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IMITATION MODELLING TECHNOLOGY FOR GRAVITY INVERSION CASES

C. I. Anixees, C. M. bazpiii, B. b. lnonvoscoxuii. TEXHOJIOTIA IMITAIITHHOIO MOJEJTIOBAHHA OBEPHEHHX
3A4/1AY9 I'PABIPO3BIJIKH. [pasipo3sioky cnpsimMo8aHO HA NOWYKU i PO36IOKY KOPUCHUX KONAAUH HA ML 00CTIONCeHb 0Y008U 2e0-
J02IYHO020 po3pi3y. 3a80aHHAM KilbKICHOI iIHmepnpemayii 2pagimempudnux Mmamepianis, y sSKiil GUKOPUCMOBYIOMbCS MeMOOU PIULEHHS
npAMUX ma 0OepHeHUx 3a0ay, € MOOeNO8AHHS 2PAGIMAYIIHO20 NOA (NPAMA 3A0aya) Ma MOOETO8aH s 2YCIMUHHOT 6Y008U 2e0N102iy-
HUX cepedosuuy (obeprena 3aoaya). Basxcnusumu osnakamu memoodie MOOe08aAHH 2YCMUHHOI 6Y008U CKIAOHUX 2€0102IYHUX cepe-
008U € 2e0102TUHA 3MICIOBHICTb, Y3200HCEHICMb 3 ANPIOPHUMU MAMepiaiamy ma nionopsAOKOS8aHICMb MOOeNIO8AHHS 2€0/102IUHUM
einomesam. /{na ananizy memooie MoOeno8aHHs 3a YUMU O3HAKAMU NPONOHYEMbCA IMimayiiiHe MOOeno8ants. Y cmammi 6UKIA0eHO
MEMOOUKY IMIMAYItiHO20 2PAGIMEMPUUHO20 MOOETIO8AHHS, KV 3ACHOBAHO HA NOOYO0SI HeopMalbHOL NOCIIO08HOCHI eKGI8AIEeH M-
Hux piwiens. TIpusnauennsam iMimayiinoeo MoOemO8aH A € QOCTIONCEHHS 6I1ACMUBOCMmell 0OEPHEHUX 3a0ay 2Pasipo36iOKU y 3a2alb-
HIll NOCMAHOBYL, A MAKONC OYIHIOBAHHSL CHIYNEHI OemalbHOCME | 00CMOBIPHOCHT MEMOOUKU Ma MEXHON02il 2pasimayitino2o Moo e-
JIOBAHHS, WO NPEmMeHOYIOmb HA eheKmusHe supiuients 2eonociuHux 3aeoans. Ha npuxknadax eycmunnoco i cmpykmypHoeo imima-
YitiHO20 8UNPOOYBAHHA MeMOOUKU HehOpMATbHOT NOCTIO0BHOCII eKBIBAIEHMHUX PilleHb Ma il KoMN TOmepHUX mexHoN02il NoKa3a-
HO, WO KOMNIIeKCHAa inmepnpemayis Oaunux OYPIiHHA, CelcMOpO38IOKU ma 2pasipo36iOKU HAOAE MONCIUBICIIL 0eMAIbHO20 8i0ME0-
DPeHHsL OY008U 2e0N02TUHUX cepedosully Y 2e02YCIUHHUX MOOeaX. [oCcaioxceHo uiaxu niosuujeHHs 00CmosipHoCmi epagimayiino2o
MOOent08anHs. 30KpemMa GUSHAYEHO, WO KPAWUM HAOTUINCEHHAM De2iOHANbHO20 (POHY € HAXUNEHA NIOWUHA, AKA ANPOKCUMYE CHO-
cmepedicene noie Culu MANCIHHA HA OUISHKAX NAowi 00CiOdcelb, KL Oltbul 0emanbHo euguero. Iliosuwents docmogipnocmi pe-
3YILMAMI@ MOOENI0BANHS MOICHA OOCS2MU 34 PAXYHOK Nepeby008u OAUICHIX DOKOBUX 30H Y MOOENAX CIMPYKMYPHO20 Muny 6 inmepa-
KMUGHOMY NpoYeci PIueHHs: CIMPYKMYPHUX 00ePHEHUX 3a0ay 2pagipo3sioku. 3MicmoeHICmb MOOETO8AHHS 3ANLENCUNMb 810 00C8IOY
iHmepnpemamopa, OCKiIbKY KOMR TOMePH MEXHON02L PileHHs: NPIMUX ma 06epHeHUX 3a0ay 2pagipo3sioKu € Tuue THCMPYMEHMom
inmepnpemayii.

Knruoei cnosa: zeonoziunuii pospis, epasipos3gioxa, memoouxa inmepnpemayii, obepHena 3adaya epasipo3gioku, spasimayiii-
He noje, MOOeN08aHHs, ANPIOPHA MOOEb, eKEIBANEHNMHA MOOENb, CECMO2e0N02IUHA MOOETb, 2e02YCIMUHHA MOOENb.

C. I Anuxees, C. M. Bazpuii, b. b. I'aoneeckuii. TEXHOJIOTHA HMHUTAIITHOHHOI'O MOJAE/IHPOBAHHUA OBPAT-
HBIX 34/JA9 I'PABHPA3BEJIKH. [pasupaseeoka npeonasnauena Oiisi NOUCKOS U PA36€OKU NONE3HbIX UCKONAEMbIX HA OCHO8E
UCCNe008anULl CIMPOEHUs 2€0102UYECK020 paspesd. 3adanuem KoTudecmeeHHoU unmepnpemayuu spasumempudeckux Mamepuanos,
npu KOMopou UCNONb3YIOMCS MEMOObl PeUleHUst RPIMbIX U 00PAMHbBIX 34044 2pasupa3eeoKu, AGISEMcs MOOCIUPOSAHUe 2PAGUMAl -
OHHO2O MO (NPAMASL 3A0a4a) U MOOEIUPOBaHUe NIOMHOCIHO20 CIMPOEHUs 2e002UYeckux cped (obpammuas 3adaua). Basicnvimu
NPUSHAKAMU MEMO008 MOOCTUPOBAHUS NIOMHOCHIHO20 CIMPOEHUSL CLONCHBIX 2e0102UYECKUX CPed AGIAIMCS 2e0102UYecKds cooep-
2HCAMETLHOCMb, CONACOBAHHOCb C ANPUOPHBIMU OAHHBIMU U NOOYUHEHHOCMb MOOCTUPOBAHUS 2e0N02UdecKUM eunomesam. /s
aHaIU3a Memoo08 MOOETUPOBAHUs. NO IMUM NPUSHAKAM NPeONazaemcs UMUMAayuoHHoe Mooeluposanue. B cmamve uznogcena me-
MOOUKA UMUMAYUOHHO20 SPABUMEMPULECKO20 MOOETUPOBAHUS, KOMOPAsl OCHOBAHA HA NOCMPOEHUU HehOPMATLHOU NOCe008amelb-
HOCMU KGUBATIEHMHBIX peweHutl. [IpeonasHayenuem UMUmayuoHHO20 MOOETUPOBAHUSL AGIAEMCS UCCIe008AHIUe CEOLUCME 0OPAMHBIX
3a0ay 2pasupazeeoKku 8 odwell NOCMAaHo8Ke, A MAaK’Cce OYeHKA CMenenu 0emaibHOCMu U 00CMOBEPHOCIU MEMOOUKU U MEXHON02 ULl
2PAsUMAayUOHHO20 MOOEIUPOBANUSs, KOMOPble NPpemeHOyIom Ha d(gexmusHoe peuienue 2eonocudeckux 3aoay. Ha npumepax niom-
HOCMHO20 U CIPYKMYPHO20 UMUMAYUOHHO20 ONPOOOBAHUS MEMOOUKU HeQOPMATbHOU NOCLE008AMENLHOCTU IKGUBANEHMHBIX Pellle-
HUll U ee KOMNbIOMEPHbIX MEXHONO2ULL NOKA3AHO, YMO KOMIIEKCHAS UHMEPnpemayus OAHHbIX 6Yypenus, celicMopaseeoku U 2pagupas-
6e0KU 0becneuusaem 603MONICHOCTL NOCMPOEHUs 0eMAIbHbIX NIOMHOCHHBIX Modenell 2eonocudeckux cpeo. Hccnedosanvt nymu
NOBbIULEHUSL OOCNIOBEPHOCIU SPABUMAYUOHHO20 MOOCIUPOSanus. B uacmuocmu, 6viagneno, umo ayuuium NpubIudICeHuem pecuo-
HAIbHO20 (POHA AGNAEMCS HAKIOHHAS NIOCKOCb, KOMOPAs AnnpoKCUMUpYyem HAOIOeHHOe Nole CUNbl MANCeCmU HA YY4aACmKax
naowaou ucciedosanull, Komopule 6onee 0emanbHo usyueHvl. llosviuieHie 00CMoOBepHOCHIU PE3VILINATNOE MOOETUPOBAHUS MONHCHO
docmudsb 3a cuem nepecmpoenus: ONUNCHUX OOKOBLIX 30H 8 MOOEISAX CMPYKMYPHO2O MUNA 6 UHMEPAKMUGHOM NpOYyecce peuleHus
CIMPYKMYPHLIX 00pamuwix 3a0ay epasupaseeoku. CodeporcamenrbHoCmsb MOOeNUpOo8anus 3a8Ucum om Onvima uHmepnpemamopa,

© Anikeyev S. G., Bagriy S. M., Hablovskyi B. B. https://doi.org/10.26565/2410-7360-2019-51-01
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NOCKOJIbKY KOMRbIOMEPHble MEXHOIO2UU PelerUs NPpAMblX U oﬁpammﬂx 3a0ay 2paeupa3eez);cu A6NAIOMCA TUULL UHCIMPYMEHMOM UH-

mepnpemayuu.

Knrwuegvie cnoea: zeonozuueckuil paspes, pasupasgeoxd, Memoouxka UHmepnpemayul, 00pamuas 3a0a4a pasupas’seoxu,
2paAsUMAayUOHHOe noie, MOOEIUPOBAHUe, ANPUOPHAS MOOENb, IKEUBALEHMHAA MOOEb, CeUCMON0SUYeCKds MOOeb, NIOMHOCHHAS

Mooelb.

Problem statement. The geophysical interpre-
tation methodology effectiveness should be evaluat-
ed on test cases that are as close as possible to the
real conditions of specific geological tasks solu-
tions. Testing of the computer interpretation tech-
nologies on physical and geological models was
called an imitation modelling by V. M. Strakhov.
These models are close to real rocks properties dis-
tribution in the geological environment and physical
fields. The meaningfulness and evaluation reliability
degree of the geophysical method interpretation ca-
pabilities by imitation modeling depends on models
proximity to the real geological situations and com-
plexity of test tasks.

The maximum using of imitation modeling is
the methodological principle of the theory and prac-
tice of geological interpretation of potential fields
according to V.M. Strakhov. The imitation modeling
must provide the correct work organization and the
required volume of observations at the design stage;
the evaluation of the interpretation result reliability
and accuracy at the final stage.

Recent researches and publications analysis.
Nowadays, the imitation modeling is used in insuf-
ficient scope in gravity prospecting, especially in
substantiating of efficiency of gravity field interpre-
tation technologies and modeling techniques, which
are usually represented by straight sequence of steps
or procedures (for example [1]). In the vast majority
of cases, the technologies feasibility is confirmed by
tests on simplified models [2 - 5 and others], or by
demonstration of practical modelling results. Tests
can be complicated by inputting of errors into the
output data (potential fields) to confirm the solution
stability of gravity inversion. But stability is an ob-
vious consequence of the correct use of regulariza-
tion. Experience shows that regularization has an-
other, more significant purpose — achievement of
geological meaningfulness solutions. A positive de-
scription example of the modeling method (in the
frame of selection methods) is the work of
Ye. H. Bulakh. It depends on the completeness of
the initial data and geological tasks character [6].

Density modeling is an important tool for
research the deep structure of geological
environments [7-15 and others]. Modeling
technologies are based on methods of solving direct
and inverse gravity problems and are aimed at
constructing  geodensity models by optimal
coordination of drilling, seismic data and other
geological and geophysical materials with the
Bouguer anomalies.

Principle differences in test modelling from im-
itation modeling are:

1. Models inadequacy (simplicity) to the geo-
logical situation.

2. Absence of correction on effect of regional
fields and lateral zones.

3. Limitation on the complexity of geological
tasks.

An important difference of imitation modeling
is the adaptation and testing of approaching methods
to the best results that is methods of managing of
solving inverse problems process.

The research tasks and formulation of the
purpose. The purpose of this work is to test gravi-
metric modelling technology, which aims to create
the most reliable models of subsurface and density
structure of geological environments or their chang-
es in time. Testing is based on imitation modelling.
Thus the following tasks are solved:

1. Analysis of the imitation gravimetric modelling
method.
Evaluation of the reliability degree of gravimet-
ric prediction method of the underground sulfur
smelting dynamics.
Substantiation of high-precision gravity moni-
toring (detection and monitoring) of dangerous
post-technogenic karst formations.
Possibility of gravimetric control of gas-water
contact level on the hydrocarbons field.
Modelling of salt dome type structural section
and subsalt reef formation study.
Purpose and Method of Imitation Gravity
Modelling.

1. General Study of the Gravity Inversion (GI)
Properties (on the Class of Continuous Functions).
Due to the computer technologies development of
Gl solutions, pertaining to modeling of difficult-
built geological environments, testing their capabili-
ties should be implemented on a broad class - a class
of densities or density borders geometry as coordi-
nate functions.

2. Testing of Gravimetric Materials Interpreta-
tion Methods and Technologies as Tools for Build-
ing of Density Models of Geological Environments.
The following questions are relevant: the conformity
degree of their approximation constructions to the
universality requirements and sufficient detailed of
real geological environments description; limitation
on dimension and speed; geological content and the
reliability degree of GI solutions. Computer tech-
nologies of geophysical materials complex (inte-
grated) interpretation should be different by approx-
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imation constructions universality and possibility to
process detailed (large dimension) models of geo-
logical environments, especially small sizes, which
is relevant for the study of dynamics of the near-
surface post-technogenic phenomena.

3. Gaining of the experience in modeling and
studying of a link between geological section pa-
rameters and local field anomalies, also between
objects parameters variation and spatial-temporal
anomalies.

4. Substantiation of the method of gravity data
interpretation and evaluation of its reliability degree
in the specific geological problems solving.

5. Substantiation of the field gravimetric obser-
vation method.

Geological and
geophysical
materials

"A priori
information”

Imitation modelling gives us the possibility to
analyze the dependences between Gl properties and
geological content of its solutions. So, the tradition-
al definition of the regularization parameters of the
inverse tasks instability was putted into question, as
well as the small number of iterations to achieve the
necessary solution, as the “a priori positive” charac-
teristic of the technologies. An interesting example
of the formal imitation modelling is studies results
of the linear operator core content influence of O. I.
Kobrunov criterion approach on Gl solution.

The imitation modelling methodology of geo-
logical environments density structure or changes in
its structure over time reflect the experience of long-
term geological tasks solutions [16 - 20]. The mod-
elling is as follows (fig. 1).

Imitation
model

'

Imitation
field

Formation of
"geological

Formalization of
geological hypotheses
(construction of a priori
model and projectors)

Implementation of
"geological hypotheses"
(solution of the
gravity inversion)

Formalization
of additions

Critical analysis and
synthesis of implementations
(or rejection, or addition
of hypotheses)

Optimal
environment model

valuation of the effectiveness of technologies
and interpretation methods

Fig. 1. Imitation modelling scheme

1. Creating the imitation («real») environment
model (IEM).

2. Solving the gravity direct problem for the
IEM and selecting the calculated theoretical field as
«observed field» (imitation).

3. Forming «a priori» data, namely the defini-
tion of changes in the IEM which are conditional

information about the IEM structure, and the for-
malization of these a priori data in the form of the
primary a priori environment model (AEM).

4. The «geological task» formulation about the
IEM structure reconstruction.

5. The «geological hypotheses» formation
about the probable IEM structure.

-10-
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6. The hypotheses formalization in the form of
probable additions AEM.

7. The hypotheses realization by constructing
equivalent environment models (EEM) using the
technologies of gravity inversion (GI) solution being
tested.

8. Comparative analysis of the AEM and an
EEMSs in order to choose the optimal environment
model (OEM), or the new hypotheses formation.

9. Comparison of OEM and IEM; evaluation of
probability and accuracy of IEM elements recon-
struction into the OEM.

10. Conclusions about the interpretation possi-
bilities of the modelling method.

Geological hypotheses are formed on the basis
of geological problems analysis, a priori data and
gravity anomalous field. Hypotheses are formalized
in the form of AEM and projectors, which are con-
straints on the properties of the GI future solution
and formed on the data on the AEM elements prob-
ability and accuracy.

The geological hypothesis realization is an in-
teractive process of approximation to EMM when
the initial (zero) approximation is the AEM. The
imitation modelling technologies should be as close
as possible to the conditions of a real interpretation
process. They should be complicated by the influ-
ence of lateral zones, regional background, a de-
tailed description of the geological situation. Also
they should be fast to build a number of EEM tech-
nologies.

profile distance, m

The authors perform the gravimetric data inter-
pretation according to the informal sequence method
of equivalent solutions, [20] using the computer
technology “Complex.Gravity” of solving 2D / 3D
direct and inverse problems. The imitation model-
ling was performed in order to evaluation the con-
tent and reliability of the modelling method, as well
as the computer technologies testing.

Imitation modelling of underground sulfur
smelting consequences on Nemyriv field example.
In the gravity prospecting the prediction of dynam-
ics is the task of spatial-temporal changes detecting
in density structure of the local part of geological
section.

During the native sulfur deposits exploitation
by the underground sulfur smelting (USS) method
the area is covered with a dense wells network (for
example, 20 x 20 m), that is, the boundaries geome-
try in the geological section above sulfur is known
with high accuracy. The efficiency of sulfur deposit
re-exploitation can be controlled by geological and
geophysical monitoring [17, 21 - 22].

The imitation model (IEM-1, fig. 2a) reproduc-
es the real longitudinal section of Grushiv area on
Nemyriv native sulfur deposit. The zone of intensive
sulfur smelting is highlighted by the contour of a
significant reduction in density. The layer that lies
above and below the productive horizon is practical-
ly homogeneous.

A-priory model (AEM) is shown on the Fig.2b.
Suppose that a high-precision gravity survey was

depth, m

100 200 300 400 500 600 100 200 300 400 500 600
g S 225 clay a @& o 225 L clay e
§ v . SRR RS (‘\.4 -\——/._.._....._.../
sandstone  N7ks _L\\J/\A sandstone ~N7ks N e
— B imestone incompact —
2 2.37 (with sulphur) Nits . : 2.37 N1ts
i I limestone incompact o
intense smelting e (with sulphur) 242
sulphur a) imitation b) a priory
model gypsumanhydri model

)
a
o

x-axis 2D-model discretization - 10 m, z-axis - 3 m

2.70 - a priori density of rocks, 10° kg/m?

Fig. 2. Imitation and a priory model of a section native sulfur deposits

performed after the USS, so, the «observed» field
was taken as the theoretically calculated field of
IEM. Data on the sulfur smelting character are «ab-
sent». That is why the productive horizon in a priori
model, based on drilling data before sulfur smelting,
is homogeneous.

The imitation geological task is to identify and
outline zones of intensive sulfur smelting. It is as-
sumed that during sulfur smelting, there are no sig-
nificant changes in the section, except within the
productive horizon. Therefore, the search for Gl so-
lution is limited only by the productive layer
contour.

