi podosuwa 8 Mexax npodyKkmue-
HOI mosuwji cnocmepizatombcsi KpynHi, MemacoMamu4Ho 3MiHeHi mina 3anizucmux Keapyumie, siki 3Ha4HOIO MipPOO ensiu8aromb Ha MeXHOJ02i4Hi
nokasHuku 3anizopydHoz2o koHyeHmpamy. Came ye U obymoesioe Memy AaHoi po6omu — sue4eHHsI MiHepanbHO20 ckiady, cmpyKkmypu ma mekc-
mypu, yMoe ymeopeHHs1 pubekimosux pizHosudie 3anizucmux keapyumis lepeomalicbko2o podosuwa, a MaKoX iXHiX MexHOI02i4HUX MOKa3HUKiIs.

MiuepanoziyHe AocnidxeHHs1 MemacoMamu4HO 3MiHeHHUX 3asizucmux Keapyumie ma ocobnueocmell iXxHbOi MiHepasio2i4Hoi 30HasIbHOCMI 8UKO-
Hyeasiocb 3a cmaHOapmHoto Memodukoro. Byno eudineHo 8 Mexax MemacoMamu4HUX Min 30HU pubekimu3ayii ma eus4yeHo ixHill MiHepanbHUlU ma
cmpykmypHo-mekcmypHuli cknad. Byno npoeedeHo mexHoso2ivyHi docnidxeHHs i3 36azayeHHs1 pubekimoeux pizHoeudie 3ani3ucmux keapyumie.

Y po6omi HasedeHO pe3ynbmamu 8U84YeHHs1 MiHepasibHO20 ckady, cmpyKkmypu ma mekcmypu pubekimosux pizHosudie 3anizucmux Kkeapyu-
mie, a makox ymoe ixHb020 ymeopeHHsi. [I[poaHanizoeaHo y3a2asibHeHi 3aKOHOMiPHOCMI 3MiHU OCHOBHUX MEXHOJI02iYHUX napamempie pyo (emicm
3anisa y cknadi KOHyeHmpamy, euxio KOHyeHmpamy, ausly4eHHs1 3asi3za 0o KOHyeHmpamy, empamu 3aJli3a y xeocmax 36azayeHHs1) y po3pi3i Mema-
comMamuyHux min npodykmueHoi moeuwji podosuwa. Aemopamu 6ys1o docnidxeHo ensiue Hampieso20 MemacomMamo3y Ha MexXHOs102i4Hi MOKa3HUKU
pubekimoesux pisHogudie 3anisucmux keapyumies.

Pe3ynbmamu monomiHepanoziyHux i mexHosio2i4Hux docnidxeHb 6y10 UKOPUCMAHO sIK OCHO8Y 07151 PO3pPOo6KU MiHepas102iYHOI li mexHoJ102i-
4HOI kapm podoeuuja, W0 3acmoeyrombCs MpuU ornepamueHoMy i nepcrneKmueHoOMy nnaHyeaHHi 2ipHuU40006yeHux pobim, cknadaHHi cxeM onmuma-
JIbHO20 ycepedHeHHs1 3ani3Hux pyd neped nodayero ix Ha 36a2ayyeasnbHi pabpuku 3 Memoro nideuujeHHs1 sKkocmi 3ai3opy0HO20 KOHUeHmpamy i
3MeHWeHHs1 empam 3ani3a y eioxodax 36a2a4yeHHsl.

Haykoea Hosu3Ha nonsizac 8 demasnibHOMY npoeedeHHi MiHepaozi4Hux dociokeHb pubekimu3oeaHux 3anizucmux Keapyumie NPooyKmMueHoi
moeuwi lMepeomalicbko2o podoeuuwja. A makox y nodasibWoMy 8UKOPUCMaHHI Yux pe3ysibmamie y mexHo/o2iyHux eunpobyeaHHsix i3 36a2a4yeHHs
pubekimu3oeaHux 3anizucmux Kkeapyumis.

OmpumaHi 3akoHOMipHOCMi MiHIUBOCMi MeXHOI02i4HUX MOKa3HUKie MemacoMamu4yHo 3MiHeHuUx pyd y po3pi3i npodykmueHoi moeuji HeobXi-
OHO epaxyeamu npu ymoYHeHHi MiHepasibHO-mMexXHOo102i4HOT knacudgikayii pyd i npu miHepaso20-mexHo102iY4HOMY KapmyeaHHi podosuuja.

Knroyoei cnoea: Mepeomalicbke podosuuye, 3anizucmo-kpemMeHucma ghopmauyisi, 3anizucmi keapyumu, MemacomMamuyHi 3MiHU, 30Ha pubekimu-
3ayil, 36azayyeasnbHicms.
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MUHEPANOIMA HATPUEBbIX METACOMATUTOB NEPBOMAWUCBLKOIO MECTOPOXXAEHUA
N X BNIUAHUE HA KAYECTBO XENE3OPY[QHOIO KOHLEHTPATA

Ha ce2odusawHull deHb paspabomka Nepeomalicko2o kapbepa eedemcsi 8 ceeepHOM HanpaesieHuu. B amol yacmu mecmopoxxdeHusi 8 npedenax
npodykmueHol monwu Habnodaomcesi KpyrnHble MemacomMamu4yecKku USMEHEHHbIe meJsia Kesle3ucmbiX K8apyumos, Komopble 8 3Ha4umesbHoU
Mepe esnusirom Ha mexHoI02UYecKue roka3ameru xene3opy0HoO20 KOHYyeHmpama. 3ma cumyayus u o6ycrnoenueaem yesnb 0aHHOU pa6omsbi — usy-
4YeHUe MUHepaslbHO20 cocmasa, CmpyKkmypbl U mekcmypbl pu6eKkumossbix pa3Ho8udHocmell Jene3ucmbix keapyumos llepsomalicko2o Mecmopo-
JK0eHus1, ycnioeuli ux o6pa3oeaHusl, a makxe MexHO/I02UYECKUX MoKa3amesed.

MuHepanozuyeckue uccnedosaHusi C 14eCKU U3MeHEeHHbIX )esle3ucmbix Keapyumoe u ocobeHHocmel ux MuHepasno2u4yeckoli 30Ha-
JIbHOCMU 8bIMOJIHANUCKL M0 cmaHdapmHoli memoduke. Bbinu ebideneHbl 8 npedenax MemacoMamu4yeckux mes 30Hbl pubekumu3ayuu, usy4eH ux
MUHepanbHbIl, cCMpyKmMypHo-meKkcmypHbIli cocmas. bbinu nposedeHbl mexHoo02u4eckue uccredoeaHusi no obozaujeHuro pubekumoebix pa3Ho-
sudHocmell xene3ucmbix K8apyumos.

lpueedeHbl pe3ynbmamai U3y4eHus MUHePasibHO20 Cocmaea, CmpyKmypbl U meKkcmypbl pubeKumoebix pazHoeudHocmell )ene3ucmbix Keap-
yumos, a makxe ycnosul ux obpa3soeaHusi. [[poaHanu3zupoeaHbl 0606ujeHHbIe 3aKOHOMEPHOCMU U3MEeHEeHUl OCHOBHbLIX MEXHOI02UYeCKUX napa-
mempoe pyd (codepxaHue xesne3a 8 cocmase KOHYUeHmpama, ebixod KOHUeHmpama, usesieyeHue xesesa 8 KOHyeHmpam, rNomepu xese3a e Xxeoc-
max o6oz2aujeHusi) 8 paspese MemacoMamu4eckux mes npodykmueHoU mosauu MecmopoxoeHusl. A@mopbi U3y4Unu e/lusiHUe Hampueeo20 Mema-
comMamo3a Ha MexHoI02u4YecKue nokazamesnu pubeKumoebix pazHoeuOHocmel Xefe3ucmsbix Keapyumoe.

Mo pe3ynbmamam monoMuHepaso2u4ecKux U MexXHOI02UYeCKUX uccaedosaHuli 6b11U MOCMPOEHbI 2€0/1020-MUHEPANo2UYecKasl U 2e0/1020-mex-
HoJI02UYecKasi Kapmbl MECMOPOXOEHUsI, KOMOopbIe UCMO/IL3YMCS MPU OrepamueHoM U NepcrieKmMueHoOM nnaHupoeaHuu 8o6bi4u pyd, cocmaeneHuu
cXeM Uux onmumasibHo20 ycpeOHeHusi rneped nodaveli Ha ob6ozamumesibHble habpuKu, NoebIWeHUs1 KaYyecmea esle30pyOHO20 KOHUeHmpama,
YMeHbUIeHUs1 momepsb xeJsie3a 8 omxodax o6o2awjeHust

Hay4Hasi HoeusHa cocmoum e demanbHOM nposedeHUU MUHepano2u4ecKux uccredoeaHuli pubeKumu3upo8aHbIX esle3ucmbiX K8apyumoe fnpo-
dykmueHoli monwu lMepeomalicko2o MecmopoxdeHusl, a makxe e danbHeliweM UCMOb308aHUU 3MUX Pe3y/IbMaimose 8 MexHosI02u4ecKuxX ucrnbima-
HusIX M0 0602aujeHuto puGeKUMU3upPOB8aHbIX XKele3UcmbIX K8apyumos.

IMonyyeHHble 3aKOHOMePHOCMU 8apuamueHOCIMU MEeXHOI02UYeCKUX Moka3ameJsiell MemacomMamu4yecKu U3MeHeHHbIX pyd 8 pa3pe3e npodykmu-
eHoUl mosuu Heo6xo0UMO yyumbieame MPU yMOYHEHUU MUHepasibHO-MexXHOo/102uYecKol Knaccugukayuu pyo u MUHepaso20-mexHo102Uu4ecKoM
KapmupogaHuu MecmopoxxoeHusl.

Knroveenie cnoea: lMepeomalickoe MecmopoxxOeHue, xefle3ucmo-KpeMHUcmasi gpopMayusi, xenesucmsie Keapyumsl, MemacomMamu4ecKue
u3MeHeHus1, 30Ha pubekumu3sayuu, 0602amumocme.
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NPO PO3NoAIN TOKCUYHUX | NTOTEHLIMHO TOKCUYHUX ENNEMEHTIB
Y BYrinsil NNACTA C;" LWAXTU "NABJIOrPAACbKA"
NABJIOrPAACbLKO-NMETPONABJIBCbLKOIO FrEONOro-nPOMUCNOBOIrO PAUOHY

(PexomeHA08aHO YrieHOM pedaKyiliHoi Konezil 0-poM 2eos. Hayk, doy. C.€. LUHrokosuMm)

MidsuujeHHs1 suMo2 00 OXOPOHU HaBKOTUWHBLO20 cepedosulia ma epaxyeaHHsi ernuey eyanedobyeHux nNidnpueMcme Ha eKosogi-
4HYy o6¢cmaHoeKy o6yMoeritoe nompeby 8 Ho8UX HayKO80 06I'PyHMo8aHUX Memodax MpPo2HO3y eMicmy MOKCUYHUX i TOMeHYiliHO Mok-
cuyHux eniemeHmis (TIilITE) y audobysHitl waxmamu 2ipHuyili Maci, eidxodax eudobymky i 8yane3b6azaqyeHHs1.

Po3sansidarombcsi pesynsmamu docnidxenb TillITE y eyeinni nnacma c;" nons waxmu "lNaenozpadcbka” lNasnozpadcbko-Ile-
mponaeniecbko2o 2eos1020-Mpomuciiogoeo patioHy fJoHb6acy. Mema po6omu — ycmaHoe1ieHHs1 3aKkoHoMipHocmel e po3nodini Ti-
I1TE y eyeinni nnacma c;".

Y pe3ynbmami eukoHaHux docnidxeHb ycmaHoesieHo eapiauii emicmy i cepedHi koHueHnmpauii TilITE y eyzinni nnacma, no6ydo-
e8aHo kapmu i3okoHuyeHmpam TillTE i kapmu pezioHanbHOi ckiiadoeoi iXHbo20 emicmy no nnowi waxmonnacma. [lo6ydoeaHi kapmu
€ ¢hakmos102i4Hor0 0CHOBOoH 0151 A0820CMPOKOBO20 MPO2HO3Y KoHUeHmpaduil TilITE y eudo6ymili waxmoro 2ipchkili Mmaci. Po3pa-
X08aHO JliHiliHI pi@HSIHHS peapecii MiX KOHUeHMpayissMu MOKCUYHUX i MOMeHYiliIHO MOKCUYHUX e/leMeHmie ma OCHO8HUMU MeXHOo-
Jn102iyHumu napamempamu. Lji pieHsiHHs1 MOXXymb 6ymu eukopucmaHi 87151 KOpoOMKOCMPOK08020 i cepedHbLOCMPOKO80O20 MPO2HO3Y i
koHmposnto emicmy TillITE y eudobyeHili 2ipckkili maci. Y ceoro yepay, 00820-, cepedHbO- i KOPOMKOCMPOKO8i MPO2HO3U KOHUeHm-
payit Til[ITE maromb cryxumu niodcmaeoro 07 MeXHOJI02i4HUX pilleHb, CMPSIMO8aHUX Ha 3HWXEHHS IXHbOo20 eMicmy 8 nNpodyKmax
ayaneaudobymky, npodykmax i eidxo0ax eyarnie3ba2ayeHHs1.

AHani3 pesynbmamie cmamucmu4Hoi 06po6ku 2eoximiyHoi iHghopmauii i 2eos1020-cmpyKkmypHOi Xxapakmepucmuku rnsacma c;” nonsi
waxmu "lMaenozpadcbka” do3eosniue ecmaHosumu, w0 ¢hopMyeaHHs1 acoyiayii kobanbmy, Hikento, eaHadito, CERUHYHO, XPOMY ma map-
2aHyo roe'a3aHo i3 36a2a4eHHsIM YUMU esleMeHmamu MPUKOHMAaKmoeuXx 30H 8y2inbHo20 nacma i 2eHemu4Ho o6yMoesieHe ernyiueom
adcopbuiliHozo i okucoeanbHO-8iOHOBN08aNIbLHO20 6ap'epie Ha Miepayito pe4osuHu e npoueci OiazeHe3y i kamazeHe3y 8y271eHOCHOI
moeuwi. JoeedeHo, wjo 6epurili € eQUHUM esleMeHMoM, repe8axKHo o8 'si3aHuM 3 opa2aHi4HOI0 ckiladoeoro ayezinns. Acouiauiss pmymi i
Muw'siky obymoersieHa ix 2eHemu4YHUM 38 'sI3KoM 3 cynbghiOHOH MiHepasi3ayiero mpiwjuHysamux 30H MeKMOHIYHOT Mpupodu.

OcHogHe HayKoge 3Ha4YeHHs1 pe3y ibimamie 8UKOHaHUX OOC/iO)XeHb MOoJIsi2a€ y 8CMAaHOBIIEHHI 2eHeMUYHUX MPUYUH, sIKi YUHSIMBb ic-
mommHuli ennue Ha ocobnueocmi po3nodiny TilITE y eyeinni nnacma c".

Knroyoei cnoea: eyzinbHUl nnacm, nomyHicms, 30/1a, CipKka, MOKCUYHIi i MOMeHYiliHo MOKCUYHi efleMeHmu, Kapmu i30KOHYyeHm-

pam, Kapmu pezioHasIbHOI cKk/1ad00eoi, PieHsIHHSI pe2pecii.

Beryn. JocnigxyBaHa TepuTopia po3TalloBaHa B Me-
ax lMasnorpagcbko-INeTponaBniBCLKOro reonoro-npomMmc-
noeoro panoHy 3axigHoro [JoH6acy i agMmiHicTpaTUBHO Ha-
nexntb o lMaenorpagcebkoro panoHy [QHiNponeTpoBCbKOi
obnacrti. 3pocTaHHa BUMOT 4O OXOPOHU HaBKOMNULLIHLOIO Ce-
penosuwia 06ymoBnioe NoTpeby B HOBMX HAYKOBO OOIpyH-
TOBaHMX METOAaX NPOrHo3y BMICTY TOKCUYHUX i MOTEHLIAHO
ToKcnyHux enemeHTiB (TIMNTE) y BuoobyBHin waxramu rip-
CbKili Maci Ta Bigxoaax BuaobyTKy i ByrnesbaraveHHs. Oco-
6nuBa akTyaneHiCTb AaHoi Npobnemun Bu3HavaeTbcs 3ako-
HoMm YkpaiHu "Mpo Hagpa", noctaHoBamu KabiHeTy MiHicT-
pie Ykpainm Ne 22 Big 30.09.95 ta Ne 688 Big 28.06.97, a
TakoX HopmaTuBHUMK fokymeHTamm K3 [4].

OcTaHHi pgocsAirHeHHA. PaHiwe B. lwkoBuM cninbHO 3
A. HopHobyk, [. Muxanb4oHok, B. [1Bopeubkum [5-9] goc-
nigpxeHo ocobrnmeocTi posnoginy aeskux TilMTE y npoayk-
Tax i Binxogax 36aradeHHs psagy ByrnesbaradyBanbHux da-
6puk JoHbacy. BogHovac, poarnsg i aHani3 posnoginy Ti-
MTE y syrinni nnacta c7" waxtun "Masnorpaackka” Maeno-
rpaacbko-lNeTponaeniBcbKOro reocnoro-npoMm1CIoBoro pan-
OHY paHille He BMKOHyBanucs.

MeTa po60oTu: yCTaHOBUTU 3aKOHOMIPHOCTI B pO3noaini
TiMTE y Byrinni nnacta c7 nons waxtn "lMaBnorpagcbka”
MAT "OTEK Maenorpaasyrinns".

Buknag ocHoBHoOro martepiany. Metoauka pocni-
DxeHb. Posrnan posnoainy TiMNTE B reonoriyHmx o6'ekTax
pi3HOro xapaktepy i MmacwTaby € Heo6XiAHUM ANst BCTAHOB-
NEHHs1 3aKOHIB iXHbOI Mirpauii, KOHLEeHTpaLii i po3citoBaHHS.
OcobnuBiCTb BUKOHAHMX AOCNIAXEHb Nonsirana B HEMOXIN-
BOCTi 6e3nocepeaHbOro CrnocTEPEXXEHHSA LUMX MpoueciB. Y
LbOMY BUMAAKy PO3rnsia AMHaMiKv NpoLeciB TpaanLinHo Bu-
KOHYETBCS LUMAXOM MOPIBHAHHSA CTATUCTUYHUX OaHUX Ta
aHanisy kaptorparpadiyHux maTepianis WOAO po3noainy Xi-
MiYHMX eNeMEHTIB B po3rnsaHyTux ob'ekrax. MoTim ogepxaHi

pe3ynbTaTu iHTepNpeTyTbCs 3 ypaxyBaHHAM (i3nko-Ximiy-
HWX | reonoriYHMx ocoBrMBOCTEN.

OTxe, oTpumaHHA iHdOpMAaLii NPO PO3NOAIN XiMiYHUX
ernemeHTIiB Y reonoriyHmx ob'ekTax € nepumm etanom oc-
NiDKEHHs, WO hae Big y3aranbHeHHs1 (hakTUYHOro marepi-
any, Yepes 1Noro TeOpeTU4He OCMUCIIEHHS 0 NEPEBIPKM BU-
AIBNEHMX 3aKOHOMIPHOCTEW AOCMIOHUM LLFISIXOM.

Mpobu Binbupanuca y ripcbkux BUpobKax (nnacrtosi
npobw, BigibpaHi bopo3HoBKMM cnocobom [3]) i 3 aybnikaTis
KepHa ocobMcTo aBTOpaMu Ta 3a y4acTio CriBpObITHUMKIB re-
onorivyHnx cnyx6 ByrnenoOyBHMX NiANPUEMCTB i BUPOOHU-
YKX reonoropo3sigysarnbHUX OpraHisadin B nepiog 3 1981 no
2013 pp. O6car KOHTpoOrnbHOro BUNPOOYBaHHSA CTaHOBUB
5 % Big 3aranbHoro o6caAry npo6. Yci aHanitnyHi poboTn Bu-
KOHYBanucs B LEeHTparnbHMUX cepTudikoBaHNX nabopaTtopisx
BMPOOHUYMX reonoropo3sigyBarnbHUX OpraHizaui. Bmict
Hg Bu3HavaBcs aTomHO-abcopOLiiHm aHanisom, As 3a [1],
iHWi TiNTE — KiNbKiCHAM eMiCilHUM cnekTpanbHUM aHarni-
30M [2]. Ha BHyTpiLLHili nabopaTopHMIN KOHTPONb Hanpas-
neHo 6 % pyb6nikatis Npo6. 3oBHiWHLOMY NnabopaTopHOMY
koHTponto nigaaHo 10 % aybnikatiB npo6. AkicTb pe3ynbTa-
TiB aHanisiB (MpaBWUINbHICTb i BiATBOPIOBAHICTb) OLiHIOBA-
nacs sk 3Ha4MMiCTb CepeHbOI CUCTEMATUYHOT NOXUOKM, LLLO
nepeBipseTbCA 3a 4ONOMOrot KpuTepito CTbloeHTa, i 3Ha-
YMMICTb CepeaHbOi BUMAAKOBOI MOXMOKKM, sika nepeBipsi-
€TbCs 3a gonomoroto kputepito diwepa. Ockinbky BkasaHi
BuLLe noxubku npu piBHi 3HaumMmocTi 0,95 € He3Ha4yHMMM,
SKICTb @aHani3iB BM3HAHO 3a0BiNbHOI0.

Ha nouaTtkoBomy eTani 06pobku NepBMHHOI reoXimMiYHOT
iHdbopmauii 3a gonomoroto nporpam Excel 2016 i Statistica
6,0 po3paxoByBanuncst 3Ha4eHHs1 OCHOBHMX OMNCOBKX CTaTU-
CTUYHUX MOKa3HWKIB (BMOIPKOBOrO cepedHboro apugpmMeTny-
HOro, Moro ctaHgapTHOI NOXMOKKU, MefiaHn, ekcuecy, Moau,
CTaHAapTHOrO BiAXUNEHHs, ancnepcii BUBipku, MiHiManbHOro
i MakcrManbHOro 3Ha4YeHHs BMICTY, koeddiLieHTa Bapiauii,

© lwkos B., Kosiun €., 2017
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acumeTpii BUBipkK), BUKOHYBanack nobyaoBa 4acTOTHMX Tic-
TOrpam BMICTY i BCTAHOBMEHHSA 3akoHy posnoainy TillTE.

3 MeTo BUSBMEHHA CKMagy reoXiMiyHuX acouiauin
Oynu pospaxoBaHi koediuieHTn Kopensauii (r) Mk BMiCTOM
TIiMNTE. B eguHy reoximivyHy acouiauito o6'egHyBanucs ene-
MEHTU, B SKMX 3B'A30K MK BMICTOM ONUCYETLCA Koediuie-
HTOM Kopensuii, wo nepesutye 0,5, 3 piBHEM 3HAYUMOCTI
He meHwe 95 %.

Mpu ouiHUi 3B'A3KY TOKCMYHUX i MOTEHLINHO TOKCUYHUX
eNeMeHTIB 3 OpraHiyHol abo MiHeparnbHOK YacTVMHOWO BY-
rinns BUKOPMCTOBYBANuUCs KoedilieHTn CnopigHeHocCTi 3 op-
raHiYHOK PEYOBUHOIO Fo, LLIO MOKA3yOTb BiAHOLLEHHS BMICTY
enemMeHTIB y BYrinni 3 manot (< 1,6) i BUCOKOO LWiNbHICTO (>
1,7); koediuieHT HaBeaeHOo! KOHUeHTpauii Fu, WO nokasy-
10Tb BiHOLLEHHSI BMICTY enemeHTiB y dopakuii i(Ci) go Bmicty
Y BUXiZHOMY BYrinmi; koedilieHTn kopensuii BMiCTY JOCHimKY-
BaHWX eNeMeHTIB i 30NbHOCTI BYrinns i koediuieHTn HaBefe-
HOro BUIy4EHHS enemeHTa y dpakLii pisHOT LWiNbHOCTI.

Mpun nobyaoBi BCiX kKapT BUKOpMCTOBYBanacs nporpama
Surfer 11. Y xogi no6ynoswu kapT, rpadikiB i po3paxyHKy Ko-
eqilieHTIB kopensuii BCi 3Ha4eHHA koHueHTpauin TiMNTE Ho-
pmyBanuck 3a opMyIo

XHOpM =(Xi - Xmin)/(Xmax— Xmin),
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ne Xi — pe3ynbTar OOUHWUYHOIO BU3HAYEHHST KOHLeHTpauil
enemeHTa, Xmax — pesynbTaT MakCUMarnbHOIO BU3HAYEHHS
KOHUeHTpauii enemeHTa, Xmin — pesynbTaT MiHiMansHOro
BU3HAYEHHSsI KOHLIEHTpaUii enemeHTa.

HopmyBaHHS 34ilcHIoBanocs ans npyMBeneHHs BUOGIpok
[0 ogHoro maclutaby.

3aKOHOMIPHOCTiI 3MiHM BMicTy MULWI'AKY. BmicT As y
Byrinni nnacra (puc. 1, a) xapakTepuayTbCs 3Ha4YHUMU Ba-
piauismu. BiH 3miH0eTbCA B Mexax Big 4,01 /T go 20,34 r/t
i He NOB'A3aHMI 3 HaNPAMKOM NafiHHA, rMMBKMHOK Ta NoTy-
XHICTIO BYFiNbHOrO MnacTa, KOHLUEHTpaLjie 30Mm1 BYrinns.
CepeaHe 3Ha4YeHHs BMICTY MULL'AKY MO MacTy CTaHOBUTb
9,27 r/T. Hanbinblue 3Ha4YeHHs BMICTY As — y NiBAEHHO-CXi-
[OHiN YacTuHI WwaxTHoro nonsi. BoHo npoctopoBo 36iraeTbest
i3 ceepanosmnHoo Ne H32118. Kapta 3MmiHWM perioHanbHoi
CKNafoBOi KOHUeEHTpaLii As, npeacTtaeneHa Ha (puc. 1, 6),
nokasye 36inbLUeHHs 10ro BMICTY y BYrinni nrnacra c7* B nie-
OEeHHO-CXifHOMY HanpsamKy. Muw'ak opMye reoxiMiyHy
acouliauito i3 pTyTTto (r = 0,76) i NOB'A3aHWI i3 BMICTOM Y BY-
rinni cipku 3araneHoi (r = 0,78). JliHiliHi piBHAHHSA perpecii:

As =0,1436 + 0,7889 x Hg;

As =0,2385 + 0,7269 X Saar.
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Puc. 1. KapTta i3okoHUeHTpaT BMicTy As (a) Ta kapTa 3MiHM perioHanbHOI CKNapaoBoil KoHUeHTpauii As (6) y Byrinni nnacra c;"

3akoHoMipHOCTi 3MiHM BMicTy 6epunito. KonveaHHsS
KoHueHTpauii Be y Byrinni nnacta — Big 1,87 r/t o 3,65 r/t
(puc. 2, a), npu cepegHbOMy 3HaYeHHi — 2,95 r/T. HanbinbLwui
3HaYeHHs1 BMICTy Gepunito — y NiBAEHHIA YaCTUHI LLAXTHOTO
nonsa Ha ginaHui ce. Ne 995 i Ne 348. KoHueHTpauisa Be He
3anexuTb Big rMu1OVHK, NOTY)XXHOCTI NnacTa Ta BMICTY 3ara-
NbHOT cipkun y Byrinni. PerioHanbHa cknagosa BMICTY LbOro

ernemeHTa 3pocTae B HaMNpsIMKY NafiHHA nnacra, y niBHiYHO-
CcxigHOMy HanpsiMky (pwuc. 2, 6).

CnocTepiraeTbCsl TiCHa 3BOpOTHA CTaTUCTU4YHA 3anex-
HicTb Mk BMicTom Be i 3omow (r = -0,88), cdTopom
(r =—-0,81). NiHinHi piBHAHHSA perpecii:

Be =0,9131 — 1,0225 x Ad;

Be =0,9173 -0,9943 x F.
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Puc. 2. KapTta i3okoHUeHTpaT BMicTy Be (a) Ta kapTa 3MiHM perioHanbHOI cCknapoBoi KoHUeHTpauii Be (6) y Byrinni nnacra c;"

3aKkoHOMipHOCTi 3MiHM BMicTy ko6anbTy. BmicT koba-
NbTy 3MiHIOETbCA B Mexax Big 3,17 r/1 po 10,221/t
(puc. 3, a). CepeaHe 3HayYeHHs KOHLEHTpaLii kobanbTy no
nnacty ctaHoButb 6,33 r/T. MakcumanbHe 3Ha4YeHHs BCTa-
HOBMEHO B 3aXigHin YaCTUHI LWaxXTHOro nomns Ha AinsHui c..
Ne H32038. KoHueHTpauisa Co He 3anexuTb Big rmmnbuHu,
BMICTYy 3aranbHOi Cipku Ta 3omnu y Byrinni. PerioHanbHa
cknagosa BMicTy Co 3pocTae B MiBHIYHO-CXiQHOMY Hanpsi-
MKy nagiHHsa nnacta B 6ik YKL (puc. 3, 6).