Model-1 is performed on assumption that as a
result of the USS, either density reduction or density

increasing zones were appeared into the layer of the
sulfured limestone. Limits on the probable varia-
tions in the limestone density are given in the max-
imum interval 2.20+-2.60x10% kg/m3. The model,
which is the result of GI solution and formally &-
equivalent model, is shown in Fig. 3a. The biggest
density reduction was obtained in the profile inter-
val of 100300 m. It was contoured by isodense
2.35-10% kg/m?3. It practically coincides with the imi-
tation zone of intensive sulfur smelting. In addition
to the USS consequences confirmation in the profile
interval of 420+500 m, the insignificant pseudo-
anomaly of density increasing is noted (up to
+0.02-10° kg/m?).

Modelling-2 was performed on the geological

-11-
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b) equivalent
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Fig. 3. Equivalent models of a section native sulfur deposits

hypothesis that only zones of density reduction can
be the USS result within sulfured limestone layer.
That is why limits on the probable densities were
taken in the interval 2.20+2.42x10° kg/m3. As a re-
sult of Gl solution, zone of density reduction is ex-
tracted in the e-equivalent model (fig. 3b). This zone
is close on shape and intensity to the imitation one.

Modelling-3. The study task of density struc-
ture changes in a section by the gravity spatial-
temporal anomalies distribution deserves special
attention. In this case, it may be possible to narrow
the search area of the Gl and, consequently, a signif-
icant increase in the gravitational modelling accura-
cy degree.

Modelling is performed under the conditions
that the gravimetric survey was carried out before
and after the USS. Imitation modelling of changes
in the section structure is based on two imitation
“real” models. The first one is the model of the sec-
tion before the USS (fig. 2b), the second one — after
the USS (fig. 2a). Spatial-temporal variations of
gravity field, which are the difference between the
field after the USS and field before the USS, were
used as «observed» field. Spatial-temporal varia-
tions are mainly due to changes in the productive
layer under the USS influence. Therefore, it is pos-
sible to ignore the influence of lateral zones, region-
al background and structure of the section above and
under the productive layer. It is also possible to ig-
nore the data inaccuracy on the density of the inter-
mediate layer (Bouguer density), but take into ac-
count the changes in the heights of observation
points.

A priori data on the state of the productive for-
mation after the USS is formalized as a model of
spatial-temporal changes in the densities distribu-
tion. The USS influence is expected only within the
productive layer, that is why only non-zero value of
excess density is given to this layer with small var-
iation of 0.001-10° kg/m*. Density is equal zero for
other parts of the section and for lateral zones. Lim-
its on all possible spatial-temporal variations of ex-
cess density in the productive layers are taken in all
possible intervals - £0.3x10° kg/m?®. The result of Gl

solution (EEM-3) is shown on fig. 4. All imitation
EEM-1+3 (fig. 3, 4) contain practically the same by
sizes and intensity the local zones of density reduc-
tion corresponding to the imitation «real» zone of
sulfur smelting. The disadvantage of the first and the
third EEMs is the small size and intensity of pseu-
doanomaly.

Modelling-4 was performed according to the
predictions that it is possible to appear of both zones
of density reduction and rocks of density increasing
in the contour of the productive layer during the un-
derground sulfur smelting.

So, there is repositioning of more consolidated
limestone of sulfur contents. Imitation of ‘“real”
model, where the USS effects are reflected in the
form of density reduction and consolidation zones,
is represented on Fig. 5a. The geological hypothesis
is similar to the previous one, therefore, the a priori
model and the limits on the densities variations are
the same.

Equivalent model-4 (fig. 5b), like the previous
one, is constructed according to a difference imita-
tion fields. It contains density anomalies, which by
contour, size and intensity are practically identical to
the imitation "real" zones of density reduction and
increasing; pseudoanomalies are absent.

Given imitation model confirms the possibility
of reliable gravimetric mapping of intensive sulfur
smelting zones.

Imitation modeling of karsted rock on the
example of Kalush-Golin deposit of potassium
salts. Modelling was performed on the profile
through the Central kainite slope mine of “Kalush”
pit, based on the assumptions that mine openings
(cavities) are filled with the dangerous brines decon-
solidation, or that in the layer between the cavities
and the salt mirror there is a zone of deconsolida-
tion. So, there is a zone of deconsolidation too. For
detailed description of models, the step of discreti-
zation is selected in one meter (approximation of the
section is made by small prisms 1 mx1 m).

Model anomalous gravitational fields are ob-
tained in variants (fig. 6).
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1) the section without karst formations, cavities
are saturated by brines with density of
1.30-10° kg/m?3;

2) the section with the local zone of karst de-
velopment over salt; rocks of the zone are deconsol-
idation on -0.10-10° kg/m3; the difference anoma-
lous gravitational effect was up to 0.075-10° m/s?;

3) the section with reduced brine density
(breakthrough of ground waters) on -0.2-10° kg/m?;
the difference anomalous effect was up to 0.05-10°
m/s?,

Post-technological anomalies of a gravitational
field (of low intensity, but higher than the possible
accuracy of observations) are putted on local anom-
alies due to the lithofacial features of the geological
section, that makes it possible to detect them only
with anomalous changes in the field over time.
Thus, the modeling proves the requirement of high-
precision monitoring observations and the interpre-
tation of spatial-temporal anomalies using a similar
methodology, which is considered on the example
of changes imitation in sulfur deposits structure.

Imitation modelling of the gas-water contact
(GWC) level at the hydrocarbon field. In order to
detect changes in the geometry of the geological
section, the interpretation of gravimetric monitoring
data based on the structural Gl solution can be per-
formed only by the methodology of the sequential
modelling. It is performed in the modellings land 2
for sulfur deposit section, rather than the spatial-
temporal anomalies. Models which are obtained as a
result of GI solution with the application of limits
on the depth intervals of GWC level possible chang-
es are represented on fig. 7.

Modelling of the salt dome type structural
section. In the paper [15] a synthetic (imitation)

structural model was used to demonstrate the geo-
logical efficiency of layer migration of time sections
(fig. 8a). The seismic geological model (fig. 8b),
generated by the migration of the synthetic time sec-
tion, differs from the imitation model by the vertical
displacement of the borders geometry, which in-
creases with depth up to 500+800 m, and the hori-
zontal displacement of the over salt mound up to
1000 m.

Seismic modeling results were used to test
gravity modelling in the complex interpretation of
seismic and gravimetric data. The "geological task"
is the geometry refinement of seismic and geologi-
cal model by the "observed" gravity field. An imita-
tion structural model is accepted as the IEM (fig.
8a). The "observed" field is the calculated field of
the IEM.

Priory data (AEM) is a seismic geological
model (fig. 8b) and known rock densities through
the section "according to drilling", error estimation
of the structural constructions for limitation of the
geometry variations of the AEM boundaries. Ac-
cording to the "geological hypothesis", the possible
AEM deviations from the "real model™ of the sec-
tion (IEM) do not exceed before mentioned limita-
tions. The error of the geometry constructing of
seismic boundaries in AEM is given in Table 1. Al-
so, the geological hypothesis is supplemented with
restrictions on variations in the layer thickness
(table 2).

By definition, the imitation modelling is as
close as possible to the practical conditions, there-
fore, the influence of lateral zones and the regional
background is taken into account in the model
fields. Lateral zones are approximated by the hori-
zontal extension of the boundaries beyond the AEM;

profile distance, m
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Fig. 7. Detection of the GWC "current™ level in a productive horizon of the Berezivsky gas condensate field
in the Dnipro-Donetsk depression according to imitation of gravimetric monitoring
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Fig. 8. Imitation (a) and seismic (b) models of structural section

Table 1
Accuracy of the construction of seismic-geological boundaries
Il - £350 m V - £700 m IT; - £800 m
Il - +600 m VI - £1200 m I - £800 m
Table 2
Permissible thickness of the layers (above the corresponding boundary)
Hmin Hmax Hmin Hmax Hmin Hmax
1 50m 1000 \ 50 1600 Ty 300 2250
i 50m 1500 VI 500 2000 I1, 500 2000

the regional background, that is, the influence of the
crust part below the research area is approximated
by a linear component.

Modelling-1 (structural Gl solution) was per-
formed without using of the strict limits on the pos-
sible changes of the boundary geometry in the mod-
el. «Regional background» was defined by the plane
during modelling. The result is represented on the
fig. 9a. The layer’s thickness above the salt dome
has been increased, and the mould has been dis-
placed towards the "real™ position in the central part
of the EEM-1a. However, the boundaries geometry
in the border zone of the model, especially the
gravitational surface of the salt, is significantly dif-
ferent from the IEM. When applying the limits on
the thickness of the layers (one of the AEM addi-
tions, which are instruments of the equivalent mass-

es redistribution), the EEM-16 is obtained that is
closer to the IEM (fig. 9b).

Modelling-2 was performed by the variant of
the regional background determining of the inclined
plane, but which is brought to the right side of the
IEM field (according to the given pickets), assuming
that the section boundaries are flat in this part of the
profile. Therefore, they are the most reliable based
on the reliable principle of seismic constructions.
The edge zones suffered the slightest distortion
compared to the previous modeling in the EEM-2
(fig. 10).

According to O. K. Malovichko, it is preferably
to approximate the regional background only with
an inclined plane, which is the reasonable compro-
mise. Imitation modeling allows us to study the ef-
fect of the method of the linear background deter-
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Fig. 9. Equivalent models of structural section

mining on the Gl solution. The IEM field that is the
"observed" field may not contain a background, but
it is calculated during the imitation GI solution. So,
it approximates the modeling conditions to practice.
The inevitable loss of the linear component part of
the observed field and the distorted anomalous field
due to the inaccurate consideration of the lateral
zones influence reduces the reliability of the Gl so-
lutions, especially in the boundary zones, which are
approximately estimated of +2000 m in this mo-
deling.

The middle section part of the EEM-1a,1b,
EEM-2 (fig. 9, 10) independently to the linear back-
ground variant are compared with AEM closer to
IEM. First of all, it concerns the horizons V and VI.
The geometry of more damp horizons (and therefore
less gravity active) has practically not changed. This
is due both to the method of the regional back-

ground determination and to the degree of the hori-
zons gravitational activity.

Modelling-3 is performed on the assumption
that the salt surface is traced very roughly (horizon
VI) by seismic survey but it is known that the ge-
ometry of other horizons is presented accurately in
the AEM. «A prior data» limits on the boundaries
behavior is not taken rigidly (in the regularization
parameters of the GI solution): as the degree of
probable variations in the boundaries geometry (ta-
ble 3). The background is defined by the characteris-
tic pickets (selected profile points). The constructed
EEM-3 (fig. 11) correlates well with IEM.

Modeling-4 differs by absence of the geometry
information about the horizon VI, except for exam-
ple for three or four wells (fig. 12). Constructed
EEM-4
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Fig. 10. An equivalent model of structural section

2.64 - density of rock, < 10° kg/m?, V1. I1, - seismic boundaries

depth, m

Table 3
Accuracy of seismic boundaries

Il - £5m V - +5m I1; - £5m
Il - £5m VI - £60m Il - £5m
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2 4
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(1) & imitation field
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Fig. 11. An equivalent model of structural section

-17 -

nsity of rock, < 10° kg/m?, VL. I, - seismic boundaries

T



Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

(fig. 13) with the application of the strict limits on
the layer’s thickness (see table 2) and on the geome-
try variations of the boundaries (table 4), as in the
previous modellings, is less reliable in the edge
zones.

A small deviation between the imitation field
and the EEM-4 field (<0.01-10®° m/s?) indicates on
the high formal accuracy of the Gl solution. But the

comparison of the geometry of the salt domes of the
IEM and the EEM-4 is not in favor of the last one
and this despite the fact that the task of geometry
finding of one boundary was actually solved. One
from the reasons that causes the negative properties
of the EEM-4 is the distortion in the field, which is
due to the way of the background removing.

profile distance. m

2000 4000 6000 8000 10000 12000 14000 16000
2.18 I
-10001
-20001
= -3000
5 -4000;
=
-50001
-60001
-7000
Fig. 12. A priory model of structural section for modelling-4
Table 4
Accuracy of seismic boundaries
Il - +1m V - +lm I, - £1m
I - +1m VI - £1200m I - £1Im

Modelling-5 is connected with trying to find
ways to increase the reliability of the EEM construc-
tion due to lateral zones and regional background
reconstructions.

From the predictions that the EEM is more reli-
able than the AEM, it follows that the background
allocation based on the confidence principle of the
EEM will be even more reliable too. In this case, the
lateral zones should be rebuilt, so the EEM edge
zones have changed relatively the AEM. Conse-
quently, after replacing the EEM— AEM, the lateral
zones reconstruction and the updated field separa-
tion, it is possible to update the iterative process of
the GI solution. The criterion for stopping the solu-
tions search by registered complicated iterations is
satisfactory fields’ deviation of the "updated” AEM
in the final cycle and the IEM ("observed" field).
The EEM-5 (fig. 14) was built as a result of this Gl
method (the initial conditions are the same as in the
previous modelling). EEM-5 is essentially close to
the IEM within the entire section.

The EEM — AEM replacement was carried out
in the first steps of the interactive cycle when reach-
ing 1/4 + 1/5 of the fields misfit relatively to the

initial one which is compared with the final misfit of
the previous cycle, as a rule, grows up on 10+20%.
But termination of a cycle at reaching ~ 1/2 of the
misfit from the initial one leads to a sharp drop of
the initial misfit in the next cycle and even below
the level of the final misfit of the previous cycle.
This regularity is saved during Gl solution in differ-
ent regimes. The EEM, which was constructed on
the last cycles, did not defer one for another (final
misfits level is < 0.01-10° m/s?). So, the method of
more reliable EEM finding which is stable to the
background and lateral zones reconstruction is cre-
ated by the way of interactive cycles.

In attempts to refine the structure of seismic
geological sections, it was detected that reliability
increasing of the modeling results can be achieved
by the regional background approaching to an in-
clined plane. It is approximates the fields by charac-
teristic pickets over the areas with the most reliable
seismic constructions, as well as by the near-lateral
zones rebuilding in the interactive process of the
structural Gl solving.

Study of Tengiz structure. A large structure
was detected by seismic and gravity survey within
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Fig. 13. An equivalent model of structural section
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Fig. 14. An equivalent model of structural section

the Southern Emba (Pre-Caspian Foredeep, Kazakh-
stan). Under salt rocks deposits, including the salt
surface, have been studied in detail by drilling and
seismic survey.

Imitation model reflects the main horizons of
geological section, age and rock densities. There is a
large oil reservoir in the central part of the IEM in

the depth range of 3500+7000m. This reef structure
has an atoll form in plan and significant density re-
duction in the lateral zones (fig. 15).

Prior information contains data on the structure
of the upper section part, the geometry of the salt
bottom of the kungur formation and the boundary
between the terrigenous rocks of the Devonian and
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Fig. 15. Imitation (a) and equivalent (b) structural models of the Tengiz section

Carboniferous. Density of rocks is confidently
known for the upper part of the section. According
to seismic survey and drilling, a large oil deposit is
predicted. It is associated with probable subsalt bi-
ogermic carbonates. The lateral zones of this possi-
ble reef structure are traced uncertain by seismic
survey, therefore the a priori model (AEM) contains
the upper part of the section including to the salt
layer and the lower boundary between the Devonian
and Carboniferous rocks (I1s); reef object is missing.

Geological task: to confirm the existence of a
reef structure.

Modelling-1 was performed with using the
structural GI by the next conditions. There is no reef
structure in AEM (compared to IEM, fig. 15a), but
the top of the expected reef formations (boundary R)
and possible internal density boundaries are conven-
tionally assigned (coinciding with the surface of the
reflection horizon IT3). As a result of the structural
Gl solution (the initial error is — 4.64-10° m/s?, the
final one is 0.10-10° m/s?, the non-strict limits are
applied - table 5), a structural EEM-1 of the Tengiz
structure section was obtained (fig. 15b). At the base
of the subsalt section, the layer of about 1500 =+
2000 m and with rock density of 2.38-10° kg/m? is
plotted by the boundary R. The fact that this density
value is close to the limitations for the minimum

values for subsalt rocks, and also that the boundary
IT; within the whole model was below the permissi-
ble level, gives us grounds to confidently predict the
existence of a reef structure of greater thickness.

Modelling-2 is excellent using of the strict re-
strictions (table 5), that is, they are used in the regu-
larization of the GI solution process and as limita-
tions on the possible boundaries variations. As a
result of the structural Gl solution, EEM-2 (fig. 16)
was constructed, in which the density reduction
zone with a density of 2.38-10° kg/m® was expand-
ed; the boundary of ITs within the structure "deep-
ened", which released the place for a new zone with
a density of 2.50-10° kg/m®. However, the density
reduction zone although is much larger, but by form
is different from the imitation model.

An appropriate question about the correct using
of the structural GI for the simultaneous solution of
two problems: the detection of anomalous zones and
the study of their geometry? The imitation model-
ling results of density distribution convince that
there should be a consistent modelling: the funda-
mental existence questions, sizes and depths of geo-
logical formations occurrence are solved at the be-
ginning. The incorrectness of the EEM-1 and EEM-
2 fragments can be explained by the properties of
the structural gravimetric tasks, when the field ano-
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Table 5
Accuracy of seismic boundaries
I - £30m VI - £50M R -+3000 M
V -+30M II; - £30mMm IIs-+ 60mMm
profile distance, m
2000 6000 10000 14000 18000 22000 26000
-1000 - —~——
£ -3000] Kungur salt ! = - PT A
3;'. + 37 i ‘/R\ _ . « 2.16+ .
£°-5000
= 2.62
~7000 EEM-2
C-D

Fig. 16. An equivalent structural model of the Tengiz section

malies are caused by the geometry, the boundaries
depth, the sign and the magnitude of the densities
changing at the boundary, as well as the direction of
the boundaries correction depends on density chang-
ing sign and the anomaly sign on the structural Gl
solving. That is why the internal reef zone with den-
sity of 2.44-10% kg/m® (fig. 15a), which is given in
AEM by borders that repeat ITs, will not appear in
EEM on no condition. But zone with density of
2.50-10° kg/m*® will appear (fig. 16) due to the
"deepening" of the boundary ITs, but not as a result
of the boundary that contoured the top of this zone.

The last one, as a top of a zone with density of
2.44.10° kg/m3, by the statement of this problem,
can "deepen™ in reversely proportional intensity of
the densities changing on these boundaries, because
the sign of this densities changing is positive.
Modelling-3 was conducted to identify the
most probable contours of the reef structure. In the
AEM, the reef is also absent, but for the predicted
uniform structure the average weighted density is
2.44-10° kg/m®, which is close to the imitation. The
EEM was built with using the limitations (table 5).
The modelling results (EEM-3) are given on fig. 17.

profile distance, m

2000 6000 10000 14000 18000 22000 26000
2
-IOOOW 2.36 J
= z 2.48
= -3000 B " 5 T
2 : v 206 .
= -5000
262 C C-D 2.44
\ EEM-3

Fig. 17. An equivalent structural model of the Tengiz section

The reef structure contours of the IEM are sat-
isfactorily represented in the EEM-3, however, the
reef zone is less than the imitation one. The model-
ling results show that the shape and size of the ob-
ject should be predicted after the reliable estimation
of the average weighted densities onto the section.

The following modellings are a test of comput-
er technology for the linear Gl solving. The imita-
tion model (fig. 18 a) and a priori data are identical
to the previous modellings. The geological task is
complicated by confirming of a reef body existence
and predicting of high porosity zones in subsalt de-
posits.

The hypothesis that there is no reef structure
and intensive density decrease zone under the salt in
the carbonate-terrigenous sediments, and the density
of deposits is in the range of 2.62+2.64-10° kg/m?, is
realized in the EEM form (not shown here), which
contains a zone of significant density decreasing
under the salt, but which is substantially different
from the imitation model; its presence confirms the
existence of a reef body.

The next hypothesis: the depth interval of the
reef development is 35007000 m, the average reef
density is significantly low - up to 2.30-10° kg/m3;
the hypothesis is implemented by the EEM-4 (fig.
18 b).
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Fig. 18. Density models of the Tengiz structure

Comparison of the EEM and the AEM allows
to constrict the predicted estimation of the carbonate
rocks average density to the limit of
2.42+2.48-10% kg/m?® (a very wide range of possible
densities of 2.34+ 2.62-10° kg/m? is given according
to a priori data), which approximates the densities of
the imitation model.

Thus, the most probable hypothesis is that un-
der the salt there is a large reef body like the atoll.
The density decreased zones frame the central part
(lagoon?) of dense rocks within the reef. Check it on
the opposite hypothesis: the reef body is homogene-
ous; the average weighted density of carbonate
rocks that form the body is close to 2.44-10° kg/md.
Figure 188 shows EEM-5. This implementation con-
tradicts the last hypothesis. Thus, the result of imita-
tion modelling is the confirmation of the reef exist-

ence and its heterogeneous atoll structure.

Conclusions. Comparison analyses of the imi-
tation models (IEM) and the most reliable equiva-
lent models (EEM) lead to the following conclu-
sions:

1. In the structural Gl solutions, the direction of
geometry changes in the density boundaries is de-
termined not only by the sign of the anomalies, but
also by the sign of the dangling of the rocks densi-
ties on these boundaries.

2. Absolute values of rock density in density
EEMs or boundaries geometry in the structural
EEMs will not accurately match the imitation one.

3. EEM are qualitatively probable models of
density distribution or boundaries geometry, which
reflect the general, fundamental nature of the section
structure. The achievement of a small final field
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misfit and the rapid convergence of the iterative
process of the GI convergence solution are not criti-
cal: they have a tangible relation for the evaluation
of the EEM proximity degree to real environments.
4. The imitation modelling is based on the
methodology geological efficiency of the informal
sequence of equivalent solutions, which bases on the
formation of hypotheses, their formalization in the
AEM form and the EEM construction, further in the
comparative analysis of the EEM with the subse-
quent definition of the most reliable hypothesis and
corresponding optimal model of the section (OMS).
5. The degree of modeling reliability depends

on the completeness of the use of a priori data, the
possibility of the near-lateral zones including in the
AEM structure. The Gl solution reliability also de-
pends on mastering of the Gl methodology and
techniques and on the properties understanding de-
gree by the interpreter of the wide equivalence of Gl
solutions in its general formulation.

6. The thoroughness of the EEM series analy-
sis, which is aimed at choosing one model or series
generalizing in the form of OEM, first of all de-
pends on the interpreter's experience, because com-
puter technology of 2D/3D direct and inverse prob-
lems solving is just an interpretative tool.
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IMITATION MODELLING TECHNOLOGY FOR GRAVITY INVERSION CASES

Formulation of the problem. A gravity method is aimed at prospecting and exploration of mineral re-
sources which are based on the study of the geological section structure. The task of quantitative interpreta-
tion of the gravimetric materials, which uses methods for solving direct and inverse gravity problems, is the
modelling of a gravity field (direct problem) and geological media’s density structure (inverse problem). The
important features of methods for density structure modelling of complex geological media are geological
content, consistency with a priori data and its subordination to geological hypotheses. It is proposed to ana-
lyze these properties by a imitation technique.

The purpose of the article is to describe the imitation gravimetric modelling method, based on the con-
struction of an informal sequence of equivalent solutions. The purpose of imitation modelling is to study the
properties of gravity inversion in general formulation as well as to assess the degree of detail and reliability
of the methodology and technologies of gravity modelling, which is claimed to be an effective solution to
geological problems.

Methods. Imitation modelling technology and methods of solving gravity direct and inverse problems
for geodensity model of complex geological environment.

Results. The examples of density and structural simulation testing of the informal sequence of equiva-
lent solutions and its computer technologies show that complex interpretation of wells, seismic and gravity
data enables to create detailed density models of geological medium. Studies have also been conducted of
ways to increase the reliability of gravitational modelling.

Scientific novelty and practical significance. It is revealed that the best approximation of the regional
background is an inclined plane, which approximates the observed gravity field along characteristic pickets
over the research areas that are better studied. Also, an increase in the reliability of modelling can be
achieved by rebuilding near side zones in structural type models in an interactive process of solving structur-
al inverse gravity problems. Substantive modelling depends primarily on the experience of the interpreter,
since computer technologies for solving direct and inverse gravity problems are only an interpretation tool.

Keywords: geological section, gravity prospecting, interpretation method, gravity inversion, gravity
field, modelling, a priori model, equivalent model, seismic model, density model.
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I'OPU3OHTAJIBHI HEPEMIINEHHS TEOMAC Y KOHTUHEHTAJIBHUX PUOGTOTI'EHHUX
FEOCTPYKTYPAX (HA IIPUKJIAII THIITPOBCBKO-JOHENBKOI'O ITAJTEOPH®TY).
YACTHUHA 3. CUCTEMHA OPTAHIBAIIIA IOCTPUPTOBUX PEITHUX JE®@OPMALIN

Ha emanax nnamgpopmmnoi axmusizayii 2ipcoki nopoou y pugpmozenHux 2eocCmpykmypax Habysaroms 06'eMHoi mekmoHiuHoi
PYXOMOCII 30 pAXYHOK 8HYMPIUWHIX CIMPYKIYPHO-PEYOBUHHUX Nepemeopets i Oepopmayii y 30Hax cmpec-wemamophusmy nio eniu-
6om peioHoi mexkmonixu. CmpyKmypHum nposaeoM peioHoi MeKmoHiku y 2eonoziuniti 6y008i (pyHoamenmy i 0cadosux KOMNLEKCié
yoxna JJHinposcbko-ZJoHeybkozo naneopughmy € opusoHmManbHi nepemiyerts 1020 NEPEUHHUX PUDIMOSEHHUX MEKMOHIUHUX eleMeH-
mie- cecMeHmis, IiHeaMeHmia, 2e00/0Ki8, MEKMOHIYHUX CMPYKMYp Md 6MOpUHHe depopmayitine CmpyKmypo@popmyeanHsi.

YV peeynapromy ma oonopionomy 3a cybMepudioHaTbHUM HANPIMKOM OCI CMUCKAHHS PeSiOHANbHOMY NOAL MEKMOHIYHUX Ha-
npye, ni0 6NIUBOM NpPOYecié pPeiOHOT MeKMOHIKU 6 0CA0080MY HOXIL Naneopudmy Gopmysanucs no3008X4CHI CIPYKMYPHI X6Ui
00 'emHoi mexkmoniunoi meuii eeomac. Ilpupoonumu mexanizmamu peionoi degpopmayii 3yMO6IEHO 20PU3OHMATLHO-NIIOWUHHI Nepe-
MiWeHHA CMPYKMYPHUX elleMenmis, KyIiCHUX ancamobnié po3pugie ma OUHAMIYHO CHPANCEHUX 3 HUMU JTOKATbHUX CIPYKMYP peionoi
Oeghopmayii. 36unaiinum MeKMOHIYHUM NPOYecom peioHOi OUHAMIYHOT MeKMOHIKU € KOi3iliHe KOPOONEeHHA 20pU30OHMIB 0cad080i
Moswyi, AKUM 8UBHAYUAIOMbCA 20706HI PUCU CUCIEMHOT op2ani3ayii HOBIMHbOI apximekmypu naneopugpmy ma tio2o Cyvachy no3006-
JICHIO MEKMOHIYHY ceeMeHmayiio.

Cmamms guceimmioe pe3yiomamu meKmoHoDI3UUHUX 00CIIOHNCEeHb CIMPYKMYPHUX NPOABIE KOMI3IUHO20 emany e8onoyii KOHmu-
HeHmanbHol 3eMHOI Kopu, AKi ycKaaoHwoioms pugmozenny apximexkmypy ninposcvko-/oneyvkoeo nareopugmy. 3 suxopucmansm
OPUSIHANLHOT MEMOOUKY PEKOHCMPYKYIL NOI6 MEKMOHIYHUX Hanpye i degpopmayiti ma meKmoHODI3UUHO20 AHANIZY 2e0CMPYKMYP, HA
niocmasi aHaizy aHOMAitl NOMEHYIUHUX 2e0PI3UYHUX NOTIE, BEPMUKATLHUX AMIIINYO HEOMEKMOHIYHUX PYXI8 6CHAHOGIEHO, WO Ni0
BNIUBOM MEXAHIZMI6 PelOHOI MeKMOHIKYU V naneopugmi Oynu cqhopmosani CmpyKmypHi XUl 6MOPUHHUX 0epopmayitl 20pU3oHMAb-
HO-NAOWUHHOT mekmoniynoi meuii. I1oka3ano, wo 8OHU BUIHAYAIOMb NO3008HCHIO MEKMOHIUHY Ce2MEeHMAYil CYyUaCHOi CIMpYyKmypu
naneopugmy. Busueno mepumopianvre NOWUPeHHsl, MEeKMOHIYHY NO3UYII0 | NPUPOOHT KIHeMAMUYHI MeXaHizMu (poOpMySaHHs 10Kab-
HUX CMPYKMYp MeKMOHIYHOI meuii, NiHIUIHUX i N1AuoBUx 30H KOHYeHmpayii peionoi degpopmayii cybpe2ioHanbHO020 i 30HATLHO2O
Macuimabis, posmipamu 8i0 comeHb Mempis 00 0ecAmKig Kilomempis.

Knrouoegi cnosa: 06'emna mexkmoniuna pyxomicmeo, peiona meKmoHiKa, 30Ha peioHoi oegpopmayii.

A. B. Bapmawyx. TOPU30HTA/IbHBIE ITEPEMEIIIEHUA 'EOMAC B KOHTHHEHTA/IbHBIX PU®TOI'EHHBIX
T'EOCTPYKTYPAX (HA IIPUMEPE /THEIIPOBCKO-/IOHEIIKOI' O ITAJTIEOPU®TA). YACTbh 3. CHCTEMHAA OPIAHU-
3AIIHA ITOCTPH®TOBHX PEHJIHBIX JE®OPMAIIHH. Ha smanax niamgopmennoii axmususayui 20pible nopoovl 6
pugmozennvix 2eocmpykmypax npuoopemaiom 06veMHYI0 MeKMOHUYECKYI0 NOOBUICHOCHb 34 CYemm GHYMPEHHUX CMpPYKMypHO-
8eecmeeHHbIX nPeodpazoeanull u oegopmayuti 8 30Hax cmpecc-uemamopphuama noo enusHuem peuorou mexkmonuxu. Cmpykmyp-
HbIM NpossieHuemM peuoHol MeKMOHUKY 8 2e0102UHeCKOM CMpOeHUY (QYHOAMeHMa U 0CAOOYHbIX KOMNAEKCo8 Hexaa J[Henposcko-
Jloneyxozo naneopugpma A61A10Mcs 20pU30HMAIbHbIE NepeMewjeruss e20 NepeUYHbIX PUDMOSEHHBIX MEKMOHUYECKUX N1eMeHno6-
CcecMenmog, TUHeAMeHmMo8, 2e0010K08, MEKMOHUYECKUX CIMPYKMYP U 6MOPULHOe 0ehopmMayuonHoe Cmpykmypogdopmuposanue.

B peecynapnom u 00HOpoOHOM no cyOMEpUOUOHANLHOMY HANPABIEHUIO OCU CICAMUST PEeSUOHANLHOM NOLe MEKMOHUYECKUX
HANPAJICEHUT], NOO GIUAHUEM NPOYECCO8 PeuoHOl MeKMOHUKU 6 OCAOOYHOM uexie naneopudma Gopmuposanucb npooonbhbvle
CmpyKmypHbie 80Hbl 06bEMHO20 MEKMOHUYECK020 medenus 2eomac. IIpupoonvimu mexanuzmamu peudnou oepopmayuu odyciosne-
HO 20pU30HMANLHO-NIOCKOCHblE NepeMeujenuss CMPYKNYPHbIX dIeMeHmOo8, KYIUCHbIX aHcamobnell paspuléos u OUHAMUYHO CONps-
JICEHHBIX C HUMU JIOKAIbHBIX CMPYKMyp peudHoli oepopmayuy. OObIYHBIM MEKMOHUYECKUM NPOYECCoM PeuoHol OUHAMUYECKOL
MEeKMOHUKY A6IAeMCA KOATUSUOHHOE KOpOoOIeHue 20pU30HMO8 0CA0OYHOU MONUWU, KOMOPLIM ONpeoensomcs 0CHOGHblE Yepmbl CU-
cmeMHOU opeanuzayuu Hoeetiulell apxumexkmypsl NA1eopughma u e2o cogpementas nPoOOIbHAS MEeKMOHUYeCKas Ce2MeHMAayusl.

Cmamus oceewjaem pe3yibmamyl MeKMOHOPUIULECKUX UCCTIEO08AHUT CIPYKIYPHBIX NPOSABIEHUI KOIIUZUOHHO20 IMANA I60-
JHOYUU KOHMUHEHMANbHOU 3eMHOU KOpPbl, KOMOpble OCLONCHAIOM pugmozennyio apxumekmypy naineopugpma. C ucnonv3oeanuem
OPUSUHATILHOU MEeMOOUKU PEKOHCMPYKYUU NOLell MEeKMOHUYeCcKux 0e@opmayuil U meKmoHo@uU3uIecKux aHamsa 2e0Cmpykmyp, Ha
OCHOBANUU AHANU3A AHOMATUL NOMEHYUANBHBIX 2e0(UUYECKUX NONel, BEePMUKALLHBIX AMNIUNMYO HEOMEKMOHUYECKUX OBUICEHUL
VCMAHOBNIEHO, YMO NOO GIUAHUEM MEeXAHU3MO8 PeUOHOU MeKMOHUKYU Oblau chOPMUPOBAHbI CIMPYKMYPHbIE BOIHBI MOPULHLIX Oe-
Gopmayuii 20pu30HManLHO-NIOCKOCMHO20 MEeKMOHU4Yeckoeo mevenus. Ilokazano, umo oHu onpedensiiom npooOIbHYI0 MEeKMoHUYe-
CKYIO CecMeHmayuio Co8peMenHoll cmpykmypul naneopugpma. H3yueno meppumopuanvhoe pacnpocmpanerue, meKmoHu4ecKyio
nO3UYUIo U NPUPOOHble KUHeMamuyecKue MexaHusmol hopMuUposanus 10KAIbHLIX CMPYKMYpP MeKMOHUYeCKoU medeHus, TUHeuHbIX U
naaujesvix 301 KOHYeHmpayuu peuoHou degpopmayuu cyopecUuOHaIbHO20 U 30HANLHO20 MACUMados, pamepami Om comen mMempos
00 0ecsImK08 KULoMempos.

Knrwouesvie cnosa: o6vemnas mekmoHu4eckas ROOSUNCHOCHIb, PEUOHASI MEKMOHUKA, 30HA PeUuOHOU deghopmayuil.

Beryn. 3aBasiku JOCHIDKEHHSIM 3CYBHOI TeK-
TOHIKM OCagOBHX OaceiHiB BCTAHOBJICHO, IO Y
MPUPOIHUX YMOBaxX FOPHU30HTANIbHI 3CYBU 3a3BUYal
€ KPUBOJIHIMHUMH 4epe3 3[aTHICTb 0 BUTHUHY Ta
PO3rajly’KCHHIO Ha JEKIJIbKA TiJI0K, SKi MOXKYTh 3HO-
By 3nuBaruca ofHe 3 ogHuM [1, 2]. Yacto BoHHM Tie-
PEPUBAIOTHCS, 3MILIYIOTHCS OAMH IOJO OAHOTO, 3a-

BASIKM Y3TOIKEHHX OJHOCHPSAMOBAaHHMX PYXiB, (op-
MYIOUYH €IIEeIOHOBAaHI KYIICHI CHCTEMH pO3pPHUBIB
(CP) [3]. Taka cTpyKTypHa KapTMHa NpUTAMaHHA
30HaM KOMOiHOBaHMX TEKTOHIYHUX PEXKHMIB TPaHC-
npecii abo TpaHCTeHCil, TOOTO TOPU3OHTAIBHOTO
3CyBaHHS 32 OJHOYACHOI Jii HApyr CTHUCKaHHS a0o
po3Tary [4]. YV BUIAgKy 3CyBy IpH pO3CYBaHHI yT-
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BOPIOIOTBCSI  OcanoBi Oaceiitnm Tumy "Pull-Apart
basin"[5].

Mopdororis 3cyBHUX 0CafoBUX OaceiHIB BU-
3HAUAETHCSl TEPBUHHUM CTPYKTYPHHUM PHCYHKOM
po3pusiB. Burayti CP yTBOpIorOTh 6aceiiHu KIMHO-
Ta emincononiouoi ¢hopmu [6]. PoscyBaHHS 3 TOpH-
30HTAJbHUMHU 3MIIICHHAMH OKPEMHUX CETMEHTIB
MPU3BOAUTH 10 (POPMYBaHHS MPIMOKYTHHUX abo po-
MOOBHTHUX TE€OCTPYKTYp, MPHUKIAIOM SKHX € Oa-
cellH MepTBoro Mopsi.

Bimomo, mo CTpYKTYpHI PUCYHKH peimHoi Je-
(hopMarriitHOi CKJIa9acTOCTi y pEIIiTii pO3pHBIB B
MeXKax 3CYBHHX OaceliHiB MOXKHA 11eHTU(IKyBaTH 32
JIOTIOMOTOI0 TPOCTUX MOJENe TOPHU30HTaIBHOTO
3cyBy [7]. Lle mo3Bonsie 3a BU3HAYEHOTO HANPSMKY
MepEeMIIeHHs B3JIOBXK 3CYBY BiJTHOBIIOBATH HMPOCTO-
POBY Opi€HTaIil0 BTOPHHHOI e opMaliiiiHol cKiIa-
Y4acTOCTi, @ TAKOXX a3UMyTalbHEe MPOCTATAHHS 1 Te-
HETUYHI THUIH PO3JIOMiB. Y CBOIO 4Epry, 3a JaHUMHU
ineHTudikamii CTPYKTYpHOTO PHUCYHKY pPO3JIOMIiB
MOXHa BCTAHOBHUTH HANpSIMOK TOPHU30HTaJIbHOTO
TepeMiIeHHs reoMac y 30Hi 3CyBHOI aedopmarii.

AHaJi3 nonepegHix 10CaiIKeHb.

BcraHoRiieHo, 1110 Ha MPOTS31 yCiX eTamiB mia-
T(hopMHOI TeKTOHIUHOI aKkTHBi3alii y JHIIpOBCHKO-
JHouensrkomy maneopudri (A1) mepeBakamm Tek-
TOHIYHI PyXH 332 PEBEPCHUM THIIOM PO3PHUBIB 3 TaH-
TCHIIIHOI Ta POTAIifHOI CKIAJOBUMU TepeMi-
IeHb reoMac ripcbkux nopix [8, 9, 10].

Oco0nMBOCTI BTOPHHHOTO CTPYKTYPOQOpMY-
BaHHsI Ha MOCTPU(TOBHUX €Tarax reoJIOTiYHOrO Po3-
BUTKY BH3HAUYaJIUCS,, TOJIOBHHM YHMHOM, 3arajibHO-
IUTATHUMH KONI31HHUMHM TeOqMHAMIYHUMH OOCTaHO-
BKaMHU TaHTEHI[IAIbHOTO CTUCKaHHS B yMOBAaxX peri-
OHAJIBHOTO TOPU30HTAJIbHO-3CYBHOTO HOJSI TEKTOHI-
yaux Harpyr [11]. Koxen i3 erarmiB cympoBopKyBa-
BCsl (POPMYBAHHSIM OKPEMOTO CTPYKTYPHOTO PUCYH-
Ky TEKTOHIYHHX Aedopmariii, mo OyB 3yMOBICHHI
YUHHUM PO3IMOIIIOM TOJIOBHUX OCEH MO TEKTOHi-
YHHUX HaIpyT, TOMy Cy4YacHa TEeKTOHiuHa OyioBa ma-
neopudTy € MiICyMKOM YCiX HOCTpU(TOBUX yCKIia-
JTHEHb PUPTOTEHHOI CTPYKTYpH [12].