YCTaHOBMNEHO TiICHWI 3BOPOTHUI 3B'I30K MiXK BMICTOM KO-
6anbTy i NOTyXHicTio ByrinbHoro nnacta (r = —0,80), TicH1A
npsmMuii 38'A30K 3 Kymynsuieto mapraHuto (r = 0,76), Hikento

10 20 30 40 50 60 70 80 90 a

(r =0,66), cBuHuto (r = 0,85), xpomy (r = 0,84), BaHagito (r =
0,74). NiHinHI piBHAHHSA perpecii:
Co =0,6346 — 0,5463 x m;

Co =0,1261 + 0,7604 x Pb;
Co =0,1622 + 0,727 x Mn;
Co =0,0844 + 0,8552 x Cr;
Co=0,1721 + 0,5291 x Ni;
Co=0,1645 +0,7873 x V.
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Puc. 3. Kapta i3okoHueHTpaT BmicTy Co (a) Ta KapTa 3MiHM perioHanbHOI CKnafoBoi KoHUeHTpauii Co (6) y Byrinni nnacTa c/*

3aKoHOMipHOCTi 3MiHM BMicTy MapraHuto. KoHUeHT-
pauis MapraHuio Bapitoe Big 92,95r/T pgo 21941r/T
(puc. 4, a). CepeHe 3Ha4YeHHsI BMICTY MapraHLo no nnacry
ctaHoBuTb 142,73 r/T. Hambinblue 3HaYeHHs MpUypoYeHo
00 AinsHku nnacty 6insa ce. Ne H32038, sika 3HaxoauTbes y
3axigHin YyacTuHi waxrtHoro nons. Kymynsuis Mn He 3ane-
XWTb Bifl rMOUHW, BMICTY 3aranbHOI CipKu Ta 3051 Y BYTinmi.
PerionanbHa cknagosa BMICTY LibOro efniemMmeHTa Takox 3po-
CTae y HanpsiMKy nagiHHa nnacta (puc. 4, 6).

BusaBneHo TiCHUI 3BOPOTHIN 3B'A30K MiXk BMICTOM Mapra-
HUIO i MOTYXHiCTIO ByrinbHoro nmnacrta (r = —0,83), TicHWi

NpPsSMUA 3B'A30K 3 KOHUEeHTpauieto kobanbTty (r = 0,76), Hi-
kento (r =0,74), ceuHuto (r = 0,81), xpomy (r = 0,75), BaHagito
(r=0,77). INiHiAHI piBHAHHS perpecii:

Mn = 0,6045 - 0,6173 x m;

Mn = 0,0544 + 0,8005 x Pb;
Mn = 0,0058 + 0,865 x Co;
Mn =0,0314 + 0,851 x Cr;
Mn = 0,0552 + 0,6482 x Ni;
Mn = 0,0674 + 0,9045 x V.
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Puc. 4. KapTa izokoHueHTpaT BMicTy Mn (a) Ta kapTa 3MiHU perioHanbHOI CknagoBoi KoHUeHTpauii Mn (6) y Byrinni nnacra c;

3akoHOMipHOCTi 3MiHK BMicTy Hikento. Kymynsuis Hi-
Kenw Konueaetbca B Mexax Big 15,37 r/t go 32,97 r/1
(puc. 5, a). CepegHe 3HayeHHA MO nNnacty CTaHOBUTb
24,56 r/T. [insiHka 3 HanbINbLWWUM 3HAa4YEHHSAM KOHLeHTpaLii
HiKen MICTUTbCA B 3axigHilh YacTuHi WaxTHoro nons 6ins
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cB. Ne H32038. BmicT Ni He 3anexuTb Bif rMmMbuHM, KOHLe-
HTpauii 3aranbHOi cipkn Ta 3onmu y Byrinni. PerioHanbHa
CKragoBa BMICTY LibOro eflieMeHTa 3pocTae B NiBHIYHO-CXia-
HOMY HanpsAMKY NafiHHS nnacta (puc. 5, 6).

Puc. 5. Kapra isokoHueHTpaT BmicTy Ni (a) Ta kapTa 3miHM perioHanbHoOi cknagoBoi KoHueHTpadii Ni (6) y Byrinni nnacra c;*

YCTaHOBMEHO TiCHWIA 3BOPOTHUI 3B'A30K Mi>K BMICTOM Hi-
Kento i NoTyXHicTio ByrinbHoro nnacta (r = —0,78), TicHui
NpsSIMUIA 3B'A30K 3 KOHLIeHTpauieto kobaneTy (r = 0,66), map-
raHuto (r = 0,74), ceuHuo (r = 0,75), xpomy (r = 0,71), BaHa-
aito (r = 0,70). JiHiAHI piBHAHHA perpecii:

Ni=0,7752 - 0,7217x m;
Ni =0,1669 + 0,838 x Pb;
Ni =0,1449 + 0,8412 x Co;
Ni=0,1471 + 0,881 x Cr;

Ni=0,1812 + 0,866 x Mn;

Ni=0,1815 + 0,9444 x V.

3aKkOHOMIpHOCTi 3MiHU BMicTy pTyTi. 30HM MigBK-
LeHoro BMICTy pTYTi po3TalloBaHi B MiBAEHHIA i niB-
OEHHO-CXIiAHI YacTuHi waxtHoro nons. KoHueHTpauia Hg
Bapitoe B Mexax Big 0,0037 r/t go 0,1138 r/T (puc. 6, a).
CepefHe 3HayeHHs no nnacty craHoButb 0,0286 r/T.
Hambinbwa kymynauias Hg — B niBAEHHIA YacTuHI WwaxT-
Horo nons 6insa ce. Ne H3499. BmicT Hg He 3anexuTb Big
rMMBUHK, NOTYXKHOCTI NNacTa Ta 30nu y Byrinni. PerioHa-
nbHa cknagoBa BMICTY LbOro enemMeHTa 3pocTae B NiB-
OEeHHO-CXiAHOMY HanpsMKy (puc. 6, 6).
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Puc. 6. KapTta isokoHUeHTpaT BmicTy Hg (a) Ta kapTa 3miHu perioHanbHoOI cknapoBoi kKoHueHTpadii Hg (6) y Byrinni nnacra c;*

YCTaHOBMNEHO TiICHUI NPAMUI 3B'A30K MiDK BMICTOM PTYTI
i Cipkn 3aranbHoi y Byrinni nnacta (r = 0,91) Ta 3 KOHUEHT-
pauieto muw'aky (r = 0,76). JTiHilHi piBHAHHS perpecii:
Hg = 0,1326 + 0,8144 x Szar.;

Hg =-0,0172 + 0,7557 x As.

3aKOHOMIPHOCTiI 3MiHM BMicTy CBMHLI. BmicT cBu-
HUIO0 B MeXax nracTa 3MiHeTbes Big 6,97 r/tT oo 21,52 r/T.
CepepgHe 3HayeHHs no nnacty ctaHoBuTb 13,14 r/1. Hanbi-
NblUa KOHLEHTpaLUis BCTAHOBMNEHA B 3aXiAHI YaCTWHI LWWaxT-
Horo nons Ha ainaHui ce. Ne H32038 (puc. 7, a). KoHueHT-
pauis Pb He 3anexuTb Big rmmMbuHn, BMICTY 3aranbHoi Cipku
Ta 3onu y Byrinni. PerioHanbHa cknagoBa BmicTy Pb 3poc-
Tae B HanNpsIMKy nafiHHA nnacrta, Y MiBHIYHO-CXiAHOMY Ha-
npsiMKy (puc. 7, 6).

YCTaHOBMNEHO TiCHWI 3BOPOTHWUI 3B'A30K MK BMICTOM
CBUHLIIO i MOTYXHICTIO ByrinbHoro nnacrta (r = —0,89), TicHui
npsamMuii 3B'A30K 3 Kymynsiuieto mapranuto (r = 0,81), Hikento
(r = 0,75), kobanbTy (r = 0,85), xpomy (r = 0,86), BaHagito
(r = 0,80). JTiHifHI piBHAHHS perpecii:

Pb =0,6722 - 0,7165 x m;
Pb =-0,0146 + 0,9778 x Co;
Pb =0,0833 + 0,8651 x Mn;
Pb =0,0126 + 0,9662 x Cr;
Pb =0,0699 + 0,6779 x Ni;

Pb =0,0758 + 0,9649 x V.
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Puc. 7. KapTa i3okoHUeHTpaT BMicTy Pb (a) Ta kapTa 3MiHM perioHanbHoiI cknapoBoi koHueHTpauii Pb (6) y Byrinni nnacra c;"

3akoHOMipHOCTiI 3MiHu BMmicTy ¢hTopy. BmicT dpTopy
3MiHIOETLCS B Mexax Big 25,69 r/t go 142,63 r/1. CepeaHe
3HAYeHHs1 Mo MNnacTty cTaHoBWUTb 62,29 r/T. MakcumarnbHe
3HaYeHHs KOHLeHTpaUii dhTopy dikCyeTbCA Ha AinsAHLUi 6ins
cB. Ne 3622 (puc. 8, a). Kymynsuia F He 3anexuTb Big rmu-

OUWHW, BMICTY 3aranbHOi Cipku Ta NOTY>XHOCTI nnacta. Perio-
HanbHa ckrnagosa BMicTy F 3pocTtae B niBAeHHO-3axigHOMY
HanpsiMky (puc. 8, 6).

YCTaHOBMNEHO TiCHWUIA MPAMUIA 3B'A30K KOHUeHTpauii F i3
BMicTom 3omm (r = 0,89). JliHinHe piBHAHHS perpecii:

F =0,0634+0,8314 x Ad.



~ 64~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

a

Puc. 8. Kapta isokoHUeHTpaT BmicTy F (a) Ta kapTa 3mMiHU perioHanbHOiI cknagoBoi KoHueHTpaduii F (6) y Byrinni nnacra c;"

3akoHoOMipHOCTi 3MiHM BMicTy xpomy. BmicT xpomy
Bapitoe B Mexax Big 6,89 r/t go 23,75 r/t. CepeaHe 3Ha-
YeHHa no nnacty crtaHoBuTb 14,07 r/T. Hambinbwe 3Ha-
YEHHS CMOCTEPIraeTbCA B 3aXiAHiN YaCTWHI LUAXTHOrO nons

Ha aingaHui i3 cs. Ne H32038 (puc. 9, a). KoHueHTpauis Cr He
3anexuTb Big rMMBWHW, BMICTY 3aranbHoi Cipku Ta 30Mm Yy
Byrinni. PerioHanbHa cknagoea Bmicty Cr 3pocTtae no na-
[iHHIO NnacTa y NiBHIYHO-CXigHOMY HanpsAMKy (puc. 9, 6).
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Puc. 9. Kapta isokoHueHTpaT BmicTy Cr (a) Ta kapTa 3MiHM perioHanbHOi cknagoBoi KoHueHTpaduii Cr (6) y Byrinni nnacra c;"

YCTaHOBMNEHO TiCHWI 3BOPOTHUIM 3B'A30K MiXK BMICTOM
XPpOMYy i NOTYXHicTio ByrineHoro nnacrta (r = —0,85), TicHun
npsamMuii 38'A30K 3 Kymynsuieto mapraHuto (r = 0,75), Hikento
(r=0,71), ceuHuto (r = 0,86), kobanbTy (r = 0,84), BaHagio
(r = 0,78). IliHiMHI piBHAHHS perpecii:

Cr=0,6192 - 0,568 x m;

Cr=0,0942 + 0,782 x Pb;
Cr=0,1326 + 0,7444 x Mn;
Cr=0,0266 + 0,89 x Co;
Cr =0,1245+0,5768 x Ni;

Cr=0,1198+0,8481 x V.

3akoHoMmipHOCTi 3MiHM BmicTy BaHagito. Kymynsuis
BaHagito konuBaeTbca B Mexax Big 13,31 po 37,78 r/1
(puc. 10, a). CepegHe 3HaYeHHs MO nnacTty CTaHOBUTb
22,13 r/1. [insiHka 3 HanbINbLWWUM 3HAYEHHSAM KOHLeHTpaLii
V poaTalloBaHa B 3axifHil YaCTuHi LWaxTHoro nons 6ins ce..

Ne H32038. BmicT V He 3anexuTb Bifg rMMbuHU, KOHLEHTpa-
uii 3aranbHOI Cipku Ta 3onm y Byrinni. PerioHanbHa ckna-
[0Ba BMICTY LIbOrO efleMeHTa 3poCTa€e B NiBAEHHO-CXIQHOMY
Hanpsmky (puc. 10, 6).

YCTaHOBMEHO TiCHWIA 3BOPOTHUI 3B'A30K MiXK BMICTOM
BaHagfito i MOTYXHIiCTo ByrinbHoro nnacra (r = —0,84), TicHun
NpsAMUIA 3B'A30K 3 KOHLEHTpauieto kobanbeTy (r = 0,74), map-
raHuto (r = 0,77), ceuHuto (r = 0,80), xpomy (r = 0,78), Hikento
(r =0,70). NiHinHI piBHAHHA perpecii:

V =0,5199 - 0,4803 x m;
V =0,0743 + 0,6756 x Pb;
V =0,0428 + 0,7088 x Co;
V =0,0484 + 0,7337 x Cr;
V =0,0913 + 0,6844 x Mn;

V =0,0814 + 0,5349 x Ni.
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Puc. 10. KapTa i3okoHueHTpaT BmicTy V (a) Ta kapTa 3MiHM perioHanbHOI cknagoBoi KOHUeHTpauii V (6) y Byrinni nnacra c;"

BucHoBku. OTpuMaHi B npoueci JochimKeHb pe3yrb-
TaTu JO3BONAOTL CHOPMYNIOBATU Taki OCHOBHI BUCHOBKM:

1. CninbHe HakonuyeHHst Co, Ni, Pb, Cr, Vi Mn 3 yTBO-
PEHHAM reoxiMivyHOT acouiaii 1 TiCHWIA HeraTUBHUN 3B'A30K
KOHLEHTpaUin UMX eneMeHTiB 3 MOTYXHICTIO BYrifNbHOro
nnacta o0yMOBIeHi IXHiM CMiNIbHUM HAKOMUYEHHAM Y Npu-
KOHTaKTHUX AinsiHkax nnacra 3 oopMyBaHHSM CBOEPIAHUX
30H 30araveHHs notyxHicTio 0,15-0,2 M. Y cBot 4epry,
YTBOPEHHSA NOAiOHNX 30H NOB'A3aHO 3 iHTerpanbHUM BNNK-
BOM aAcOpOLUINHOrO Ta OKMCHO-BIAHOBHOIO reoXiMi4yHMX
Oap'epiB Ha KOHTaKTax BYrifIbHOro naacTa npu mirpadii py-
XOMUX hOPM PEYOBUHM BYTIEHOCHOIT TOBLLI B Npoueci ii ai-
areHesy Ta KaTareHeay.

2. bepunivi € eanHum enemeHTom 3 yeix TilTE, akuin nepe-
Ba)KHO MOB'A3aHU 3 OpraHiYHO0 CKIMaJ0BO0 BYrinns nnacta.

3. TicHuiA KopensiLinHWi 3B'30k acouiauii Hg i As 3 Saar.
Ta aHani3 NPOCTOPOBOro po3TallyBaHHA aHOMarni uux ene-
MEHTIB 3 reonoro-CTPYKTYpHUMM OCOBMNBOCTAMU LLAXTO-
nnacra CBiAYWTb NPO HAKOMWYEHHS LMX ENIEMEHTIB Ha MOCT-
ceaVMeHTauiiHOMY eTani hopMyBaHHS BYINIEHOCHMX BiJK-
napiB Ta IXHbOro reHeTUYHOro 3B'A3KY 3 PO3PUBHUMU CTPYK-
Typamu. [Npryomy, SKLIO BENUKI PO3PUBHI NOPYLLEHHS Bigir-
paBanu B OCHOBHOMY poOrib MiABIAHMX | TPAH3UTHUX KaHanis,
TO OpiOHI NOpyLLEHHS, | 0COBNMBO onepsitoYi X 30HU TPILLK-
HYyBaTOCTi, BUKOHYBarnmn KOHTPOIOYY OYHKLO.

4. TicH1 npamuii kopensAuiiini 38'a30k F i3 3onbHicTo
BYTINNsA Ta aHani3 nobygoBaHNX KapT CBIgYATL MPO AOro ne-
peBaxXHe HaKOMUYEHHSA B Mpoueci OpMyBaHHs naneoTop-
d'AHMKa y cknagi WwapyBaTux antoMocuIikaTiB.

OcHoBHe HayKoBe 3Ha4YeHHs! BUKOHaHOI poboTu nonsrae y
BCTaHOBIIEHHI reoxiMivyHMx acoujaui TiIMNTE i reHeTu4YHnX npu-
YMH TXHBOI MIHMMBOCTI Y BYriNMi NnacTa, a TakoX Y BUSBMEHHI
nonireHHOro i NONIXPOHHOTO XapaKTepy IXHLOro HAKOMUYEHHS.

MpakTnyHe 3HaYeHHs OTpMMaHuX pesyrnbTaTiB nondrae
B NoByaoBi kapT isokoHueHTpaT TIlMNTE y Byrinni nnacra i po-
3paxyHKy PiBHSAAHb PErpecii Mix iXHiM BMICTOM i OCHOBHUMM
TEXHOMOTYHUMW NapameTpamu.
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DISTRIBUTION OF TOXIC AND POTENTIALLY TOXIC ELEMENTS IN THE COAL OF THE LAYER C7"
OF THE "PAVLOGRADSKAYA" MINE OF PAVLOGRADSKO-PETROPAVLOVSKIY GEOLOGICAL
AND INDUSTRIAL DISTRICT

Increasing requirements for environmental protection and influence accounting of coal-mining enterprises on the ecological situation stipulates
the need for new scientifically grounded methods for forecasting the content of toxic and potentially toxic elements (TaPTE) in rock mass, mining
waste and coal enrichment which is mined in mines.

In the article, the results of investigations of TiPTE in coal layer c7* of "Paviogradskaya" mine field of Pavlograd-Petropaviovsk geological and
industrial region of Donbass are considered.The research aims to establish regularities in the distribution of TaPTE in the coal layer c7".

As a result of the performed studies, the content variations and average concentrations of TaPTE in the coal of the layer were established, maps
of the isoconcentrate of TaPTE and maps of the regional constituent of their contents by the area were constructed. The constructed maps are the
factual basis for the long-term forecast of the concentrations of TaPTE in the rock mass extracted in mines. Linear regression equations are calculated
between the concentrations of toxic and potentially toxic elements and the main technological parameters.

These equations can be used for short-term and medium-term forecasting and controlling the contents of TaPTE in the extracted rock mass. In
its turn, long-, medium- and short-term forecasts of TaPTE concentrations in extracted rock mass should serve as the basis for technological solutions
aimed at reducing their content in coal mining products, products and waste coal.

Analysis of the result of statistical processing of geochemical information and geological and structural characteristics of the layer c/of mine
field of "Pavlogradskaya"” mine allowed us to establish, that the formation of the association of cobalt, nickel, vanadium, lead, chrome and manganese
is associated with the enrichment of contact zones of the coal layer by these elements and is genetically due to influence of adsorption and reductive-
oxidative barriers on the migration of matter during the diagenesis and catagenesis of coal-bearing series. It is proved that beryllium is the only
element, mainly associated with the organic constituent of coals. The association of mercury and arsenic is due to their genetic connection with the
sulfide mineralization of fractured zones of tectonic nature.

The main scientific importance of the results of the performed studies is the establishment of genetic causes that have a significant effect on the
distribution of TaPTE in coal layer of c/".

Keywords: coal layer, coal height, ash, sulfur, toxic and potentially toxic elements, isoconcentrate maps, regional component maps, regression
equation.

B. NwkoB, kaHA. reon.-MmuHeparn. Hayk, Aou,.

E-mail: ish-w@yandex.ua,

E. Ko3un, 3am. gupekropa YHL| NI

E-mail: koziyes@nmu.org.ua

FocynapcTBeHHOe Bbicllee y4e6Hoe 3aBeaeHue "HaumoHanbHbIM ropHbIA yHUBepcuTeT"
np. Amutpua AsopHuukoro, 19, r. AHenp, 49600, YkpauHa

O PACMPEOENEHUU TOKCUYHBIX U MOTEHUUAIIBHO TOKCUYHbIX SNEMEHTOB B YITIE NMACTA CH
LWAXTbI "NABIOrPAOCKAS" MABJIOrPALICKO-NETPOMABIIOBCKOIoO
FEOJIOrO-NMPOMBbILWIEHHOIO PAUOHA

IMoebiweHue mpeboeaHuli K oxpaHe oKpyxaroujeli cpedbl U yyemy enusiHusi yanedobbigarowjux npednpusimull Ha 3Kos102u4ecKyro o6cmaHoeKy
ob6ycnoenueaem nompe6HOCMb 8 HO8bIX Hay4HO 060CHOBaHHbLIX MEemModax MPo2HO3a codep)KaHUsi MOKCUYHbIX U MOMeHYuaribHO MOKCUYHbIX 3/1e-
meHmoe (TullT3) e dobbieaemoli waxmamu 20pHoU Macce, omxodax 006bIYu U y2rneobo2aujeHust.

Paccmampuearomces pesynbsmamabi uccnedoesanuli TullTS e yene nnacma c7* nons waxmsi "lMaenozpadckas” Maenozpadcko-llemponaenoec-
KO20 2e0J1020-NpoMbIWiieHHo20 palioHa [loH6acca. Ljenbs pabombl — ycmaHoeums 3akoHOMepHocmu & pacnpedesneHuu TullT3 e yene nnacma c7.

B pe3ynbmame 8bINnosIHeHHbIX Uccriedo8aHull ycmaHoeIeHbl 8apuayuu codepxaHull u cpedHue koHuyeHmpayuu TullT3 e yane nnacma, nocm-
poeHbl Kapmbl u3okoHyeumpam TullT3 u kapmbl pez2uoHanbHOU cocmaensroweli ux codepxaHull no naowadu waxmonsaacma. llocmpoeHHble
Kapmbl siensiromcsi gpakmosio2uyeckoli 0CHogolU 0sisi 00/120CPOYHO20 MPOo2HOo3a KOHUyeHmpayul TullTO e dobbieaemoli waxmol 2opHOU Macce.
Paccyumanbi nuHeliHble ypagHeHUs1 pespeccuu Mexdy KOHUeHmMpayusiMu MOKCUYHbIX U MOMEeHUUasIbHO MOKCUYHbIX 3/1eMeHMOo8 U OCHO8HbIMU
mexHoJsI02Uu4ecKUMU napamempamu. Amu ypasHeHUs Mo2ym 6bimb UCMOJIb308aHbl 07151 KPAMKOCPOYHO20 U CPeGHECPOYHO20 MPO2HO3a U KOHMPOJIs
codepxaHuli TullTO e Aobbieaemoli 20pHOl Macce. B ceoto oyepedb Aos20-, cpedHe- U KpamKoOCPOYHbIe MPO2HO3bl KOHUeHmpayul TullT9 e
dobbieaemoli 20pHOU Macce OO/KHbI CIIYXUMb OCHO8aHUeM 011 MeXHOI02U4YeCcKUX peweHull, HarpaeseHbIX Ha CHUXXeHue ux codepxaHuli e npo-
dykmax yanedobbiyu, npodykmax u omxodax yaseobo2aujeHusl.

AHanus pesynbmamoe cmamucmuyeckoli 06pabomku 2eoxumuyeckoli UHGhopMayuu u 2e0/1020-CIMPYKmMypHoU Xxapakmepucmuku nnacma c7” nonsi
waxmsi "lMaenozpadckas” No3eonun ycmaHoeums, Ymo hopmMuposaHue accoyuayuu Kobanbma, HUKessi, 8aHadusl, CBUHUa, XpoMa U MapaaHya cesi3aHo
¢ o6ozaujeHuUeM amumu 3s1eMeHmamMu NPUKOHMaKMHbIX 30H y20/1bHO20 Mjlacma u 2eHemuYyecku obycrioenieHo eansiHueM adcopb6yUOHHO20 U OKUCIIU-
menbHO-80cCMaHo8uMenbHO20 6apbepoe Ha Muzspayuro eeujecmea 8 npouyecce oL 1e3a U Ka 1e3a yaneHocHoli monuwu. [JokasaHo, Ymo Ge-
punnut siensiemcsi eQUHCMEeHHbIM 3/IeMeHMoM, KOmophbill NPeuMyuw,ecimeeHHO cesi3aH C op2aHu4Yeckoli cocmaenstowell yanel. Accoyuayusi pmymu
U MbluwbsiKka 06ycrioesieHa UX 2eHemu4ecKol c853bH0o C CYIbhuGHOU MUHepanu3ayueli mpeuwuHo8ambiX 30H MEKMOHUYeCKOU Mpupookl.

OcHOg8HoOe Hay4HOe 3Ha4YyeHue pe3y/1bmamoe 8bINMoSIHeHHbIX uccredoeaHull 3aK/I04aemcsi 8 ycmaHoeJ/IeHUU 2eHemu4ecKuXx rnpuYvuH, oka3blearo-
wux cywiecmeeHHoe ejiusiHue Ha ocobeHHocmu pacnpedeneHusi TullT3 e yane nnacma c7".

Knroyeenie cnoea: y2onbHbIl nnacm, MOWHOCMb, 30/1a, cepa, MOKCUYHbIe U MOMeHyuabHO MOKCUYHbIE 3/IeMEeHMbI, KapMmbl U30KOHUEeHmpam,
Kapmbl pe2uoHanbHOU cocmasrsirouiel, ypasHeHue pezpeccuu.
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NMPOBJIEMUN BUAJIEHHA NIASEMHUX BOAHUX MACMUBIB
Y MEXXAX TPAHCKOPOAOHHUX TEPUTOPIN YKPAIHU 3 YPAXYBAHHAM BUMOr
BOAHOIo 3AKOHOOQABCTBA €C

(PexomeHAo8aHO YrieHOM pedakyiliHoi Konezil 0-poM 2eos.-MiH. Hayk, npog. M.M. KopxHeaum)

Po3znsidarombcsi cmaH i npobriema eugYyeHHs1 83a€M038 ‘A3Ky rosepxHeauX i nid3eMHUxX 800 y Mexax mpaHCKOpOGOHHUX mepumopili
YkpaiHi 3 ypaxyeaHHsIM sumo2 800HO20 3akoHoGaecmea EC. OyiHka cmaHy ma ynpaeJsliHHs CmaHOM mPaHCKOPOOHHUX 80GHUX cucmem
(y momy 4qucni nidzeMHux eod) Mae nosisizamu He suwe 8 iXxHboMy ¢hakmozpaghiyHoMy eueyqeHHi (kapmozpaghyeaHHi Ha OCHoB8i 2e0iH-
ghopmauitiHux cucmem), a Ui 8 paH)XyeaHHi 3a cmyrneHeM Pu3uKie 8 UHUKHEHHSI MOXJTU8UX MPaHCKOPOOHHUX npobem. 3asdaHHs yckKia-
OHIOEMBCST MAaKOX MuM, Wo nid3eMHi 00U € QUHaMi4YHOK KOMITOHEHMOK Haop, 80GHUX pecypcie i ekocucmeM (Ha8KOJIUWHBLO20 MpPu-
POOHO20 cepedosuwia), momy npouec ynpasJsliHHg HUMU € documb CkilaGHUM, 6azamoghakmopHuM i 6a2amoyinbo8uM, a KOHKPemHi
cxeMu OUjiHKU ma ynpaeJliHHs1 nid3eMHUMU eodamMu po3pobrisirombcs 3anexHo 8id KiHyesoi memu. O6rpyHmogaHo, wo npu eudineHHi
nidzemHux 800HUX Macuegie 0608 ‘A3k080 clid ypaxosysamu iCHytoqy 2idpozeosio2iyHy cmpamudbikayiro, ocobriugocmi ymoe eepmuka-

JIbHO20 i 20pU30HMasnbHO20 800006MiHYy Ha mepumopi.

Knroyoei cnoea: nidzemHi e00HIi Macueu, mpaHCKOPOAOHHI 800HI cucmemu, aHmMPOoINo2eHHull ernue.

Beryn. lig3emMHi BOAM € KOMMOHEHTOK Hagp, BOAHUX
pecypciB i ekocucTeM (HaBKOMULLHBOTO MPUPOAHOro cepe-
AOBWLA), TOMY NpoLEeC ynpaBniHHA HUMW € JOCUTb CKnag-
HUM, GaraTtodakTopHMM | BaraTouinboBuUM. 3anexHo Big Ki-
HUEBOI MeTW po3pobnsoTbCs KOHKPETHI CXEMWU OUIHKM Ta
yrnpaeniHHS Nig3eMHUMKU BogaMMU.

3okpema, sik KOMNOHEHTa Haap Nig3emHi Boan po3rns-
0alTbCs K HAMBaXIMBILLA KOPUCHA KoManuHa, LWo Mae Hu-
3Ky crneuudivyHux BrnactusocTten. MNepw 3a Bce, ue gMHaMi-
YHiCTb | BigHOBMOBAHICTbL 3anaciB nia3emMHux Bod. BogHo-
yac, nia3emMHi Boan MoXyTb 6yTU YUHHMKOM, LLO YCKINaOHE
BNOOOYTOK iHLLIMX KOPUCHMX KONasnvH i BUMarae 3anobixkHmX
3axogiB 60poTbby 3 BOgONPUNAMBaMM OO FPHUYUX BUPO-
OoK. Ak YacTnHa BOOHWX pecypciB Nig3eMHi BOAW BpaxoBy-
H0TbCS Y BOAOrocnofapcbkux 6GanaHcax nignpuemcTs i Tepu-
TOpIN, y po3paxyHKax MEXEHHOro CTOKYy Pi4oK, po3rnsaa-
H0TbCS SIK CKMagoBa pecypciB NOBEPXHEBUX BOA. AK KOMMO-
HEHTa HaBKOMULIHLOrO cepefoBuLla (EKOCMCTEM) NiA3EMHi
BOAM (hOPMYIOTb 3BONOXEHI NaHAwad TV B 30HaxX po3BaHTa-
XKEHHS1 a0 COMOHYaKu NPy HErnMMOOKOMY 3ansraHHi piBHS
nig3emMHnx Bod. [AnHamika piBHIB i XiMiYHMI cknag nig3em-
HUX BOZJ BPaxOBYKTbCSI NPW NPOEKTyBaHHi OyauHKIB i cro-
pya, Npv 34iNCHEHHI MeniopaTUBHUX 3axoiB TOLLO.