3 BUKOPHCTAHHSIM OpPHUIiHAJIBHOI METOJUKH pe-
KOHCTPYKIIIT MOJIiB TEKTOHIYHUX Hampyr 1 aedopma-
Lif Ta TEKTOHO(I3UYHOTO aHaJi3y Te0CTPYKTYyp Oia-
THOCTOBaHO KiHEMaTW4Hi MeXaHi3MH 00'€MHOi TeK-
TOHIYHOT Te4il KPUCTATIYHUX MOPIiJl JOKEMOPIHCHKO-
ro gyumamenty [13, 14] ta miardopmMHOro ocazo-
Boro uoxyia [15]. TomoBHMM pe3ynbTaToM peinHOl
TEKTOHIKH Yy TeoJIOTiUHil Oy/I0Bi 0CaJ0BHX KOMILIE-
KCIB BH3HAUE€HO T'OPU30HTAJIbHI IEPEMIIIEHHS HOro
CKJIaJJOBUX TEKTOHIYHHUX EJIEMEHTIB — MeradJoKiB,
CErMEHTIB, T'e00JIOKIB, TIOKaJbHUX CTPYKTYD 3a elle-
JIOHOBAaHUMH KYJNICHUMH CHUCTeMaMHu 3CyBiB. [opu-
30HTaJLHUMHU PyXaMH 3yMOBJICHO ()OpPMYyBaHHS BTO-
PUHHUX JedOpMaliiHUX CTPYKTYp Pi3HOrO Macii-
Taly, MOpdOoJIOTii 1 TeHE3UCY, IKUMHU CKIIAJCHO I103-

IOBKHI CTPYKTYpPHI XBHJII — CMYTH TOCTPU(PTOBUX
nedopMaliiii y CTpykrypi miaropMHOro 0caaoBOro
4oXJia MajcopudTy.

BcTaHOBIEHO MO3MOBKHIO HPOCTOPOBY HEO[-
HOPITHICTh TEOAMHAMIYHOTO peXuMy nedopmarriit
Ha 1HBEpPCIHHUX eTanax TeKTOHIYHOTO PO3BUTKY Ma-
neopudty. Bona Oynma 3yMoBleHa 30BHIIIHIM 3y-
CTPIYHUM CTPECOBHM THCKOM YCTAaJICHHX CyOMepu-
IioHATHHUX HampsMkiB [17, 18]. Hum BuxiImkaHo
YTBOPEHHSI PETYISPHOTO Ta OAHOPIAHOTO 3a Hampsi-
MKaMU TOJIOBHUX OCEH TOJIS HAMpyT 31 CTaJIOK CyO-
MEpPHIIOHATFHOIO OPIEHTAIIEI0 Y TOPU3OHTAIBHII
TUIOIIMHI OC1 TOJIOBHUX HOPMAJBbHUX HAIPyr CTHUC-
KaHHS.

JxepermoM TIOMIpHOTO JapaMiHCHKOTO CTHC-
KaHHS TeOCTPYKTYpH Oyia BHYTPIIIHBOIUIUTHA aK-
TUBIi3amis Tepitopii 3axigHoi 1 YacTkoBO CXimHOT
€Bponu y pe3ynbraTi Komisii Tt B Anbrax, J{uHa-
pigax Ta IloHTi i3 omHOYacHMM cripeninrom y [liBHi-
yHii Arnantuii ta Apkruii. Hum Oyno cTBopeHo
3yCTPIYHHMIA TOPU3OHTAILHUN CTPECOBUH THUCK i3
miBHOUi. Jlapamiiicbka (aza paHHBOATBITIHCHKOT
€I0XM TEKTOTeHEe3y MaKCHMallbHO MPOsBICHA y MiB-
neHHo-cxinHii wactuni JJII1 Ta Ha 3aximHomy
Jlon6Oaci. TaHreHIIIATBHUM KOJII31MHUM CTHCKAHHSIM
3yMOBJICHO ()parMeHTAIliI0 COISTHOKYTIONBHUX CTPY-
KTYpHHX BaliB 32 KyJICHUMH CHCTEMaM{ TOPH30H-
TaJbHUX 3CYBIB Ta IUTIKAaTUBHI JedopMallii COMHUX
mTokiB [18].

Jl>xepenoM HOBITHBOI, aTTUYHOI (ha3u Mi3HbOA-
JBMIHCHKOT ermoXu JedopMallii € anbmiiChKUi 0po-
TeHe3 y TipchKo-CcKIamauacTiii cucremi KaBkazy. Art-
THUYHA (a3a TEKTOreHe3y MaKCHMaJIbHO POSBJICHA Y
JloHepKiil CKI1aq4acTiii Criopyi Ta Ha MiBICHHOMY
cxomi JJII, ne BoHa BukiMKana popMyBaHHs HOBI-
THIX CKJIQIYacTUX CTPYKTYp, Takux sk JoHenbKuii
KpsiK, JloHeubko-IIpua3oBcbkui Merasaji, a TaKOX
MpU3BeNa JI0 TOPU30HTAIBFHUX MPAaBOCTOPOHHIX 3Cy-
BHUX II€pPEMIlllEHh TE€OMAaCHBIB OCAIOBUX TOPiA
B3/IOBXK KpaioBHX po3noMiB — [lepciaHiBcbkoMy Ta
[TiBHiuHO-/loHEBKOMY [17].

Yepes 1e noctpu)ToBOMy €Taiy CTPYKTYpHO-
KiHEMaTHYHOI €BOIOIIIi KOPH MPUTaMaHHE TEKTOHi-
YHE TOoJIe 13 CyOIIMPOTHO PO3TANIOBAHUMHU MaKCH-
MaJIBHUMH HalpyraMd PO3TSATaHHS Ta MaKCUMallb-
HUMH HalpyramMHd TOPU30HTAJIBHOTO CTHUCKaHHS
YCTAJICHUX CyOMEpHIIOHAJbHUX HAIPSIMKIB: ITiB-
JICHHO- 3axigHOi (KiMMepilichbKa eroxa), MiBHIYHOT
(mapamiiicbka Qasza paHHBOANBIHCHKOI €moxu) i
MiBHIYHO-CXIAHOT (arTHyYHA (a3a Mi3HbOATBIIHCHKOT
€I0XM) BEPreHTHOCTI, CIPSIMOBAHUMH OPTOTOHAIb-
HO 710 Bici naneopudry. Taki 3aKOHOMIPHOCTI TpoOC-
TOPOBOTO PO3MOALTY TOJOBHHX MapaMeTpiB Harpy-
KEHO-7Ic()OPMOBAHOTO CTaHYy KOHTHHEHTAIBHOI 3e-
MHOI KOpW Ha iHBEpCIHHOMY eTami 3yMOBHIH (op-
MYBaHHS Yy CTPYKTypi IUIaTOPMHOIO 0CaJ0BOIO
qoxJla MaJCOpuPTy MO3MOBKHIX JO HOro MpOCTS-
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TaHHS PI3HOBIKOBHX XBHJIb IMMOCTPUPTOBUX CTPYKTY-
pHUX yCKIIagHeHb [15].

Mera i 3aBmaHHs TOCJTiTKeHb. MeTOIO pobo-
TH € CTBOPEHHS MOJENI MOCTPHU(TOBHX CTPYKTYp-
HUX YCKJIaJHEHb MIaT(OPMHOTO OCAIOBOI0 HOXJa
HEOTEKTOHIYHOTO €Tally €BOJIOMii 3eMHOI KOpH
Juinporceko-JloHenpkoro maneopudrty. st nporo
BHPINIYBAIHCh HACTYITHI 3aB/IaHHS:

1. BU3HAUCHHA TEKTOHIYHOI MO3MLI{ 30H KOHIE-
HTpoBaHOI peinHoi Aedopmaii y cTpyKTypi ocano-
BOTO YOXJIa;

2. aHaii3 BimoOpakeHHs 30H peigHoi aedopma-
1ii 0CaIOBOr0O YOXJIa B aHOMAJIisAX Te0(i3HYHUX T0-
JIiB Ta MOJi HOBITHIX TEKTOHIYHHX PYXiB.

3. CKIIaJaHHA CTPYKTYpPHO-KIHEMaTHYHOI CXeMHU
peinanx nedopmariiii 0camoBOro 4oxiia KOMi3idHOTO
€TaIry PO3BUTKY T€OCTPYKTYPH.

Marepiaau Ta MeTOAM AOCTiMKeHb. TexTo-
HOQI3MYHUMH JOCTipKeHHsIMHE oxorieHo CP mis-
HBOTEPIMHCHKOTO, KIMMEPIHCHKOTO 1 albIiHCHKOTO
eTarliB TeKTOHIYHOI akTuBi3alii. BukoHyBaBcs mopi-
BHSJIBHUM aHalli3 MPOCTOPOBOTO CITiBBiTHOIIEHHS
PI3HOBIKOBHX pEriOHaNILHUX CHUCTeM po3puBiB. Ki-
HEMAaTHKa TOPU30HTAIBHUX HEpPEMIIICHh BHBYAIACh
Yy JWHAMIYHO CITONy4YeHil TeKTOHIYHINA CUCTeMi Ma-
TiCTpaJbHOTO 3CYBY V MOBEpXHI (PyHIAMEHTY 1 BTO-
PUHHHUX PO3JIOMIB OTEPEHHS Yy TIaT(GOPMHOMY Oca-
JIOBOMY 4oxJii. Takuil aHaNITUYHUN MiAXiJ JO3BO-
JIUB BCTAHOBUTH [MHAMIYHY KOMIIOHEHTY 3MiHH
MPOCTOPOBOTO  PO3MOMITY TOJNIOBHUX ITapaMeTpiB
HanpyXeHo-1e()OpMOBAaHOTO CTaHy 36MHOI KOPH.

[Ipu gocmimKeHHSX periOHAIbHOI TeOTEKTOHI-
KH BHKOPUCTOBYBAJACsl OPHUTiHAIbHA METOIMKA pe-
KOHCTPYKIIi TOJIIB TEKTOHIYHUX HAampyT 1 aedopma-
i Ta TEKTOHO(I3UYHOTO aHalli3y T'eOCTPYKTYP.
HoBiTHIO CTPYKTYpy 0CaZ0BOTO 4OXJIa PO3TIISTHYTO 3
TTO3UIIIH TUHAMIYHOI PEiTHOl TEKTOHIKH I TEKTOHIKH
3CYBHHX O0CaIOBHX OaceiHiB Ha MiACTaBi aHami3y
aHOMAJTIF TOTEHIIIHHUX Te0(i3UIHUX TIOJIiB, BEPTH-
KaJTbHUX aMILTITYl HEOTEKTOHIYHHUX PYyXiB.

AmnanitiuHi kaprorpadiuHi Marepiand Macii-
tab6is 1:500 000, 1:1 000 000 ckmamu cXxeMH TEKTO-
HIKH BEPXHBOBI3EWCHKOIO Ta BEPXHBOCEPITYXOBCH-
KOTO KOMILJIEKCIB OCaJI0BOTO 4OXJa, KAPTU: BEPTH-
KaJbHUX aMILITyAd HEOTEKTOHIYHUX (TOJIOLEHOBHX)
pyxiB [18], perioHampbHMX aHOMaJili MarHiTHOTO
monst ATa [19], po3puBHEX MOPYIIEHb 1 OCHOBHUX
30H JliHeaMeHTiB miBaeHHoro 3axony CPCP (3 Buko-
PUCTaHHAM MarepialliB KOCMIYHOI 3HOMKH)" MacIi-
taby 1:1 000 000 [20].

Pesynbratn nociaigxens. KonHuernmito ineep-
CIHOTO YCKJIaJHeHHSI PUPTOTEHHOTO CTPYKTYPHO-
TeKkToHiyHOTO Kapkacy JIJII1 BHacmimok perioHaib-
HOTO MPOSBY PeinHOI Aedopmaliii reomac 0cagoBoOro
YoXJ1a TOBEACHO IUIIXOM JETaJbHOTO KiIHEMAaTHYHO-
TO aHaji3y aHcaMOIliB BTOPHHHHX CTPYKTYp Ta 30H
peinaoi medopmariii, SKi MarOTh MEBHY TEKTOHIYHY
no3uuito y J{HimpoBcbkoMy rpabeHi.

[Mpaktuuano B ycix mmbunHanx CP maneopudty
ineHTH(])IKOBaHO po3puBH "peBepcHOro" THIy (pHC.
1), 110 XapakTepu3yeThes, 3riaHo [21]:

Prek

Puc. 1. IIpuniunosa KineMaTndHa MOJIeb (POpMYBaHHS "KBITKOBOI CTPYKTYypH'" y po3pi3i 0Ca0BOI0 Y0XJIa,

srigno [18]. Ha nepmomy erami 3a cuctemMoro "peBepcHUX" PO3PHUBIB YTBOPIOETHCS aHTUKIIIHATIbHA CTPYKTY-

pa HaJl TOPCTONONIOHUM BHCTYIIOM KPHCTAIIYHOTO (QYHIaMEHTY. 3ro/IoM, HaJI Heto (popMyeThes Mi3HBOIHBE-

pciitanii rpaden npociganns. CriocTepiraloTbes TEKTOHIYHI PYXH 3yCTPIYHOI KIHEMAaTUKHU BcepeIiHi rpabeHa

3a CUCTEMOIO CKHIIB 1 BcepearHI TOPCTY 3a CUCTEMOIO MiAKHUIIB 10 HeiiTpansHoi noBepxHi (HII) — reopuna-
MIYHOTO KOMIIEHCATOpa 3yCTPIYHUX TEKTOHIYHUX PyXiB

-28 -



BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

—  HEBUTPUMAHICTIO Ta iCTOTHUM 3TacaHHAM aMIl-
JITYA TEKTOHIYHHUX TMOPYIIEHb MO TPOCTATaH-
HIO 1 T IHHIO;

— 3MIHOK TCHETUYHOTO THIy 1 KIHEMaTUKH PO3-
JIOMIB Y BEPTUKaJILHOMY PO3pi3i 3 TITHONHOIO;

— TEepPEeMIHHOI0 KiHEMAaTHKOIO PyXiB B3JOBX KPHI
PO3JIOMIB Y TUIaHi;

— 3HAYHUM MEPEeBaKAHHSIM TOPU3OHTAIBHUX aM-
IUTTY TIepEMIIIeHs B KPHJIAX PO3JIOMIB Haj
BEPTUKATbHUMI;

— YTBOPEHHSM EIICIIOHOBAHMUX KYJICHHX CHUCTEM
TOPH30HTAJBHUX 3CYBIB 3aBISKH Y3TOJHKEHUX
OJHOCHPSIMOBAaHUX PYXiB 10 PO3PUBAX.
PeBepcHi po3puBH CKJIaJar0Th TEKTOHIYHUH Ka-

pKac Tak 3BaHMWX "KBITKOBHX CTPYKTyp" y po3pisi

0CaJI0BOTO YOXJIA, N[0 YTBOPIOKOTHCS Y 30HAX JTUHA-

MIYHOTO BIUIMBY TOPH30HTaJbHHUX 3CYBiB Ta yCKJia-

JHIOIOTH CTPYKTYpy nayiecopudty. BoHu € THIOBHUMU

MPUPO3TIOMHUMH JYIUICKCAMH CTHCKAHHS, 3 KYJic-

HUM CTPYKTYpHHM PHUCYHKOM PO3PHBIB y IUIaHi, 110

€ CTPYKTYPHOIO 03HAKOI peinHoi nedopmariii.

[IpuHIATIOBY TEKTOHIYHY OYyHIOBY «KBITKOBHX
CTPYKTYp» PO3MNIAHYTO Ha mpukiaai CoJoXiBChKO-
JAMKaHCBKOTO CTPYKTYpPHOTO Baiy. 3 BUKOPHCTAHHAM
MaJEOTEKTOHIYHUX MOOYIOB PEKOHCTPYHOBAHO TIPH-
pONHMI KiHEMaTHWYHUN MeXaHi3M iX (opMyBaHHS
i BIJTMBOM IIPOIIECY KOJi3iHHOrO KOPOOJIEHHS TO-
PHU30HTIB 0caioBoi ToBii (puc. 2, 3). 3a pe3yibTa-
tamu TekToHOodiznyHoro a”amizy CP y IliBmeHHO-
CXiZIHOMY MeracerMeHTi BCTAHOBJICHO KiHEMaTH4Hi
O3HAaKH TOPU3OHTANBHUX MepeMillleHb reomMac oca-
JIOBOTO 4YOXJia B HANPSMKY OPTOrOHAILHOMY [0
MPOCTSTaHHS CYOITHUPOTHUX PUPTOTCHHHUX CTPYKTYD
(puc. 4).

3a KylniCHUMH CHCTEMaMH PEBEPCHUX PO3PUBIB
YTBOPIOIOTHCS TEKTOHIYHI 3pHBH aKTHUBI30BaHHUX
reoMacuBiB y (opMi IJIaCTUH-TYCOK, IO HacyBa-
IOThCS Ha MIBJCHHHWI Ta MIBHIYHUN OOpTH 3 OOKY
CTPYKTYPHHX YIIOTOBHH OChOBOT 30HHU J[HIMTPOBCHKO-
ro rpabeny. Taki THIOBI pucH peifHOI AUHAMIYHOT
nedopmariii J0CUTh BIIGBHEHO MPOCTSKYIOTHCS Ha
perioHaNbHUX TPOQLIIX Ta 3BUYANHIA TEKTOHIYHIN
Kapti (puc. 5, 6, 7).

3 BpaxyBaHHSM OTPUMAHHX JIAHUX, HA 3aKIF0Y-
HOMY eTami TeKTOHO(I3UYHUX HOCITIHDKEHb MPOBO-
JMBCSA CTPYKTypHO-KiHEMAaTWYHUN aHaji3 BHsIBIIE-
HUX BTOPMHHUX Ae(POpMaLiiHUX CTPYKTYp PI3HOIO
Maciitady. Bupuanuch 0CoOMMBOCTI iX MHPOCTOpO-
BHUX CHIBBIJHOIICHb JJISi YTOYHEHHS TEKTOHIYHOI
MO3UINT y CHCTEMHIN opraHizaiii apxiTeKTypu oca-
J0BOTO 4oxJa. J[7sl bOro BHKOPHCTOBYBAJIHCH JI0-
MOMDKHI aHAJIITUYHI Marepiand - KapTH perioHajb-
HUX aHOMaJlii Mar"iTHoro mons (puc. 8) Ta BepTH-
KaJbHUX aMIUTITY/] HOBITHIX (TOJOIICHOBHX) TEKTO-
HiYHUX pyxiB (puc. 9). Ha X 0CHOBI yTOYHIOBAIHCH
KiHEMaTH4YHI CXeMH TOPH30HTAIBHHUX IEPEMillleHb
Ta nocTpudToBUX peinHux Acdopmaliii reomac

IUIaT(POPMHOTO 0Ca0BOI0 YOXJIA.

Ha nux kaprax B CTPYKTypHHMX PHUCYHKax Mar-
HITHHX aHOMaJiii Ta aHOMalisfiX HEOTEKTOHIYHUX
PYXiB 3HAXONUTh YITKE BiIOOPaKECHHS CTPYKTYpPHO-
TEKTOHIYHUM KapKac BTOPUHHHMX CTPYKTYPHHX
YCKJIaIHEHb MANeOpUPTy, SIKHI CKIaJAEThCS 3 T'ATH
JIIHEAaMCHTHUX 30H KOHIIEHTpalii peimuux nedop-
Mallii.

Bcranosneno, mo TreomMHAMIYHANA PEXHM Ta
IHTCHCUBHICTh CTPYKTYpHHX HepeOyI0B 3MiHIOETHCS
y TIepeTHHI OPTOTOHAIBHOMY JI0 TIPOCTSITaHHs Tasie-
opudTy. Y HanpsMKy Bij MBAEHHOTO 0 MIBHIYHOTO
OOpTy MPOCTEKEHO 3MiHM THITy peigHuX aedopma-
1il, mo BifoOpaXkaloTh MOCTYIMOBY 3MiHY Ie€OAHWHA-
MIYHOTO PEXHMY BiJl TEPEBAKHOTO CTHUCKAaHHS [0
BITHOCHOTO po3TATaHHA. Yepe3d Iie y MmiBACHHIH
nprOOPTOBIM 30HI MEpeBaKalOTh KyJiCHI aHcamOIi
MIPUPO3IIOMHHX IYIUIEKCIB CTHCKAHHS AYTOmomiOHO1
Mopdormorii i3 TOPU3OHTANBHOIO 1 POTAIIHHOO
CKJIQJIOBUMU PYyXiB I'€00JIOKIB 1 CKJIaJIOBUX €IeMCH-
TiB iX BHYTPIIIHBOI CTpyKTypH y Iuiadi. [Ipote, B
OCBOBIH 1 MBHIYHKN MPUOOPTOBIH 30HAX, Y PEXKHUMI
TpaHCcTeHCli copMOBaHO MMEPEBaXHO CTPYKTYpHI
napareHe3u po3TATY JIH30BUAHOI Ta OBAIBHOI MOp-
¢omorii (puc. 9).

V nepexinniii 30ui Mix I ta JICC yrBOpeHo
JUHAMIYHO CTIPSDKEHI KyJicHI aHcamOni aHTHKIiHA-
JIbHUX Ta CHUHKJIMHAJILHUX CTPYKTYp peimHoi aedo-
pMarrii TiBHIYHO-CXITHOTO TPOCTSTaHHS, SKi 13 pi3-
KM KyTOBHM HEY3TO/DKCHHSIM HAaKJIaJaloThCsl Ha
pudTOreHHi CyONIMPOTHI CTPYKTYpH 3axiHOTO
Hounbacy (puc. 7).

OTxe, BUSBJICHI HEOJHOPIMHOCTI perioHAIBHO-
TO TOJIsl TEKTOHIYHUX HAIpyr Ha KOMi3iHHOMY eTari
CTPYKTYPHO-KiHEMAaTHYHOI €BOIIONIi 3eMHOI KOpH
3yMOBHJIM (DOPMYBaHHS Cy4acHOT MO3JOBXHbBOI TeK-
TOHIYHOT CEerMeHTallii CTPYKTYpH OCaJI0BOTO YOXJIa
najxeopudry.

PesynbraTti perioHaJbHUX TE€OTEKTOHIYHUX J10-
CIIJDKeHb JIEMOHCTPYIOTh aKTYaJIbHICTh, BEJIUKE Ha-
YKOBE Ta TpaKTHYHE 3HAYCHHSI BUKOPUCTAHHS OpH-
TiHAJEHOT METOIMKHA PEKOHCTPYKIIIi TOMIB TEKTOHi-
YHUX Hampyr i aedopmariiii Ta TEKTOHO(I3ZUIHOTO
aHallizy TeOCTPYKTYp JJIsl PEKOHCTPYKINii HarpysKe-
HO-71e(hOpMOBaHOrO CcTaHy 3€MHOI KOpH, JiarHOCTH-
K{ TUIY 1 KIHEMAaTUKH TEKTOHIYHUX PYXiB Ta iJIeH-
TU}IKaIi] KIHEeMAaTHYHUX MeEXaHi3MIB BTOPUHHOTO
JeOopMaIiitHOrO CTPYKTYPOYTBOPEHHSI.

BucnoBku. Ha eranax mmardopmMHOI TEKTOHi-
YHOT aKTHBI3allil y PETYIIPHOMY Ta OJJHOPiTHOMY 32
CcyOMepuIioHaIbHUM HAIPSIMKOM T'OJIOBHOI OCl CTH-
CKaHHsI PErioHaJbHOMY MOJIi TEKTOHIYHUX HAaNpYT,
MiJ] BIUIMBOM MPOIECIB PEiHOI TEKTOHIKH B 0CaJIO0-
BOMY 4OXJIi maneopudty (HOpMYyBaIUCS TO3MOBXKHI
CTPYKTYpHI XBWJII 00'eMHOI TEKTOHIYHOi Tewii reo-
Mmac. [lpuponanmu mexanizMamu peinHoi aedopma-
111 3yMOBJICHO TOPU30HTATLHO-TIONTUHHI TIEpeMi-
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MIEHHS PI3HOPAHTOBUX TEKTOHIYHUX EJIEMEHTIB 1
CTPYKTYp — CETMEHTIB, T€00JIOKIB, KYJICHUX aHCaAM-
OJiB pO3pHBIB Ta JUHAMIYHO CHPSDKCHUX 3 HUMH
JIOKaJIbHUX CTPYKTYp peinHoi nedopmanii. 3Buyaii-
HHAM TEKTOHIYHHUM IPOIICCOM TUHAMIYHOI TEKTOHIKH
€ KoJi3ifiHe KOpOOJICHHS OCaJoBOi TOBIII, IO BH-
3HAuYa€ TOJIOBHI PUCH CUCTEMHOI OpraHizamii HOBIT-

MTO37I0BKHIO TEKTOHIYHY cerMeHTarlio. OTpumMani
TEOPETHYHI BUCHOBKH CKJIAaTUMYTh HAyKOBI 3aca-
I U8 PO3pOOKH HOBOI KOHIICMIIi CTPYKTYpPHO-
KiHemaTruHOi eBoroIlii 3eMuoi kopu JIJIII 1 migcra-
BY JUISI KOPET'YBaHHS CXeM HOTO Te€OJAMHaMIKH, PEri-
OHAJTHHOI TEKTOHIKHM Ta Ha(TOTra30reoJIOTIYHOTO pa-
HOHYBaHHSL.
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HORIZONTAL MOVEMENTS OF GEOMASS IN CONTINENTAL RIFTOGENIC
GEOSTRUCTURES (ON THE EXAMPLE OF THE DNIEPER-DONETS PALEORIFT).
PART 3. SYSTEMIC ORGANIZATION OF POST-RIFT REID DEFORMATIONS

Formulation of the problem. The article covers the results of tectonophysical studies on the structural
manifestations of the collisional evolutionary stage of the continental crust, which complicate the riftogenic
architecture of Dnieper-Donets paleorift. At the stages of platform activation, rocks in riftogenic structures
acquire volumetric tectonic mobility due to internal structural-material transformations and deformation un-
der the influence of reid tectonics. The structural manifestation of reid tectonics in the geological structure of
the basement and sedimentary complexes of the Dnieper-Donetsk paleorift cover is the horizontal movement
of its primary riftogenic segment tectonic elements, lineaments, geoblocks, tectonic structures and secondary
deformation structure formation.

Review of previous publications and studies. The paleotectonic situation in the paleorift before the
start of the rifting is covered by the results of plate-tectonic reconstructions carried out for Ukrainian Shield.
Structural-kinematic evolution of the continental crust in the adjacent territories of the Shield in the south
was reproduced, covering the stages of collision with subduction of the crust and spreading followed by the
extension of continental microplates. On this basis, the important role of ancient even-petty folded structures
of sub-meridional extension is determined in the structure of paleorift foundation.

Methods. In geotectonic studies an original technique was used for reconstructing the fields of tectonic
deformations and tectonophysical analysis of geostructures, based on potential geophysical fields anomalies
and vertical amplitudes of neotectonic movements.

Results. It was established that structural waves of secondary deformations of horizontal-plane tectonic
flow were formed under the influence of mechanisms of reid tectonics. It is shown that they determine the
longitudinal tectonic segmentation of the modern paleorift structure. The tectonic position and natural kine-
matic mechanisms in the formation of the tectonic flow local structures, linear concentration zones of reid
deformation of subregional and zonal scales, ranging in size from hundreds of meters to tens of kilometers,
were studied.

Scientific novelty and practical significance. In the regular submeridional direction of compression
axis regional field of tectonic stresses, longitudinal structural waves of the volumetric tectonic flow of ge-
omass formed in the sedimentary cover of the paleorift under the influence of the processes of reid tectonics.
The natural mechanisms of reid deformation are caused by horizontal-planar displacements of structural el-
ements, rocky ensembles of discontinuities and local structures of reid deformation dynamically conjugated
with them. A common tectonic process of reid dynamic tectonics is collision warping of the sedimentary se-
quence horizons, which determines the main features of the system organization of the latest paleorift archi-
tecture and its modern longitudinal tectonic segmentation.

Keywords: volumetric tectonic mobility, reid dynamic tectonics, reid deformation zone.
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AHAJII3 AHI3OTPOITI ®LIBTPAIIIMHUX TA EJEKTPHUHNAX B.JIACTI/IBQCTEﬁ
TEPUT'EHHUX ITOPII-KOJEKTOPIB (HA ITPUKJIAAI POAOBHUIL TIPUOCBOBOI 30HU A/3)

Aemopamu npoeedeHo aHaniz aHizomponii Qinempayitinux ma eleKmpuyHuUxX napamempie nopio-KoieKmopie cepeonbo2o ma
HUJICHLO2O KAM STHOBY2INIbHO20 KOMNJEKCY 3a OGHUMU Nempo@i3uyHux 00CHiONCeHb KEPHY Ma KapomaniCHuMu OaHUMU C8epONO0GUH
701-bic 3axiono-1lleberuncokoi nnowi ma 31 Ilisdenno-Koromayvkoi niowi npuocvogoi 30nu J[Hinposcoko-/[oneybkoi 3anadunu,

Komnnexc nabopamopuux 00cniodiceHs, wo 6KI04A8 BUSHAYEHHA DLIbMPAYiUHO-EMHICHUX MA eleKMPUYHUX 00Cioxcens Ha 40
YUTTHOPUYHUX 3PAZKAX BUPI3AHUX Y 080X HANPAMKAX (NAPANENbHO MA NEPREHOUKYIAPHO 00 OCI KepHY), NPO8OOUBCA 8 Nempo@i3uHill
nabopamopii HHI «Ilncmumym 2eonociiy.

Bcmanosneno, wo npupooa aHi3omponHux 61acmusocmeti 00CIIONCEHUX 3PA3KI6 NOAASAE 8 HAAGHOCMI 3HAYHOI KITbKOCMI Co-
oucmux minepanis (8 desikux nopodax 0o 30 %) ma wapysamocmi, wjo opienmogana nio kymom 75-85 °0o oci kepry, a makosic mpi-
WUHYBAMOCMI 830082iC HAUAPYBAHHS. 3a pe3yibmamamu nempo@izuuHux 00CTONCEHb BUSHAYEHO Koepiyichmu anizomponii npoHu-
KHOCIMI ma numomo20 eleKmpuyHo20 Onopy, wjo 0ai0 3mo2y 6CIMaHo8UmMu NopooU 3 GePMUKAILHO OPIEHMOBAHUMU 00 OCI C8epOLO-
GUHU MPIYUHAMU, d MAKONHC MAKI 8 AKUX GIOCYMHIl pyX (uioidy 68 6epMUKaIbHOMY HANPSIMK).

Memoouka docnioscenns pyxy @awidy 6 niacmax pezepgyapy b6azyemvca Ha moougixoeanomy pisHanui Kozeni-Kapmana ma
KoHYenyii cepedHb020 2i0pasniuHo2o paoiycy.

Tlobyooeani Kopenayiiini pigHAHHA 00360110Mb GUSHAYUMU BEPMUKATbHY NPOHUKHICTb Yepe3 20pU3OHMATIbHY, a MAKOJHC cepe-
OHill 2idpasniunull padiyc 0 00CHIOHCYBAHUX Nopio-Konekmopie. Bugueni anizomponui napamempu 0adyme 3mo2y Oilbid MOYHO
auanizyeamu pyx @arioié 6 niacmax 00CriONCYBAHUX POOOSULY.

Knrouosi cnosa: nopoou-xonekmopu, Qinempayitini é1acmugocmi, aHizomponis nempo@izuuHux napamempis, 6epmMuKaibHd
ma 20puU30HMANbHA NPOHUKHICMb.

H. H. be3poonasn, B. B. Aumoniok, O. B. Oneiinux, AHAJIN3 AHU3O0TPOITHH ®UH/IBTPAIIHOHHbBIX H JJIEKTPH-
YECKHX CBOHCTB TEPPHTEHHBIX IIOPOJ-KO/UTIEKTOPOB (HA ITPUMEPE MECTOPOXJIEHHH ITPHOCEBOH
30HbI /1/13). Asmopamu nposeder ananu3 aHU30MponuU GUIbMPAYUOHHBIX U INEKMPUUECKUX NAPAMEMPO8 NOPOO-KONLEKMOPOS
CpeoHe20 U HUNCHE20 KAMEHHOY20MbHO20 KOMNIEKCA NO OaHHbIM Nempo@uU3UIecKux uccie008anull KepHa u KapomaxtCHoiM OAHHbIM
cksadcur 701-buc 3anaowno-Llebenunckou niowaou u 31 FOcno-Konomaykou niowadu npuocesoti 30uvl [nenposcko-/{oneyroii
8NAOUHbL.

Komnnexc nabopamopnuix ucciedosanuil, 8Kaiovaguiuli onpeoenenus GuibmpayioHHO-eMKOCIHbBIX U DNeKMPUYECKUX UCCLe00-
eanuti na 40 yurunopuyeckux o6pazyax, GbIPe3aHHbIX 6 08YX HANPAGLEHUSX (NAPAILEIbHO U NEPREHOUKVIAPHO OCU KePHA), NpoGo-
ouncs ¢ nempoghuzuueckou rabopamopuu YHU « Uncmumym 2eonozuuy.

Yemanoesneno, umo npupoda anuzomponuvix coticme, Uccie008aHHbIX 00pA3Y08 3aKAI0UAeMCcs 6 HATUYUU OONbUIO20 KOude-
CmMea CoOUCMbIX MUHEPAnos (8 Hekomopwix nopodax 0o 30%) u croucmocmu, opuenmuposannoli noo yanom 75-85 ° k ocu xepua, a
maxoice mpewuHosamocmu 800av HacioeHutl. Ilo pesynomamam nempoghusuyeckux ucciedosanuil onpeoeiensvl Ko3g@uyuermol
AHU30MPONULU NPOHUYAEMOCTU U YOETbHO20 SNEKMPUYECKO20 CONPOMUBTEHUS, YO NO360IUL0 YCMAHO8UMb NOPOObl C BEPMUKATILHO
OPUEHMUPOBAHHBIMU K OCU CKBANCUHbL MPEWUHAMU, d MAKIHCe MAaKue, 8 KOMOPbIX OMCYMCMEyem 0sudiceHue Quioudda 6 epmuKaib-
HOM Hanpagnenuu

Memoouxa uccnedosanus dgudicenust (prrouda 6 niacmax pesepsyapa basupyemcsi Ha Moouguyuposarntom ypagrenuu Koszenu-
Kapmana u xonyenyuu cpedneco euopasiuieckoeo paouycad.

Ilocmpoennvie Koppersiyuonnsle YpagHeHus. 0arom G03MONCHOCHb ONPeOelums 6EPMUKALLHYIO NPOHUYAEMOCMb Yepe3 20pu-
30HMANLHYIO, A MAKICE CPEOHUL SUOPABIUYECKULL PAOUYC OISl U3YUEHHBIX NOPOO-KOILeKmopos. Hcciedosannvle anuzomponHule na-
pamempul no360aam 6oiee MOYHO AHATUIUPOBAMb 8UNCEHUE DU 8 NAACTNAX MECHOPOICOEHUL, KOMOPble PACCMAMPUBAIOMCS
6 cmamve.

Knroueswie cnosa: nopoowvi-konnekmopa, GuibmpayuoHHvle C60LCMEd, aHU30MPONUs NempopuU3ULeCKUX napamempos, 6epmu-
KANbHAS U 20PUSOHMANbHAS NPOHUYAEMOCTb.

Bcmyn. BaxIiMBOH YacTHHOIO MOJCIIOBAHHS  JIGHHS  PO3IMOBCIODKEHHS  IPOHHMKHOCTI  MOPij-

Ha()TO-ra30BUX OacelHiB € moOymaoBa iX IiIpoarHa-
MIYHOI MOJIelli, 5IKa, B CBOIO Yepry, BKIIIOYAE aHAII3
pyxy GuroiniB y pesepByapi. HemanoBaxuumu 3a-
BOAHHSMHU IS BHUDIMIEHHS [iel 3amadi € BCTAaHOB-

KOJICKTOPIB Y BEPTUKAILHOMY Ta TOPHU30HTAIHLHOMY
HanpsIMKY, 8 TAaKOK BH3HA4YEHHs aHizorpomii ix ¢i-
3MYHHUX BJIACTUBOCTEH B II1JIOMY.

© Bespoouna I. M., Anmoniox B. B., Oniinux O. B.
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[TmacTy TipChKUX MOPiA MakKe 3aBXKIU Xapak-
TEPU3YIOTHCA aHI30TPOMIEI0 METPOdi3MIHUX BJIac-
TUBOCTEH 3a pPaxyHOK OCOOIMBOCTEH XapakTepy
0CaKOHAKOMUYEHHS, 1cTOpil YUIITBHEHHS! OCAaJKiB,
Ta BTOPUHHUX 3MiH B CTPYKTYpi IyCTOTHOTO ITPOC-
TOpY TIOPifl, @ TaKOXX HEOMHOPIAHOCTEH 1X MIKpOOy-
JIOBH.

BusnadueHHS TeTpOQi3MYHHX  BIACTUBOCTEH
KOJIEKTOPIiB HA(TH 1 Ta3y MOXJIMBE SIK B YMOBax ix
MPUPONHBOTO 3alisiTraHHs, Tak i B Jmaboparopii. AB-
Topamu OyJI0 IPOBEACHO aHaNi3 KOMILIEKCY J1abopa-
TOPHHX IOCHTIDKEHb 3pa3KiB KepHa, IO 1aji0 3HaYHi
MOXJIMBOCTI JIJIsl aHaJIi3y iX BIACTHBOCTEW Ta mapa-
METpiB aHi30Tpoii.

Ananiz ocmauHix Oocnidxycenv ma nyonika-
yitn. Ha manoMmy erami pO3BHTKY PO3BiITyBallbHUX
METOIUK Ta METOiB, IO JIO3BOJIAIOTH YTOUHHUTU
iH(opmMariiro po nerpodi3uIHi BIACTUBOCTI TOPIT,
JOCIITHAKH Ta TPalliBHUKA HA(TO-Ta30BHX KOMIIa-
Hill IPUALISIOTH BEJIMKY yBary BUBYEHHIO aHi30TpO-
MTHUX BJIACTUBOCTEH MOPiJI-KOJEKTOPiB, IO A0MOMa-
ra€ B TPOIECi OLIHKH, PO3pOOKH HAPTOra3zoBOTO
pe3epByapy Ta BUAOOYTKY BYIJICBOIHIB.

Temarukoro OOCHIKEHHS aHi30Tpomii ¢iibT-
pamiiiHuX BIACTHBOCTEH B J1a0OpaTOPHHUX YMOBax
3aiimanucst  Igbokoyi A., lheanacho P., Irayani Z.,
Lishman J., Shedid S., Solano N., Tiab D., Zahaf K.,
Bamypkin A., [JmitpieB M., KosaneB A., Ko-
Tsix0B @., Ky3HenoB A. Ta iHII. ABTOpY BCTAaHOBHIIH
3B 30K MK BEPTHUKAILHOIO Ta TOPHU3OHTAIBHOIO
MPOHHUKHICTIO YHUCTHX TEPUTCHHUX TIOPiJl, a TaKOXK
TOpiJ 3 Pi3HOI KIJBKICTIO Ta PO3MOILIOM TIIUHHUC-
tix Minepanis [11, 13, 19, 20].