BBaxaeTbcs, Wo Hanbinbw edeKkTuBHe ynpasniHHA Mo-
BEPXHEBUMM | NiA3eMHUMK BogaMmn BiabOyBaeTbCs Ha PiBHi
piykoBoro GacenHy (b6acewHy cToky) — ob'ekTa iHTerpoBa-
HOro ynpasniHHs BogHuMun pecypcamu (IYBP) [1]. 3posy-
Mino, o npobnemMy 36epexxeHHs1 Ta ONTUMarbHOro BUKOPU-
CTaHHA BOOHWUX PECYPCIB CMiflbHO PO3B'A3Y0Th rigporeo-
norw, rigponoru, daxisLi 3 BOgHOro rocnogapcrea, rigpoTe-
XHIKW, eKONoru, eKkoHoMicTh. 3 ornsigy Ha Le HeobxiaHo Bpa-
XOBYBaTW TON (haKT, Lo 6acenH 4n 06'eKT ynpaBniHHA MOXe
po3TalloByBaTUCh Ha TEPUTOPIT PIBHUX KPaiH.

Ha BCiv NpOTAXHOCTI NiHii 4epXXaBHOro CyxXOmnyTHOrO KO-
pooHy Ykpainm (6nm3bko 5 638 km) no obuasa 6okm Big Heil
iCHYIOTb CMCTEMU MOBEPXHEBMX i NiA3EMHUX BOA, AKi 32 BU-
3HAYEHHsIM € TpaHCcKopAOoHHMMK. Pecypcu nig3emHux Bof
MatoTb BENUYE3HE 3HAYEHHS OIS XKUTTSA HaceneHHs i po3Bu-
TKY €KOHOMIKN 5K YKpaiHW, TaK i CYyMbKHUX Aepxas. Tomy
npobnema CTBOPEHHSI CUCTEMU YMNpPaBriHHSA TPAHCKOPAOH-
HUMMW BOOHMMM BaceiiHamu, L0 BPaxoBYe MiXKHapOL4HWUIA ac-
MEeKT, € HaranbHO Ta HEODXiAHOH0.

[nsi BMpILLEHHS LbOro 3aBAaHHsS nNepenyciMm HeobxiaHo Ha
OCHOBI aHanidy rigponoro-rigporeonoriYyHNX yMOB BUAINUTA
TPaHCKOPAOHHI BoaHi 6aceinHu, iXHI0 NOBEPXHEBY Ta NiA3EMHY
CKIafoBi TaKMM YMHOM, LWIOG HEe BMHMKANO NPOdECIAHNX He-
y3rogkeHocTen Mk dpaxiBLgMKU 3 pisHMX KpaiH, TO6TO ogHO-
3HAYHO BM3HAYMTM MEXi TPAHCKOPAOHHWNX BOAHMX cucTeMm. Ta-
KOX 3pO3yMino, LLIO OLHKa CTaHy Ta yrpaBsriHHSA CTaHOM TpaH-
CKOPAOHHMX BOAHWX cUCTeM (y TOMY Ymchi Nig3eMHUX BOA) Mae
nonsraTh He nuiue B IXHbOMY hakTorpadiyHOMy BUBYEHHI (Ka-
pTorpacdbyBaHHi), a 1 y paHXyBaHHi 3a CTyNeHEeM PU3UNKiB BUH-
KHEHHS! MOXIMBMX TPAHCKOPAOHHMX Npobrem.

BuknageHHA ocHoBHOro martepiany. Boga — Heobxia-
HUI eneMeHT XUTTe3abe3neyeHHs HaceneHHs. Big ii akocTi
3aneXnTb CTaH 340PO0B'A NoAeN, piBEHb IXHBOrO CaHiTapHO-
enigemionoriyHoro 6naronony44si, CTyniHe KOMOPTHOCTI, a
oTXe, i coujanbHa cTabinbHICTb CycninbCcTBa. 3poCTaHHS Ki-
NbKOCTI HaceneHHs, Wweuaka ypbaHisauia Ta iHgycTpianisa-
Lisi, pPO3BUTOK CiNlbCbKOro rocnogapcTtea i Typuamy, a Takox
3MiHa KrimMaTy, cnocoby XMTTS i 3BUYHOIO pauioHy Xapuy-
BaHHS HEBMWHHO TUCHYTb Ha BOAHI peCypcu Ta EKOCUCTEMMU.
HeobxigHO HOBi 3ac00M OLHKM Ta ynpaeniHHS UUM pecyp-
COM 3 ypaxyBaHHAM maclutaby — rnobanbHoro, perioHanb-
HOro, nokarnbHoro, o6'eKTOBOrO.

OcobnuBo cknagHa cuTyauis BUHUKaE ANs TPaHCKOPAOH-
HMX BOOHUX CUCTEM, SiKi NOKpuBatoTb 45 % cyLui y CBiTi Ta no-
€AHYI0Tb ABi KpaiHn abo Ginblue B YaCTUHI BOOAHNX pecypciB
Hapa (noBepxHeBi BOAM) i nig (nig3emHi Boan) nosepxHeto 3e-
Mri [8]. BinbLue NONMOBMHM HAaCENEHHS CBITY LLIOOHS 3aNeXnTb
Bij BOOHMX PeCypciB, siKi CMiNbHO BUKOPUCTOBYOTLCS BinbLue
H>K OfHi€et0 KpaiHot. Lle noBepxHeBi BOAW TPaAHCKOPLOHHUX
pi4OoK i 03ep, a TakoX Nia3eMHi Boaw, LLO MICTATbCSA Y BOOOHO-
CHWX FOPU3OHTaxX i KOMMNeKcax, NOWMPEHNX Ha TepUTOPIi Ki-
nbkox kpaiH. Ockinbku notpeba B LbOMY AOPOroUiHHOMY pe-
CypCi NpoJoBXYy€E 3pOCTaTW, MUTAHHS NPO HEOOXIAHICTb cniB-
npaui MiX kpaiHamy Ans eeKTMBHOro ynpasniHHA BOAHVMM
pecypcamm CTOITb JOBOM FOCTPO.

3 TOUKM 30py Mi>KHAPOAHOro NpaBa TPAHCKOPAOHHE CniB-
pOOBITHMLITBO 3aKpinneHo B MiXkHapoaHomy npasi Ta B CTa-
TyTi OOH. Tak, KoHBeHLiA Npo OXOPOHY Ta BUKOPUCTaHHSA
TPaHCKOPAOHHMX BOAOTOKIB i MixkHapogHux o3ep (KoHBeHUis
no TPaHCKOPAOHHMM Bodam) byna npunHATa B M. enbCiHki,
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®iHnaHais, y 1992 p. i Habyna unHHocTi B 1996 p. BoHa Bu-
CTYNae 9K MexaHi3aM 3MiLHEHHS! HaLiOHaNbHUX 3axX04iB i Mix-
HapoAHOro cniBpobiTHMULTBA 3 eKonoriYHo 06r'pyHTOBaHOro
yNpaeniHHSA TPAHCKOPAOHHMMM MOBEPXHEBUMM | Mig3em-
HUMKW BOAAMW, BKITHOYAKOYM iXHIO OXOpPOHYy. CTaHOM Ha
31 x0BTHA 2013 p., y KOHBEHLUji N0 TpaHCKOPAOHHUX BOAax
6epyTb yyacTb 39 kpaiH 3 perioHy €BponencbKoi EKOHOMIY-
Hoi komicii (EEK) OOH. lNepeabayaeTbes, wo KoHBeHUis
JocsarHe 6inbLy LWMPOKOT yyacTi 3aBasiku rnobansHOMY Bigk-
puTTIO ANS BCiX aepxas-yneHis OOH.

BoaHa pamkoBa gupektnea €sponericbkoro Cotosy (Au-
pekTna 2000/60/EC abo BP[]) Takox Hagae nnatdopmy ansi
ynpaeriHHA TPaHCKOPAOHHMUW BOAHVMMU pecypcamu i CTUMy-
noe KpaiHn ogHoro 6aceriHy fo gianory i hopmyBaHHs 6a-
cerHoBoi nonituku. MNigxig BPL 3acHoBaHMn Ha knacudikawii
1 3BITHOCTI N0 GacenHax, BKIOYa4M XapakTeprUcTUKn BUXIa-
HOro CTaHy, TUCKIB i BNNUB, KOMMNEKCHe ynpaBniHHA Ha Hauj-
OHarnbHOMY Ta MiXXHAPOAHOMY PiBHI, BU3HA4YeHHS Linen yn-
paBniHHS | )OPCTKi TEPMiHN IXHBOTO AOCATHEHHS, PO3POOKY
6acenHOBMX MIaHiB i Mporpam 3axoAiB, BUKOPUCTaHHST iHGhO-
pMaLiiHUX CUCTEM, 3BITHICTb i MOHITOPWHT, EKOHOMIYHWIA Nig-
Xif, y4acTb LUMPOKOT FPOMaACHKOCTI i T.iH.

Ha cborogHi B YkpaiHi BigbyBaeTbca npouec pedopmMy-
BaHHsi CUCTEMM YNpaBniHHA BOOHWMMW pecypcamu 3rigHo 3
BuMoramu BP[l 3 ypaxyBaHHAM iCHYOHOro MiXHapogHoOro
pocsigy [1]. 3rigHo 3 BP[] ycTaHOBMIOIOTLCA paMKOBi BUMOT
LOAO 3axMCTy BCiX BUAIB MPUPOOHMX BOA, BKIHOYAKUM
nig3emHi. BoHa Bumarae igeHTudikauii "nig3emMHmMx BoAHMX
macusis" (M3BM) sik HeBig'eMHOI cknagoBoi YacTuHK 6acen-
HiB NpupoaHux Bog. BignosigHo go ct. 2.12 BP/[ "nigsem-
HUI BOAHUA MacuB — Lie YiTKO No3HaYeHun obcar nig3emMHux
BOZ, Y paMKax NEBHOro BOLOHOCHOIO rOPU30HTY abo ropmso-
HTiB". TpaHCKOPOOHHMI NoBepxHeBUi abo nig3emHWn Boa-
HWI MacyB — Lie TakuiA MacuB, L0 NOLIMPIOETLCA No obuasa
©0oKM Big KOPAOHY Aepxas.

BusHayanbHOK Npobnemoto, WO BUHUKAE NPU BUAINEHHI
niag3eMHUX BOAHWX MacKBIB, € TEPMIHOMOrYHa HeY3romxe-
HICTb Mk 6a3oBMMM NOHATTSIMM BP[ i TpaamuinHimm BiTuns-
HAHUMW TiAPOMNOriYHUMM | FiAPOreonoriYyHUMN BU3HAYEHHAMU.

Hanpwuknag, noHaTTa "nig3eMHmMn BogHun macus" y BP[
He y3rogXyetbCcsl 3 TpPaauLinHUM rigporeonoriYyHuM posy-
MiHHSIM UbOro TepMiHa (y rigporeonorii rigporeonoriyHumn
MacuB BM3HAYaETbCA K CTPYKTypa, B SAKi KpuCTanivyHWUn
byHAaMEHT BUXOAWTb Ha NOBEPXHIO abo po3TalloBaHuii nig
MarnonoTyXHUM MOKPVMBOM YETBEPTUHHUX BiOKnagis, a ce-
pea MiA3eMHUX BOA MEepeBaxalTb BOAWN TPILLMHHO-XKWIb-
Horo Tvny). 3 rigponoriYHMXx No3uLi NOBEPXHEBI BOAW Yac-
TKOBO hOPMYHOTbCH B pesynbTaTi pyxy aTMocdepHuX ona-
AiB Kpi3b ripcbki nopoau (nig3emHoro crtoky). 3 rigporeono-
riYHUX NO3MLIM NIA3EMHUIA CTIK Y PiYKM € enemMeHToOM po3Ba-
HTa&)XEHHSA Nig3eMHUX BOA, CKNafoBO 3aranbHoro nigsem-
HOro CTOKY Ta NPOSIBOM (MOKa3HUKOM) BiflbHOrO (iHTEHCKB-
HOro) BOOOOOMiHY MiX MiA3€MHVMMM i MOBEPXHEBMMU BO-
Aamu. Bin 3abe3nedvyetbca iHdinbTpauieto atMocdhepHmx
onagis, a TakoX HU3XIOHWM NepeTikaHHAM Yepe3 BOLOTPUBY
Ha 3Ha4YHMX BOAO36ipHMX MroLax i peanidyeTbcs y BUrMsAAi
BMXOAIB JKEpen i po3BaHTaXeHHs1 B Ganku (BUCOYYyBaHHS
Ha cxunax) i pycna pidok. 3aranbHuii NOBEpXHEBUIA CTiK Npuy
LboMy (DOPMYETLCH 38 PaxyHOK PO3BAHTaXKEHHSA I'PYHTOBUX,
nig3eMHUX BOA i MIOLWMHHOIO CXWUIOBOTO i MiArpPyHTOBOro
CTOKy (BEpXOBOAKW).3anexHo Big, 3MiHW NPUPOAHUX YMOB
OKPEMMX PaNoHIB 3aKOHOMIPHO 3MiHIOKOTECS BENMYHA Ta pe-
XXMM MiA3€MHOro CTOKy B piuku. ToMy nia3eMHuiA CTiK € of-
HUM 3 OCHOBHWX KpPUTEpiiB BOOHOrO PexmMmy Ha Teputopii
MacuBy MoBepXHEBUX Bog (bacelHy pidkm abo woro yac-
TuHu) [3]. OpeHyBaHHA Mig3eMHuWx BoA pidkamu Bigbysa-
€TbCS TaKOX MpU BUCXiAHOMY pYyCi NiA3eMHUX BOA He nuile

B MeXax pycrnoBoi eposii Ta rMbnHW 3ansraHHs nepLunx Bo-
OOTPpMBIB, @ N HMXYE HMX, OCOBNUBO, SIKLO BiACYTHI perio-
HanbHi BogoTpmeu. OTxe, NiA3EMHi BOAM € BaXIMBOK CKNa-
[OBOIO PIYKOBOrO CTOKY, MepLU 3a BCE B MEXEHHNX YMOBaX.
OpHoyacHO BOHM SBMsAOTb COBOK NMpUpoaHNUA pecype, Lo
BCE YacTilLe BMKOPUCTOBYETLCH AN BOAOMNOCTaYaHHs.

Cnig 3BepHyTW yBary, LIO CbOrofHi B ryCTOHAaceneHmx
parioHax YKpaiHu 3 iHTEHCUBHOI roCroA4apChKOK0 OiSiNbHICTHO,
ne yHKLIOHYTb BENUKi Nig3eMHi Bogo3abopu, 3HauyHWM Bia-
Oip 06ymoBInOE NepeTikaHHA NiA3EMHUX BOS, i3 CYMXKHUX BO-
[OOHOCHMX LIapiB Ta iHTeHcUiKaLito 3any4yeHHst NOBEPXHEBUX
BOJ, [0 XMBMEHHS MiA3eMHUX, a Le BiabuBaeTbCca Ha AKOCTI
OCTaHHiX. 3 iHwworo 60Ky, NOBEepXHEBi BOAHI MacviB/ BUSIBIS-
HOTbCA N HEraTUBHUM BMIIMBOM 3 OOKY NiA3EMHUX Y BUNAAKY,
KONW Marnui piukoBuWIA CTiK e Binblue 3MeHLLYETBCA 3a paxy-
HOK Bigbopy nig3emHux Bod. Y CBOI Yepry Mignom piBHs nig-
3eMHUX BOA, Hanpuknag, y 3B'A3Ky 3 iXHiM WTy4yHuM abo aH-
TPOMOrEHHNM MOMOBHEHHSIM, TAKOX MOXE CTaHOBUTM 3arposy
NOBEPXHEBUM BOAHMM Macuam [3].

Hanpuknag, noctayaHHs HaceneHHa M. Kuea nuTHO
BOZIOK0 3[iNCHIOETLCS 5K 3@ paxyHOK MOBEPXHEBUX, TakK i Mia-
3eMHMX BOJ (ABa NoBepXHeBi Bogo3abopw, a came [HinpoB-
Cbknn Ta [JeCHAHCbKUIA, CEHOMaH-KenoBEeNCbKNA BOAOHOC-
HWIA KoMNneke i 6anocbknMini BOOOHOCHWIA TOPU3OHT). BBaxa-
€TbCH, L0 PhOpMyBaHHS1 OCHOBHMX pecypciB Bof (sik noBep-
XHEBMX, TaK i nig3eMHUX) Ans 3abesneyeHHs micta Bigbysa-
€TbCs B AONUHI BepxHboro [Hinpa. [Hinpo — TpeTs 3a Benu-
YMHOIK pidyka €Bponu, a TakoX Apyra 3a BEMMYMHOIO pivka
OacenHy YopHoro mops. bacewH pivku [HiNpo € TpaHcrpa-
HMYHOW cuctemoto: 20 % nroLi piykoBoro 6aceriHy posTa-
LoBaHMi B Mexax Teputopii Pocilicbkoi ®Pepepaldii, 23 %
Ha TepuTopii Pecnybniku Binopyck i 57 % y mexax Teputopii
YkpaiHn. 3a kinbkicHuM Bogo3abesneyeHHsm GaceliH Bepx-
Hboro [Hinpa (3 ypaxyBaHHsM p. [Mpun‘aTb) Mae NOpPIBHSHO
CMpUATAMBI YMOBW, TOGTO KiMNbKiCTb BOOHUX PECYPCIB MOXHA
BBa)XKaTy JOCTATHLOK NS CyYaCHUX i NepCneKTMBHUX NOTped
y Bogi. |HWe nuTaHHA wopao sikocTi. BoaosbipHuin GacerH y
mexax binopycii craHoBuTb 56,5 % TepuTtopii kpaiHu, 3 ypa-
XyBaHHsIM 6acenHy p. MNpun‘aTe, Ska Bnagae B [JHINpo BXe Ha
TepuTopii YkpaiHn. bacenH BepxHboro [Hinpa Ha Teputopil
YKpaiHu (3 Touku 30py hopMyBaHHS 3anacie Ans Bogo3abes-
neuyeHHs M. Knesa) posTaluoBaHuii B [iBHiYHIN YacTuHi Ykpa-
THW | OBMEXeHWN Aep>kaBHUM KOPAOHOM YKpaiHu Ta CTBOPOM
Kaniscbkoi MTEC. [ins uiei TepuTopii XapakTepHMK € 3Ha4Ha
LUTyYHa 3aperynboBaHiCTb MOBEPXHEBOIO CTOKY Ta Xapakre-
pHa HasBHICTb Pi3HOro poay ypbaHiCTUYHMX cuctem, To6TO
TEpUTOPIs 3a3HaE 3HA4YHOro aHTPOMNOreHHOro BMNMBY, LLO MNO-
TEHLiMHO BNAnBae Ha AKicTb Boau [8].

HuHi Ha TepuTopii BepxHboro [JHinpa BignosigHo Ao BUY-
mor BP[] ymoBHO BMAiNeHo 4oTMpu Macusm nig3emMHnxX Bog,
a came: antBiarnbHi Ta antoBianbHO-AenNtoBianbHi ronoue-
HOBi BOOHOCHI 00'€KTU B fONMHAX i Ha Tepacax pivok; dsto-
BiornsAuianbHi, NiMHornsAuianbHi 1 rnsauianbHi BOAOHOCHi 06'-
€KTW; HEOreH-narieoreHoBUN MacuB; KpernasHWiA MacuB.
OcTaHHIn MacuB BIOMNOBI4AaE CeHOMaH-KernoBENCbKOMY BO-
[OHOCHOMY KOMMIEKCY i, ik 3raflyBarnoch, € JpKepernom nut-
HOro BogomnocTavaHHsa M. Kueea. 3a gaHnMKM OuiHKM TpaHCr-
pPaHUYHNX PIYOK, 03ep i Nig3eMHMX Bog €BPONENCLKOT EKOHO-
MiYHOI KOMiciT [8], HeOreH-naneoreHoBMM MacuB € TpaHcrpa-
HUYHUM 3 HanpsIMKOM pyXy MOTOKy B Gik Teputopii YkpaiHu
(puc. 1). Ha Teputopii Binopycii xapaktepHnm € gpeHyBaHHs
pivykamu He nuLue YeTBEPTUHHUX BOGOHOCHUX FOPU3OHTIB, a 1
KpenasHUX Ta OPCbKUX, MICLIAMM TaKOX TPILLIMHHMX BOA YKpa-
THCBKOrO KpMcTaniyHoro Macuey. ToMy MacvB Nia3eMHuUX BOA,
LLIO BiANoBiAae ceHoMaH-KenoBeNCbLKOMY BOLOHOCHOMY KOM-
Nnekcy, Npu BUpILIEHHI NUTaHb BogonocTavaHHs M. Kuesa
[OOLUiNbHO po3rnsaaTy ik TPaHCTPaHUYHWIA.
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Puc 1. Hanpsimok niaseMHoro cToky ansi Teputopii BepxHboro [Hinpa [8]:
(1, 2 — apTesiaHcbki 6acenHu Ta ixHi Mexi Bif4NOBIAHO A0 riApPOreonoriYyHOro paoHyBaHHS;
3 — reocTpykTypHa BoAoAinbHa Mexa Mixx apTesiaHcbkumy H6aceiHamu 3axigHoi YacTuHu CxigHoeBponeincbkol nnatgpopmu;
4 — oporpadiyHuii BOAOAIN MixX 6acenHamu YopHOro Ta 6anTiicbKoro MopiB; 5 — HanNPAMOK TOKyY)

BnacHe B mexax Teputopii M. Kuea BHacnigok 6aratopi-
YHOI eKcnyaTauii MUTHUX Mig3eMHUX BO, CEHOMaH-KeNoBe-
CbKOro BOJOHOCHOIO KOMMIEKCY Y CTPYKTYpi BOGOOOMIHY Bif-
Oynucs cyTTesi 3MiHM [2]. Y gonuHax pivok y panoHax posTa-
LUYyBaHHS BOA03abipHMX CBEpASIOBUH 3adiikcoBaHa HaNbINbLL
3HayHa iHBepCisl MOTOKY: 30HM NPUPOAHOI BUCXIAHOT inbTpa-
Lii nepeTBOpMnMCS MiCUAMWN B LiNSHKA aKTUBHOI HU3XigHOT
cinbTpauii i, BiaNoOBIgHO, AOAATKOBOIO XXMBIIEHHSI CEHOMAaH-
KENOBENCBLKOro BOAOHOCHOIO KOMMriekcy. Ha ginsiHkax iHTeH-
CMBHOTO iHBEPCINHOTO XXMBIEHHS B 30HaX BMNMBY Bogo3abo-
piB Temn Bogoo6MmiHy 3pic y 6—10 pasis. Takox CyTTEBO 3Mi-
HWMNacsa CTPyKTypa natepanbHoi ginbTpauii. PakTnyHo niase-
MHi BoZ03abopu NepeTBOPUINCS Y TOMNOBHI OpeHyoYi cuc-
TEeMW BOOAOHOCHOIO KOMMIIEKCY, a Ti AiNAHKM B AONMHAX PiYOK,
AKi He oxonneHi N'€e30MeTPUYHMMM BOPOHKaMU, Ha CbOroAHi
SBMNAIOTbL CODOI0 NKLLE JOAATKOBI 30HN PO3BAHTAXKEHHS.

ABTOpamMu CTaTTi TaKoX AOCHIAKYBABCSA CTaH MiA3eMHMUX
BOA, TepuTopii M. Knesa i3 3acTocyBaHHAM Cy4aCHUX reoiH-
dopmauinHmMx TexHonorin. 3okpema, aHanisyBanucb AaHi
PEXUMHUX CNOCTEPEXEHDb 3a PiIBHEM I'PYHTOBUX BOA [4], BU-
BYaNUCb 3MiHM XiMIYHOTO CKragy NUTHUX Nig3eMHUX Bof ce-
HOMaH-KeNnoBENCHKOro BOAOHOCHOTO KOMMIEKCY 3a BeCb
Tp1Banuii Yac horo ekcnnyarauii [5, 7], a TakoXX MOXIMBOCTI
3aCTOCYBaHHS MpU LibOMY reoiHdopMaLuinHNX CUCTEM i Ma-
TemMaTWU4HOro rigporeonoriYHoro moaentoBaHHs [6]. MNpu Bu-
KOHaHHi gocrnigkeHHa Oynu 3acTtocoBaHi, kKpiM 6anaHcoBo-
BOrO Ta rigpoAnuHaMiYHOro MeToay, aHaniTMYHe BU3HAYEHHS
aKTMBHOCTI TpUTilo B 3paskax nNpob BoAM i3 ceHOMaH-Kerno-
BENCBbKOro BOAOHOCHOMO KOMMIEKCY Ta 06pobka oTpumaHmx
i30TONHO-pagioreoXiMmivHMX gaHux [7]. Y3aranbHioun Has-
BHY iHGbOpMaLiito, MOXXHa 3p00OUTUN BUCHOBOK: Y MeXax Tepu-
Topii M. Kueea 3miHM XiMiYHOro cknagy NUTHMX MNig3eMHUX
BOJ CEHOMaH-KenoBEeNCbKOro BOOOHOCHOIO KOMMIEKCY €
HepiBHOMIPHMMM 3a NIOLLEI | MOACHIOTLCS Nepenycim ix-
HbOO ekcnnyaTtauieto. OCTaHHE CMPUYUHMITO CYTTEBI MOPY-
LEHHS Yy CniBBiAHOLWEHHAX rigpoAnuHaMiYHUX HaMmopiB MixX
CYMiXXHUMMW BOOOHOCHMMM LLApaMu Ta iHTEHCMiKaLito H13-
XiOHOrO pyxy B 30Hi aKTMBHOIO BOAOOOMiHY. Pesynbtatn

OPIEHTOBHMX BanNaHCOBMX PO3PaxyHKiB iHTEHCUBHOCTI BOAO-
06MiHy B cucTemi nia3emHux Bog teputopii M. Kueea, ki Bu-
KOHaHi aBTopamu, cBig4aThb, IO Ha TeMnepilHin Yac YyacTka
aTmMocdepHUX onagis i TEXHOreHHWX BTpaT y hOpMyBaHHi
pecypciB CEHOMaH-KeNOBENCHLKOro BOAOHOCHOIO KOMMIEKCY
OopiBHIOE NpUBnu3Ho 21 %, a Yac HagXOdXXeHHS MoBEepPXHe-
BMX BOA [0 3ragaHoro KOMMSeKCy CTaHOBWUTb Gnn3bKo
12 pokiB. Lle 06'ekTMBHO MigTBEpAXYETHCA pe3ynbTaTtamm
pO3paxyHKiB 3a BMICTOM TPUTitO B MiA3EMHMX i MOBEPXHEBMX
BOAAX: BiJCOTOK HAAXOOXEHHS MOBEPXHEBMX BOA A0 CEHO-
MaH-KeNOBENCLKOro BOOHOCHOIO KOMIMIIEKCY OOPIBHIOE 23,
a yac HagxoOXeHHst — npnbnuaHo 10,4 poku.

BucHoBkW. BogHa pamkoBa agupekTiBa €8ponencekoro
Coto3y (BPL) Hapae nuwe nnatdopmy Anst ynpa.riHHS
TPaHCKOPAOHHVMUN BOAHVMUN pecypcamu i CTUMYNIOE KpaiHu
opHoro 6aceliHy go gianory i gopmyBaHHS 6acenHoBOI Mo-
nitukn. Nigxig BPL 3acHoBaHWI Ha knacudikauii 11 3BiTHOCTI
no 6GacenHax, BKMOYaKYM XapaKTEPUCTMKU BUXIAHOMO
CTaHy, TUCKIB i BNNMBY, HA KOMMNIIEKCHOMY YyMNpaBniHHi Ha Ha-
LioHanbHOMY Ta MibXHapOA4HOMY PIBHSAX, BU3HAYEHHI Uinemn
YNPaBIiHHS i YiTKMX TEPMIHIB IXHLOrO AOCATHEHHS, po3pobLi
OacelHOBMX NNaHiB i Nporpam 3axofiB, BUKOPUCTaHHI reoiH-
dopmaLifiHUX CUCTEM, 3BITHOCTI, €KOHOMIYHOMY nigxoni,
y4yacTi LWMPOKOT rPOMafACbKOCTi i T.iH.

lMpwv BU3HaYEHHI Ta OBrPYHTYBaHHI MEX NiA3EMHUX BOAHMX
MacuBIB TPaHCKOPAOHHWX TepUTOPIN YKpaiHW, opraHisauii on-
TUManbHOI MepeXi MOHITOPUHIY Ta aHanisi pesynbTaTiB MOHi-
TOPVHIOBUX CMOCTEPEXEHb BUHMKAE HU3Ka B3aEMOMOB'A3aHNX
aKTyanbHUX agMiHICTPaTUBHO-MPaBOBUX i HAYKOBWX MUTaHb,
LLIO BUMAraroTb BUPILLEHHS YW, NPUHaVMHI, ypaxyBaHHS.

Mo-nepLe, ykparn HeOOXiOHO BUPILLNTY NUTAHHS TEpPMi-
HOJOrYHOI HeY3romKeHOCTi Mk 6a3oBUMK NOHATTAMU BP[]
i TPaAMLIMHUMU BITYU3HAHMMMU FiAPONOriYHUMU i rigporeosno-
rYHUMU BUHAYEHHSAMM.

Mo-gpyre, Mexi NOBepXHEBUX i Nig3eMHUX BOAHUX Macu-
BiB 3a3BM4Yan He 3biratoTbes. Lle obymoBneHo ocobnmBoc-
TAMMW XMBIEHHS, PyXy Ta PO3BaHTaXEHHS MPUPOAHUX BOA,
LLIO BU3HAYaKTbCs reonoriyHnmm Ta dpisnko-reorpadivyHimm
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yMOBaMM KOHKPETHOI TepuUTOpii, a TaKoX piBHEM ii aHTpoMo-
reHHOro HaBaHTaXeHHS. [1o TOro > Mexi Mig3eMHNX BOOHMX
MacuBiB, pO3TaLLOBaHWUX MO BepTMKani OANH Hag OgHWUM, 3a-
3BMYal nateparnbHO TakoX He 3biralTbCs.

Mo-TpeTe, Mexi BOOHWX MacUBIB HE € CTaTUYHUMWU,
TOOTO 3 YacOM BOHM 3MIHIOKOTLCA. MNPUYMHN 3MIH MOXYTb
OyTn NpMpoaHUMHK (Hanp., 3MiHa KniMaTU4YHUX YMOB) Ta aH-
TPOMOreHHNMM (TEXHOrEHHI 3MiHWU penbedy AeHHOI nosep-
XHi, 3MiHW FINCOMETPUYHUX PIBHIB Yy MiA3EeMHUX BOOHUX Ma-
cMBax yHacnigok Bigbopy Boam Towo). [ly>ke BaxnuBo, LU0
NaeTbCA NPO 3MiHWM MEX He B reorioriYyHoMy, a B peanbHOMy
yaci, To6To NpPOTArom AEeCATKIB POKiB.

Mo-yeTBepTE, NPV BUAINEHHI MiA3EMHUX BOOHMX MacyBiB
060B'A3KOBO BPaxoBYETLCA iCHYHO4A rigporeororiyHa crpatudi-
KaLlist, 0coBrMBOCTi yMOB BEPTUKArbHOIO i FOPU3OHTArbHOI BO-
[00OMiHY Ha TepuTopii. K BigoMo, BogooOMiH Y rigporeornoriy-
HUX CTPYKTypax Ha TepuTopil YkpaiHu Ta CycigHix AepxaB Mae
nepeBaXkHO He NMPUPOLHWI, a MPUPOAHO-TEXHOTEHHUIN XapaKTep,
LLO TAKOX y peanbHOMY Yaci MOXe 3MiHIOBaTh po3TalllyBaHHS
MEX BULINEHNX TPAaHCKOPAOHHMX MacyBiB NiA3eMHMX BOA,

Mo-n'ate, 3 ypaxyBaHHsIM iCHYOHOro NPUPOOHO-TEXHO-
reHHOro kpyroo0iry Boau B3aeMHWUIA BMAMB NOBEPXHEBMX i
nig3eMHUX BOOHWX MacuBiB MOXe BUSIBNATUCS Ha 3HAa4YHOMY
BigaaneHi ix oouH Big ogHoro, TOGTO B TOMY BUMAAKy, KOMK
BOHMW He € TPAHCKOPAOHHNMM 32 BUSHAYEHHSM.
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Hapinwna ao peakonerii 01.11.17

PROBLEMS OF DETERMINATION OF GROUNDWATER BODY AT CROSS-BORDER REGIONS
OF UKRAINE ACCORDING TO EU WATER LEGISLATION

The article considers the problems with the interconnection between surface water and groundwater in cross-border regions of Ukraine according
to EU water legislation. It is also clear that cross-border water systems (including groundwater) should be estimated not only factographically (digital
mapping based on geoinformational systems), but must also be ranked by the degree of possible cross-border problems occurrence risks. Also the
problem is complicated by the fact that groundwater is a dynamic component of subsoil, water resources and ecosystems (environment), so
groundwater management is very complex, multidimensional and multi-purpose, and specific assessing and managing groundwater schemes are
developed based on the ultimate goal. When selecting groundwater arrays, existing hydrogeological stratification and specificities of vertical and
horizontal water exchange conditions in the area must be taken into account.

Keywords: body of groundwater, cross-border water systems, anthropogenic impact.
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KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko

YHWU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpanHa

MPOBNEMbI BbIAENEHUA NOA3EMHbLIX BOOAHbIX MACCUBOB B NPEAENAX
TPAHCIPAHUYHbLIX TEPPUTOPUN YKPAUHDbI C YYETOM TPEBOBAHUUN BOOHOIO 3AKOHOOATEJIbCTBA EC

Paccmampueatomcs cocmosiHue u npobeMa u3y4eHusi 83aUMOC853U M08ePXHOCMHbIX U M0d3eMHbIx 800 8 npedeniax mpaHc2paHUYHbIX mep-
pumopuli YkpauHb! ¢ y4yemom mpeb6oeaHuli 800HO20 3akoHoOdamesnibcmea EC. OyeHka cocmosiHusi U ynpaesieHusi CoCmosiHUeM mpaHc2paHUuYHbIX
800HbIX cucmeM (8 mom 4Yucsie Nod3eMHbIX 800) OO/IKHA 3aKIIl04ambCsi He MOJIbKO 8 UX ghakmoapaghudecKoM usyveHuu (KkapmoepaghuposaHuu Ha
OCHOge 2e0UHGHOPMayUOHHbIX CUCMEM), HO U 8 PaH)XUPOBaHUU 110 CMmerneHu PUcka 803HUKHOBEHUST 803MOXHbIX MPaHC2paHUYHbIX npo6nem. 3adaya
OCJIOXHSIeMCs1 makxe mem, 4mo nod3emMHble 800bl A6/15910Mcsi QUHaMUYHOU KOMMOHEHMoU Hedp, 800HbLIX PeCcypcoe u aKkocucmem (OKpyxarouwel
cpedbl), M03MOMY NPOYECC yrnpassieHus: umMu sigsisiemcs 0CMamoYHO CII0XHbIM, MHO20¢haKmOPHbLIM U MHO20Ue/1e8bIM, 8 KOHKPemHbIe CXeMbl oye-
HKU u ynpaeneHusi nod3eMHbIMU eodamu pa3pabambiearomcsi 8 3agUcuMoOcmu om KoHe4YHol yesnu. O60cHo8aHO, Ymo npu eblOesieHuU Nod3eMHbIX
800HbIX Maccueoe o6si3amesibHO ciedyem yYumbieamb Cywecmeyouyro 2udpo2eosio2udyecKyro cmpamugukayuro, ocob6eHHocmu ycrosull eep-
MuKanbHO20 U 20pPU30HManIbHO20 800006MeHO8 Ha meppumopuu.

Knioqeenie crosa: nod3eMHble 800HbIe Maccuebl, mpaHcespaHUYHble 800HbIe cuCMeMbl, aHmponozeHHoe go3delicmeaue.
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ANALYSIS OF "HEAT ISLANDS” MONITORING PRINCIPLES

(PexomeHdoeaHO YrieHOM pedaKuiliHol Kosezii 0-pom 2eos. Hayk, npodb. O.M. leaHik)

The phenomenon of urban heat island and methods of its examination are studied in this work. The urban heat island (CHI) is
determined by positive temperature anomaly located between build-up area and its surrounding. For detailed analysis of heat island of
specific territory different methods can be used. Today there are 3 research methods that are often used: transformational, with help of
observation network and remote sensing materials. The most promising is a method of analysis and de-coding of satellite data. The target
of the work is analysis of temperature anomalies within the borders of Kyiv city with the help of remote sensing data (satellite data of
Landsat missions). In this research initial materials were space images of satellites Landsat 7, Landsat 8. The build-up part of Kyiv territory
is characterized by essential thermal anomalies. The last ones might be subject to long heating period during which certain thermo-
dynamic regime was established: heat that comes through underground pipelines is dispersed by buildings and this is reflected on the
temperatures map. With almost identical meteo-conditions of remote sensing data acquisition (but during different seasons and with
different duration of heating season) it becomes possible to do quantitative evaluation of thermal anomaly that appears over the city.
Introduction of additional data (such as information about weather-conditions, land use / land cover classification, results of radio-location
studies, investigations of atmospheric phenomena and processes) will allow to develop unified and special methodologies designed both
for thermal pollution control and for increase of energy efficiency of thermal networks and infrastructure of inhabited areas. Existing
system of heat island monitoring does not provide conduction of systematic inspections of the territories in order to find temperature

anomalies that may negatively impact ecology of urban environment and population health.
Keywords: urban heat island, microclimate, temperature anomalies, thermal field, urban/housing density.

Introduction. Today the Earth population is around 7,5
billion people. Herewith according to UNO more than a half of
population is located in cities and according to forecast it's
quantity will increase up to 66 % till 2050 [16]. The processes
of growing urbanization are happening in Ukraine as well
despite of decline in total population quantity (170K for 2016).
According to State Statistics Committee the city population
part accounts for 29 min 584 thousand people (69,19 %) as
of 1st of January 2016 and it continues to increase.

The growing urbanization and intensive expansion of cities
infrastructure causes disruption of ecological balance, which
threatens comfortable population habitation, causes powerful
anthropogenic impact on all ecosystems components, leads to
appearance of heat pollution — "heat island" (Eng. Urban Heat
Island — UHI) [9, 12, 15] which are the results of accumulation
of microclimate changes connected with anthropogenic
transformation of urban territories.

Heat pollution is a serious problem, directly influencing
ecological, geological environment and indirectly is
impacting the relief. The powerful abnormal temperature
fields appear around the construction which generate
thermal processes. First of all, it relates to different thermal
batteries, chimney pipes, heat networks and other
constructions of TPP (thermal power plant) and enterprises
technological cycles of which may cause surface
overheating up to 50 °C and sometimes up to 80—-100 °C.
According to scientists' estimations the temperature of the
solid and subsoil waters might exceed by 10-15 °C within
the limits of certain areas.

Maximum temperatures are observed on the areas of
metropolitan constrictions, in the zones where cooling
systems with water-exchange are functioning, on the
territories of laying out the heat pipelines and gas pipelines.
There are quite intensive soils warming up, especially their
lower horizons that are observed over heat- and gas
pipelines. At a depth of 0,5 meters during summer time the
soils temperature may go up to 40 °C and higher.

Long lasting action of heat sources breaks down the
temperature regime of lithospheric space at the depth of 30—
40 meters (sometimes more) increasing (or decreasing
during artificial freezing of soils) temperature of rock

formations and subsoil waters, which in its turn changes
physicomechanical, physicochemical characteristics of the
soils. First of all, the soils drying-out, breakage of structural
links in them and weakening of power takes place. Such
ecological changes lead to faster damage of machines and
buildings designed for work in the conditions of normal
temperature of geological environment, to issues from
drainage structures (water pipelines, heating plants,
canalizations) and often even to fall and subsidence of
surface over these constructions, which at the end may
create ecological problems in the city.

As researches prove [11] in the metropolises e.g. in New
York the temperature on the surface of city environment is
+17 °C more than temperature in the suburbs which negatively
impacts the health of population. Especially threatening are
zones of temperature anomalies during summer period when
temperature can additionally grow. On the other hand, the
increase of temperature in metropolises causes additional
energy expenditures for climate-control systems, speeds up
insects reproduction, metals corrosion, stimulates release of
eco-toxicants in the results of chemical reactions.

The above stated proves that researches addressed to
evaluate temperature rises, parrying risk of overheating of
city surface territories, growth of energy expenditures,
monitoring of atmosphere air are very essential.

For monitoring of "heat islands" the following methods of
investigations are used: infra-red cameras, with the help of
observations network and space images in infra-red band [3,
5-7, 8, 10, 13].

Object of investigation — the surface of Kyiv city
environment where there are heat contrast objects.

The target of the work — analysis of temperature
anomalies in the boarders of Kyiv city according to data of
infra-red measuring and with the help of remote sensing
data (satellite data of Landsat missions) with further
determination of ecologic-problem districts and areas of Kyiv
city environment with the help of geo-information
technologies.

Tasks of investigation — analysis of the reasons of
temperature anomalies and development of
recommendations to decrease these anomalies, setting the

© Zatserkovnyi V., Tishaiev I., 2017
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maps of temperature anomalies of surface according to
satellite data of thermal field.

Analysis of latest researches. The following authors
dedicated their surveys to investigation of city heat islands
with the help of thermal-vision systems — by V. Bozhenko,
V. Shklyarskyi, F. Sizov, V. Zabudskyi, O. Holenkov,
S. Kravchenko, B. Kornienko, the others with have done it
with the help of materials of thermal space shooting —
V. Hornyi, A. Tronin, B. Shylin, Y. Baldin, M. Hryshchenko,

°F

|. Labutina, V. Lyalka, S. Stankevich, V. Filipovych,
A. Krylova, B. Busyhina, |. Harkusha. In the works of these
authors there were the topics of thermal GPS survey
application examined during investigation of energy efficiency
of city infrastructure and ecological condition of big cities.

The summary of the main part. Modern cities create
"heat islands" — territories inside cities which are remarkable
by increased temperatures of air, soils, water in comparison
to city suburbs (Fig. 1).

°C
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85

Lol e =
Rual Suburbs Trade City
area living area centers center

City  Parks Suburban
living area

Agricultural
residential area  area

Fig. 1. Creation of "heat islands™ and temperature distribution after noon

Appearance of "heat island" is caused by several factors.

1. Factor1 — Intensive city area construction and
"sealing" of the surface of ground coating with tight moisture-
permeable road coatings (asphalt, cement slabs, gravel,
etc.), the reduction of areas with open soil and greenery.
Tight materials used in construction activities accumulate
thermal energy and create moisture non-penetrating
underlying surface, while configuration of construction
provides higher absorption of solar radiation. As a results
roofs and walls of buildings, paving and asphalt coating,
other elements of city buildings absorbing solar radiation
during the day become hotter unlike soil and greenery and
give away warmth to air mainly in the evening. As a result,
the air temperature in cities is by 70-80 % higher than the
temperature in the countryside. And this difference
increases with growth of metropolises construction.

Precipitations that fall on roofs, sidewalks, roads often
go to the artificial drainage systems. It also causes distortion
of the natural processes because of a small evaporation and
low humidity and increases upward flow of actual heat in the
structure of the radiation balance surface under
anthropogenic infrastructure. If rural solar energy is spent on
evaporation dew, transpiration, etc. in the morning, in the
city and especially large one it is directly absorbed by
buildings. Besides due to city territory that is heated more
than the surrounding area and is characterized by a greater
roughness, convection over the city increases and creates
more clouds, which in turn causes a reduction in the number
of hours of sunshine and the number of clear days. There is
also an increase in rainfall over the city.

2. Factor 2 — Atmospheric pollution from industrial facilities
sphere, transport and other sources. Any city is a concentration
of industrial, energy, transport, polluting the air with various
impurities, particles, smoke, gases and aerosols. A lot of
different pollen and gaseous contaminants go to the
atmosphere. The high concentration of pollutants in the city
atmosphere especially on large the roads, streets with heavy
traffic and industrial facilities leads to degradation of ecological
conditions and comfortable living of urban population.

With a stable stratification of the atmosphere especially
at temperature inversion, the smoke will be accumulated in

atmospheric boundary layer in such quantities that will
cause negative physiological effect and sometimes mass
poisoning. There are examples of the harmful impact of
smoky air in the metropolises with the assistance of territory
relief to it, such as when industrial waste — poisonous fumes
and gases sometimes accumulate in the lower atmosphere.

City streets systems and squares lead to the changes of
air directions in the cities. Air is mainly directed along the
streets. Generally, the air speed is decreased while on
narrow streets and crosses it increases causing dust
whirlwinds and storms.

Air pollution influences radiation relocation and
increases generation of condensation nuclei which causes
creation of cloud droplets. Simultaneously diffuse sky
radiation growth is happening which together with
anthropogenic heat emission leads to appearance of local
"greenhouse effect".

3. Factor 3 — Energy dissipation which is worked out
and goes for heat input needs, transport service and
technological processes in environment and soils that cause
its heating. Among biggest anthropogenic sources of heat
pollution of surrounding areas there following objects should
be pointed out — heat power engineering and heat input
facilities, steel industry, transport, enterprises where heated
water or heated air, steaming or cooling towers are used as
well. Such emissions from steel industry enterprises are have
a temperature of 30—400 °C, and sometimes about 800 °C. In
some industrial areas the concentration of thermal energy
due to industry has increased significantly; over the
industrial centers where thermal anomalies are a few
degrees higher than norm hot halos appear and they are
well determined on satellite images of the earth's surface.

4. Factor 4 — Formation of dead air zones that appear on
the constructed areas and which prevent turbulent mixing of the
atmospheric layer and the removal of excessive heat in the
atmosphere layers lying above, unlike undeveloped areas;

5. Factor 5 — Specifics of relief. In conditions of complex
relief various local air circulations impact the development of
"heat island".

6. Factor 6 — Changes of natural hydrological cycles of
rivers and reservoirs which flow though cities or near cities,
draining of wetlands within city boundaries as well.
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A large contribution to the appearance of "heat islands"
does heat power engineering. The heat emissions are one of
the major factor in the interaction of heat and power facilities
with the environment, including the interaction with atmosphere
and hydrosphere. Heat emission occurs at all stages of
chemical energy conversion of organic substance or nuclear
fuel for further generation of thermal energy. Big part of the heat
received by cooled water in the condensers of steam turbines
is transmitted to the cooling buildings, ponds, drains and from
there into the atmosphere. The temperature in place of heated
water discharge rises which leads to increase of average
surface of water bodies, and therefore the atmosphere air
temperature over the heat power plant increases due to energy
emitted by this plant into the atmosphere.

Electric power plants can raise the water temperature
compared to the surrounding area by 5-15 °C. If the
temperature in the water basin is 16 °C the temperature of
wastewater on station will be from 22 to 28 °C. In summer
period it may even reach 30-36 °C.

Increase of water temperature is able to break the
structure of water basic flora. Peculiar to cold water flora are
changed for heat-loving plants and with a time because of
high temperatures are pushed out at all.

The research of "heat islands™ with the help of
thermos-vision cameras. Among modern instruments of
investigation of city infrastructure objects conditions the
major role play techniques of thermal monitoring which
provide visualization of thermal condition of the object
thanks to transformation of infrared rays into electric signal
which is further used for analysis of condition of subject
under research which gives a possibility to solve the tasks
of remote and non-contact control in non-reachable infrared
(IR) range of radiation spectrum for human vision.

Thermovisor or infra-red camera — is a device for image
acquisition in infra-red range of wave-length. Exactly in this

range there is a maximum emissivity capacity of bodies which
have regular for us temperatures (-20 ... +40 °C). With the help
of thermovisor it's possible to immediately measure heat flow
from tens of thousands of object points or in other words to
receive it's temperature field (thermograph).

Thermographs are the basic for analysis of received
information about object's thermal state.

Thermovisors are used for military targets, energy audit,
evaluation of building structures quality, detection hidden
defects of construction, disorder of heat insulation of shielding
constructions, because of mistakes of engineering and
construction, violation of manufacturing technologies of
construction materials, mistakes and violations of technologies
during building constructing, while seeking for heat leakage of
heat pipelines and for diagnostics of electric equipment.

Any objects emit heat and during thermos-vision
inspection with the help of thermos-vision camera the
operator gets so called thermal images of objects (Fig. 2)
which reflect the distribution of temperatures and the heating
of their surfaces. The thermos-vision camera shooting is
usually performed in case of inside and outside temperature
difference not less than 10-15 °C. The most exact data is
received in process of procedure execution during cold
months of autumn, spring and winter.

Analysis of received thermographs allows to determine
various defects that happened during construction. As an
example in the Fig.3 there some common defects of
buildings and structures that are found with the help of
thermal control method.

Shooting with the help of thermovisor indicates the
"painful" points of the building. On thermograph they are
shown with bright yellow shine. The higher shine the more
heat is emitted by the building.

Fig. 3. Common defects of buildings and structures that are found with the help of thermal control method [5]
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Investigation of "heat island" with the help of Earth
Remote Sensing (ERS). Materials of ERS in infra-red range
opened wide opportunities to solve many tasks of the
industry, namely in military reconnaissance, meteorology,
tectonics, oceanology, to look for minerals, monitor
environment, for energy-economy, cartography of Earth
thermal fields, determination of sea surface temperature,
monitoring of natural disasters (seismic activities, volcano
eruptions, monitoring of forest fires as well), to observe in
time and space their development, to see specifics of space
distribution of "heat islands", to evaluate heating effect of
various city objects one on the other.

In modern thermal infra-red images one can find
reflections of Earth surface objects hidden on these images
in other ranges of spectrum and invisible for human vision.
Thermal images deliver as well other important information
which is displayed in relative contrasts of brightness of the
sounding objects with different temperature.

Modern satellite sensors (of civil use) allow to receive
special resolution on the level of tens hundreds meters on 1

pixel: 90 m (Aster), 60 m (Landsat 7), 100 m (Landsat 8). Such
images contain quality-new information about landscapes of
underlying surface and its geographical characteristics.

In this research initial materials were space images of
satellites Landsat7, Landsat8. Images from Landsat
satellites are one of the most common materials of Earth
remote sounding in researches on regional level. This also
concerns images in thermal infra-red range. Such images
allow to see inner space structure of city heat islands, trace
development in time and space of local thermal anomalies,
evaluate thermal impact of various city objects one on the
other. In researches of city heat islands images from Landsat
satellites are used both as main and additional material.

As an example on the Fig. 4 there is an intensity of
thermal emission presented (on wave-length
11,45 micrometers) within Kyiv city territory and adjacent
agglomeration. Image was received with the help of
spectroradiometer ETM+ (satellite Landsat 7) 28/03/2003.

Fig. 4. Image of Kyiv city territory in thermal infra-red range

For investigation of special peculiarities of heat islands
one uses various types of classifications according to space
images in thermal IR range. As a rule, such methods are
used for examination of "lands use" and creation of "maps
of land covers" (land cover/ land use). Often images in
different spectrum ranges are used in land cover/ land use
researches, one of them is thermal range. During analysis
of links between types "land use" and thermal anomalies
land cover/ land use maps are developed. It is not one time
mentioned that there is an interconnection between heat
island structure and characteristics of lands surface (land
cover/land use), as well as the opportunity to use thermal
images as a trusted source of information for getting
information about lands use specifics.

Important part of scientific works with the topic of special
peculiarities of heat island examination are occupied by
various types of thermal characteristics surface modelling
and exclusion of thermal emission parameters. Most often
the task of getting thermal images of land surface
temperatures is investigated (LST). LST figure is possible to
get while using the equipment that executes shooting
immediately in several thermal channels (algorithm of "split
window method, SWM).

As well it is important to take into account space-time
dynamics of heat islands both seasonal and daily.
Examination of daily dynamics allows quite fully to evaluate
thermal characteristics of various city objects, change of its
temperature amplitude during a day, define objects which
formulate thermal anomalies in different time of a day, define
time of a day which best suits for thermal shooting with this
or that aim. Nevertheless, during use of thermal images from
Landsat satellite it is difficult to illustrate daily change of heat
island with the help of space images because of specifics of
satellites' orbit (orbit is solar-synchronous and thus satellite
goes over certain place at the same time of a day). Night
images from Landsat satellites are in archives but there are
not so many of them. The investigation of seasonal
dynamics allows to reveal heat island change of structure
during a year, local thermal anomalies specifics dynamics,
thermal characteristics of anthropogenic and natural objects
in the scale of the whole year.

Important role should be dedicated to comprehensive
researches in which it is necessary to combine LST images
creation, examination of seasonal and daily dynamics in
cities with different climate conditions, statistical analysis,
links between LST, NDVI images and land cover/ land use
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maps, investigation of thermal flows. Such types of
researches give multisided evaluation of heat islands and
are able to make essential contribution to city climate
urbanization impact study.

Summarizing short overview of approaches of urbanized
territories investigations on the basics of thermal images it
is important to mark that today the most common is an
approach first of all based on modelling and recovering
parameters of underlying surface, and less examination of
geographical specifics of the temperature field (and its
changes) of anthropogenic and natural objects.

&.
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Let's study as an illustration the territory of Kyiv city
(within boarders indicated on Fig. 4). Let's create RGB-
composite in natural colors (NCC - Natural Color
Composite) according to a set of multi-spectrum data
LE71810252003087ASNO00 received by spectroradiometer
ETM+ (Landsat 7 satellite) on 28/03/2003 (Fig. 5). On the
image it is clearly shown types of land covers as well as the
regimes of their use are identified.

On Fig. 6 it is presented brightness temperature of the
surface proportional to energy of thermal emission of land-
based objects.

Fig. 6. Brightness temperature of the surface valid as of 28" of March (end of heating season).
LE71810252003087ASN00

As clearly seen on Fig. 6 build-up part of Kyiv territory is
characterized by essential thermal anomalies. The last ones
might be subject to long heating period during which certain
thermo-dynamic regime was established: heat that comes
through underground pipelines is dispersed by buildings and
this is reflected on the temperatures map. Separately it's
worth mentioning such a detail of this image — along the whole
scene from northern east to southern west there is a line of

low temperatures. This is inversion trace from jet engine
airplane which is gradually dispersing in the atmosphere and
has no relation to land surface temperatures.

On Fig. 7 for comparison the situation at the beginning
of heating season is shown (the year is different, 2014, but
this is not crucial as the beginning and the end of heating
season each year is not changing).
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Fig. 7. Brightness temperature of the surface valid as of 28" of October (beginning of heating season).
LC81810252014301LGNO02.

As seen on Fig. 7 actually within the same temperature
range the special distribution of temperatures filed is
absolutely different. Background thermal indicators of Kyiv
city are almost the same as general background indicators
(if we are speaking about open areas; the areas with
relatively low temperatures marked with blue tones
correspond to forests — see Fig. 5). It's obvious that absence
of contrast "thermal spot" within city boarders is caused
firstly by the fact that heating season has just begun and

residential fund objects and infrastructure were not fully
heated and secondly by the fact that natural objects (e.g.
water in Dnipro river) have not got cold.

The comparison of thermal picture valid as of 28" of
October (beginning of the heating season) and 28" of March
(end of heating season) are reasonable and correct,
especially from the view of identity of meteorological
conditions exactly for these dates [4] (Table 1).

Table 1. Meteo-conditions of ERS data acquisition

Date and Time of T, °C Td, °C Te, °C
ERS data meteo-characteristics | Air temperature at height Dew-point temperature at Effective
determination of 2 m above the surface | height of 2 m above surface | temperature
LC81810252014301LGNO2 28/10r2014 +8,7 74 +10
LE71810252003087ASNO0O 28/ 103 /gg 03 +8 -3 +7

With almost identical meteo-conditions of ERS data

acquisition (but during different seasons and with different

duration of heating season) it becomes possible to do

quantitative evaluation of thermal anomaly that appears
over the city. For this we find the difference between
temperature surfaces of indicated dates (Fig. 8).

Fig. 8. Characteristics of thermal regime change in Kyiv city during heating season (vs surrounding areas)
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Given example confirms earlier stated thesis regarding
considerable potential of satellite thermal shooting and circle
of tasks which are solved with the help of its results.
Introduction of additional data (such as information about
weather-conditions, land use/land cover classification,
results of radio-location studies, investigations of
atmospheric phenomena and processes) will allow to
develop unified and special methodologies designed both
for thermal pollution control and for increase of energy
efficiency of thermal networks and infrastructure of inhabited
areas [12, 14, 17].

Conclusions. Conducted analysis of condition of
ecological and anthropogenic safety of engineering cities
and villages infrastructure generally confirms absence of
comprehensive approach for defining considerable quantity
of natural and anthropogenic threats to safety of life activity
in big cities of Ukraine.