JIaGopaTopHi IOCIHiKEHHSI KepHY 1 €IUHUN
MpSMHUIA Ta HANOIIBII MPOCTHI METOJ]] BU3HAYCHHS
PO3MOBCIO/KEHHS TPOHUKHOCTI 3a HampsiMkoM. He-
JIOJIKH JIJAHOTO THITY BUMipIOBaHHS 00YMOBIFOIOTHCS
MOPYIICHHSIM IJIACTOBUX YMOB Ta CKJIQJIHICTIO Bpa-
XyBaHHS B peallbHUX Maciirabax ¢imbrparii ¢iroi-
JiB B IMOKIAJi HAasBHOTO TepemapyBaHHs TIPChKUX
MopiI.

Bupuennst anizorpomii (inbTparifHux BIacTH-
BOCTEH MPOBOIATHCS HE TUIBKH Ha 3pa3kax KepHY
CTaHIAPTHOTO po3Mipy (miameTpoM O6mm3pKo 30 M),
a i1 Ha MOBHOPO3MipHOMY KepHi (miameTpoMm 100 MM
i Oinblle), MO JTa€ MOXIIMBICTh 3MEHIIUTH BIUIHB
(axTopy MacmrTaby Ha goCipKeHHs [8].

Oxpim J1abOpaTOpHUX JOCTIKEHb KUIBKICHY
iHpOpMAaLiI0 PO PO3MOALT MPOHUKHOCTI 32 HAIps-
MKOM MOXXHa OTpUMaTH Oe3nocepeHbo B IUIACTO-
BHX YMOBax 3a JIOIIOMOTOIO T1JIpOIMHAMIYHUX OTIPO-
OyBaHb B CBEpAJIOBHHI, 10 SIKUX BiJHOCSATHCS: OIPO-
OyBaHHS CBEpAJIOBHH Ha iHTEP(EPEHLiI0 Ta CeleK-
THUBHE ONPOOYBaHHS 30H B OJHIN 1 Tili camiil cBep/I-
noBuHi [2, 3].

Tiab D. ta Zahaf K. BcraHOBMIM KOpensiiiHy
3IEKHICTD MDK BEPTHKIBHOIO TPOHHUKHICTIO Ta

CEepeNHIM TIIPaBIIYHAM PaIiyCoOM IS TICKOBHKIB 3
pI3HUM BMICTOM Ta THIIOM DIIMHHCTHX MiHEpaiB
[21]:

ne A ta B — emmipuuni konctantu, Kupr Ta Kips —
MPOHMKHICTh BUMIpSHA B TOPH30HTAIBLHOMY Ta BEp-
TUKaJIbHOMY HaIpsIMKax BigmoBimHO, Kicqp — Koedi-

mp,r

Mi€HT e(PeKTUBHOI MOPUCTOCTI, a — cepen-
med

Hill TigpaBmiuHUI paiyc — yHIKaIbHUHA mapamerp,

BUBENEHNI 3 MoaudikoBaHoro piBHAHHSA Ko3eHi-

Kapmena [1].

Shedid S., Bukopucrasmu pisasHus (1), oTpH-
MaB CTiHKi KOPEJSIiiHI 3aleHOCTI 32 JIOTIOMOTOI0
SKUX BU3HAUYUB BEPTHUKAJIbHY NPOHHUKHICTh VIS HicC-
KOBHKIB Ha(TOBOTO POMOBHINA 3aXiTHOI MycTemi
€runty [17].

Hagivara T. mpeactaBMB METOIHKY, 3a IOTIOMO-
TOI0 SIKOI MOXKHA PO3paxyBaTH Koe]illieHT aHi30T-
porrii TPOHUKHOCTI MPOXYKTHUBHHUX IHTEPBANIB BH-
KOPHCTOBYIOUH 3HAYEHHS MUTOMOTO EIIEKTPUYHOTO
OTIOpY Ta pajiyca THpia IMyCTOT, BUMIPSHUX B Bep-
THKaJIbHOMY Ta TOPU30HTAIFHOMY HampsiMKax [9].

3B’30K MK aHI30TPOMIEI0 ENEKTPUYHUX Ta
GbinpTparitHux BIIaCTUBOCTEH IOCIILIKEHHI
Georgi D., Bespalov A., Tabarovsky L. ta Schoen J.
B pi3HUX MacmTabax (MiKpo, Makpo Ta B 00’eMi 1o-
KJIaay). ABTOpaMH IOKa3aHo, IO MPHUPOJA aHi30T-
pomii B MakpomaciiTabi oOyMOBIIEHa HalllapyBaH-
HSIMU TIIAaHO-TJIMHUCTUX 3€peH MiHepaliB Ta 3ale-
KUTh B1JI YMOB OCaJIKOHAKOITUYCHHS [7].

Okpim 1poro Rosolofosaon P. Ta Zinszner B.
MOKAa3aJIy, 10 y BUMAJKY, KOJIX IIPUPOAA aHI30TPOI-
HUX BJIACTHBOCTEW 3aJIKHTh BiJl HallapyBaHHs Ta
TPIIIMHYBATOCTI, TPYXHI Ta (QUIBTpaIiiiHi BIacTH-
BOCTI TICHO KOpeJIhOBaHi B HanpsiMKy cuMeTpii [ 16].

TopronoB 1., mocmipkyodr aHi30TPOIII0 TUTO-
MOTO EJIEKTPUYHOI0 OIOpPY BCTAHOBHB ii 3B’S30K 3
TPIIIMHYBATICTIO TIPCHKUX TOPiA, MO a0 3MOTY
e(eKTUBHO pO3paxyBaTH Micue mpu OypiHHI po3Bi-
JyBaJIbHUX Ta eKCILTyaTal[ifHUX CBepaioBHH [18].

[IponaiiBonoii I, Macnosum b., be3ponnoro L.
Ta iHLI. pO3pOOJICHUH HOBUH METO/ MaTeMaTHUYHOTO
MOJIETIIOBaHHs €()EeKTHUBHOT MPOHUKHOCTI TPILIUHY-
BaTUX KapOOHATHHX IOPiJ-KOJIEKTOPIB, KM 3a0e3-
MeYy€ YHCENIbHI pO3PaxyHKH MPOHUKHOCTI MOJENEH,
MaKCHMAaJIbHO HAOIMKEHUX O peajibHUX OaraToko-
MIOHEHTHUX CEpEeNOBHI 3 OyIb-SIKOIO CHUCTEMOIO
opieHTOBaHUX TpimuH [14, 15].

Memoro nanoi poOOTH € BU3HAUYEHHS aHi30TPO-
il neTpoi3uIHNUX BIACTUBOCTEH MOPIi-KOJIEKTOPiB
CepeqHBOro Ta HIDKHBOTO KaM STHOBYTLIBHOTO KOM-
IUIEKCY IUIOL] TPHOCHOBOi 30HM JIHIPOBCHKO-
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Honenpkoi 3anmagman (3axigHo-lllebenmHChKOI Ta
[TiBnenno-Komnomarpkoi), a TakokK BCTAaHOBJICHHS
KOpENSIIIHNX 3aleXHOCTed MK 3HaYeHHSIMHU BeEp-
TUKAIbHOI Ta TOPU30HTAJIBHOI MPOHUKHOCTI Ta iH-
mUMHA QITBTPAliHHAMHE ITapaMeTpamMu.

Jocnioxcyeani nopoou. ABTOpamMy OIpaIbo-
BaHO Marepiaiu nerporpadidyHoro ta nerpodizud-
HOTO BHUBYCHHS TOPII-KOJIEKTOPIB MPHOCHLOBOI 30HH
JuinpoBchKko-JlOHEIEKOT 3almaguHu, a caMe CBepi-
nosuH 701-bic 3axigno-1lebenuacrkoi miomi Ta 31
ITiBnenno-KomnoMansKo1 1101,

3axiono-Illebenuncoka naowia ceepoosuHa
701-bic (inmepean znubun 4929-5380 m). 3a na-
HUMH OYpiHHS Ta CTATUCTHYHOTO aHAIli3y BIACTHUBO-
CTel 3pa3KiB KepHa aBTOpaMH MOIMEPEeTHBO OyIo
BHJIJICHO iHTEPBaIH MOPiJT 3 KOJEKTOPCHKIMH BIIAC-
TUBOCTAMH (4940-4943 Ta 5202-5211 ™) [4]. [Tone-
penni pocmimxenHs B HHI «lactutyT reomorii» [12]
JOBETH, M0 BHUAIJICHI TOPOAW TPEACTAaBICHI HU3b-
koropuctumu (<10 %) Ta CcIaOKONPOHUKHUMU
(<1 m/l) mickoBMKaMu 3 IIAPYBaTOK) TEKCTYPOIO 3
MpOIIapKaMy CIIOMUCTHX Ta TIUHHCTAX MiHEpaiB,
a Takox Byructoi pedoBuHu. [llapyaticTs Ta Tpi-
HIMHYBATICTh y 3pa3kax opieHToBaHi mij KyTtoMm 70-
90° mo oci ceepmioBunu. llapyBaricTs mopiy Bisya-
JTFHO TPOSIBIISIETHCSI y 3MiHI BiITIHKIB MPOIIAPKIB,
[0 BUKJIUKAHO BIIMIHHOCTSAMH Y CKJIAJi Ta HasBHI-
CTIO CIIIONMUCTHX MiHepaiB. JlaHa ocoOnuBicTh €
OCHOBHOIO TPWYHHOIO aHi30TpPOIlii BIACTUBOCTEH
JOCHIJKYBaHHX 3pa3KiB, sIKa, 30KpeMa, POSIBISIETh-
cs1 y 3aikcoBaHii BIIMIHHOCTI 3HAYEHb TOPHU30HTA-
JbHOT Ta BEPTHKAJIBHOI MPOHUKHOCTI Ta €IEKTPHY-
HOTO OTIOpY.

Iligoenno-Konomayvka nnowia ceeponoeuHa
31, cepnyxiBChbKUH ApyC HIKHBOTO KapOOHY, iHTEp-
Ban mmmbuH 5290-5600 M. 3a maHuMHU pe3yibTariB
nociimkens B HHI «lHcTHTYT Teonorii» [12] mopo-
I 3 SBHAMH KOJEKTOPCHKMMHU BIIACTHBOCTSIMU
MpeJICTaBIICHI JBOMa THIIAMHU MiCKOBHKIB. Jlo mep-
IIOTO BITHOCSATHCSA CIFOIAMCTI CEPEeIHBO Ta JPIOHO-
3epHHUCTI MICKOBUKHM (iHTepBaj 3amsraHHs 5356—
5363 M) cBITIIO-CipOTO KOJBOPY, PIBHOMIPHOi TEKC-
TYpH 3 XBUISICTUMH CMY>KKaMU CTHIIONITOMIOMIOHNX
MPOXKWIKIB  OITYMOIZIHO-BYIICTOI PEYOBUHH Ta
IMHUCTO-BYIVIMCTUX BKIoueHb. LllapyBaricTs Hewi-
TKO TIPOSIBJIEHA, MOJOTOXBUJISICTOIIApYBaTa, MiCIs-
MU KOcoIllapyBara pi3HOCHPSMOBaHa, yTBOpEHA JIH-
CTYBaTUMH, HEPIBHOMIPHO PO3MOAIICHUMH TpOIa-
pOYKaMH, IO CKJIAACHi CIIOAMCTUM Ta BYIJIHCTO-
CIIIOIMCTUM MaTepiajioM, OpiEHTOBaHA JI0 OCi CBEp-
JUIOBMHH Tig kyTtom 70-85°. lleMeHT - mepeBakHO
KapOOHaTHO-IMMHHUCTUH. B ckitani mepeBaxae KBapil
— 30-40 %, caromga — 20-30 %, uement ~ 30%.

Jlo iHIIIOTO THITy HaJieKaTh KBapIOBI KPYITHO-
3€pPHHCTI MICKOBUKU Ciporo Koubopy (iHTepBan 3a-
nsraHas  5496-5502 m), piBHOMIpHOI TeKCTypH 3
IIOTaHO BHPAXEHOIO cMyTacTicTio. CMyTH YTBOPEHI

TITISTHKaMH TTOPOIH 3 IIEMEHTOM O1IBIII TEMHOTO KO-
JTHOPY 32 PaxXyYHOK HAsSBHOCTI B IIEMEHTI YOPHOI Op-
raHigyHol peyoBHUHU (OITyMOINiB), sSiKa y BHIVISAL YO-
PHHX MPOXKWIOK Ta APiOHUX BKIFOYEHH OTOUYE yia-
MKoBi 3epHa. lllapyBaricTh cyOmapasensHa Ta opie-
HTOBaHa mia kytom 70-80° mo oci kepny. ITopomn
ckianarotbes 3 50-60% 3epeH KBapily Ta KBapLUTIB,
35-45 % TIMHACTOTO IEMEHTY.

Memoouxa 0ocnidxycens. JlabopaTopHi TOCITI-
JOKEHHSI 3pa3KiB KepHa MPOBOAMWINCS B eTpodi3uy-
Hill maboparopii HHI «IHcTuTyT reomorii» KuiBch-
KOTO HaIllOHAIFHOTO YyHiBepcuTeTy iMeHi Tapaca
[leBuenka. BusHaveHni Ta npoaHanizoBaHi mapaMeT-
P IUISL eKCTparoBaHMX Ta HACHYEHUX MiHepalizo-
BaHuM po3uunHoM NaCl (mimepamizamis — 196 r/m)
3pa3KiB BKJIIOYAIOTh: 00’€MHY TyCTHHY, KOe(DIlli€eHT
BIJIKPUTOI TOPUCTOCTI, IMIBUAKICTh IO3TOBKHBOI
XBUWIIi, TATOMHAN €TEKTPUIHHUN OTIip, a TAaKOXK Koedi-
Ii€EHTH a0COMIOTHOI Ta30BOi MPOHHUKHOCTI Ta 3alld-
IIKOBOTO BOJOHACHYCHHSI.

st aHamizy aHi30TpOIi BIACTUBOCTEH JOCII-
JUKYBaHUX TIOpif, B TIEpIIy Yepry, MPOHHUKHOCTI,
3pa3Ku HWITIHAPUIHOI (OPMHU BHPI3ANHKCS 3 TUIAIIOK
KEepHa B JIBOX HaNpsMKax: MEPHEHIUKYISPHO Ta
B3JIOBXK OC1 KepHa, BUJTyYEHOTO 31 CBEpJIOBIUHH.

Koediuienrt anizorpormii nporukHocTi (Ia) Bu-
KOPHCTOBYETHCSI aBTOPAMU JJIsl BUPKEHHSI CTEICHI
HEOTHOPITHOCTI TIOPOIU Ta PO3PaxXOBYETHCS 3a Ha-
CTYITHUM PiBHSIHHSM:

IA = & , (2)
Kﬂp,B
Jlns BCTaHOBJIEHHS KOPEISIIMHOI 3aJeKHOCTI
MK 3HAQYEHHSIMHU BEPTHKAIBHOI Ta TOPU30HTAIBHOT
MPOHHUKHOCTI OyJI0 BUKOPHCTAaHO BEJIIMYHMHY CEpel-
HBOTO TiJpaBiiuHOro pajiycy (rm) [10], skuii pospa-
XOBYETbCS, SIK:

= ©
med

Ha npoHHUKHICTh HEOMHOPIAHUX TIIMHUCTHX IIi-
CKOBHKIB 3HAYHOIO MIpOI0 BIUIMBA€E XapakTep po3-
NoAiy MIMH. BpaxoByroun, 1o B JOCIHiIKyBaHUX
Mopozax HasiBHI B Pi3HiA Mipi INIMHUCTI MiHEpaJH,
JUTSE TIOOY/TOBHM OUTBIN CTIHKUX KOpENSALiHHUX 3alie-
KHOCTEH aBTOPH BpaxyBaJd TaKOX 00’ €MHY TIIMHU-

cricts [21]:

K
r.h,sh = (1- Krn) Knp~r (4)
med
ne K. — KoedillieHT TIMHUCTOCTI BHU3HAYECHWH 3a
JAHUMH rama KapoTaxy.

Tak sk gaHi TOCHIHKEHHS MOXYTh OyTH BHKO-
pPUCTaHUMHK TIPU NOOYAOBI T1IPOAMHAMIYHOI MOJei
POIOBHII Ta TPU IHKCHEPHUX PO3paxyHKax B Hag-
TOra30Bid MPOMHCIOBOCTI, ABTOPU OINEPYIOTh BU-
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3HaUCHHAM e(DEKTUBHOT MOPHUCTOCTI, IO PO3PAXOBY-
€ThCs 32 HOPMYJIOHO:
KHaefb - Kl‘l,B X (1_ K3B) ' (5)

ne K — KoedilieHT BiAKPUTOI MOPUCTOCTI 3pa3KiB,
BUMIPSHUA Ta30BOTIOMETPHYHAM METOmOM, Ki;
Koe(ili€HT 3aJUIIKOBOTO BOJOHACHYECHHS BU3HAYeE-
HUI METOIOM IIEHTpU(DYTYBaHHS.

J1a OLiHKHM BMICTY IJIMHHCTHUX MiHEpajiB, aB-
TOPH BHUKOPHCTAIH PE3YJIBTAaTH BUMIPIOBAHHS Trama
KapoTaXy B CBEPIUIOBHHAX IOCHTIKYBaHUX POIO-
Butl. [IpuB’s3Ka KEPHOBOTO MaTepiary 10 KapoTak-
HHUX KPUBHUX 3IIACHIOBAIACS 3iCTaBICHHSIM Koedimi-
€HTY BIIKPUTOI OPUCTOCTI BUMIipsSHOMY B jabopa-
TOpii Ta po3paxoBaHOMY 3a aKyCTUYHHUM Ta HEHUT-
pOHHUM KapoTakeM. Po3paxyHOK KoeillieHTy TiH-
HHUCTOCTI POBOJMBCS IMTOTOYKOBO 3a opmyroro Jla-
pionosa B.:

C., =(1.08x(a1y,)*)x0.85,  (8)
ne Aly; = M, Iy, Iy min, Iy max — IHTCHCHB-
Iymax 'IYmin

HICTh BTOPWHHOTO TaMMa-BHIIPOMIHIOBaHHS HAarpo-
TH IUTACTa, a TAKOK MiHIMAaJIbHA 1 MaKCHMajabHa 1H-
TEHCUBHICTb 10 PO3Pi3y CBEPATIOBUHH.

Ha muromwuii enekTpudHUi Omip TipCHKUX IIO-
Pl BILUTMBAE: €NEKTPONPOBIIHICTH MATPHILi, MiHepa-
JIi3allis PO34YMHY, 0 HACHYYE MOPOIU Ta KaTiOHHO-
oOMiHHA eMHICTh TTMH. He MeHII BakmuBuMH (ax-
TOpaMH € 3BHBHCTICTh MYCTOTHUX KaHAJIB, PO3MIp
Ta TUM TYCTOT, a TAKOXK TUI PO3MOALTY TIHMHUCTUX
MiHepaiiB [5]. BracHe Bij BiacTUBOCTEW IMyCTOTHO-
r0 MPOCTOPY 3AJICKUTH SK MUTOMHU ENeKTPHYHUI
OIIip, TaK i MPOHUKHICTh, TOMY aBTOpamMH OyJIO BH-
3HA4YEHO 1 aHI30TPOIIII0 EJIEKTPUIHUX BIACTHBOCTEH.