Existing system of heat island monitoring does not
provide conduction of systematic inspections of the
territories in order to find temperature anomalies that may
negatively impact ecology of urban environment and
population health.
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AHANI3 nigxoais Woa0 MOHITOPUHIY "OCTPOBIB TEMJA"

Po3sansinymo ¢heHomeH MicbKux "ocmpoeie menna"”, npu4uHuU ixHbOI Nosieu i Memoodu docnidxeHHs. Micbki "ocmpoeu menna"” eusHa4aromscsi
no3umueHO memrepamypHOK aHOMaJlicto, sika JIoKanizyembcsl 8 Mexax 3abydoeaHoi mepumopii ma if okonuyb. na demanbHo20 aHanizy "ocm-
poea menna" KOHKpemHoi mepumopii MoXXyms eukopucmosyeamuchk pi3Hi Memodu. Cb0200Hi Haliyacmiwe euKopucmoeyoms mpu OCHOBHIi Me-
modu docnidxeHHs1: mpaHcrnopmHul, 3a A0MOMO2010 MepeXxi criocmepexeHb i 3a Mamepianamu ducmaHyiliHo2o 30HOyeaHHs1. Halibinbw nepcnek-
mueHUM € MemoOd aHanisy i dewugpyeaHHsi cynymHukoeux OaHux. 3a Mmemy daHoi po6omu noknadeHo aHasi3 memnepamypHux aHomanili (wo
ymeoprorombCsi MPOMmMsi20M onasnreanbHo20 rnepiody) y mexax Micbkoi aznomepayii M. Kuesa Ha ocHogi daHuUX ducmaHyiliHux 30HOyeaHb (0aHuXx,
ompumMaHux 3a 0orMoMo20or cyrnymHukie micii Landsat). 3a6ydoeaHa yacmuHa Micma xapakmepu3yembCsi CymmeeuMu mernjoeumMu aHoMasissmu.
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OcmaHHi 06ymoesnieHi mpueanum nepioGomM Hazpiey, IPOMsI20M IKO20 8CIMaHOBJIFOEMbLCS Ne8HUli mepModuUHaMiYHUl peXXuM: mersio, sike Hadxo-
oums eid nidzeMHux mpy6onpoeodie, po3citoembcsi 6ydiensmu, ujo eidobpaxyemscsi Ha kKapmi memnepamyp. 3Ha4Ha YacmuHa mensa noajauHa-
€embcsi | 32000M po3citoembcsi rpyHmosum cepedosuujeM. 3a malixe iOeHMUYHUX MEemeoposIo2iYHUX yMoe 36upaHHs AaHuUX OucmaHuyitiHUX 30HAy-
8aHb (ane e pi3Hi ce30HU i 3a pi3HOi mpueanocmi onanreanbHo20 nepiody) cmae MOXJ/IUBOIO KiflbKicHa oyiHka mepmiyHoi aHoManil, 0 ymeopro-
embcsi Ha0 micmom. 3any4eHHs1 dodamkosux 0aHUX (Makux sik iHghopmayisi NPo No200Hi ymosu, pe3ysibmamu Knacudikayii 3a munom 3emneKopu-
cmyeaHHs1 i munom 8idbueHuUX NosepxoHb, pe3ysibmamie padionokayiliHux docnidxeHb, docnidxeHb ammMocgepHux sisuw, i npoyecie) dozeonums
po3pobumu eduHi U crneyianbHi Memodosoeaii, Mpu3HayeHi sik G551 KOHMPOJI0 MenI08020 3abpyOHeHHs, mak i Onsi NidsuweHHs1 eHepaoegheKkmus-
Hocmi mennosux Mepex ma iHgppacmpykmypu HacesieHux nyHkmie. IcHyroya cucmema MoHimopuHay "mennoeux ocmpoeie” He 3abe3neyye MOX-
nueocmi npoeedeHHs1 cucmemamu4HuUX rnepeegipok mepumopili 3 Memoto eidwyKaHHs1 menaosux aHoMaJlil, siki MOXXymb He2amueHo 8M/IUHYmMuU Ha
eKosozito Micbko2o cepedosuuja ma 300p08 s HacesIeHHs1.
Knro4oei cnoea: micbkuli ocmpie menna, Mmikpoknimam, memnepamypHi aHomanii, mennoeul diana3oH, WinbHicme 3abydoesu.
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AHANMN3 NoaxoaoB K MOHUTOPUHIY "OCTPOBOB TEMJA"

Paccmampueaemcsi peHomeH 20podckozo "ocmpoea menna” u memodoe e2o u3ly4yeHusi. Fopodckoli "ocmpoe menna” (FOT) onpedensemcsi
nonoxumenbHolU memnepamypHoU aHomanuel, Komopasi JIokasulyemcsi 8 npedesiax 3acCmMpPoeHHOU meppumopuu u ee okpecmHocmed. [ns dema-
JIbHO20 aHanu3a ocmpoea mernsia KOHKPemHoul meppumopuu Mo2ym 6bimb UCIMO0/Ib308aHbl Pa3/lu4dHbie Memodbl. B Hacmosiwee epemsi IPUMeHsIIom
mpu ocHO8HbIX Memoda uccriedosaHusi: mpaHcNopmHbIl, cemu HabrodeHul u Mo KOCMocHUMKaM. Haubonee akmyanbHbIM si8Jisiemcsi Memod aHa-
nu3a u dewugppupoeaHusi KOCMOCHUMKOG. Llenbto daHHOU pabombl sienisiemcsl aHanu3 memrnepamypHbIX aHoManul, o6pa3yroujuxcsi Ha npomsixe-
HUu omonumesibHo20 nepuoda e npedenax 2opodckoli aenomepayuu 2. Kueea no pesynsmamam daHHbIX QucmaHYUOHHbIX 30HOUPO8aHuUli (OaHHbIX,
nosy4yeHHbIX ¢ MOMOWbIo criymHukoe muccuu Landsat). 3acmpoeHHasi Yacmb 20poda xapakmepu3yemcs cyujecmeeHHbIMU mernsio8biMu aHoMaslu-
sAmu. MocnedHue o6ycnoeneHbl dnumenbHbIM MepuodoM Hazpeea, 80 8pPeMsi KOIMopPo20 ycmaHaesiueaemcsi onpedesieHHbIlU mepModuHamuyecKkull
PpeXum: mensio, Komopoe pacrpocmpaHsiemcsi om nod3eMHbix mpy6onpoeodos, pacceusaemcsi CMPOEHUsIMU, YMo U omobpaxaemcsi Ha kapme
memnepamyp. 3Ha4umenbHasi Yacmb mensa rnoaaou, 5 U pacc 51 2pyHmoeoul cpedoli. [pu npakmu4ecku oOUHaKo8bIX Memeoposioau-
4eckux ycroeusix c6opa 0aHHbIX QUCMaHYUOHHbIX 30HOUPOBaHull (HO NMOoJTy4YeHHbIX 8 pa3Hble CE€30HbI U 8 yCI108UsIX pa3Holl OnumenbLHOCMuU omo-
numesnbHO20 Nepuoda) cmaHo8UMCs1 803MOXXHOU KoJluYecmeeHHasl oyeHKka mepMu4yeckol aHomanuu, o6pa3yroujelicst Had 2copodom. lMpueneyeHue
donoJsiHUmenbHbIX 0aHHbIX (MakKux Kak UHGhopMayusi NPo rMo2odHble ycro8usi, pe3ysibmamal Knaccugpukayuu rno mury 3emsenosib3oeaHusi U eudam
ompaxarouw,ux noeepxHocmeli, pesysbmamoe paduosioKayUuoHHbIX uccriedoeaHuli, uccredoeaHuli ammMocgepHbIX siesieHuUll U npoyeccos) nNo3eo-
nlum paspabomamb eQuHbIe U crieyuarnbHblie Memodosioauu, npedHa3HayeHHbIe Kak 0711 KOHMPOJIsi Men/108020 3a2Ps3HeHUsl, maK u Osis1 noebiule-
Husi 3Hep203ghghekmMueHOCMU menyoebix cemel u UHpacmpyKkmypbl HacesleHHbIX MyHKkmos. Cyuecmeyrowjasi cucimeMa MOHUMOPUH2a menso-
8bIX 0CMpP0o80E He obecrneyusaem 603MOXHOCMU NpoeedeHuUs1 cucmemMamu4yecKux nMposepoK meppumopull ¢ Uesibio oucka mensoebix aHomanud,
Komopble MO2ym He2amueHO 8/1usimb Ha 3KOJ102uto 20p0dcKoli cpedbl U 300PO8be Hace/leHUsd.

Knroyeenie crnosa: 20podckoli ocmpoe mensia, MUKpOK/IuMam, anobasnbHoe nomenseHue, NJ10MHOCMb 3acmpoliku, ce/lbCKasi MeCIMHOCMb.
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FEOCTATUCTUYHE BUBYEHHSA NATEPAJNIBHOIO | PAAIANIBHOIO PO3noainy
KOHUEHTPALIA XIMIMHUX ENEMEHTIB Y FPYHTOBOMY NOKPUBI
30HU NOMIPHOIO TEXHOIFEHE3Y
(va npuknapi cybyp6bii kmiecbkoro meranonicy)

(PexomeHAo8aHO 4YsieHOM pedaKyiliHoi konezii kaHO. 2eon. Hayk O.l. MeHbwoeum)

Po3nodin koHUyeHmpauiti ximiYHUX esleMeHmie y rpyHMo8oMy MoKpuei 3anexums eid Oii NPuPOOHUX | MexHo2eHHUX ¢hakmopie i
Xapakmepu3yembCsi Pi3HUMU 3aKOHOMIPHOCMSAMU Migpayii ma Hakonu4eHHs1 e slamepanbHoMy i padianibHOMy HanpsiMkax. BueyeHHsi
KOHUeHmpayil XiMiyHUX esleMeHmie 8 rpyHmax pi3Hux eJleMeHmapHuUx 2eoximidyHux naHowaghmie Ao3eosnuso susHayumu Oesiki i3 cma-
Mucmuy4HO 3Hadyyujux 3aKoOHOMipHocmel po3nodiny ximidyHuUx eriemeHmie Ha mepumopii IpniHb-By4ya-Bop3enscokoi cybypbii Kuiech-
Ko20 me2anonicy. Peaynsmamu aHanizy 190 npo6 i3 36 noeHonpoginbHUX rpyHmMoeux po3pisie sisi2nu 8 ocHosy 6a3u cknadeHux daHux
(CoDa-0aHi), ujo ymeoprorombCcsi 6eKMOPHUM A06YMKOM yCix 8UMIPSIHUX 8e/IUYUH KOHUeHmMpayil XiMiYyHUX efleMeHmig y KOXHil npobi
rpysmy. leocmamucmuyHa modesnb "6innom" CoDa-0aHux siensie coboro einepnpocmip 2eoxiMiyHux ghakmopie i NPuUYuH 3 PO3MipHi-
cmro, wo eidnoegidae Kinbkocmi su3Ha4yeHux y npobax ximiyHux enemenmis. poekyis ybO20 2inepnpocmopy Ha NAOWUHY y eu2ssA0i
"3ipku” 6inomy 3 0OHO4YaCHUM HaHEeCEHHSIM Ha MTIOWUHY NMPoeKyiil mo4ok rnpoboeiobopy dae Moxnueicmb Ha04YHO eidcsiokosyeamu
iMogipHicHi (cmamucmu4Hi) NoKka3HUKU MapKyeaHHs1 XiMiYyHUMU enleMeHmamMu Gif mux Yu iHWUX 2eoXiMiYHUX YUHHUKI8 i Npu4uH, Wo
maromb Micuye Ha docnidxyeaHili mepumopii. Knacmepu3sayis mo4yok npob6oeidbopy eidbyeaembcsi @ obnacmsix iMogipHicHO20
ennuey Ha sidnoeidHy 2pyny npob neeHux 2eoxiMiYyHUX ¢hakmopie. YcmaHoesnieHo, w0 2eocmamucmuyHuUMU fnapaMempamu,
ompumaHumu npu moodesnroeaHHi CoDa-0aHux ujodo emicmy e rpyHmax La-Ce-Nd y 12-eumipHomy ma Fe-Sr-Ga y 9-eumipHomy
einepnpocmopax, no3Ha4aemsbcsi obsiacms, 8 sikill eusiesisic 2eoximMidHuli gpakmop "ennue euxidHo20 MiHepasibHO20 cknady r'pyH-
moymeoprosasnibHoi nopodu”. O6bnacmb, W0 OKpPec/reEMbCs 8idnogiOHUMU 2eocmamucmu4YHUMU napamempamu Rb-Sr-Ba y
12-eumipHomy ma Ba-Rb y 9-eumipHoMy 2ineprnpocmopax, cmamucmu4Ho "npue’a3aHa” 0o KUCIIOMHO-/TY)XHUX yMO8 y I'PyHmax.
O6nacmb MapaaHUyro 8 060x 3a3Ha4eHUX 2ineprnpocmopax ma 3ai3a y 6-euMipHOMy MapKye OKUCHO-8iOHOBHi yMO8U 8 I'pyHmax.
O6nacmb Pb mapkye mexHozeHe3 (0cobniugo lio2o nipozeHHy ckiadosy, rnoe'sizaHy 3 asmompaHcropmHyumu eukudamu). 0O6-
nacms Zn-Cu noe'sa3aHa 3 dieto i ennueom, y nepwy 4epay, 6io2ceHHUX npoyecie 2yMycoymeopeHHs, 2yMyCOHaKOMU4YeHHsl, mop-
¢hoHakonuyeHHs (6iozeHe3). 3a cusoro 8iOHOCHO20 81Uy Ha enneMeHMHull cknad eepxHbo20 (10 cMm) wapy rpyHmie o6cmexxeHoi
mepumopii 2eoxiMmiyHi hakmopu pozmawosyromscsi mak: mexHozeHe3 > 6iozeHe3 > ensiue 8uxiOHoi nimozeHHoI ocHosu. lpu
aHani3i modeni 6-eumipHo20 2inepnpocmopy eusiesieHa 3a2ajibHa meHOeHyisi 3o po30iNeHHs1 MOY0K MiX obs1acmsiMu, w0 MapKy-
rombcsi Fe-Sr-Ba-Rb (nimosniozo-miHepanozidyHuli YuHHUK) i Pb (mexHo2eHe3, Hacamneped ammocgepHe 3abpyOHeHHsl, crpu4u-
HeHe aemompaHcrnopmom). [iss mo4Yyok rpyHmoeozo npoboeidbopy 3 nidneanux naHowagmie npoasiséaemucsi meHOeHUis 2py-
nyeamucsi 8 obnacmsix, ujo mapkyromscsi Fe-Sr-Ba-Rb i Zn (6iozeHe3), 3 00H020 60Ky, i Zn ma Pb, — 3 iHwo2o. eoxiMiYHi YUHHUKU
i npu4yuHU eupasHiwe eusiensitomb cebe npu aHanisi CoDa-daHux npo6, eidibpaHux 3 Npue'si3kor0 80 2eHeMUYHUX I'PYHMO8UX
20puU30HMI8, aHiX makux, wo 6ynu eidibpaHi 3 npues'a3koro 0o 2nubuUHU 83sIMmsi MPo6u — cymo ¢hopmMasibHOI O3HaKU.

Knroyoei cnoea: 6innom, 2inepnpocmip 2eoxiMidYHUX YUHHUKIi8 i NPu4UH, ckinadeHi OaHi, mexHoz2eHes, 6io2eHe3, nimonozo-miHepa-
J102i4HUl YUHHUK.

JocnigXeHHs BUKOHYBanucs B 3axiaHin cybyp6ii Kuiech-
KOro mMeraronicy B Mexax TPUKYTHMKa, YTBOPEHOro Hacene-

reH-gonyopecueHTHUM METOAOM Ha kadpeapi reoximii, miHe-
panorii Ta netporpadii HHI "lHcTutyT reonorii" KuiBcbkoro

HUMU NyHKTammn M. pniHb — cMT Byya — M. Bop3sens. Pekpe-
auiiHa crneuudika TepuTopii NOEQHYETLCA 3i 3HAYHOK NPO-
MUCIIOBOIO AiSNbHICTIO (MalWHOGYAyBaHHS, BUPOOHULITBO
OynmaTepianis, cknoBupobiB, AepeBoobpobka Ta BUrOTOB-
NeHHst MebniB, Xxap4oBa NPOMUCIIOBICTb); PO3BUHEHWUM XNT-
noeuM GyAiBHMUTBOM Ta OCYLUyBanbHUMK Meniopalismm B
AOnuWHi pidky IpniHb. Kpim Toro, Teputopis Mae poaranyxeHy
TPaHCNOPTHY iHPACTPYKTYpy (aBTOO4OPOrM, 3ani3Huui, ae-
pogpom). [Npwu cxigHWX BiTpax BOHa MOXe 3a3HaBaTu BNAUBY
3abpyaHeHMX NOBITPSAHMX Mac, Wwo cdopmyBanumces Hag Kn-
€BOM. Y hi3nko-reorpadiyHOMy BifHOLLEHHI — Lie niBAeHHa
yacTtuHa Kuiscbkoro lMoniccs 3 nepeBaXaHHsAM 3aHL4POBUX,
MOPEHO-3aHAPOBKMX | 3annaBHMX nangwadrTis. Mgporpadi-
YHa Mepexa [obpe po3BuMHEHa, ane nepenagu BUCOT He-
3HaYHi — JONMHM HernmooKi.

3 ypaxyBaHHAM naHAawagTHOI CTPYKTYpu TepuTopii,
Oyno 3aknageHo 36 NOBHONPOMINbHUX MPYHTOBUX PO3Pi3iB,
3 AKNx 26 BigHeceHO OO0 aBTOHOMHUMX i 13 — go nignernux
ernemMeHTapHuxX reoximiyHmx naHawadris (EM1). Y pospisax
NMOrOPU3OHTHO (AN KOXKHOrO FEHETUYHOrO I'PYHTOBOIO ropu-
30HTY) 6yno BigibpaHo 190 npo®, siki aHanisyBanucsa peHT-

HaLioHanbHOro yHiBepcuteTy iMeHi Tapaca LleB4yeHka.
PosrnanyTi nitepatypHi Matepianu ceigyatb nNpo CyTTe-
BWW BMIUB YCiX YYMHHUKIB TEXHOreHe3y (MPOMMCITOBOCTI, eHe-
preTuky, TPaHCMopTy, CiflbCbKOro rocnogapcrsa, couianb-
HOrO KOMNIIEKCY, ik chopMye nobyToBi BUKMAN Ta 3BaNMLLa,
BiNCbKOBO-NPOMMCIIOBOrO KOMMNMEKCY Ta iH.) Ha nateparnbHui
i pagianbHWn PO3NOAIN KOHUEHTPaUIN XiMIYHUX eneMeHTIB Y
rpyHTax [1—4, 11, 13, 23], y TOMy uncni 1 Ha TEpUTOPIAX PeK-
peauiiHoro npuaHayeHns [3, 11, 21]. TexHoreHHe 3abpya-
HEHHS1 T'PYHTIB, KPiM Pi3HOrO reoXiMiYHOTO HaBaHTAXKEHHS,
Mae i BigMiHHY NMPOCTOPOBY XapakTEPUCTUKY — 3a3Bu4an ¢o-
PMYIOTbCS apeann HaBKOSIO0 OCepeaKoBUX mxepen 3abpya-
HeHHs (caratoum 20-25 km [12]), abo BUTAHYTI B3OOBX LUMSA-
XiB Opeonu (3aBLUMPLLKX NepLUi COTHI MeTpiB), O BUABNS-
€TbCA AK Ha NoKanbHOMY, TakK i Ha perioHanbHOMY PIBHSAX.
HanbinbLw nowmpeHi matemaTnyHi cnocobm obpobku aa-
HUX reoXiMmii I'pyHTIB — hakTOPHWI aHani3 Ans BUSBNEHHS 3a-
NEXHOCTEN i CTPYKTYpU gitounx caktopis [14, 19, 24]; iHTer-
pyBaHHs pisHOMacLITabHWUX AaHWX — AnS MOLUYKY PO3MEXy-
BasribHUX NMPOCTOPOBUX MeX i nokasHukis [17, 20]; knactep-
aHania — yCTaHOBIEHHS CMOPIAHEHOCTi MiXk OKpeMUMUK 06'ek-

© TwToHHuKK 0., lWa6aTypa O., QayHic-i-Ectapen'sa X., 2017
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TaMu Ha OCHOBI aHani3y MHOXWHMW O3HaK; TakK i "Knacu4Hi" me-
TOOM MHOXMHHOI perpecii Ta kopensuinHoro aHanisy [14]. 3a-
CTOCOBYIOTbCH TakoX Binblu CKragHi MMOBIpHICHO-maTemaTu-
YHi anropuTMun, Hanpuknag "asTomat Mypa" — aAnst oUiHKM Mi-
rpaLiiHOro HaKOMMYEHHs1 TEXHOreHHUX 3abpyaHIoBaYiB y r'py-
HTax [8], 30kpema kobanbTy, CBUHLIO, Migi, LMHKY. 3 iHLIOro
0oky, Oyab-AkoMy MaTeMaTU4HOMY MOZEMOBAHHIO Mae ne-
penyBaTy rpyHTOBHE NnaHaLwadTHO-reoximidHe BUBHEHHS O0-
cnigKyBaHOI TepUTOPIi, OCKINbKM HEPIBHOMIPHICTb TEXHOrEH-
HOro pOo3noginy enemeHTiB 36inblUyeETbCA HEOAHOPIAHICTIO
reoxiMi4Hoi 06CTaHOBKM B reoxiMiyHMX nangwadrax [12].
3HangeHo hakTopy po3nodinly eKOTOKCUKAHTIB Y I'PYHTO-
BUX MOKPMBAX i BUSIBIIEHO BiAHOCHY hakTopu3aLilo Ta Krac-
Tepu3aauiio X y 3aranbHin gji 3abpyaHeHHs1; 3a BMiCTOM Y Ipy-
HTi Fe, Mg, Zn, Cu, Ni, Pb, Cri Cd Ha nepLiomy micui BUsiBu-
nacsi BMcoTa To4ku Bigbopy npob r'pyHTy, Ha apyromy — Biac-
TaHb 0 CMITTE3BANMLLA, Ha TPETLOMY — BiACTaHb 4O JOPOrK,
Ha YeTBEPTOMY — KPYTU3HA CXWMyY, @ Ha N'ATOMY — rmnbuHa
Biabopy npob [2]. Ane pasom i3 TMM, 3aCTOCOBaHi MmaTemaTtu-
YHi MeToaM Ao GaraTonapamMeTpUYHOro aHanidy reoxiMmivyHmx
OaHUX I'PYHTOBMX MOKPUBIB, 30KpEMa Ans Linen BUSBMNEHHS
Aitounx dpakTopis Mirpauii pagy XiMiYHUX enemMeHTIB Ta iXHbOT
iHTEHCMBHOCTI BMMMBY, MaloTb NepeBaXHO AKICHUIA XapakTep,
He OnepylThb KiNMbKICHAMWU MOKa3HWKaMu, a oTxe, 3anexarb
30ebinbLoro Big haxoBoCTi Ta epyauii iHTepnpeTaTopa.

Hamu 3a meTy po6GoTM NOCTaBNEHO BUBYEHHS natepa-
NBHOrO i paAianbHOro Po3noAiny XiMiYHMX enemMeHTiB Y r'py-
HTax (3a3Ha4YeHOoro pamoHy) 3a 4ONOMOror BiHOCHO HOBOIrO
HaNpsIMKy MaTeMaTU4YHOrO MOZEITIOBAHHS B reoXiMii I'pyHTIB
— reocTaTUCTUYHOro aHanisy cknagenux gavmx (CoDa-pa-
HMx abo npocto CoDa) metogom "6innot". OcHOBM Takoro
MOLErNoBaHHA po3pobnanuca B [enapTtamMeHTi iHopma-
TUKM Ta NpMKagHoi MaTemaTtukun YHisepcuteTy Kupohu (lc-
naHis) [5, 16, 18, 22].

MeTtoouka pocnigxeHb. Poboya rinotesa pgocni-
DXKEHHS, a TakoxX i NpakTu4Ha anpobauis B KOHKPETHUX re-
OXiMIYHMX JOCTiAKEHHAX HABKOSTULLHBOIO cepeaoBuLLA BU-
knageHa B [16, 18]. Ii ronosHi nonoxeHHs Taki:

1. XimiyHun cknag npobu yaBnseTbca y oopMi BEKTOP-
HOro A06YTKY BCiX BU3HAYEHMWX B Hili KOHLLEHTPpaUin XiMiYHUX
enemMeHTiB i oTpuMaHHs CoDa-aaHux.

2. KoxeH XiMiYHMI enemMeHT MOXHa posrnsgatucs sk
MapKep TOr0 YW iHLIOro reoxiMiYHOro YMHHMKa abo rpynu
YMHHMKIB, LLIO OOYMOBIIOIOTL Oro HasiBHICTb y Npobax. Y cy-
KYMHOCTi BCi XiMiYHi eneMeHTH yTBOPIOKTb FineprnpocTip re-
OXiMiYHMX QaKTOPIB i MPUYMH 3 PO3MIPHICTHO, LLIO BiANoBiaAae
KifIbKOCTi eneMeHTiB. inepnpocTip Mae iMOBipHICHO-CTaTUC-
TUYHY Npupogy i 6yayetbcst Ha ocHoBi CoDa-aaHumx.

3. lNnepnpocTip reoximiyHnx dpakTopis i NpU4KH Bidyani-
3yeTbCs y BUrMAAi 4BOBUMIPHOI Npoekuii, Wwo 3BeTbes "6in-
not" i Haragye 3a hopmoto 3ipKy, KOXeH "NPOMiHL" AKOi BiA-
noBigae NposBy AKOICb reoXiMiYHOI NPUYMHN, OKPECTIIOE CO-
6010 y rinepnpocTopi 1 BidyanbHO — Ha NpoeKL;ii Ty 06nacTb,
e ud npuurHa BusiBnseTecsa (puc. 1-3). O6'egHaHHa npo-
MEHIB y My4OK, TOBTO 3MEHLUEHHS KyTa MiXX HUMW, CBIAYUTb
Npo CMOpiAHEHICTb NPUYMH, Lo 0OYMOBIOIOTL HAsIBHICTb Bi-
AnoBigHuX XimiyHMx enemeHtiB y CoDa-gaHux. lMoBHOro
36iry npomeHiB, Tak caMo siK i abcontoTHOro iaeHTUIKyto-
YOro 3HaYeHHs1 AN KOXHOro XiMiYHOro enemeHTa, 3BiCHO,
He ByBae. Moxe NTUCb NuLIe NPo iIMO8IPHOCMI MapKyBaHHS
XiMiYHUM €N1eMEHTOM TOr0 Y iHLLIOrO reoXiMi4HOro NpoLecy.
dakTnyHe 36nMKeHHS NPOMEHIB Y rinepnpocTopi, iXHA CXu-
NbHICTb A0 06'€gHaHHS B MYy4YOK BUMIPIHOETHCS BENUYMHAMMU
ancnepcin norapndMis BigHOLEHb KOHLUEHTpAaLn ABOX CY-
cigHix xiMiyHMx enemeHTiB A Ta B — [IgA/IgB]. Ynm meHLwwuia
KyT MDK NPOMEHSIMU, TUM MeHLIa BernnyvMHa BifHOLLEHHSI
[lgA/IgB]. OosxmHa npomeHsi nponopuiinHa cuni aii dakTopa,
AKWI 3 TIEK0 Y1 iHLIOK iIMOBIPHICTIO MApKYyETHLCS BiANOBIAHNM

XiMIYHUM €neMEeHTOM | XapaKTepusyeTbCsl BEMUYMHOW Ce-
peaHbOi BapiabenbHOCTI Aucnepcii XiMiYHOro enemeHTa

[x ]/' wo exoanTb go CoDa. BignosigHo, AOBXWHY Npo-

MeHS | MOXHa po3paxyBaTh K CymMy BCiX MOro AMCrepcin
(var), po3gineHy Ha po3mipHicTb rinepnpocTopy k (k — Kinb-
KicTb cniBMHOXHUKiB y CoDa):
Zvar[X]i
| = k
k

Yum Ginblwa BenuumHa /, TuM JoBWMI npoMiHb. Cnig
nam'ataTi, WO nepes Hamu ABOBUMIpHA NPOEKLis K-po3mi-
PHOrO rinepnpocTopy, TOMY CMOTBOPEHHS KYTIiB i AOBXWH
TYT HEMUHYMI.

Po3swmdposka 6innoTiB nonsrae y npaBunbHin ineHTUdI-
Kauii reoxiMiqHOT MpUUMHK, sika "3mMyLye” o6'egHyBaTHCs Npo-
MeHi B My4kn abo, HaBnaku, 3aimMaTy BiCTOPOHEHE OKpeme
MONOXEHHS Y NOLLMHI NpoeKL;ji. 3a AOBXUHAMM NPOMEHIB po-
OUTbCS BUCHOBOK LLIOAO CTYNEHS (CMNn) NPOSIBY LIMX MPUYMH.

4. KoHdpirypauis "3ipkn" 6innoTy 3anexuTb Big Habopy
cknagosux y CoDa. Bukntoyaroum abo gogaroum ximiyri ene-
meHTn B CoDa, My Tm camvM BNMBaEMo Ha MapKyBaHHS
HUMMW TeOXiMiYHMX MpuYnH. Tomy BinnoTn, cknageHi 3 pe-
3ynbTaTiB aHanisiB ogHUX i TUX e Npob, MOXyYThb Bigpi3Hs-
TMCA KOHirypauieto 3anexHo Bif TOro, B AKOMY YUCHTi A SKNX
kombiHauigx y CoDa Bxogatb enemeHtu-mapkepun. OgHa i
Ta X cama reoximidyHa npuynHa Moxe npv ogHoMmy Habopi
€reMeHTIB-MapKepiB MapKyBaTUCA OAHUM XiMiYHUM erneme-
HTOM (ernemeHTamu), Npu iHWOMY — iHWKM. 30KpemMa, SKLLO
B CoDa BiacyTHi KOMNOHEHTN — CUMbHI MapKepu, TO BOHa
Oyne mapkyBaTucst cepefiHiMu abo HaBiTb cnabkumu 3a cu-
noto Mmapkepamu. Ane 3 nosisoto B Habopi CoDa gaHux no-
TYXXHUX €NIEMEHTIB-MapKepiB ponb CEPELHIX BUSBUTLCS BXE
CTaTUCTUYHO HEPO3pi3HeHo. ToMy BapitoBaHHA HabopiB Xi-
MiYHMX enemeHTiB-MapKepiB y Npoueci reoctaTMCTUHHOro
aHanisy (Lo CynpoBOMXYETLCS 3MiHAMM PO3MIPHOCTI rinep-
NpOCTOpPY) A03BONAE BUABNATU JOCUTb "TOHKY" CTPYKTYPY Y
"rpi" pi3HOMaHITHUX reoXiMiYHMX PaKTOPIB i MPUYNH, LLO BU-
3Ha4alTb XiMiuHMIA cknag npo6.

5. Touku, wo nosHavaroTb CoDa koxHOi Npobun, MoXHa
HaHecTV Ha rpadik 6innoTta. Akwo BnnvMB Oyab-sKMX i3 reo-
XimMi4HMX chakTopiB i NpuunH Byae NpeBantoBaTH B Til UK iH-
LWin rpyni npo6, To BiANOBIAHI iM TOYKM NOYHYTL FPynyBaTUCS
(knacTepusyBaTncd) B 06nacTi rinepnpocTopy, Lo No3Hava-
TUMETbLCA NMPOMEHSIMU TUX XiIMIYHUX €NeMEHTIB, SKi MapKy-
I0Tb CaMe Ui YMHHUKKL | NPUYMHW. Y TPaHUYHOMY BUMAZAKY,
KOMNK KiNbKiCTb KOMMOHEHT-MapKEpPIiB 3BOAUTBLCA A0 TPbOX,
6innoTn MoxyTb OyTU 3aMiHeHi TPUKYTHUMW Aiarpamamu.
BukopucTaHHA OCTaHHIX — TpaauLIMHUIA iIHCTPYMEHT cTaTu-
CTUYHOrO aHanidy 6araTtbox reoxiMiyHux UL, i heHoMeHiB.

PesynbTaTu pocnimkeHb. AHania AaHUX reoctaTucTu-
YyHoro mogentoBaHHa CoDa-gaHux 190 npo6 3 noganbLimm
NpeAcTaBneHHAM pe3ynbTaTiB y BUrnsagi "sipok” 6innoty 6ys
BMKOHAHMI 32 TPbOMa rpynamm XiMiyHUX enemeHTiB-MapKe-
piB, Wwo BxoasTb go CoDa: 3a Mn, Fe, Cu, Zn, Ga, Rb, Ba,
La, Ce, Nd, Sr, Pb (12-BumipHui rinepnpocTip); 3a Mn, Fe,
Cu, Zn, Ga, Rb, Ba, Sr, Pb (9-BuMmipHuiA rinepnpocrTip); 3a
Fe, Zn, Rb, Ba, Sr, Pb (6-BuMipHuiA rinepnpocTip).

Poswundposka 6innota 12-sumipHoro npoctopy (puc. 1)
BKa3ye, LWO ny4yok npomMeHiB La-Ce-Nd nosHauyae obnactb, B
AKi NposiBnsie cebe Takui reoximiyHui cpaktop, sk "BNvB
BMXiAHOTO MiHeparbHOro ckrnagy I'PyHTOYTBOPHOBANBHOI MO-
poaun". Hiskux iHWnx axepen TR y rpyHTax gocnigXeHoi Te-
puTopii Hemae, 0o cknagy X NPUPOAHUX MiHepaniB, 30Kkpema,
6actHesiTy [(Ce, La) (COs) F] i moHauuty [(Ca, Ce, La, Th
...)-PO4] Bx0OsTb pigko3emenbHi enemeHTw. My4ok npomeHis
Rb-Sr-Ba mapkye wBuaLle 3a Bce Takui cakTop, gk "Kucno-
THO-MY>XXHi yMOBW", NPUYOMY Taki, LLIO 3anexaTb He CTiNbku1 Bif
aKTyarnbHOI, CKifMbKM Bif, MAPONITUYHOI KMCIIOTHOCTI I'PYHTIB.
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MpomiHb Mn no3Havae obnacTb Aii Takoro reoxiMivHoro dak-
TOpa, AK "OKMCHO-BIOHOBHI ymoBMK", a npomeHeM Fe, iMoBip-
Hile 3a BCe, MapKyeTbCH 0b6nacTb BUSIBNEHHS CYyMICHOrO
BMIMBY KWUCMOTHO-NY)KHUX i OKMCHO-BIOQHOBHMX MapameTpiB
I'PYHTIB, B3aEMO3B'si3aHUX Mixk coboto. MoaidHoro poay 3ane-
XHOCTI Ansa ceneHy i pTyTi BigmiveHo B [11], Ae BMICT 3anisa
pasoM 3 iHWWMK I'PYHTOMOrYHO-TeoXiMIYHUMUK  hakTopamm
(MexaHi4HUiA cknag, HasiBHICTb FMUHUCTMX MiHepanis, pos3-
Mipy MynyBaTUX YaCTUHOK, BOOHWUIA PEXUM, OOMiHHI BriacTu-
BOCTIi, BiJHOBHO-OKUCHI BMACTUBOCTI, BMICT OpraHiyHOi KOMMo-
HEHTU TOLLIO) BU3HAYaOTb IXHIO MOBINBHICTb.

CeuHeub Pb € TMINOMOpPgHMM XiMIYHUM €rTEMEHTOM aB-
TOTPaHCMOPTHUX BUKUAIB [7], MOrO NMPOMiHb yKa3ye Ha 00-
nacTb rinepnpocTopy, B SKii NposBnsae cebe reoximidHuim

Pb

dakTop TexHoreHesy, Hacamnepea Y uin dopmi. MNMpuyomy,
AK MOXHa 6aunTh 3 PUCYHKY, cuna noro nposisy — Hamnbi-
NbLUA NOPIBHAHO 3 YCiMa iHWMMY reoXiMiYHMMK bakTopamu,
BUSIBNEHVMMM Ha OaHin Teputopii. 3Bigcy BunnvMBae npocTui
BWCHOBOK: MPOBIAHMM (QaKTOPOM TEXHOreHHoro 3abpya-
HEHHS BCIiEl BUBYEHOT TEPUTOPIT € aBTOTPAHCMNOPTHI BUKNAN,
3a [2] obnacTb TpaHCMOPTHUX BUKMAIB MOxe csaraTn 450—
500 m, TOMy TOuYkM onpobyBaHHS Oynu CBIAOMO 3aknageHi
HaMu Ha 3Ha4yHUX BiACTaHsAX BiA aBTomaricTpanein. lNpote
BMCOKA LiNbHICTb aBTogopir cybypbii BusBMnaca 3aHaaTo
3Ha4YMMOM0, AnsA Toro wob BigobpaxeHHA axepen 3abpya-
HEeHb JTOKanbHO-NiHIHOI hopMu Habyno obpuciB hakTUYHO
NIOLLUMHHOIO apearny.

Puc. 1. iBoBUMipHa mogenb (6innoT) 12-BuMipHOro rinepnpocTopy reoximiuHuMx akTopis i NPUY4KH,
Lo BU3HA4YalOTb eNeMeHTHUI CKnap 'PyHTOBUX Npob, BigiopaHux B okonuusax Ipnexs, Byyi, Bop3ens (KuiBcbka o61.)

Ob6nacTb rinepnpocTopy, WO MapKyeTbes rpynoto Zn-Cu,
noe'asaHa 3 GioreHHMMKM npouecamMn YTBOPEHHS, HaKOMu-
YeHHs | TpaHcdpopMalLii opraHiyHoi peyoBuHM (BioreHes), ski,
SIK NigKpecntoBanocsi BULLIE, HA TepUTopii 06CTexXeHOoI Tepu-
TOpIi BUSIBNSIHOTL cebe A0CUTb iIHTEHCUBHO. LIMHK, sk 6aummo,
BMCTYMae CUNbHILLMM MapKepoM BioreHesy, Hix Migb.

3anuwaeTbes HesicHolo ponb Ga. Meoximis Lboro ene-
MEHTa BUBYEHA MOraHo, [AXXepen HaAXOMKEHHS 4O I'PYHTY,
KpiM §IK y cknagi NnpupoaHUX MiHepanis, Hemae, ane € cBig-
YEHHS MPO AOCUTb aKTUBHE BKITKOYEHHS ranito B npouecu bi-
oreHesy [8]. MoxnmBo, 06nacTb rinepnpocTopy, WO MapKy-
€TbCA AOro NPOMEHEM, Lie TakoX 06racTb iHTepdepeHLii pi-
3HUX PaKTOPIB | MPUYMH. Y Oyab-sikoOMy pasi Koro BigHOCHa
Onn3bKiCTb 4O NPOMEHS 3ari3a HaLLTOBXYE Ha TaKy LYMKY.

Pb

Zn

I3 6innoTa 9-BUMIpHOro rinepnpocTopy reoximiyHnx da-
KTopiB i NpnumH BunyyeHa rpyna TR (puc. 2). OgHak ue He
0O3Hauvae, Lo porb MiHepanoriyHoi OCHOBM nepecTtana Map-
KyBaTUCS XiMiYHMMK efnleMeHTamu, NPOCTO BOHA NnepenLuna
[0 cnabwmx reoxiMiyHnX MapkepiB Lboro dpaktopa. Mu Bea-
aemo, WO CTaTUCTUYHO AOCTEMEHHVMM MapKepom niTo-
1oro-mMiHepanoriYyHoro YMHHMKa B 9-BMMIpHOMY rinepnpoc-
Topi Buctynae rpyna Fe-Sr-Ga, npuyomy Sr-Ga — uiTkiwe,
Hix Fe. OcTtaHHe ogHoYacHoO "3myLueHo" BigirpasaTth i 6inbLu
cnabKy ponb iHguKaTopa OKUCHO-BIAHOBHUX YMOB. MpomeHi
Ba-Rb i paHiwe mapkyBanu pH-ymoBu 3 "akueHToM" Ha rig-
PONITUYHY KUCIOTHICTb, ZN-Cu — ¢pakTop bGioreHeady, a Pb —
TEXHOreHHOr0 HaBaHTAXXEHHS!, FONTOBHUM YMHOM, aBTOTPaH-
crnopTHoro abo "6ioximiuHoro" dhaktopa 3a [5].

Rb
Ba

Sr
Fe

Cu

Puc. 2. Binnot 9-BuMipHOro rinepnpocTopy reoxiMiuHux ¢pakTopiB i NPUYKH,
O BM3Ha4YalTb efleMeHTHUM cknag FpyHToBUX nNpo6, BigibpaHux B okonuusx IpnexHs, Byyi, Bopsens (KuiBcbka 0611.)
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Buknukae nuTaHHs NoBeAiHKa MapraHLo. 34aeTbes, Wo
BiH "NpueaHaBca” 40 CBUHLKO | TEX CTaB TUNOMOPGHNM erne-
MEHTOM aBTOTpPaHCNopTHUX Bukuais. OgHak Hacnpaedi BiH
NNLLIE MAaCKye CBOK TeoXiMidHy MoBefiHKYy TEXHOreHHOH
gieto. TyT, Hacnpaegi, MM MAaeMO Crnpasy i3 CNOTBOPEHHAM
9-BMMIPHOro NPOCTOPY NPU NPOEKTYBaHHI Ha ABOMIPHY Mro-
wnHy. KoHapirypauis npomeHio Mn nepesaxHoO pagiarnbHa,
a npomeHo Pb — TaHreHuianbHa, TOMy NpoeKuis nepLioro
Maiike TOMHO Nagae Ha NPOEKLi0 ApYroro, CTBOPHOKYM TUM
caMuMm intosito 3nMTTa nNpomeHiB. Hacnpasai npomiHb Mn

Pb

3HaAYHO GinbLU He3anexHun (i, 3ayBaxumMo, 6nmxye 4o npo-
MEHI0 3ani3a), i MapKye BiH Te X came, Lo i B 12-BuMipHOMY
rinepnpocTopi: Eh-ymoBu rpyHTy.

Mpw BunyyeHHi Mn, Cu, Ga (puc. 3) 6innoT 4OCUTb YiTKO
po3ainuecs Ha Tpu obnacrti: obnactb TexHoreHesy (Pb), 06-
nactb GioreHedy (Zn) Ta obnacTe NpupoaHMX abioreHHWX
dakTopis (rpyna Fe-Sr-Ba-Rb). OctaHHsa mMicTuTb cnabkosi-
nokpemneHi nigobnacti — pH-ymoB (Ba-Rb, yacTkoBo Sr),
BNAMBY MiHepanoriyHoi ocHoBu (Sr, yacTkoBo Fe) Ta Eh-
yMmOB (4acTkoBo Fe).

Zn

Fe
Ba

Sr
Rb

Puc. 3. Binnot 6-BuMipHOro rinepnpocTopy reoxiMiuHux ¢pakTopiB i NPUYKH,
L0 BU3Ha4YaloTb eNeMEeHTHUI CKnap 'PyHTOBUX Npob, BiaibpaHnx B okonuusax Ipnexs, Byyi, Bopsens (KuiBcbka o611.)

Mpu uboMy nepLui ABi o6nacTi reoximiyHux dakTopis cu-
NbHO iHAMBIQYani3oBaHi (YiTKO OKpecrneHi B rinepnpocTopi),
a OCTaHHS — I0CUTb PO3MUTA, OCKIMNbKM B Hili BpaxoBYyHOTbCS
OpYropsgHi, NPOMiDKHI, YaCTKOBI reoXiMiyHi poni O4HUX i TUX
caMmx XiMidHMX enemeHTiB. Takox 3 puc. 3 BUAHO, WO 3a
CUMOK0 BiQHOCHOrO IMOBIPHICHOMO BMIMBY Ha €neMeHTHWUI
cknag rpyHTiB obcTexeHoi TepuTopii (OUiHIETBCA 3a OOB-
XKVMHOIK NPOMEHIB) reoxiMiyHi pakTopy B nepLuomy Habnu-
YKEHHI PO3TaLLOBYOTLCS B TAKOMY MOPSIAKY: TEXHOreHes (ne-
peBaHO aBTOTPAHCMNOPTHI BUKMAW) > NPUPOAHI BioreHHi
npoLecy > NpUpPOAHi abioreHHi NpuyMHKM i npouecu.

Knactepusauia CoDa-gaHux. HaHeceHHs TO4OK, LLO
BignoeigaTbe CoDa-gaHum rpyHToBUX Npob, Ha rpadikun Gi-
NMoTiB, @ TaKoX Ha TPUKYTHI diarpaMmy 4O3BOMMITO NpOCTe-
XUTK TeHAEHLii 4o knacTepumsauii unx To4ok B obnacTtsx aii
reoxXiMiYHMX YMHHUKIB | NPUYMH, WO MapKylTbCs BignoBia-

a)

HUMM XiMIY4HUMKW enemeHTamn, BU3HadYeHnmun y npobax. Em-
nipy4yHO TOYKM NpoboBiabopy nonepenHLO rpynyBanucst 3a
TakMMK O3HaKaMu: a) aBTOHOMHI W NignopsiAKoBaHi eneme-
HTapHi reoxiMmiyHi naHawadT; 6) reHeTUYHi rpyHTOBI ropu-
30HTU; B) hopManbHi rmunbuHn Bigbopy npobu (iHTepsan y
CcaHTMMeTpax rMubuHn).

Knacmepusauis 3a piaHoeudom EIlJ1. Ha puc. 4, a no-
Ka3aHO po3MilLleHHs1 TO4OoK, BianosigHux CoDa-gaHumm npo
BMIiCT XiMIYHMX €neMeHTIB y r'pyHTOBMX Mpobax (BepxHi
10 cm), y nnowwmHi 6innoTy 6-BUMIpHOro rinepnpocTopy. Yci
TOYKM 3rpynoBaHi 3a aBTOHOMHMM i nmignernum ElT1. A Ha
puc. 4, 6 nokasaHo TOM e po3nofin y 3-BMMipHOMY npoc-
TOPi reoxiMiyHMX HaKTopIB i NPUYNH, NPEACTaBMNEHUN Kna-
CUYHOK LIEHTPOBAHOK TPUKYTHO diarpamoto. MNpu ubomy
Mapkepamu obpaHO HaMCUnNbHIWI iHOUKATOPW BiONOBIAHMX
reoxiMiYHUX YMHHUKIB — La, Zn i Pb.

La 3339

33,3%

Zn

333%

Pb

6)

Puc. 4. Po3MilleHHs To4oK, BianoBiaHMXx CoDa-gaHnmMu wopao BMicTy XiMiYHUX eneMeHTIB y FPYHTOBMUX npobax
(0-10 cm), siki 6ynu Bigi6paHi B okonuusax lpnexHs, Bydyi, Bop3sens (KuiBcbka 061.), 3rpynoBaHMx 3a aBTOHOMHUMMU (YOPHi TOYKH)
i nianernumu (npo3sopi Touku) EMN y nnowwuHi 6innoty 6-BuMipHoro rinepnpocTopy (a)
Ta Ha LeHTpOoBaHi TPUKYTHIN piarpami (La, Zn i Pb) reoximiuHux drakropiB i npuynH (6)

[nsa To4ok Npo6 3 aBTOHOMHUX NaHawadTiB Mae micue
TeHAeHUis rpynyeaTumcsa Mk obnactamu Fe-Sr-Ba-Rb (niTo-

noro-miHepanoriyHni daktop) i Pb (atmocdepHe 3abpya-
HeHHs1). Te X came ABULLE Le BUPa3HiLle CNoCTepiraeTbes i
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Ha TPUKYTHIN giarpami. ns Todok npo6, Biaidpanux y nigne-
rnux nangwadrax, npornagaeTbes TEHAEHLIs rpynyBaTucs
B obnactax Fe-Sr-Ba-Rb i Zn (6ioreHes), 3 ogHoro 6oky, i Zn
Ta Pb, — 3 iHWOro. MoXxHa TakoXx 3ayBaXkuTH, LLO Ha puc. 4, a
TOYKM NPOO 3 aBTOHOMHMX NaHAaLwadTiB KpaLlle rpynyrTbest
B 06nacTi nitonoro-miHepanoriyHoro paktopa, HiXX TO4KU 3
nignopsiAkoBaHUX naHawadTie, ki TAXiOTb 40 nigobnacTi
Fe, B skt akTuBHiLWe nposiBnsie cebe cakrop Eh-ymos. LLe
ripe BOHM TrpynytloTbcs B "niTonoriyHin" obnacti Ha
puc. 4, 6 — y NPUCYTHOCTI NaHTaHy, Ay»e CUIbHOro Mapkepa
AN niTonoro-MiHepanoriYHuX YMHHUKIB, ane BenbMuU He-
3HauHoro Ans Eh-ymos.

Bigomo, o TonorpadivyHO-NpUNIAHATI AiNsSHKA MicLeBO-
CTi 3a3Hal0Tb CUIbHILIOrO BNNMBY 3abpyaHEHWX MOBITPSHUX
Mac, L0 pyXarTbCs rOPU3OHTanbHO Y NPU3eMHIn atmocdepi.
BogHouac rpyHTOBMIA NpoQinb entoBianbHUX NaHawadTis,
NPUYPOYEHNX [0 LMX Xe NiABULLEHNX, OiNSHOK, 3a3Bu4a Ko-
poTLUMIA Bif Takoro X cynepaksansHux ElT1. Lle o3Havae, wo
CTYNiHb y4acTi BUXiOHUX I'PYHTOYTBOPIOBAsIbHUX FMPCbKUX MO-
pia y dopmMyBaHHi reoximi4H1X 0COBNMBOCTEN I'PYHTIB NigBu-
LLeHnx aBToHOMHUX ETT1 6yae Buwmm. To X 3po3yminum ctae
BUSBNEHNI po3nogin Todok CoDa-gaHnx npob: aBTOHOMHI
nanawad T 6inbl 3anexHi Big BNMBY aTMOCdepHOro 3a-
OpyOHEHHS | MiHepanoriYHoro cknagy BUXIOHUX I'PYHTOYTBO-
ptoBanbHMX Nopia, Hixk nignopsigkoBani ENM.

Hagnaku, npouecu 6ioreHe3y 06yMOBMIOTL 3POCTaHHSA
NOTYXXHOCTi r'yMyCOBaHUX i OTOPEOBaHMX LUapIB I'PYHTIB Y Mi-
anernux ElT1. Kpim Toro, BoHM cnpusatnueiwi 4o npouecis
OrrfeloBaHHA Ta cunbHiwe 3anexatb Big Eh-ymos. Lle Bu-
SABUMNOCH B AAaHOMY AOCHIDKEHHI Y CUMbHIWIA 3aneXHOoCTi
nignopsinkoBaHux EI1 Big npouecis 6ioreHHoi Mirpaii pe-
YOBMHMU, @ TaKOX BifJ NOKa3HWKIB i AMHaMiku Eh rpyHTy.

Y npuHUmMni, ue BigoMmi, emnipuyHO BCTaHOBMEHI akTh 3
reoximii TexHoreHeay Ta reoximii rpyHTis [4, 6, 12, 13] wopno
PO3BUTKY MPOLECIB CAMOOYMLLEHHS Bifj TEXHOIEHHOro 3abpy-
OHEeHHS1 aBTOHOMHUMUY NaHalwadTamu i KOHcepBaLii 1 Hako-
NUYEHHSA — aKyMyNATUBHUMU. Are B AaHOMy BUMaZKy BOHU
OTPUMYIOTb MaTEMaTMKO-CTaTUCTUYHE MiATBEPIPKEHHS.

FeHemu4Ha knacmepu3auyiss. AHanisa posnoginis 3a-
CBig4YvMB, WO B pasi npobosigdopy, "npus'asaHoro” no sep-
TUKani 4O reHeTUYHUX ropmn3oHTiB, Toukn CoDa-gaHnx npob
3 ropu3oHTy Ha MatoTb TeHAEHL0 rpynyBaTucs B obnacTsx
Zn (GioreHes) i Pb (atMmocdepHe 3abpygHeHHs), WO BUMNS-
Aae uinkom noriyHmm. Toukn CoDa-gaHmx npob 3 ropnsoHTy
P uiTko rpynytoTbcs B obnacti TR i 6inblw po3nnuByacTo B
obnactax Fe i Ga, npnynHy 4oro 3 BuLLe BMKNAAEHOro Ma-
Tepiany TakoX He CKnagHo 3po3yMmiTu. 3anis3o, KpiM Lboro,
BMCTYNae JOCUTb criabkum, ane NnoMiTHUM MapKepoM rpyny-
BaHHS TOYOK, BidibpaHunx 3 ropusoHTy |. YTBOpPEHHSA LbOoro
rOPU30HTY, 5K BiOMO, MOB'A3@HO 3 OCAKEHHSAM CKIMagHWX
oKcuaiB, cepen Skux rigpokeman Fe — ogHi 3 HarBaxnmBi-
wunx. HaeBnakn, UMHK He BUSBNSE XOAHMX TEeHAEHUin Ao
"36upaHHa" Touok CoDa-gaHnx npob 3 ropmsoHTy |. [pyny-
BaHHs1 To4ok CoDa-gaHnx npob 3 rmenoBmnx ropu3oHTiB cna-
Oke, B OCHOBHOMY MOro MOXxHa nMoMmiTuTu B obnacTti Rb-Sr-
Ba (nyxHo-kncnotHi ymoBw), ripwe — B obnacti Mn i yacT-
koBo Fe (Eh-ymoBu). Ockinbkn came B rrenoBnx ropusoHTax
cnocrepiraetbCs  HanbinblWw cknagHa AuHamika pH- i
Eh-ymoB, TO Take rpynyBaHHs TOYOK, XO4 i cnabo BupaxeHe,
Burnsigae norivHum. Toukn CoDa-gaHnx npo6 3 ropusoHTiB
H i E He BMsBNAOTbL TEHOEHLIN OO0 XOAHOI KnacTepum3aldii.
LLoao ropmsoHTy H, Le Moxxe CBiguMTK NMPO BUCOKY pi3HOMa-
HITHICTb reoxiMiYHMX NpoLeciB i yMOB, LLO MalTb MicLe B
LIbOMY FOPU30HTI, KONW 'PYHTM He 3rpynoBaHi 3a EM. Lo x
CTOCYETBCS TOPU30HTY E, TO BiACYTHICTb TEHAEHUIT 40 Knac-
Tepwmaauii Toyok CoDa-gaHux npob y Hallomy BUNagKy CBi-
O4YnTb LWBMALLE NPO BiACYTHICTb Y CMUCKY NpOaHarni3oBaHuX
XiMiYHUX €NeMEHTIB NOBHOLLIHHOrO Mapkepa TUX reoXiMivHMX
NPUYMH, siki 00yMOBMIOIOTE cneuudiky ropusoHTy E. BusHa-
Yam Mu, 30Kpema, BMIiCT Si, 0O0B'A3KOBO TOYKWM 3rpynyBa-
nmca 6 B MapkoBaHii HUM 06nacTi, agke KpemHesemucTa
npucunka € TUNOBOK ANS eNtoBianbHOro ropU3oHTY.

Knacmepusauyisa 3a iHmepeanamu 2n1ubuH npoboeio-
60py. BuBueHHs yrpynoBaHb To4ok CoDa-aaHux npob, 06'-
€4HaHWX 3a popmanbHUM NOKA3HUKOM — iHTepBanamu rnu-
OuvH Biobopy npobu, 6e3 ypaxyBaHHS ii HANEXHOCTI OO re-
HETUYHOro FOPU30HTY, NoKasano, Lo Ging LMHKY i CBUHLIO
yiTkO rpynytoTbest Toukm CoDa-gaHmx npob i3 wapis 0-5 cm
i 5—10 cm. Lle pakT MOXHa NOACHUTM NS CBUHLIKD Jobpe
Binomum [10] cbakTom cunbHOi abcopbuii rymycoBoto peyo-
BMHOIO TUX MOro opakuin, ki HaAXOAATb Ha NOBEPXHIO I'py-
HTY 3 aTMocepHNM 3abpyaHEHHAM; a ONS UMHKY — HaliBa-
XKIMMBILLOK PONIIO LbOro XiMiYHOro enemeHTa B npouecax
GioreHesy, [0 AKMX HANeXuTb ryMyCOyTBOPEHHS Ta rymyco-
HaKOMUYeHHs1 Yy BEPXHiX 10 CM IpyHTYy.

Y wapax 10-15 cm, 15-20 cm, 20-30 cm, 30-50 cm Te-
HOeHUin go akoi 6 To He Byno knacTtepusauii Todok CoDa-
OaHuX I'pyHTOBUX Mpo6 Mo rmMmMbMHHMX Wapax He CrnocTepi-
raeTbcs. Y Uil I'pyHTOBIN TOBLLI Mae MicLe Ayxe Bermke po-
3MaiTT FeHEeTUYHUX TFOPWU3OHTIB | reoxiMiYHMX npoLeciB.
Axkwo ElT1 He rpynyBatn Gogan 3a HanexHicTio 4o nigsu-
LLEHb | NOHWXEHb penbedy, TO e He Aa€ MOXIUBICTb Mpo-
ABUTUCH Byab-KMM "HacKpi3HUM" TEHOEHLiSIM [0 KnacTepu-
3auii Toyok CoDa-gaHux npob. Ane, novmHatoum 3 50 cwm,
TeHAeHuis 0o knactepm3adii Todok CoDa-gaHux 3HoBY 3'AB-
NSIETLCA | MOCTYMNOBO NOCUMIOETLCSA 3 MUbMHO Npobosia-
6opy (rpynn 50-100 cm i > 100 cm). BoHa obymoBneHa ni-
TONoro-mMiHepanoriyHum akTopomM, obracTio Krnactepusa-
uii BUCTynae Ta 06nacTb rinepnpocTopy reoxiMiyHmx gakto-
piB i MPUYMH, SiKa MapKyeTbLCSA NPOMEHSIMM PiAKiCHO3eMenb-
HUX enleMeHTiB. 3 BUKITaZeHoro BUNmnmuBae Taku LiikaBun B1-
CHOBOK, SIKUIA Cnif, BpaxoByBaTy Npu opraxisadii npobosia-
0Oopy, NpUHaMHI B panoHax, aHanoriyHMx 3a reoxiMmiyHuMmm
ymMoBaMu TOMY, WO Hamu BMBYaBcHA. B ymoBax TepuTopii
"cy6ypbist KuiBcbkoro meranonicy — nisgeHs Kuiscbkoro Mo-
nicca" xiMivHUK cknag npob rpyHTiB, BigibpaHux dopmansHo
"nowwapoBo” y gianasoHi 10-50 cm 6e3 NpuB'A3KK 40 reHeTu-
YHUX I'PYHTOBUX FOPU3OHTIB y 3aranbHOMYy BUMAAKy MOXe
CBiQYMTU NPO SAKi 3aBrogHO reoxiMiyHi mpouecu i peHomeHun.
Mpobwu, BigibpaHi Ao rmMmnbuHn 10 cMm, 3 BUCOKUM CTYMEHEM
iMOBIpPHOCTI CBig4aTb Npo npoLecy atmocdepHoro 3abpya-
HEHHA Ta 0cobnMBOCTI GioreHesy B NepLLIOMY BMMNaAKy Ta npo
BMIIVB NPUPOLHOI NiTOreHHO-MiHEPanoriYHOi OCHOBU — I'PYH-
TOYTBOPIOBAnNbHUX Mopig — y apyromy. Lle cnig ypaxosysatu
B pasi 3aiicHeHHs Bigbopy npob opmanbHO "nowwaposo” —
0e3 npuB'A3KM A0 I'PYHTOBMX FEHETUYHMX FOPU3OHTIB. Taka
MeToavKa Bigbopy I'pyHTOBUX Npob yce Luie LIMPOKO 3acTOCo-
BYETBLCS, XO4 B OCTaHHi POKM B reoXimii 'pyHTIB yce BinbLuoro
i BinbLUOro NoWwmMpeHHs Habyeae cnocid Bigbopy Npob rpyHTIB
i3 cepefHix QinNsiHOK KOXHOro reHeTUYHOrO I'PYHTOBOMO ropu-
30HTY, L0, O4EBMAHO, OinbLL aaekBaTHO.

BucHoBku. Po3pobrnieHa reoctatuctmyHa mogens "6in-
not" CoDa-gaHux y BUrnagi rinepnpocropy reoxiMmiyHnx dga-
KTOpIB i MPUYUH i3 3a4aHOK0 PO3MIPHICTIO HAOYHO NPOAEMO-
HCTpyBana LBUOKNA CNOCiO pO3B'sA3Ky HU3KM MPUKINagHMX
3afad I'pyHTO3HaBCTBA.

eocTaTUCTUYHE BMBYEHHA YMOB PO3NOAiNy XiMiYHUX
€TEMEHTIB Yy I'PYHTOBUX rOPU30OHTAxX JO3BOSISE BiACMIAKOBY-
BaTW iIMOBIPHICHi (CTAaTUCTUYHI) NOKA3HWKN MapKyBaHHSI XiMi-
YHUMW eneMeHTamMn Ail TUX Y1 iHWKX reoXiMiYHUX YNHHUKIB
i NPVYKH, WO MalTb MiCLie Ha JOCTIiAXKYBaHIN TEPUTOPIl.