Koedimient enekrpudnoi aHi30Tpomii po3paxo-
BYBaBCS 32 PIBHSIHHSIM:

A= [P

p]'

ne A — KoeQilieHT eneKTPUIHOI aHi30TpoMii, ps Ta Pr

— MUTOMHH EJIEKTPUYHUHN OMip BUMIpPSHHUN Yy BEpPTHU-

KaJbHOMY Ta TOPU30HTAJIBHOMY HaIpsSMKax BiAIo-
BITHO.

Pe3ynomamu 0ocnioicens.

3axiono-Illebenuncoxa naowa. Ilerpodizmani
rmapamMeTpH, OTPHMaHi 3a JOITOMOTOI0 JTJA00paTOPHHUX
JOCTIIKEeHb KEpHA TIOPiJ], aHaNi3 SIKMX MPOBOIUTHCS
B IaHiil poOOTi, MAIOTh HACTYITH 3HAYCHHSI:

®  Koe(QiIli€HT BiAKPUTOI MMOPUCTOCTI TSI €KCT-
paroBaHux 3paskis 7,6 + 11,7 %;

* a0COJIOTHA Ta30Ba MPOHUKHICTH y TOPU30H-
TanpHOMYy HamnpsaMky — 0,074 + 1,075 m/1, y BepTu-
kanpHOMY HanpsiMky — 0,025 + 0,37 m/];

" UTOMUH ENEKTPUYHUI Omip HACHYCHUX
3pa3KiB y TOPHU3OHTAIFHOMY HampsmMky — 3,1 +
5,1 Om'M, y BepTHKaibHOMY Hampsmky — 4,1 +
8,6 Om'Mm;

®  KOCQILIEHT 3aJIUIIKOBOIO BOJOHACUYCHHS —
0,45 +0,76.

BukopucToBytouM 3Ha4YeHHS MPOHUKHOCTI B
TOPU30HTAIBHOMY Ta BEPTUKAIBHOMY HaNpsSMKax
aBTOpaMH BH3HAYEHO KOe(ilie€HT aHi30Tpomii mpo-
HukHOCTI (lA) mocmimkyBanmx 3paskiB (Tadm.l),
SIKU 3MiHIOETBCS B Mexax 0,49 + 5 y.0. V nBox 3pa-
3kax (NeNe 3 Ta 15), 3HaueHHS A MeHIT 3a OgWHM-
110, 1110 TOBOPHUTH NPO T€, L0 MPOHUKHICTh Y BEPTH-
KaJbHOMY HaIpsMKy Oinblla, HIK y TOPU30HTAJb-
HOMy. B permitu 3pa3kiB xoediiieHT aHizorporii Oi-
memmid 3a omuHUNIO (1,6-5 y.0.), TOOTO 3HAUEHHS
TOPU30HTANBHOI MPOHUKHOCTI BHILI 32 3HAYCHHS
BEPTUKAJIBHOI.

, ()

Tabnuys 1
Pesynbrartu Bu3HaueHHs Koe(illieHTa aHi30TpoIIii 3pa3kiB 3axigHo-11lebennHchKOT Mo
. 3naueHHs1 koediuieHTa aHi30Tpomii Ayl 3pa3KiB (IHTEpBaj, M Ta HOMeEp 3pa3Ka)
alﬁ;’gfp‘;‘ﬁf;o 4933-4935 4935-4944 5208-5211 5232-5239
’ 1 2 3 4 8 11 | 12 14 | 15 | 18 24
Ia 5 16 {095 1,79 - 22 | 242] 37 1049] 18 1,7
A 0,77 1087]106| 092 085|088 089 | 09 |]0,97] 09 0,9

Koedimient enexrpuynoi anizorporrii (Tadm.1)
3MiHIOEThCs B Mexkax 0,77 + 1,06 y.0. Y 3pazky Ne3
3HAUEHHS MMUTOMOTO EJIEKTPUYHOTO OTNOpPY Y BEPTH-
KaJbHOMY HampsMKy Oinblie, HK y TOPU30HTAb-
HOMYy (A > 1), a HaliMeHIIe 3HAYCHHS A - B 3pa3Ky Ne
1. B pemrtu 3paskiB A BapitoeTbes B Mexax 0,85 +
0,97 y.o.

OmuiHOI0YM OTpUMaHi pe3y/bTaTd BU3HAYECHHS
Koe(ilieHTIB aHi30TPOIIIi IO MPOHUKHOCTI Ta MUTO-
MOMY €JIEKTPUYHOMY OIOpY BCTAHOBJIEHO, IO B
3pa3kax NeNe 3 ta 15 MoxyTh OyTH HasIBHi BEpTHKa-

JIbHI TPILIMHY, TaK SK MPOHUKHICTH B BEPTHKAJILHO-
My HanpsMKy OUIbIIa HiXK B TOPHU3OHTAILHOMY, a
MUTOMUHN ENEeKTPUYHHUN OMip B BEPTHKAIHHOMY Ha-
NpSAMKY MEHIIMH HiXK B Topu3oHTaibHOMY. Haii6i-
TpIIUE KoediieHT aHizoTpomii B 3pa3ka NeNe 1, 1o
MOXE CBITYUTH PO TPAKTHYHY BiJICYTHICTH PYXY
¢uoigy y BepTHKaJIbHOMY HampsMKy B iHTepBasi
IIbOT'O 3pa3Ka.

[ToGynoBa 3aeXHOCTEH MK BEPTHUKAILHOIO i
TOPU30HTAIBHOI0 TIPOHUKHICTIO HE 3aBXIU Jae Oa-
KaHui pesyasrar (puc.l). YV mocmimkeHiid Koiekii
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KOCQIIIEHT KOpeNsMil I aHOl 3aJeKHOCTI — HE
critikuii (R?=0,46), ane, BUKOpUCTAaBIIU KoediLi-
€HT e(EeKTUBHOI MOPHUCTOCTI, aBTOpaM BAaynocs [5]

0,5
0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05
0

Kmp,B, MJ[

noOymyBaTH TiCHy KOpelsUiliHy 3anexHicts (R? =
0,87) MiX BEepTHUKAIHHOIO NMPOHUKHICTIO Ta Cepel-
HIM TiZpaBIiYHAM paaiycoM mopin (puc. 2).

Puc. 1.

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
Kmp,r, M/T

3aNexHICTh MK BEPTHKAIBHOIO Ta TOPH30HTAIBHOIO IPOHUKHICTIO
3paskiB 3axigHo-1llebennHCHKOI TUTOMII

0,8
0,7
0,6
0,5
0,4

0,3

Kmp.B, M/[

0,2
0,1

0
1,0 1,5 2,0

3,0 3,5 4,0 45

CepeaHiil TiIpaBIYHAI pajlyc

Puc. 2. 3anexHicTh MK BEpTHKaJIbHOIO MPOHUKHICTIO Ta CEPEAHIM TiAPaBIiYHUM pasiiycoM
3paskiB 3axigHo-1llebennHCchKOI TUTOMII

B pesynbrari JOCHIIKEHb I BU3HAYCHHS
3B 3Ky MIDK BEPTHUKAJIBHOIO Ta TOPHU30HTAIBHOIO
ITPOHUKHICTIO 3pa3KiB, a TAKOX MK KoedilieHTaMu
aHI30TpOIii eNeKTPUYHUX 1 (IIBTpaliiiHuX napame-
TpiB aBTOpamMu moOymoBaHi rpadiku (puc.l, 2) ix
3aJIeKHOCTI Ta BCTAHOBIICHI HACTYIHI KOpesLiiiHi
PIBHSHHS:

1. K, =0,4363xK}> 3R?=0,46;

4,47

K
2. K,,, =0,0011x| =™ | 3R?=087.
’ K

med

3. A=0,95691%° 3 R2 = 0,60;

Iligoenno-Konomayvka naowya. 3a pesynbTa-
TaMU JTA0OPaTOPHUX JOCHTIJKEHb KEpHY MeTpodi3u-
YHI TapaMeTPH MArOTh HACTYITHI 3HAYCHHSL:

* koe(imi€HT BiIKPUTOI MOPUCTOCTI JIISI KCT-
paroBaHuXx 3paskis 4,5 + 7,1 %);

* a0COJIOTHA Ta30Ba MPOHUKHICTh y TOPU30H-
TanpHOMY Hanpsamky — 0,006 + 0,65 m/l, y BepTuka-
npHOMY HanpsiMky — 0,024 + 0,44 m/1;

" [UTOMUH ENEKTPUYHUI Omip HACHYEHHX
3pa3KiB y TOPH3OHTAILHOMY HampsMKy — 4,2
7,1 OM'M, y BepTHKaJbHOMY HAmNpsMKy — 5 =+
10,7 Omm™;

*  KOeQILIEHT 3aJIUIIIKOBOIO BOJOHACUYCHHS —
0,18 +0,75.

3a pesynbTaraMM BH3HAUEHHsS aHi30TPOIIil
(Tabm. 2) BcTaHOBIEHO, MO [A 3MIHIOETBCS B MEXKax
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1,12 + 3,05 y.0. Ilopoau intepBany 5356-5363 m
XapaKTePU3YIOThCS BHIMMMHU TTOKa3HUKaMH Koediri-
€HTa aHizoTpomii mpoHUKHOCTI (2,5 + 3,05), mo

OB’ s13aHO, MOXKJIMBO, 3 HASIBHICTIO 3HAYHOI KIJIBKO-
CTI CITFOMUCTUX MiHEPAliB Ta MPOKUIIKIB OITYMOII-
HO-BYIJIUCTOI PEYOBUHU B 3pa3Kax.

Tabnuys 2
Pesynbprati Bu3HaueHHs KoedimienTa aHizorpomii ms opixa [lisnerro-Komomanpkoi miori
. 3naueHHst koedinieHTa aHi30TpoIii A7 3pa3KiB (IHTepBaj, M Ta HOMEp 3pa3Ka)
alﬁggggﬁnﬁ 5356-5363 5496-5502
T 3 4 5 6 14 15 18
Ia 2,5 2,93 2,51 3,05 1,12 2,47 1,34
A 0,81 0,89 0,87 0,83 0,91 0,88 0,95

3HadeHHA KOe(ili€HTY eJIeKTPUIHOI aHI30Tpo-
mii 3miHroeThest B Mekax 0,81 — 0,95 y.o. 3HaueHHs
MUTOMOTO EJIEKTPUYHOTO OIMOPY Y BEPTUKAIBLHOMY
HanpsMKy OUIbIIE, HIK Y TOpU30HTAIBHOMY (A > 1),
a iaTepBan 5356-5363 M xapakTepHu3yeThCS BULTIMH
MOKAa3HUKAaMH €IeKTPUYHOT aHI30TPOITil.

BcraHoBneHo, 110 BENWYHMHHU €IEKTPHUYHOI Ta
¢binpTpamiitHoi anizoTpomii anms Bcix 3paskiB Ilis-
nenHo-Konomanpkoi miomi MaroTh OlMK3bKi 3HAUCH-
HSl, [Ie XapaKTepU3y€e OMHOHAMPABICHICTh B iX (ilib-
TPAIfHAX BIACTUBOCTSX, a TAKOXK T€, IO PyX (Iro-
imy BimOyBa€ThCA MEPEBAKHO B TOPHU3OHTAILHOMY
HAIPSIMKY.

ABTOpamu 1moOynoBaHo rpadikd 3aJeKHOCTEH
MDK PO3IITHYTUMH NeTpo(i3MIHIMHU TTapaMeTPaMHU.
3a nmoOynoBanumMu rpadikamu (puc.3, 4) aBropamu
OTPUMAHO HACTYITHI KOPEJAIINHI 3aJIeHOCTI MiX
JOCIIKYBAaHUMH METPOodi3NIHIMH MTapaMeTPaMH:

1 K,,=07xK; R*=0,93;

mp,r !

4

4. A=0,947 %1% R?=0,56.

OLiHIOIOYH OTpHUMaHI KOPEJAIiHHI PIBHIHHS
BCTaHOBJICHO, 1[0 3B’A30K MK BEPTHUKAIBHOKI Ta
TOPU30HTATBHOIO TPOHUKHICTIO s 3paskiB lliB-
neHHo-Komomanpkoi tromi € HalTicHImuM (koedi-
ieHT Kopensiii craHoBuTh 0,93) (puc. 3).

J1s BcTaHOBJICHHS CTIMKOI 3alIeXKHOCTI MIK
BEPTHUKAIHFHOIO TPOHUKHICTIO Ta CEPEIHIM TiapaBIIi-
YHAM paJliycOM aBTOpaM{ aHAJIOTiYHO BPaxOBYyBa-
nacs 00’eMHa TIIMHKCTICTh MOPiA 3a PiBHSIHHAM (4)
(puc. 4).

Cymapnuit ananiz euguenusa anizomponii 00-
CNLiOIHCEHUX 3PA3KIE.

VY uisioMy, Mpu JOCIIIPKEHHI HAaBEICHHUX 3pa3-
KiB IIOpiJ], aBTOpaMy OTPHUMaHi JTOBOJI 3HAYHI BEIH-
YMHU TapaMeTpiB eleKTpu4yHoi Ta (inmpTpamiiHol
aHizorponii, ocobmuBo s mopix  3axigHo-
[[le6GenmmuCchKOi Mo Ta iHTepBany 5356-5363 M
ceepmioBuan 31 IliBnenHo-Komomarpkoi  mmori.
[MprymHa aHi30TPOMHOCTI PITBTPaLiHHUX Ta eNeKT-

K o :
- ) WYHUX BIACTUBOCTEH TMOSCHIOETHCS HASBHICTIO B
2. K_,=0,0015%| |—®L | :R2=0,73; p . . CTIO B
P. K, e BHBUCHHMX IHTEpBaJaxX CIFOAMCTHX MiHEpaiiB, sKi
me
‘o MalOTh TOPHU30HTAJIBHO PO3TANIOBAaHE 3aJITaHHS
K ’ (TOOTO TEepenIKOKAIOTh MPOXOLKEHHIO (UII0iTy Y
o p,r . :
3. K. = 0,0106><(1-Km)>< a ; BEPTHKAILHOMY HaprIMKy), a TaKOX IIapyBaTiCTIO
meh Ta TPIIIUHYBATICTIO MOPIi/l B3IOBX HAIIAPYBaHHS.
R?=0,86;
0,5
0,45 °
0,4
035
= ®
= 03
M 0,25 e
E o2
0,15
0,1
0,05
0
0 0,1 0,2 03 0,4 05 0,6 0,7
Kmp.r, M

Puc. 3. 3B’30K Mi>K TOPH30HTAJILHOIO T4 BEPTHKAIHHOIO MPOHUKHICTIO
3pa3kiB [liBneHHO-Komomariskoi mromnti
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0,5
0,45
0,4
0,35
03
0,25
0,2
0,15
0,1
0,05
0
1,0 1,5 2,0

Knp, B M/

2,5 3,0 35 4,0

1'h,sh

Puc. 4. 38’30k M) BEpTHKAIFHOIO MPOHUKHICTIO Ta CEPEIHIM T1IPaBIIYHIM PaiycoM
3 BpaxyBaHHAM 00’ eMHOT TTUHUCTOCTI 3pa3kiB [liBnenno-Komomarpkoi mrori

[lpu cymapHoMy anami3i JaHWX aBTOpaMHu
OTpUMaHi pIBHSHHSA 3 TICHUM KOPEJAIiiHIM
3B’SI3KOM (pHC. 5, 6), 32 AIKUMH MOXKHA 3MOJICITIOBATH
BEPTUKAIBHY IPOHHUKHICTH JJIS TIOPiJ-KOJIEKTOPiB
JTOCIIKYBaHUX POIOBHII IPpHOCkoBOi 30HU [1J[3 3a
3HAYCHHSMHU TOPH30HTAIBHOI MMPOHUKHOCTI Ta ede-
KTUBHOI IOPUCTOCTI:

1. K,,=0,58xK"3R?=0,71;

4,2

KH r
2. K,,, =0,0013x| [~ | _R=078.
’ K

med

Iheanacho P., Tiab D. ta Zahaf K. ta iHmi B
CBOIX JOCHI/DKEHHSIX BIIEpIIE TPOBEIH KOPEISAIII0
MK BEPTHUKAIBHOIO MPOHUKHICTIO Ta CEPEeHIM TiJI-
paBIiYHAM pazaiycoM (piBHSHHS 1) AJisi TICKOBHKIB,
B AKHX TIepeBaXkac MiXK3epHOBa TIOPHUCTICTh OacelHy
Lmnmizi Amkupy Ta OaceitHy piuku Hirep, Hirepis
[10, 21]. HocmimHUKaM# BCTAHOBJICHO, IO CTATHC-
TH4HI KoedimieHTH B piBHsHHI (1) CTaHOBIATH A:

0,7

'

0 0,2 0,4

'

Bix 0,04 1o 0,05; B: Bing 2 no 2,5. B orpumanux as-
TOpaMU KOPEISAIIHHIX PIBHSHHAX IS JTOCIIIKYyBa-
HUX POAOBHUI MPHOCHOBOi 30HU JIJI3 crarmcruyHi
KoedilieHTH 3HaXomAThcst B Mekax: A: Bim 0,0011
mo 0,0015 ta B: Big 4 mo 4,5. Ha mymKy aBTOpiB Ta-
Ka PI3HUIIA TIONATaE B TOMY, IO KOe(iIlieHTH PiB-
HsHHA (1) 3amexarh BijJ JITONOTIYHUX OCOOIHMBOC-
Tel mopix (po3noAiay Ta THUIY IJIMHUCTHX MiHepa-
JiB), a TAKOXK BiJ CTPYKTYPH ITyCTOTHOTO MPOCTOPY,
a PO3MISIHYTI B CTAaTTi 3pa3Kd € CKJIaJHOMNOOYI0Ba-
HUMH TIOPOJIaMH 3 ITHOOKO3aJISITal0uuX TOPHU3OHTIB.

ABTOpaMH B TOJANBIIMX JOCIIDKEHHIX IUIa-
HY€ThCS BCTAaHOBHUTH, 3B’S30K JaHHUX KOEQIIi€HTIB
BiJ] TUITY Ta MyCTOT B MOPO/AaX-KOJIEKTOpax.

Bucnoexu. BuxopuctoByroun 1aHi saboparop-
HHX JIOCJI/UKEHb MPOHUKHOCTI Ta MATOMOTO €JIEeKT-
PUYHOTO OTMOPY B TOPU3OHTAILHOMY Ta BEPTHKAIb-
HOMY HamlpsIMKax aBTOpaMu po3paxoBaHo Koedirlie-
HTH eJIeKTPUYHOI Ta (imbTparmiifHol aHi3oTpomii 10-
CJIIJDKYBaHUX TOPII.

0,6 0,8 1 1,2

Kmp,r, m/]

Puc. 5. 38’30k Mk TOPH30HTAIBHOIO Ta BEPTHKAJILHOKO MPOHUKHICTIO IS AOCTIIKSHUX OPIA-KOJICKTOPIB
ITiBnenno-Konomaiibkoi Ta 3axigHo-111e6e1nHChKOT IIIOIT
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1,0 1,5 2,0

3,0 3,5 4,0 45

CepeaHiil TiIpaBIYHAN pajlyc

Puc. 6. 3anexxHiCTh MK BEPTUKAIHHOIO MTPOHUKHICTIO Ta CEPETHIM TiApaBIidHAM PafiyCcoM IS AOCHiIKe-
HuX nopia-konekropis IliBnenno-Komomarpkoi Ta 3axigHo-11le6ennHChKOT o

BugineHo 3pa3ku, B SKUX HasBHI BEpPTHUKaJIbHI
TPIIIMHA, a TaKOX B SKUX Maibke BIICYTHIH pyx
(roiniB 'y BEepTHKATBFHOMY HAmNpsSMKY. ABTOpaMH
HaBeJCHa MOXKIIUBICTh BHU3HAYCHHS KoedilieHTa
TOPHU30HTAIBHOI YA BEPTHKAIBHOI MMPOHUKHOCTI 4e-
pe3 KoeillieHTH aHi30TPOMil eNeKTPUIHUX 1 (iTbT-
pauiifHuX mapaMeTpiB.