[eocTaTUCTUYHUMKM NapameTpamu, OTPUMaHWMK Mpu
mMogentoBaHHi CoDa-aaHux woao BmicTy B rpyHTax La-Ce-
Nd B 12-BumipHOMY Ta Fe-Sr-Ga B 9-BMMipHOMY rinepnpoc-
TOpax, No3Ha4YaeTbCs 06NacTb, B AKil NposABse cebe Takui
reoxiMmiyHu pakTop, SK "BRAMMB BUXIQHOrO MiHepanbHOro
ckragy rpyHToyTBOptoBansHoi nopoan”. ObnacTb, LWwo okpe-
CMIETBLCS BiAMOBIAHUMW rEOCTAaTUCTUYHUMK NapameTpaMm
Rb-Sr-Ba y 12-sumipHomy Ta Ba-Rb y 9-BumipHomy rinepn-
pocTopax, CTaTUCTMYHO "NpmB'a3aHa" 40 KUCMOTHO-MYXHMX
ymoB y rpyHTax. Obnactb MapraHui B 060x rinepnpocro-
pax i 3anisa B 6-BMMipHOMY MapKy€e OKUCHO-BIfHOBHi YMOBMU
B I'pyHTax, Npy LUboMy Fe 4acTKOBO MapKye i KNCNOTHO-My-
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XKHi yMOBM, Lo noB'a3aHi 3 Eh nokasHukom. O6nactb Pb ma-
pKye chakTop TeXHOreHe3y, 0COBNMBO MOro NiporeHHy ckna-
[OOBY, NOB'A3aHy 3 aBTOTPaHCNOPTHUMM Buknaamu. Obnactb
Zn-Cu noB'a3aHa 3 Jieto i BNNMBOM, y neplly yepry Giorex-
HWX MPOLIECIB N'YMYCOYTBOPEHHSI, 'YMYCOHaKOMUYEHHS!, TOp-
doHakonnyeHHs (bioreHes).

3a curnoto BiAHOCHOrO BMNIMBY HA €NIEMEHTHUI CKnag, Bep-
xHboro (10 cm) wapy rpyHTIB 0BCTEXEHOT TEPUTOPII reoximi-
YHi PaKTOpK PO3TaLLOBYOTLCA B HU3XIOHIN MOCNISOBHOCTI:
TexHoreHes > GioreHes > BNNUB BUXiOHOI NiTOreHHOI OCHOBW.

Mpwn aHanisi mogeni 6-mMipHOro rinepnpocTopy BUSBNEHO
TEHOEHL0 40 AMCKPUMIHALT TOYOK Pi3HOI NanawadTHo-re-
OXiMiYHOI nignopsigkoBaHoCTi. [ns To4Yok Npob 3 aBTOHOM-
HWUX NaHawadTiB Mae MicLie TeHAEHList rpynyBaTUCs MixX 06-
nactamu, Wwo mapkytoTeca Fe-Sr-Ba-Rb (nitonoro-minepa-
NOriYHMIM YMHHKK) | Pb (TexHoreHes, Hacamnepen atmocde-
pHe 3abpyaHEHHS, CpUYNHEHe aBTOTpaHcnopToM). [Ans To-
Yok rpyHTOBOro npobosigbopy 3 nignernux nangwadTis
NPOCTEXYETbCA TEHOEHLiS rpynyBaTucs B obracTsx, Lo
MapkytoTbca Fe-Sr-Ba-Rb i Zn (bioreHes) — 3 ogHoro OoKy i
Zn Ta Pb — 3 iHWworo.

eOoXiMiYHi YMHHUKM | NPUYNHM BUpa3sHille BUSBNATb
cebe npu aHanisi CoDa-gaHux npob, BigibpaHux 3 Npue'sas-
KOO [10 FrEHETUYHUX I'PYHTOBUX FOPU3OHTIB, aHiXK Takux, LU0
Oynu BigiGpaHi 3 NpMB'A3KOID OO0 TMUOUHM B3ATTS Npobu —
CyTO (hopmarnbHOI O3HAKK.
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GEOSTATISTICAL STUDY OF LATERAL AND RADIAL DISTRIBUTION OF CONCENTRATIONS
OF CHEMICAL ELEMENTS IN THE SOIL OF MODERATE TECHNOGENESIS ZONE
(on example of Kyiv suburbia)

Average concentrations of chemical elements in the soil depends on the action of natural and techogenic factors and are characterized by
different regularities of migration and accumulation in the lateral and radial directions. Study of concentrations of chemical elements in soils of
different elementary geochemical landscapes makes it possible to identify some of the important statistically significant regularities of distribution
of chemical elements on the territory of Irpin-Bucha-Vorzel of Kyiv suburban area. The analysis of 190 samples from 36 full-profile soil profiles formed
the basis of compositional data (CoDa). CoDa is vector product of the measured values ff concentrations of chemical elements in each sample of soil.
Geostatistical model biplot of CoDa is a hyperspace of geochemical factors and reasons with dimension corresponding to the amount determined in
samples of chemical elements. Projection of hyperspace on the plane with "star" biplot especially together with projection of sampling points can
demonstrate the probabilities of indicators of action of various geochemical factors and causes that occur in the study area. Clustering of sampling
points occurs in a possible impact of certain factors on the group geochemical samples. The geostatistical parameters obtained by modeling SoDa
in La-Ce-Nd 12-dimensional and Fe-Sr-Ga 9-dimensional hyperspaces mark an area of geochemical factor "influence of initial mineral composition of
rocks". The area is defined by relevant geostatistical parameters Rb-Sr-Ba in 12-dimensional and Ba-R in 9-dimensional hyperspaces statistically
"linked" to the acid-alkaline conditions in soils. Manganese area in the mentioned above area and 6-dimensional hyperspace of Fe mark the oxidation-
reduction conditions in soils. Area of Pb suggests to determine a pyrogenic component of technogenic influence associated with vehicle emissions.
Zn-Cu area is associated with impact of biogenic processes. Relative impact geochemical factors on the elemental composition of the upper (10 cm)
layer of soil geochemical factors surveyed area are ranged in row: technogenesis > biogenesis > effect of initial lithogenic basis. The analysis of 6-
dimensional hyperspace gave general trend to group between areas that are marked Fe-Sr-Ba-Rb (lithological and mineralogical factor) and Pb
(technogenesis, especially atmospheric pollution caused by road). For soil sampling points of the subordinate landscapes there is a tendency to
highlight grouped areas marked Fe-Sr-Ba-Rb, Zn and Zn, Pb. Geochemical factors and reasons most clearly effect in the analysis SoDa samples taken
with reference to the genetic soil horizons than those selected from formal deep layer.

Keywords: biplot, hyperspace geochemical factors and causes, compositional data, technogenesis, biogenesis, lithological and mineralogical factor.
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YHuepcuteT XKupoHbl, OTaeneHne uHopmMaTMKu, NPUKNAAHON MaTeMaTUKU M MaTeMaTU4eCKON CTaTUCTUKN
Kamnyc MoHnTtenusu E-17071a, r. XKupoHa, UcnaHus

FEOCTATUCTUYECKOE U3YYEHUE NIATEPAJNIBHOIO N PAOUANBHOIO PACMPEAENEHUA KOHUEHTPALIMA
XUMUYECKUX SNEMEHTOB B MOYBEHHOM NOKPOBE 30H YMEPEHHOIO TEXHOIEHE3A
(Ha npumepe cybypbumn KueBckoro meranonucay)

PacnpedeneHue koHUeHmMpayuli XUuMu4ecKux 3/ieMeHmoe & no4eeHHOM Mokpoee 3agucum om delicmeusi NPUPOOGHbIX U MEXHO2EHHbIX ¢hakmo-
poe u xapakmepu3yemcsi pa3fu4HbIMU 3aKOHOMEPHOCMSIM MU2payuu U HaKonseHusl 8 1amepasnbHOM U paduasibHOM HanpaesneHusix. U3yyeHue KOH-
yeHmpayuli XuMu4ecKux 3/1eMeHmMoe 8 noYeax Pas/ludHbIX /IeMeHmMapHbIX 2e0XUMUYecKkux naHowaghmoe noseosnusio onpedenums eaxHeliwue
cmamucmu4ecKu-3Ha4YuMble 3aKOHOMepHOCcMuU pacrpedesieHuUsi XUuMu4yeckux asieMeHmoe Ha meppumopuu MpneHb-By4ya-Bop3enbckol cybypbuu
Kueeckozo mezanonuca. Pesynomamsbl aHanu3a 190 npo6 u3 36 nosiHbIX no4YyeeHHbIX npogusieli 1e2siu 8 oCHogy 6a3bl COCMaesieHHbIX aHHbIX
(CoDa-daHHble), nony4yeHHbIX 8eKMOPHbIM Mpou3eedeHUEeM 8CeX U3MEPEeHHbIX 8e/IUYUH KOHUYeHmpayuli XUuMu4ecKux ssieMeHmoe e kaxadol npobe
noy4ebl. Feocmamucmudyeckasi Modenb "6unnom” CoDa-daHHbix npedcmaessnsiem co6oli 2uneprnpocmpaHcmeo 2e0XuUMuU4ecKux ¢hakmopos u NpuvuH
C pa3MepHOCmbI0, coomeemcmeytoujeli konudecmey onpedesieHHbIX 8 NpPobax xuMu4eckux anemeHmos. [poekyusi amoz2o a2uneprnpocmpaHcmea
Ha nsiockocmb 8 eude "38e30b1" 6unsoma, ¢ 00HO8PEMEHHbIM HaHECEHUEM Ha MII0CKOCMb MpoeKyuu moyek npobooméopa, daem 803MOXHOCMb
Haz2ns10HO omcriexueamb eeposiIMHOCMHbIe (Cmamucmu4yecKue) nokKkasamesiu MapKupo8KU XUMUYeCKUMU 3/ieMeHmamu delicmeusi mex usiu UHbIX
2e0xuMuYecKkux ¢ghakmopos U MPuYyuH, UMeruwux Mecmo Ha uccrnedyemoli meppumopuu. Knacmepusayuss mo4yexk npo6oom6opa npoucxodum e
o6nacmsix 6osiee seposimHo20 eo3delicmeusi Ha coomeemcmeyuyto 2pynny NPob 2eoxuMmuyeckux ghakmopos. YcmaHoesieHo, Ymo 2eocmamuc-
muyeckumMu napamempamu, fosiy4eHHbIMU npu modenuposaHuu CoDa-OaHHbix no codepxaHuto 8 noyeax La-Ce-Nd e 12-mepHom aunepnpo-
cmpaHcmee u Fe-Sr-Ga — e 9-MepHoM, 0603Ha4aemcsi obriacme € Kkomopou nposiesisiem cebsi makoli 2eoxumuyeckuli gpakmop, KaK "enusiHue ebixo-
OHO20 MUuHepasibHO20 cocmaea no4Yeoobpa3syroujeli Nopodski”. O6nacmb onpedensiemass napamempamu Rb-Sr-Ba e 12-mepHom 2unepnpo-
cmpaHcmee u Ba-Rb e 9-MmepHOM, cmamucmudyecku "npuesizaHa” K KUC/IOMHO-We/T049HbIM yCcr108UsiM noye. O6nacmb Map2aHya 8 060ux a2unepnpo-
cmpaHcmeax u esne3a e 6-MepHoM, MapKupyem oKuciumesibHo-eoccmaHoeumesibHbie ycnoeausi noys. [lpu amom Fe 4yacmu4Ho MapKkupyem u Kuc-
JIOMHO-UW,eT04HbIe YCI108Usl, C KOMOPbLIMU C8s13aH Nokazamesns Eh. O6nacmb Pb mapkupyem mexHo2eHe3, 0cO6eHHO €20 MUPO2eHHYH COCMasJsisiio-
wyo, cesizaHHyI0 ¢ a8MmompaHCcnopmMHbIMU 8bi6pocamu. O6nacms Zn-Cu cesizaHa ¢ delicmeueM U eflusiHUeM, 8 rnepeyro oyepedb, 6UO2eHHbIX MpPo-
yeccoe 2ymycoobpa3oeaHusi, 2yMyco- u mopghoHakoneHus (6uozexes). [To cune omHocumenbHO20 8/1USIHUSI Ha 3/IeMeHMHbIlU COCMas 8epxXHe20
(10 cm) cnosi no4enl uccriedoeaHHOU Meppumopuu 2eoxumudeckue ¢hakmopbl pacrnosia2aromcsi 8 makom psidy: mexHozeHe3 > 6uoz2eHe3 > enusiHue
ucxodHol lumoz2eHHolU ocHoebl. [Mpu aHanu3e Mmodenu 6-MepHO20 2uneprnpocmpaHcmaea ebisissieHa obuiasi meHOeHyus1 07151 moYek nNpob u3 aemo-
HOMHbIX nTaHOwaghmoe, a UMeHHO, 2pynnupoeambscsi Mexdy ob6nacmsimu, komopbie mapkupytomcsi Fe-Sr-Ba-Rb (numonozo-muHepanozu4yeckuii
¢hakmop) u Pb (mexHozeHe3, npexde ece2o ammocghepHoe 3a2psizHeHUe, 8bI38aHHOe asmompaHcrnopmom). [ns mo4yek noyeeHHo20 npo6ooméopa
u3 nod4yuHeHHbIX NaHOwagmoe npocmampueaemcsi meHOeHYyus1 2pynnupoeamscsi 8 obnacmsx, komopbie Mapkupytomcsi Fe-Sr-Ba-Rb u Zn (6uo-
2eHe3) — ¢ 00HoU cmopoHbl, u Zn u Pb — ¢ dpyaol. Meoxumuveckue ¢hakmopbl U NPUYUHLI om4Yemsusee nposesnsitom cebs npu aHanusze CoDa-
OaHHbIX NPo6, omo6bpaHHbIX C MPUESI3KOU K 2eHemu4eCcKUM 2pPYHMOo8bIM 20PU30HMaM, YeM mex, Komopbie 6b11U 0MobpaHbI ¢ nNpuesi3Kol K 2iy6u-
Ham om6opa npobbl - Yyucmo ¢hopmMasibHO20 NMpPuU3HakKa.

Kntrouyeenie crniosa: 6unmom, 2unepnpocmpaHCcmeo 2e0XUMUYecKuX ¢hakmopoe U npu4uH, cocmaesieHHble OaHHble, mexHo2eHe3, 6uozeHe3, /u-
morsoz2o-MuHepanozuyeckuli gpakmop.
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FEOIH®OPMALIIMHUMA EKCNEPTHO-MOAOEMNIOIOYUX KOMMJIEKC AOCNIMKEHHSA
PEFOHANbHUX MOAOENEW B FrEONOrIi

(PexomeHAoeaHO YrieHOM pedakyiliHoi konezii -pom 2eon. Hayk, npogh. O.M. leaHik)

CyuyacHi docnidxeHHs1 8 2ay3i 2eosnoeii Ha 6a3i 3acobie ModentogaHHs1 Haliyacmiwe 3aKiH4yrombcsi M06ydoeoro mpueuMipHoi 2eo-
J102i4HOi MOderTi, sika, ¥ C8Or0 Yepay, € OCHOBO OJisi MPUUHAMMS MEeXHOJI02iYHUX i ¢hiHaHCOBUX piwleHb Npu oyiHeaHHIi skocmi ma
nepcrnekmueHocmi podosuw i KonasneHs. Y 2eosoaii 3a3eudall icHyroms 0ea y3a2anibHeHi munu 2eoso2iyHuUx modeneli. Modeni nokasnb-
Hux 06'ekmie, Onsi sikux icHye winbHa iHghopmauiliHa cimka 3 HasieHuMu aHumu Or1s1 iXHBLOI No6ydoesu, ma Modesti pe2ioHanbHi, Ons IKUX
exiOHa iHghopmauisi pioka ma HepieHoMipHO po3nodineHa. PezioHanbHi 06'ekmu Moxuiueo 6ydyeamu Ha OCHO8I JIoKaslbHUX 06'ekmie i
dodamkoeo ghopMyeamu eidcymHicmio e NMPOMiKKax 2e0s1020-2e0hi3uyHy iHghopMayiro pi3HUMU Memodamu.

lMpo6nemy nobydosu modesel okanbHUX 06'€Kmie MOXHa 88akamu eupiWeHOr, OCKiNlbKU iCHye docmamHs KinbKicmb rnpo-
epamHux npodykmie Ons nobydoeu ma npoeedeHHs1 docnidxeHb 3 Humu (Petrel Schlemberger, Geographix Landmark ma iH.).
TMumanHs  no6ydosu pezioHasbHUX 2€0/102i4HUX Modesell 3aruwaembcsi MoKU 8iOKpumum, momy npobremy Memoduk iXHb020
CMeopeHHs1 ma OyiHIB8aHHs CJli0 esaxxamu akmyasnbHolo. [1i0 pe2ioHanbHOI 2€0/102i4HOI MOOes/Ii0 8 cmammi po3yMieMo yu-
¢hpoey MoOdesib 8eslUKOi 2e0s102i4HOI cmpyKmypu, 00 sIKoi 8Xx005iMb JI0KanbHi 06°'ekmu, siKi € if cknadoeuMu YacmuHamu, wo ym-
8oprOOMb CMPYKMypuU euujux nopsiokie. [ns nobydoeu yugpoeux modesnell pezioHasibHUX 06'ckmie aemopomM NPonoHyrMbCs
cneyianbHi Nnpo2pamMHi KOMNoHeHMu, siki 6ys10 ebydoeaHo e iCHyro4i npomucriogi 2eosiozidHi 3acobu ModestoeaHHs1, Wo dasno
3Mo2y npoeodumu siKicHe oyiHI8aHHs1 8 uxiOHUX Modernel.

lpedcmaeneHo ¢hyHKuioHaIbHi MOXJIueocmi 2eoiHghopmMauiliHo20 ekcriepmHo-modestoro4o20 kommekcy (FEMK), sikuli 3abe3neydye
cmeopeHHs1 Moderieli pezioHanbHUX 06'ekmie, ixHe 36epicaHHsI, 06pobIeHHsI ma ei3yasi3ayito HasieHOI 8 HUX 2e0J1020-2e0@i3UYHOI iH-
¢hopmauii Onsi npoeedeHHs1 MPOCMOPO80O20 aHasli3y mMa OuiHr8aHHs1 stkocmi Modersiell. 3anponoHoeaHi nidxodu 3abesneyusiu MOXJIuU-
g8icmb npozpaMHoO peasizyeamu 3py4Hull Ol Kopucmyea4a rnpoepaMHull KoMmrsiekc nobydosu ma aHarizy pezioHabHUX 2€0J102iYHUX
06'ckmis. KapmoepadpiuHuti inmepghbelic cucmemu sukopucmosye 3a2asibHonpuliHAmMy 2eosio2i4Hy mepMiHosIog2ito i opieHmoesaHull Ha
¢haxieys 2eosioza-2eoghizuka. Cucmema sunpobyeaHa Ha peasibHOMY 2€0J102i4HOMY Mamepiarii.

FEMK peanizoeaHuti y euansdi 2eoiHghopmauyiliHoi cucmemu i3 86ydoeaHumu 3acobamu MoOesIto8aHHS pe2ioHalbHUX 2e0/102i9HUX
modertell. Komnnekc cknadaemscsi i3 mpboX NPo2pamMHUX cKkrladoeux, Ppo3pobrieHuUX y pi3HUX cepedosuuiax ma iHmez2pogaHux y rpoekm
ArcView 3a donomozoro DLL-mexHosnozii. Y ¢pyHKyioHansHoMy eiGHowWeHHi po3asisiHymi npoz2pamMHi ckinadoei AaHO20 KOMIIIeKcy peasti-
3yromb mMoxuiueocmi: 1) nobydoeu 2D modeneli 2eosio2idHUX 2paHUUb, J1iMOI02i4HUX | eMHICHO-(hinbmpauiliHux napamempie 3 ypaxy-
8aHHSIM MM08HO20 KOMI/IeKcy euxiGHoi ma anpiopHoi iHghopmayii Ha 6a3i cmaHOapmHux 3acobie Geomapping; 2) modentoeaHHs1 3D eizy-
anizayii nobydoeaHux modereli; 3) NpoeedeHHsI MPOCMOPO8020 aHasli3y Mmodesiell 3 MEMOK 8UPOOGIIeHHS ma NPUUHSIMMS iHXeHepHUX
piweHb Wodo egpekmusHocmMi oyiHBaHuX palioHie, Onsi sKkux No6ydoeaHo pezioHanbHi Moderni. BidnoeidHe npozpamHe 3abe3neyeHHs
cmeopeHo Ha 6a3i docmynHoi npomucnoesoi I'IC ArcView 3.n 3 sukopucmaHHAM 86ydoeaHuX Npo2pamMHUX esleMeHmis, siki peanizyromb
creuianizoeaHi MemooOuKu ModenroeaHHs1 ma OYiH8aHHsI 2e0s102iYHUX 06'cKmie.

BunpobysaHHsi cucmemu rpoeodusiocsi Ha 2eosio2i4HuUX 06'ekmax 20/108HOI Haghmo2a3oHOCHOI NPoe.iHUii YkpaiHu — [JHinposcbKo-
JoHeuybkoi 3anaduHu.

Knroyoei croea: 2eoiHghopmauiliHa cucmema, pezioHansHi Modesli Haghmoza30eoi 2eos102ii, mexHoso02iuHi cxemu nobydoeu mMode-

ned, ekcnepmHo-Modemoroqa cucmema.

Cyu4acHi reonoriyHi MogentoBaHHA Han4vacTilwe 3akiHuy-
H0TbCA NOGYAOBOK TPUBMMIPHOI FEONOoriYHOI Moaeni, ska, y
CBOIO Yepry, € OCHOBOI AN NPUNHATTSA TEXHOMOTIYHMX i aoi-
HaHcoBUX piweHb [1, 2].

Y reonorii 3a3Bnyan BUKOPUCTOBYIOTbLCSA ABa y3ararb-
HEeHi TMnNu reonoriyHmMx mogenen. Mogeni nokanbHMx 06'ek-
TiB, ANSA AKUX iCHYE LWinbHa iHopMaLliHa ciTka 3 reonoro-
reoisvyHMMM gaHMMK1, Ta MOAeni perioHanbHi, B IKUX BXi-
OHa iHdopmauisa pigka Ta HepiBHOMIpHO po3nogineHa. Mo-
aeni perioHanbHMX 06'eKTiB CKNagarTbCsl 3 MOAENEN Noka-
NbHUX 06'eKTIB | NOMIB MiXk HUMKM 3 NPaKTUYHO MOBHOMO Bifg-
CYTHICTIO reonoro-reodisnyHol iHpopmadlit.

MobynoBa Mopenel perioHanbHUX 0O'ekTiB NoTpebye
BUKOPWUCTaHHS CYKYNHOCTI crneuianisoBaHNX MeTodiB 3Haxo-
DPKEHHS BIiACYTHIX AaHuX, iXHbOI Bidyanisauii Ta aHanisy 3
MEeTOH OLiHIOBaHHS BNacTMBOCTEN 00'ekTa Ha HasiBHICTb
TOrO YW iHLIOro MOKa3HWUKa, SIKNA XapakTepusye SKICTb peri-
OHanbHUX 06'eKTIB,LLO PO3rNsiAanTbCs B PEXMMI pearnbHoro
yacy. Peanisauia unx meToaiB 3abe3nevyeTbcsi OKpeMnMmn
TexHikaMmu npeacTaBneHHs Ta 0OpobKM JaHMX, a TaKoX 3a-
cobamu BUPOOGNEHHS Ta OTPUMaHHS JOFYHMX BUCHOBKIB i3
npoueayp OUiHIOBaHHS Pi3HUX HAabopIiB AaHUX | NPUNHATTA
pilleHb Ha OCHOBI EKCNEPTHUX 3HaHb.

dopmynoBaHHA npo6nemu. [Ins nobyaosu umdpoBux
Mogenen perioHanbHux 06'eKTiB NOTPIOHO pPO3pObeHHst crne-
LiianisaoBaHMX METOOMK i CTBOPEHHS 3aCO0iB BUKOHAHHSA aHa-
NITMYHMX onepadin 3 HUMKW Ha 6asi criewianizoBaHNX Nporpam,
AKi © niKBigOBYBanu HeOOCTaTHICTb BMXIOHOI iHopMmaLii Ta
3abe3neyvyBanu nobynoBy afeKkBaTHUX MoAENENn.

MpoBeaeHHA JocnigkeHb 3 OLHIOBAHHA BIACTMBOCTEWN
panoHiB po3Biaku B ranysi reororii noTpebye CTBOPEHHs rib-
PVOHOrO EKCNEPTHO-MOAEMIOKYOrO KOMIMIEKCY, SKUA MICTUTD
reoiHdopmainHy cuctemy (IC) sik eneMeHT HagaHHs Kopu-
cTyBayaMm 3acobiB BidyanisaLii Ta 3HaxXoOKEHHS1 anpiopHMX
OaHux; ekcnepTHo-aHaniTnyHy cuctemy (EAC), aka peanisye
HafaHHs KopucTyBadam 3acobiB OUiHIOBaHHSA po3pobneHmx
Mogenen Ta iHpopmauinHo-TexHonoriyHy cuctemy (ITC), wo
BUKOHYE 30epeXXeHHS JaHMX Npy NPOBEOEHHI OOCTIOKEHD.

AkTyanbHicTb. HaaBHicTb 6a3 gaHux reonoro-reodisu-
YHOI iHdbopMaUii Ta cydacHe nporpaMHe 3abe3neveHHs ansi
nobynoBM reonorivHux Mogenen 003BOMsSTb BUPILLYBaATU
3afadi nowyky eekTUBHMUX POOOBULL, KOPUCHMX KOManuH.
MowmpeHHsa Ta po3BUTOK PYHKLIOHANbHUX MOXMMBOCTEMN
LUboro Hanpsmky notpebye nobyaoBu reoiHdopmauinHoro
€KCMNepTHO-MOAENoYOro KOMMNMEKCy, KM iHTerpye Brac-
TmBocTi MNC Ta ekcnepTHMx cuctem. Po3pobrneHunin kom-
Nniekc Mae peanisyBatv MeETOAMKY NoOyooBM perioHanbHMX
reornoriyHnx Mogenen, 3abesneynTn kopuctysada Habopom
TEeXHOMNOrYHUX 3acobiB AOCNiMKEHHS IXHiIX BlacTUBOCTEN i
siBMnsie cOOOK akTyarbHy HayKOBO-MpaKTUYHY 3agady.

Ornsag icHyto4uMx niaxoAiB. PilleHHs Woa0 CTBOPEHHS
NoAibHMX nporpamHux cuctem Byno 3anponoHOBaHO Yy BU-
rMSAi NPOCTOPOBMX CUCTEM MIATPUMKM MPUAHATTS pillleHb
(ncnnp) [7].

IcHyto4i Mmogeni reonoriyHmx o6'exTiB y GinbLIOCTI BUNa-
[OKiB OyaoyloTbCa 3 BUKOPUCTAHHAM ABOBUMIPHOI rpadiiki Ta
oumnpoBaHMX HabopiB iXHIX xapakTepucTuk. [1ns 3agad re-
OOriYHOro AOCHIAXEHHS NPUAHATO BUKOPUCTOBYBaATU MO-
neni, nobyaoBaHi 3a JaHMMK CBEPANOBWH, CEACMOPO3BiaKM,

© OonuHcbkui |., 2017
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reopagapis Towo. AKTyanbHUMK € Byab-ski 3acobu komn'to-
TEPHOro MOAEMIOBaHHS, WO HagalTb MOXMIMBOCTI CNpo-
LLIEHHS, NPUCKOPEHHS Ta 3HWXKEHHS 3aTpaT Ha NPOBELEHHsI
NMEeBHUX OOCNioKeHb reonoriyHmMx o6'exTiB.

Y po6oTi [4] 06r'pyHTOBYETLCA MOJOXEHHSA NPO Te, O
perioHanbHy MoAenb LapyBaToro reosoriyHoro Tina MoxHa
onucaTt MHOXMHO 2D Mogenen reonoriYyHnX rpaHnup i re-
onoro-reoisuyHNX NapameTpiB TiNn, siki BOHU 0OMEXYOTb.
Ha 6asi uboro nigxoay nponoHyeTbcs MeToAmka nobyaosu

MoZenen perioHanbHUX reonoriyHMx 06'eKTiB Anst NeBHUX
palnoHiB CNOCTEpPEeXeHHs Ta 3acobun iXHLOro TPMBMMIPHOrO
NpPOCTOPOBOro aHarnisy.

KoHuenuii iHTerpauii I'C Ta EC. Ha ocHoBi po6oTu [6],
B SAKil NPeACTaBMEeHO XapaKTEPUCTUKN eKCepTHOo-aHanitu-
YHUX i reciHbopmaLiiHUX CUCTEM OISt CTBOPEHHS ridpua-
HOTr0 eKCMepTHO-MOZEMIKYOro KOMIMIEKCY, BUSIBNEHO Ta
dopmanizoBaHO KOHLenTyanbHi BiAMIHHOCTI ABOX MOXIU-
BMX nigxogis (tabn. 1).

Ta6nuys 1. KoHuentyanbHi BigmiHHocTi IlC 1a EC

Ne XapaKkTepucTU4Ha O3HaKa ric EC

1 |HasBHicTb CcTpyKTYpOBaHOCTI NnpegMeTHOI obnacTi 3aknageHa popmaniamom | He o6oB'saskoBa

2 | Bba3soBi npumiTnBKu dhopmaniamy [eomMeTpuYHi CuMBONbHI

3 | Twnwn iHcbopmauii B cuctemi [aHi 3HaHH#A

4 | O6pobka HEMOBHMX AAHUX ObmexeHa 3aknageHa opmaniaMom
5 |MacwraboBaHicTb 3aknageHa oopmaniamom | YcknagHeHa

6 |HasBHICTb yHKLii NOACHEHHSI BigcyTHs 3aknageHa chopmaniamom
7 | MOXnuBICTb NOriYHOrO BUBEAEHHSI BigcyTtHs 3aknageHa opmaniamom
8 | PyHkuioHan o6pobku NpocTopoBux (reorpadivyHmX i reoMeTpuYHKX) gaHux | 3aknageHuii popmaniamom | BigcyTHin

9 | BUkoHaHHs reoMeTpU4HNX onepawin 3aknageHo dopmaniamom | BigcyTHe

3a3HaveHi BigMiHHOCTi MOXINUBO MiHiMi3yBaTW, iHTErpy-
104M HanGinbLW NpMBabNUBI Ta Bigkuaato4mn crabki xapakTte-
pucTukn ABox nigxogis. MNMepwmn nigxig peanisye iHTerpadito
[C-kOMNOHEHTU 3 MEXAHI3MOM FOriYHOro BUBEEHHSI B EKC-
nepTHUX cuctemax. 3assuyan nNodibHWMI nigxig BUKOPUCTO-
BYIOTb A5 BAOCKOHANeHHs 3acobiB Bidyanisauii B EC mox-
NIMBOCTSAIMU NMpeacTaBreHHsA Ta 00pobKM NPOCTOPOBOI iIHAO-
pmauii. Opyrvii nigxig, HaBnaku, nepeabdayae po3LUMPEHHSI
MoxnusocTteln [1C-mexaHisamaMmy noriYyHoro BUBEOEHHA 3
EC. Came gpyrvii nigxig — cTBopeHHs iHTenekTyansHux MC,
Hanbinbw Bignosigae Bumoram ctBopeHHs TEMK, y nepuuy
Yyepry TOMy, LUO Ha reororo-po3sigyBarnbHUX NignpuemMcT-
Bax YXe iCHYIOTb AesiKi MEeTOOUKMA Ta TEXHIKM OLiHIOBaHHS

BNAacTUBOCTEN reomnoriYHNX Mogernen y Burnagi reociHdop-
MaLiiHuX piweHb. Kpim uboro, MNC-koMNoHeHTN JocTaTHLO
NpoCcTO MacLUTabyTbCsA Ta NOMOBHSKOTLCS.

Onuc dyHkuioHanbHUX KoMnoHeHTiB FEMK. MTEMK
cknagaeTbes 3 reciHopmauinHoi, iHhopMaLinHO-TEXHOMO-
riYHOI Ta eKCnepTHO-aHani TU4HOI KOMMOHEHT (puc. 1).

KoxHa 3 HaBeAeHUX KOMIMOHEHT, y CBOK 4epry, Oyay-
€TbCSA Ha OCHOBI 00'eKTiB (MporpaMHUX Moaynis), Wo ¢op-
MYHOTbCS CLIeHapHMMUN NporpamMamMm CTBOPEHHS MOKPOKOBUX
eneMeHTIiB AN CUCTEMU MOJEMOBaHHS Ta Npoueayp aHa-
ni3y perioHanbHUX 06'eKTiB.

FEOIH®OPMALLINHNA EKCMEPTHO-
MOIEMIOKOYNN KOMITIIEKC OLIHKA
PErOHANBHX MOOENEW FEONOrII

[ocnigXeHHs1 BNaCTMBOCTEN pavioHiB PO3BigKu

["eciHdopmaLiiHa
KOMMOHEHTa

IHbopmaLlifHO-TeXHOMOoriYHa
KOMMOHeHTa

EkcnepTHo-aHanitnyHa
KOMMOHeHTa

CTBOpPEHHS MPOCTOPOBUX
moaenen

BeneHHs indopmauiiHoro
CXOBULLA Ta Hafl@aHHHS 3pYYHUX
iHTepdeincis

AHani3 Ta obpobka
NpPOCTOPOBOI iHopMmauii

Puc. 1. KoMnoHeHTU reoiHopMaLiiHOro ekcnepTHO-MOAesYOro KOMMNJeKCy Ta rpynu 3agav,
L0 BUPILLYIOTLCA 3 1Oro AONOMOroH

PosrnsHemo TMNoBi yHKLiOHaMNbHI MOXIMBOCTI KOXHOI
3 HaBedeHnx kKoMnoHeHT. INC-komnoHeHTa [o3BONSsE BiAOU-
paTtu BUXigHi AaHi Ans nobyaoBu NpocTopoBUX Modenen pe-
rioHanbHux o0'ekTiB, 30epiraT Ta BidyanisosyBaTtu ix. ITC-
KOMMOHEHTa Mae 3acobu opraHisauii Ta BeaeHHs 6a3 gaHux
o6'exTiB gocnigpkeHHs, 6ibnioTekn npouenyp KomneHcauii
BiJCYTHIX AaHWX i OPMYyBaHHS 3ryLLeHUX AaHUX Ha BipTya-
NbHUX NOBEPXHEBUX Kapkacax. EC-komnoHeHTa 6ynye mo-
Aeni perioHanbHWX 06'ekTiB, BUKOHYIOUM CLieHapi nobyaosu
mMogeni 3a npuHuMnomM nowaposoro 3D-BupoLLyBaHHS Bip-
TyanbHOro o6'ekta i 4O3BONSAE NPOBOAUTY iXHIl aHani3, BU-
KOHYHOUM npoueaypy ineHTudikawii oTpmMaHux NOBEPXOHb i

Ky6iB, a TakoX BupiLLye 3agady knacudikauii nobygoBaHmx
3D-mopenen perioHanbHUX 06'eKTiB.

MeToauka no6yaoBu perioHanbHUX Mogernen reoso-
riyHnx o6'ekTiB. MogentoBaHHsi reonoriyHoro o6'ekta mae
34incHoBaTUCA Ha Oyab-sikin cTagdii AocnimpkeHHs i Bigno-
BiAHO Ha Byab-AkoMy iHOpMaLiMHOMY piBHi. 3anexHo Big
HasiIBHUX BUXiOHMX AaHWX ons nobynosu Moaeni BUKOPUCTO-
BYETbCSl TOM UM iHLLMI MaTeMaTUyHUI niaxig. 3a HasiBHOCTI
NPUPOLHUX aHarnoriB BUKOPUCTOBYETLCS CranH-anpoKcu-
mauia [1]. AKwo npupogHi aHanoru BiACYTHi, 3aCTOCOBY-
€TbCH iTepauiiHa cnnanH-anpokcumaldis i3 3acToCyBaHHAM
TexHikn aBToaHarora [1, 4] abo iTepadiiHa niHiiHa iHTepno-
nauig Ha TPUKYTHKX CiTkax [5] (puc. 2).
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| BuxigHa iHdbopmauis (TodkoBa wewn-tema ArcView) |

v

MpupogHi aHanorn NPUCyTHi |

'

v

MpupogHi aHanoru BiACyTHI ]

I
v v

CnnanH anpokcvumauis

cnnawvH-anpokcumalis i3
3aCTOCYBaHHSAM TEXHIKU
aBToaHanora

ITepauiina ITepauiina niHinHa
iHTepnonALuis Ha TPUKYTHUX
ciTkax

MogepHizoBaHui [lenoHe

PerionaneHa mogenb nobygoBaHa

Puc. 2. Cxema no6ynoBu perioHanbHOI reonoriyHoi moaeni

TexHikun CTBOpPEHHA iHTerpoBaHoi MoAeni perioHanb-
HOro o6'ekTa. IHTerpoBaHa LMgppoBa MoAeNb reosoriyHOro
o6'ekTa CTBOpIOETLCA Ha Oyab-AKi cTagii JocnimKeHHst ob'e-
KTa i BiaNoBIigHO cnunparymch Ha HasiBHUI obcsr gaHux. Oc-
HOBOIO CTBOPEHHS iHTerpoBaHoi LuudpoBoi Moaeni perioHa-
NbHOro reonoriyHoro o6'ekta € nobyaosa 2D-mopgeni reonori-
YHOI rpaHu1Li Ta BM3HAYEHHSI FeONOriYHMX O3HAK AN noBep-
XHi, Wwo cdopmyeTbes. 3agaya nobygosu 2D-moaeni reonori-
YHOI rpaHu1Li, B YMOBaX AOCTaTHIX i PIBHOMIPHO pO3MnoAineHnx
Ha NMAOWWHI AOCAIMKEHHS BUXIOHUX OAHUX, PO3B'A3YETLCS
TpvBianbHo iHTepnonsuieto. OgHak oTpumaT Taky Moaerb
B YMOBax HedocCTaTHiX abo HepiBHOMIPHO pO3MOA4iNeHMX Ha
NAOLLMHI JOCHIMKEHHS BUXIOHWX OAHMX, € YCKIMaAHEHO 3a-
Aayeto, Wwo notpedye 3B'a3aHNX Npoueayp 3HaXOMKEHHS Bia-
CYTHIX AaHUX i3 pisHWX OXXeper, a came — anpiopHoi iHop-
Mauii 3 ouncbpoBaHMX KapT B i30MiHiAX, unudpoBux Mogenemn
po3pisiB — rpigis, NobyaoBaHMX nonepeaHuKamm.

MobynoBa CTPYKTYPHMX i EMHICHO-(hiNbTpaLiiHMX napa-
MeTpIB MoZenen Mae 3fiicHioBaTUCA 3 ypaxyBaHHsAM Gara-

TbOX MapameTpiB, HaNpVKNag Taknx siK: BU3HAYEHHS TEKTOHi-
YHUX MOPYLUEHb, HAsSIBHICTb CONSIHMX LUTOKIB, 3HAYEHb Bigno-
BiAHMX NapameTpiB, OTPUMaHNX y CBEPANOBUNHAX, i3 CeNCMO-
pos3BigyBanbHUX npoginis, oundpoBaHUX KapT i opmyBa-
TUCS y BUMMSIAj KnacTepa 3 NeBHUM HabopoM XapakTepUCTHIK.

[ns nobynoBu knactepa perioHanbLHOi MoAeri NPONOHy-
€TbCs BMKOPUCTOBYBATMU nporpamHuii KOMMMEKC
GEOMAPPING [1], sikuii [o3BONsie BUKOHATU OinbLUiCTb 3
O3HaYeHVX npoueayp i BXe Mae NpuKnagn BUKOPUCTAHHS
UMX npoLeayp Ha BENUKIN KiNbKOCTi reonoriyHnx 06'exTiB.

Ha puvc. 3 nokasaHo npuknag poboTu KOMNMeKcy Ha of-
HOMY 3 perioHanbHWX reonoriyHnx o6'ekTiB. [Ans Lboro npu-
Knagy BuxigHa iHpopmauis npeacTaBneHa kapToko reonori-
YHOI rpaHuui B i30MiHiAX (Ha puCyHKY 3Bepxy). PucyHok
3HM3Y OEMOHCTPYE pe3ynbTaT BUKOHAHHA paay npouenyp B
cepepoBuwi GEOMAPPING 3 oTpMMaHHS iHTerpoBaHoi Liu-
dpoBoi Mogeni Ana uiei rpaHumui. Ak 6aunmo, ogepxaHa Mo-
[enb Maike NMOBHICTIO 36iraeTbCcs 3a xapakTepuctmkamu 3
BUXigHO iHdopmaLieto Npo 06'ekT.

Puc. 3. Mpuknag moaentoBaHHA perioHanbHOI reosoriYyHoi rpaHuLi
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3a BigcyTHOCTI npupogHoi anpiopHoi iHcpopMmauii npo
06'eKT Ta 3 ypaxyBaHHSAM NpobremMm HepiBHOMIPHOrO po3mo-
Ainy i pigkoi Mepexi TOYOK CrnocTepexxeHHs Mofens byay-
€TbCA creuianbHUMK mMeTodamu. [ns 3rylieHHa JaHux Y
Mepexi TOYOK NodyaoBu moaeni 0yno BUKOPUCTAHO METOL
iTepauinHoi cnnavH-anpokcumMadii i3 3aCTOCyBaHHAM Tex-
Hikv aBTOaHanora. CyTHicTb MmeToay Taka. Ha i-my kpoui 3a-
cobamn GEOMAPPING 6yayeTbcsi NOBEPXHS 3 BMCOKUM
CTyneHeMm 3rnagkyBaHHs. Ha (i + 7)-My Kpoui usi noBepxHs
BMKOPUCTOBYETLCS AK aHarnor, a pe3ynbTytoya noBepxHs by-
OYETbCA 3 MEHLUUM CTyMNEeHeM 3rnag)XyBaHHS | CXOXICTIO Ha
aHanor. Takui nigxig 4O3BONsiE 3HAYHO 30iNbLWMTKU iHGOP-
MaUiHy HaCMYEHICTb BMXiAHOI iHpopmaLii AnA BU3HAYEHHS
BiACYTHIX Y 40AATKOBMX TOYKax 3HaYeHb NapameTpiB reono-
riyHoro o6'ekTa, IO AOCNIMKYETHCS.

Opyruii meTog 36inbLueHHs iHdopMaLinHOT HAaCUYEeHOCTi B
YMOBaX PifKOI Mepexi 4aHNX CNOCTEPEXEHHS € NiHinHa iHTe-
prionsauia Ha TpiaHrynboBaHin obnacri. Mpu upsomy Tpagmuin-

HWIA BapiaHT npoLecy A0AaBaHHS TOYOK METOAOM MiHIVHOI iH-
TepnonsaAuii Ha TpiaHrynbOBaHiv TPUKYTHIN 0b6nacTi BAOCKOHa-
NIEHO 3a paxyHOK iTepauiiHoro NpoLecy CTBOPEHHA 00AATKO-
BMX CEPEOVHHNX TOYOK Ha CTOPOHaXxX TPUMKYTHUKIB, WO Gyay-
H0TbCS, AOBLUMX 3@ 3a4aHy MOPOroBY BEMUYUHY BiAXMIEHHS
Bil cCepeHbOro 3Ha4YeHHsi NnapamMeTpa B TOYKax Mpv BEPLUU-
Hax. Bubip came uboro nigxoay oor'pyHTOBYETLCS TUM, LLIO Ha
JinsiHKax Mi>k TO4KaMU CNIOCTEPEXEHHS LLyKaHa MOBEPXHS an-
POKCUMYETBCS MowmuHaMK (MOBEPXHSIMKU) 3 MiHIMarbHOK
Kp1BKU3HOIO, NobyaoBa skux notTpedye HanMeHLMX PecypCiB.
KpiMm upOro, 3anponoHoBaHUW Miaxia He 3anexuTb Big Mo-
PSAKY pO3OUTTA PO3PimKEHOT 00NacTi Ha TPUKYTHUKU.
3acobu npocTtopoBoro aHanidy Tta Bidyanisauii mo-
aenen. Metogn napHoOi NPOCTOPOBOI KopensAuii Ta napHa
npocTopoBa perpecia 2D-moaenen napaMeTpiB (perpecinHi
3anexHocTi byayoTbcs B 06nacTsax BUCOKOI kopensuii) go-
3BOJISAOTb 3 BUCOKUM CTyneHeM nofibHocTi 6yaysatu npo-
MiKHI Wwapu ana dgopmysaHHa 3D-mopenei. PesynbTati
BUKOPWUCTAHHSA LIbOro NiAX0Ay AEMOHCTPYOTLCA Ha puc. 4.

Puc. 4. Kapta napHoi npocTopoBoi kopensilii MiXk NokpiBneto (a) i nigowsoto (6) reonorivyHoro Tina.
(PioneToBui konip (B) BignoBiAae AinfiHKaM BUCOKOI Kopensiuii)

MeToam npocTopoBoi knactepusadii (BUAINEHHS B reo-
noriyHomy Tini o6'ekTiB, OA4HOPIAHMX Y MPOCTOPI NapameTpiB,
O po3rnsgalTbCs) Ta MPOCTOPOBOI knacudikauii (Buai-
JNIeHHS B reonoriyHoMy Tini 06'exTiB i3 3agaHMMK BracTUBO-
CTSIMW) BUKOHYHOTbCS KOMNOHeHTamu EC npu nporHo3yBaHHi
AINSAHOK, NepCcnekTMBHUX Ha HadTy Ta ras.

Puc. 5. PesynbTaTtu knactepu3satdii: a — "no BigcrtaHi"; 6 —

MoBeAiHKy CTBOpPEHUX ANS UMX uinern anroputmis 6yno
anpoboBaHO Ha AaHux OypoBUX i CEMCMOpPO3BiayBanbHUX
pobiT y mMexax CpibHeHCbkOI 3anaguHu, po3TalloBaHoi B
30Hi LleHTpanbHoro rpabena [HinpoBcbKko-[oOHeLBKOI 3ana-
aunHu. Mpyknagn oTpMMaHux 3a pesynbTatamu Lux ob4umc-
NeHb KapT HaBeaeHi Ha puc. 5.

Knacu

Wroo0d o=l &

[N U ]

Pogomnmnia Ta cTpyETYPH

- Had tost

l:l Tasost

E Hadrorazoet

l:l TasoxoumeEcaTH
l:l Hajrorazexongencaru
l:l Henpenyrruen

"no kyty"
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Y pesynbTaTi knactepu3aadii "no sigctani" (puc. 5, a) Bci
poaoBuLLa NOTpannsiTb Y Knactepu 2, 4, aki nexarb Ha no-
BEPXHi CTPYKTYPHOrO TPeHAy i XapakTepusylTbCs Benu-
KMMU FMMBMHaMK i MakcMmanbHUMK TemnepaTtypamu npo-
rpiBy NpoaoykTMBHUX BigknagiB. CydacHUI rpagieHT Temne-
paTtypu B Mexax 06'exta npmbnunsHo ogHakosuii. To6TO po-
OOBWLLA TSXiIOTb A0 NOKanbHUX MNIOHATTIB Yy HaWrnmmoLwmx
YacTuHax ob‘exTa.

PesynbTatn knactepusadii "no kyty" (puc. 5, 6) aemoH-
CTPYHOTb 3B'sI30K pOAOBULL i3 knacTtepamu 1, 3 — 3 TaKUMK X,
AK i B nonepeaHbOMy BUMNaAKy Xapaktepuctukamu gakTo-
piB. Po3ginbHa 3gaTHicTb knactepusadii 3a uumM MeToaoM
ripa MOpiBHSHO 3 KracTepu3auieto "Mo BiacTaHi", ogHak
BOHa € [OOATKOBUM MiATBEPYKEHHAM BUCHOBKIB NMPO HasiB-
HICTb HAPTOHOCHUX NNACTIB Yy panoHi JOCHIAXEHHS.

BucHoBkW. HaBeaeHi y cTaTTi MmaTepiany po3kpyBarTb
dyHKUiOHaNbHI MOXMMBOCTI reoiHdopMaLinHOro ekcnep-
THO-MOZENYOro KOMMNMeKkcy Ans nobynosu Ta aHanisy
mMofenen perioHanbHUX reonoriyHux o6'ekTis. Komnnekc
NporpamMHoO peani3oBaHui y BUrNSAAi reociHdopmauinHoi
cuctemn B cepeposuLli ArcView 3.n. Ta Habopy BbyaoBa-
HUX A0 HbOro NpoLeayp OUiHIOBaHHS e(PeKTUBHOCTI panoHiB
obcTexeHHs. KapTorpadiyuHuii iHTepdenc cuctemm BUKOpU-
CTOBYE 3ararnbHOMPUAHATY reonoriyHy TepMiHOMorito Ta opi-
€HTOBaHUN Ha daxiBusa reonora-reoisvka. Cucrema Bu-
npobyBaHa Ha peanbHOMY reosioriMyHOMy MaTepiani 1 3Haw-
Luna cxsarnbHWIA BiAryK cepep reonoris.
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GEOINFORMATION EXPERT-MODELING COMPLEX
OF RESEARCH OF REGIONAL MODELS IN GEOLOGY

Modern studies in the field of geology on the basis of modeling tools necessarily end with the construction of a three-dimensional geological
model, which, in turn, is the basis for making technological and financial decisions in assessing the quality and prospects of deposits and mines. In
geology, there are usually two generalized types of geological models. Models of local objects, for which there is a dense information grid with
available data for their construction, and regional models in which the input information is liquid and unevenly distributed. Regional objects can be
built from local objects and additionally form lacking geological and geophysical information through various methods.

The problem of constructing models of local objects can be considered solved, because there is a sufficient number of software products for
constructing and conducting research with them (Petrel Schlemberger, Geographix Landmark, etc.). The question of constructing regional geological
models remains open and the problem of creating methodologies for their creation and evaluation should be considered relevant. The regional
geological model refers to the digital model of a large geological structure, which includes local objects, which are its constituent parts and represent
structures of higher orders. The author proposes special software components for constructing digital models of regional objects, which are simply
embedded in existing industrial geological modeling tools, and will take into account such a distribution of source information and constructed
models that enable them to perform qualitative evaluation.

The article presents the functional capabilities of the geoinformation expert-modeling complex (GEMK), which provides: creation of models of
regional objects, their storage, processing and visualization of geological and geophysical information available to them for spatial analysis and
evaluation of model quality. The offered approaches provided an opportunity to programally implement a user-friendly software complex for the
construction and analysis of regional geological objects. The cartographic interface of the system uses common geological terminology and is
oriented to a specialist geologist-geophysicist. The system is tested on real geological material.

GEMK is implemented in the form of a geographic information system with built-in means of simulation of regional geological models of geology.
The complex consists of three software components developed in various development environments and integrated into the ArcView project using
DLL technology. In functional terms, the considered program components of this complex realize the possibilities: 1) the construction of 2D models
of geological boundaries, lithological and capacitive filtration parameters, taking into account the full complex of source and a priori information on
the basis of standard Geomapping tools; 2) simulation of 3D visualization of the constructed models; 3) spatial analysis of models for the purpose of
developing and adopting engineering solutions for the effectiveness of the assessed areas for which regional models are built. The corresponding
software was created on the basis of available and industrial GIS ArcView 3.n using built-in software elements that implement specialized modeling
and evaluation techniques for geological objects.

The system was tested on the geological sites of the main oil and gas province of Ukraine - the Dnipro-Donets depression.

Keywords:expert-modeling system, geoinformational system, regional models oil and gas geology, technological schemes of constructing
models.
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FrEOUH®OPMALIMOHHbLIN 3KCI'IEPTHO-MOLI,EJ1MP¥IOLI.I,VII7I KOMMJEKC
NCCNEAOBAHUA PETMOHAJIbHbIX MOAEJNEN B TrEONIOrMA

CoepemeHHbIe uccnedogaHusi 8 obnacmu 2eono2uu Ha 6aze cpedcme ModenuposaHusi Yauje 8ce20 3aKaH4yu8aromcs MocmpoeHuUeM mpexmepHoU
2eonozuyeckoli Modesnu, Komopasi 8 ceoto o4epedb s168J1s1emcsi 0OCHO80U OJ1s1 MPUHSAMUST MEeXHOI02U4YeCKUX U (hUHAHCOBbIX peweHull MpU oyeHKe Kaye-
cmea u nepcriekKmugHocmu MecmopoxoeHull u pyOHuUKos. B 2eonoauu 06bI14HO ucnonb3yemcsi 08a 0606WeHHbIX muna 2eoso2udeckux modenel. Mo-
Odenu nokanbHbIX 06bLEKMo8, O7isi KOMOopPbIX Cywecmayem nIo0MHasi UHGhOPMayUOHHasi cemb UMEIoWUXCs1 OaHHbIX, U MOOeslu pe2uoHasbHble, 8 KO-
mopsbix exo0Hasi uHghopmayusi pedkasi u HepagHOMePHO pacrnpedesieHa. Pe2cuoHanbHbie 06beKmbl 03MOXHO CMPOUMb Ha OCHOBE JIOKaslbHbIX 06 bEK-
moe u GonosIHUMeILHO hopMUPO8aMb OMCYMCMEYIOULYHO 8 MPOMEXYMKaX 2€0/1020-20GhU3UYECKYIO UHGhOPMaUUro pa3sudHbIMU crocobamu.

IMpo6nemy nocmpoexusi Modesnell I0KanbHbIX 06 EKMO8 MOXHO CHUMamp peweHHoU, makK Kak cyujecmeyem Aocmamo4Hoe Koslu4ecmeo rpo-
2paMMHbIX npodyKkmoe Osisi MocmpoeHusi u npoeedeHusi uccredosaHuli ¢ Humu (Petrel Schlemberger, Geographix Landmark u dp.). Bonpoc xe
nocmpoeHusi pe2uoHaslbHbIX 2eosio2u4yeckux mModesiell ocmaemcsi Moka OMKpPbIMbIM, a NPobsieMy pa3pobomku MemoduK ux co30aHusi U OUEeHKU
cnedyem cyumamb akmyarsnbHol. [100 pe2uoHasnbHOU 2e0/102uU4ecKoll MOOEesIbIO 8 Cl € IMOHL 51 yughposasi modesib 60sbWOU 2eoso2uYe-
CKOU cmpyKmypbl, Komopas éKJiro4yaem sioKasibHble 06 bEeKMbI, S6AIUUECST ee COCMasHbIMU YacmsiMu u npedcmassisirowue CmpyKmypbl 8bICWUX
nopsidkoe. [ns nocmpoeHusi yugpoenix modesneli pe2uoHanbHbIX 00BLEKMOE8 asmopoM npednazalomcsi cneyuasnbHble NMpPo2paMMHbie KOMIMo-
HeHmbI, KOmMopbie 8CMpPau8aromcs 8 cyujecmeyroujue NPOMbIWIIeHHbIe 2eosio2udeckue cpedcmea Modesiupo8aHuUsi U MO3680JIsIHoM cmpoums Mo-
deslu Ha ocHoge UCX00HOU UHghopMmayuu u npoeodumsb KayecmeeHHoe UX oyeHusaHue.

lMpedcmaeneHbl hyHKYUOHaIbHbIE 803MOXXHOCMU 2€0UHGOPMayUOHHO20 IKCepmHo-modenupyrouje2o kommnnekca (FAMKO), komopbili ob6ec-
ne4ueaem: co3daHue Modesell pe2uoHallbHbIX 06BEKMOE8, UX XpaHeHUe, 06pabomky u eusyanusayuro umerouelicsi 2eos1020-2eogpusudeckoll UH-
gopmayuu Ans nposedeHusi MPOCMPaHCMBEHHO20 aHa/u3a U oyeHKu kadyecmea modeneli. [IpednoxeHHble N0OX00b! o6ecrneqyusiu 803MOXHOCMb
npozpaMMHO peaniuzoeams yAo6HbIl Onsi NonbL308amersi MPO2PaMMHbILU KOMIIEKC MOCMPOEHUST U aHanu3a pe2uoHaslbHbIX 2e0/102UYECKUX 06be-
kmos. Kapmozpagbuyeckuii unmepgbelic cucmembl UCONbL3Yem O6WENPUHSIMYI0 2€0/102UHECKYI0 MEPMUHOJI02UI0 U OPUEHMUPOBaH Ha crneyuanu-
cma zeosoza-2eogpusuka. Cucmema onpo6oeaHa Ha peasibHOM 2e0/102U4eCKOM Mamepuarie.

F'3MKO peanu3oeaH e sude 2eouHghopMayuoHHOU cucmeMbl CO 8CMPOEHHLIMU cpedcmeamu MOOeTUPO8aHUs Pe2UOHa/IbHbIX 2€0/102UYeCKUX
modestell. Komnnekc cocmoum u3 mpex npo2paMMHbIX COCMassIsiroWuxX, pa3pabomaHHbIX 8 pa3nuyHbIX cpedax pa3pabomKu U UHMe2puUpPo8aHHbIX
8 npoekm ArcView ¢ nomowbto DLL-mexHonoauu. B ¢hyHKYUOHanIbHOM OMHOWeHUU paccMompeHble NMpo2paMMHbIe cocmasssitoujue 0aHHO20 KOM-
nnekca peanusyrom eo3MoxHocmu: 1) nocmpoeHusi 2D-modeneli 2e0/102u4eCKUX 2paHuly, IUMOI02UYECKUX U eMKOCMHO-huibmpayuoHHbIX napa-
mMempoe ¢ y4emom MosIHo20 KoMriieKkca ucxo0Hol u anpuopHol uHgopmayuu Ha 6aze cmaHOapmHbix cpedcme Geomapping; 2) modenuposaHue
3D su3syanu3sayuu nocmpoeHHbIx Modenel; 3) npoeedeHue NPOCMPaHCMEEeHHO20 aHalu3a modesieli C yesbio 8bipabomku U MPUHAMUST UHXEHep-
HbIX peweHuli No aghgpekmueHOCMU oyeHueaeMbix palioHO8, 051 KOMOPbIX MOCMPOEHbI pe2uoHasnbHbie Modesnu. Coomeemcmeyroujee npoapa-
MMHOe obecrnieyeHue co30aHo Ha 6a3e docmynHol npombiwneHHol F'UC ArcView 3.n ¢ ucnonb3oeaHUeM 8CMPOEHHbIX MPO2PaMMHbIX 3JIEMEHMO8,
Komopble peanu3yrom creyuanu3upoeaHHblie MemoduKu MoOeslupo8aHuUsl U OYEHKU 2e0/102u4eCcKux 06bLeKmos.

Hcnbimanusi cucmembl npoeodusiuck Ha 2eosio2uveckux obbekmax 2naeHoli Heghmeza3oHOCHOU NPoBUHYUU YKpauHbl — [JHenpoecko-[o-
Heykoli enaduHbl.

Knrodesnbie cnosa: akcrnepmHo-modenupyrowasi cucmema, 2e0UHHOPMayUOHHasi cucmema, pe2uoHasbHble Modeniu Heghmeza3oeoli 2eosoauu,
mexHoo02u4ecKue cxeMbl MOCMpoeHusi Modened.
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