ABTOpaMHM  TOKa3aHoO, WI0  KOpeNALidiHuN
3B 30K MDK BEPTHUKAJIBHOIO Ta TOPU30HTAIBHOIO
MPOHMKHICTIO, HE y BCIX BHIMAAKAX € TiCHUM. Buko-
pHUCTaBIIM TapaMeTp CEepelHbOrO0 TiAPaBIIYHOTO
pazaiycy, OTpUMaHO eMIIipuYHe PiBHSHHS, 32 JOIO0-
MOTOIO SIKOTO BU3HAYCHO BEPTUKAJIbHY NMPOHUKHICTH

Yyepe3 TOPU3OHTANbHY TPOHUKHICTE Ta e(eKTUBHY
MTOPHUCTICTB.

OTpuMaHO PIBHSHHS, SIKI MOXYTh BHKOPHCTO-
BYBaTHCSl Ul PO3PaxyHKy 3Ha4€Hb BEPTHUKAIBHOI
MPOHUKHOCTI IS 3pa3KiB iHTEpPBANIB MOPif Cepe-
HBOTO Ta HIKHBOTO KaM’STHOBYTJTBHOTO KOMIUIEKCIB
3axigHo-11lebemnucekol Ta IliBnenno-Komomaibkol
101 ITPHOCHhOBOI 30HU JI/13.

[lpn momanmpmIMX JOCHIUKEHHAX aBTOPaMH
TUTAaHY€EThCS JOCHIAUTH aKyCTHYHY aHi30TpOIIiI0
JIOCJTIIJPKYBAHUX TIOPIJ JJisi BCTAHOBJICHHS 3B’S3KIiB
MK aHI30TPOMI€H0 aKyCTHYHHX Ta (iIBTpamiiHAX
BJIACTHBOCTEW (M1 BU3HAYEHHS PO3MOALTY TPIllUH
Ta MyCTOT 32 IEBHUMH HAINPSIMKAMH).

Jimepamypa
1. Enhanced reservoir description: using core and log data to identify hydraulic (flow) units and predict permeability
in uncored intervals/wells / [J. O. Amaefule, M. Altunbay, D. Tiab ma in.]. // SPE annual technical conference and

exhibition. Society of Petroleum Engineers. — 1993.

2. Anuxees []. Il. Onpedenenue aHu30mponuu NPOHUYAEMOCIU RO PE3VIbIMAMAM SUOPOOUHAMUYECKUX UCTEO0BAHUL
cksaocun / J. I1. Anuxees, T. H. L[[acan-Manoocues. // Akmyanvhvle npodnemsl Hegpmu u 2aza. — 2018. — Ne2|.
3. Measuring permeability anisotropy: The latest approach / [C. Ayan, N. Colley, G. Cowan ma in.]. // Oilfield Re-

view. — 1994, — Ne6. — C. 24-35.

4. bespoona I M. Oyinka KOneKMOPCobKUX

eracmusocmeltt

MepuseHHUx  Nopio  MOCKOBCbKO20

apycy

3axiono_Illebenuncvroi niowi na ocnosgi oanux nempogpizuxu / 1. M. bespoona, B. B. Aumowniok. // Bicnux Kuisco-
Ko2o ynieepcumemy. I'eonocis. — 2018. — Ne§1. — C. 34-38. https://doi.org/10.17721/1728-2713.81.05

5. Bespoona I. M. Ananiz awnizomponii erekmpuunux ma @irempayitHux eiacmusocmeil YWilbHeHUX MnNopio-
KOAEeKMOopie MOCKo8cbko2o apycy 3axiono- [lleberuncokoi naowi / I. M. bBe3poona, B. B. Aumoniox, A. B. [llunxa-
penxo. // XV Miscnapoona xougepenyis: «l eoingpopmamuxa: meopemuuni ma npuxiadui acnexmuy. — 2018.

https://doi.org/10.3997/2214-4609.201801763

6. Darling T. Well logging and formation evaluation / Toby Darling., - Elsevier, 2005. — 336 c.

7. On the relationship between resistivity and permeability anisotropy / D. Georgi, A. Bespalov, L. Tabarovsky,
J. Schoen. // SPE Annual Technical Conference and Exhibition. — 2002. https://doi.org/10.2523/77715-MS

8. 0006€HHOCI’I1M U3y4eHus d)uﬂbmpaquHHblx XapakmepucmuKk OpUeHmupoeanHoc0 KepHa CHOAHCHONOCMPOEHHbIX
xkapbonamuuix konrexkmopos / U. I1. I'ypbamosa, B. B. [Inomuuxos, H. A. Ilonos, H. A. Cvicoes. // Becmuux I[lepm-
CKO20 HayUuoHAajJ1IbHO2O UCCIe008aAMENbCKO20 NONUMEXHUYECKO20 YHUsepcumemada. FEOJlOZuﬂ, Hed)mezcwoeoe u 2opHoe

oeno. — 2013. — Ne9.

9. Hagiwara T. To estimate permeability anisotropy from resistivity anisotropy / Teruhiko Hagiwara. // Society of Ex-
ploration Geophysicists. — 2016. — C. 5693-5697. https://doi.org/10.1190/seqgam2016-13174233.1

-48 -


https://doi.org/10.17721/1728-2713.81.05
https://doi.org/10.3997/2214-4609.201801763
https://doi.org/10.2523/77715-MS
https://doi.org/10.1190/segam2016-13174233.1

BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

10. Iheanacho P. Vertical-Horizontal Permeability Relationships for Sandstone Reservoirs / P. lheanacho, D. Tiab, A.
Igbokoyi. // SPE Nigeria Annual International Conference and Exhibition, 6-8 August, Lagos, Nigeria. — 2012. —
Mel. — C. 1-8. https://doi.org/10.2118/163011-MS

11. Irayani Z. Permeability anisotropy of layering rock model / Z. Irayani, U. Fauzi, F. Latief. // AIP Conference Pro-
ceedings. — 2015. — Ne/656. https://doi.org/10.1063/1.4917135

12. Ilepcnexmusu nagmocazonocHocmi OiISIHOK NIGHIYHO20 OOpmMYy ma NiGOeHHO-CXIOHOI npubopmoeoi uacmunu
Hninposcovro-Honeywvkoi sanadunu / [O. M. Kapnenxo, C. €. [llniokos, I. B. Bipuwuno ma in.]. — Kuis: 36im 3 H/IP,
2011. - 129 c.

13. Komsaxos @. H. Qusuka negpmsanuvix u 2azosvix koarekmopos / Peoop Heanosuy Komsaxoe. — Mockea: Hedpa, 1977.
— 288 c.

14. Macnos b. I1. Jlucnepcus u pacceanue ynpyaux 6011 8 mpewjuHosamou ceonoeudeckoil cpeoe / b. I1. Macnos, I'. T.
Ilpooaiisooa. // 'eopusuueckuii scypran. — 1999. — Ne20. — C. 47-55.

15. Ilpooatieoda I'. T. Hogbiil Mmemo0 mamemamuieckozo MOOeIuposanus 3h@PexmusHol npOHUYaemMocmu KapooHam-
noix konexkmopos / I. T. Ilpooaiisooa, Y. M. Baiticaposuy, . H. Bespoonas, T. I'. IIpooatisoda. // I'eopusuueckui
arcypran. — 2008. — Ne30. — C. 118-124.

16. Rasolofosaon P. N. Comparison between permeability anisotropy and elasticity anisotropy of reservoir rocks / P. N.
Rasolofosaon, B. E. Zinszner. // Geophysicis. — 2002. — Ne67. — C. 230-240. https://doi.org/10.1190/1.1451647

17.Shedid S. A. Vertical-horizontal permeability correlations using coring data / Shedid A. Shedid. // Egyptian Journal
of Petroleum. — 2019. https://doi.org/10.1016/j.ejpe.2018.12.007

18. Cuexos E. M. Onvim memoouueckux uccie008aHull mpeujuHHblX KOJLIeKMopos Hepmu U 2a3a u nymu ux npakmuye-
ckoeo npumenenusi / E. M. Cuexos, U. U. I'opronos, E. C. Pomm. — JI.: 'ocmonmexuzoam: Tp. un-ma BHUHUI PU,
1959. - 52 ¢

19. Modeling core-scale permeability anisotropy in highly bioturbated “tight oil” reservoir rocks / [N. Solano, M. So-
roush, C. Clarkson ma in.]. // Computational Geosciences. — 2017. — No2l. — C. 567-593.
https://doi.org/10.1007/s10596-017-9635-2

20.Tiab D. Petrophysics Theory and Practice of Measuring Reservoir Rock and Fluid Transport Properties 4th Edition
/ D. Tiab, E. C. Donaldson. - Gulf Professional Publishing, 2015. — 918 c.

21. Zahaf K. Vertical permeability from in situ horizontal measurements in shaly-sand reservoirs / K. Zahaf, D. Tiab. //
Journal of Canadian Petroleum Technology. — 2002. — Ne4]. https://doi.org/10.2118/02-08-01

BHecok aemopie: eci asmopu 3pobusu pieHUli BHECOK y Ut pobomy.

UDC 550.839

Iryna Bezrodna,
PhD (Geology), Senior Researcher, Deputy Director of Institute of Geology,
Taras Shevchenko National University of Kyiv,
90 Vasylkivska Str., Kyiv, 03022, Ukraine,
e-mail: bezin3@ukr.net, https://orcid.org/0000-0002-6835-5276;
Vitalii Antoniuk,
PhD Student of the Department of Geophysics,

Institute of Geology, Taras Shevchenko National University of Kyiv,
e-mail: vitaliantoniuk@gmail.com, https://orcid.org/0000-0002-9741-209X;
Oleh Oliinyk,

Chief specialist of well logging data interpretation sector,
Department of Geophysics, PJISC “Ukrgasvydobuvannya”, 26/28 Kudriavska St., Kyiv, 04053, Ukraine,
e-mail: orve@ukr.net, https://orcid.org/0000-0002-1568-8392

ANALYSIS OF FILTRATION AND ELECTRICAL PROPERTIES ANISOTROPY OF
TERRIGENOUS RESERVOIR ROCKS (FOR DDB AXIAL ZONE RESERVOIRS)

The paper focuses on the filtration and electrical anisotropy coefficients and relationship between verti-
cal and horizontal permeability in sandstone reservoir rocks.

Field case study of DDB reservoir rocks. Petrophysical properties and parameters are estimated from
core and log data from a Moscovian and Serpukhovian stages of Dnipro-Donetsk Basin (West-Shebelynka
area well 701-Bis and South-Kolomak area well 31).

Routine core analysis included estimation of absolute permeability, open porosity, irreducible water sat-
uration and electrical resistivity (on dry and saturated by mineralized solution) of 40 core samples along two
orthogonal directions. Shale fraction is estimated using well logging data in wells which are analyzed.
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The authors report that reservoir rocks are represented by compacted poor-porous (¢ <10 %), low per-
meable (k<1mD) laminated sandstone with different ratios of clay minerals (Vs, from 0,03 to 0,7) and high
volume of micaceous minerals (in some cases 20-30 %).

Research theory. One of the main objectives of the work is to develop empirical correlation between
vertical permeability and other capacitive and filtration properties for compacted sandstone reservoirs. A
modified Kozeny-Carman equation and the concept of hydraulic average radius form the basis for the tech-
nique.

Results. Coefficients of the anisotropy of gas permeability (1a) and electrical resistivity (A) are defined
based on the results of petrophysical studies. The experiments proved that I lies in a range from 0,49 to 5
and A from 0,77 to 1,06. Permeability and electrical resistivity anisotropy in most cases have horizontal dis-
tribution.

It has been shown that in West-Shebelynka area sample Nel (depth 4933 m) there is probably no fluids
flow in vertical direction and in samples NeNe3 and 15 fractures have the vertical orientation.

We have also found that the values of electrical and filtration anisotropy for all samples of South-
Kolomak area are similar, this characterized the unidirectionality in their filtration properties, as well as the
fact that the motion of the fluid flow mainly in the horizontal direction.

In the studied rocks the degree of anisotropy has been concluded to depend on the volume of clay and
micaceous minerals, their stratification, fractures, density, and their orientation.

New correlation between vertical permeability, horizontal permeability and effective porosity are devel-
oped for Late Carboniferous DDB intervals that are analyzed.

Keywords: reservoir rocks, filtration properties, anisotropy of petrophysical parameters, vertical and
horizontal permeability.

Reference

1. Amaefule, J. O., Altunbay, M., Tiab, D., Kersey, D. G., & Keelan, D. K. (1993). Enhanced reservoir description: us-
ing core and log data to identify hydraulic (flow) units and predict permeability in uncored intervals/wells. In SPE
annual technical conference and exhibition. Society of Petroleum Engineers. https://doi.org/10.2118/26436-MS

2. Anikeev, D. P., & Tsagan-Mandzhiev, T. N. (2018). Determination of permeability anisotropy from hydrodynamic well
testing studies. Aktualnye Problemy Nefti i Gaza, 2(21). https://doi.org/10.29222/ipng.2078-5712.2018-21.art15 [In
Russian].

3. Ayan, C., Colley, N., Cowan, G., Ezekwe, E., Wannell, M., Goode, P., & Halford, F. (1994). Measuring permeability
anisotropy: The latest approach. Qilfield Review, 6(4), 24-35.

4. Bezrodna, 1., & Antoniuk, V. (2018). Estimation of Moscovian Stage West-Shebelynka area clastic sedimentary rock
reservoir properties using laboratory petrophysical data. Visnyk of Taras Shevchenko National University of Kyiv:
Geology, 2(81), 34-38. https://doi.org/10.17721/1728-2713.81.05 [In Ukrainian].

5. Bezrodna, I., Antoniuk, V., & Shynkarenko, A. (2018). Analysis of electrical and filtration properties anisotropy of the
compacted reservoir rocks of Moscovian stage (West-Shebelynka area). In 17th International Conference on Geoin-
formatics-Theoretical and Applied Aspects. https://doi.org/10.3997/2214-4609.201801763 [In Ukrainian].

6. Darling, T. (2005). Well logging and formation evaluation. Elsevier.

7. Georgi, D., Bespalov, A., Tabarovsky, L., & Schoen, J. (2002). On the relationship between resistivity and permeabil-
ity anisotropy. In SPE Annual Technical Conference and Exhibition. Society of Petroleum Engineers.
https://doi.org/10.2523/77715-MS

8. Gurbatova, I. P., Plotnikov, V. V., Popov, N. A., & Sysoev, I. V. (2013). Peculiarities of filtration characteristics re-
search of the oriented core from complex carbonate reservoirs. Perm Journal of Petroleum and Mining Engineering,
(9). http://dx.doi.org/10.15593/2224-9923/2013.9.9 [In Russian].

9. Hagiwara, T. (2016). On estimation of permeability anisotropy from resistivity anisotropy. In SEG Technical Program
Expanded Abstracts 2016 (pp. 5693-5697). Society of Exploration Geophysicists.
https://doi.org/10.1190/segam2016-13174233.1

10. lheanacho, P. C., Tiab, D., & Igbokoyi, A. O. (2012). Vertical-Horizontal Permeability Relationships for Sandstone
Reservoirs. In Nigeria Annual International Conference and Exhibition, 6-8 August, Lagos, Nigeria (pp. 1-8). SPE.
https://doi.org/10.2118/163011-MS

11. Irayani, Z., Fauzi, U., & Latief, F. D. E. (2015). Permeability anisotropy of layering rock model. In AIP Conference
Proceedings (Vol. 1656). AIP Publishing. https://doi.org/10.1063/1.4917135

12. Karpenko, O. M., Shniukov, S. Y., & Virshylo, I. V. (2011). Prospects for oil and gas bearing areas of the northern
board and south-eastern submerged part of the Dnipro-Donets depression. Zvit z NDR, Kyiv. [In Ukrainian].

13. Kotiakhov, F. 1. (1977). Physics of oil and gas reservoirs. Nedra. Moskow. [In Russian].

14. Maslov, B. P., & Prodaivoda, H. T. (1999). Dispersion and scattering of elastic waves in a fractured geological en-
vironment. Geophysical Journal, 20(2), 47-56. [In Russian].

15. Prodaivoda, H. T., Baisarovych, I. M., Bezrodna, I. M., & Prodaivoda, T. H. (2008). A new method for mathematical
modeling of carbonate collectors effective permeability. Geophysical Journal, 30(1), 118-124. [In Russian].

-50-


https://doi.org/10.2118/26436-MS
https://doi.org/10.29222/ipng.2078-5712.2018-21.art15
https://doi.org/10.17721/1728-2713.81.05
https://doi.org/10.3997/2214-4609.201801763
https://doi.org/10.2523/77715-MS
http://dx.doi.org/10.15593/2224-9923/2013.9.9
https://doi.org/10.1190/segam2016-13174233.1
https://doi.org/10.2118/163011-MS
https://doi.org/10.1063/1.4917135

BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

16. Rasolofosaon, P. N. J., & Zinszner, B. E. (2002). Comparison between permeability anisotropy and elasticity anisot-
ropy of reservoir rocks. Geophysics, 67(1), 230-240. https://doi.org/10.1190/1.1451647

17. Shedid, S. A. (2019). Vertical-horizontal permeability correlations using coring data. Egyptian Journal of Petrole-
um. https://doi.org/10.1016/j.ejpe.2018.12.007

18. Smehov, E. M., Gorjunoy, I. I., & Romm, E. S. (1959). Opyt metodicheskih issledovanij treshhinnyh kollektorov nefti
i gaza i puti ih prakticheskogo primenenija. Tr. VNIGRI, (144). [In Russian].

19. Solano, N. A, Soroush, M., Clarkson, C. R., Krause, F. F, & Jensen, J. L. (2017). Modeling core-scale permeability
anisotropy in highly bioturbated “tight oil” reservoir rocks. Computational Geosciences, 21(3), 567-593.
https://doi.org/10.1007/s10596-017-9635-2

20. Tiab, D., & Donaldson, E. C. (2015). Petrophysics: Theory and Practice of Measuring Reservoir Rock and Fluid
Transport Properties: Fourth Edition. Elsevier.

21. Zahaf, K., & Tiab, D. (2002). Vertical permeability from in situ horizontal measurements in shaly-sand reservoirs.
Journal of Canadian Petroleum Technology, 41(08). https://doi.org/10.2118/02-08-01

-51-


https://doi.org/10.1016/j.ejpe.2018.12.007
https://doi.org/10.1007/s10596-017-9635-2
https://doi.org/10.2118/02-08-01

Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

VIIK 549.621.2.01/02(477.8:292.452)

Japuca Bonooumupisna I'enepanosa,
K. T€OJ. H., IOLEHT, Kadeipa 3arajJbHO1 reosorii Ta perioHaIbHOI Te0JI0Tii, TeOTOTIYHUN (QaKyIbTeT,
JIbBiBCBHKMIA HaliOHANBHUN YHiBepcUTeT iMeHi [Bana Ppanka,
By:1. [ pymescekoro, 4, m. JIpBiB, 79005, YkpaiHa,
e-mail: gen_geo@i.ua, https://orcid.org/0000-0002-6033-6556;
Bonooumup bopucosuu Cmenanoe,
K. TEOJI-MiH. H., JIOIIEHT, Kadenpa mnerporpadii, reoJoriaHuil GpaKyIbTeT,
JIbBiBCHKMIA HallIOHATLHUHN YHIBepcHUTeT iMeHI IBana dpanka,
e-mail: vbstepanov23@gmail.com, https://orcid.org/0000-0003-0577-8682;
Hamanin Teooopiena binuk,
ACHCTEHT, Kadenpa MiHepaJorii, Te0JOTYHUHN (aKyIbTeT,
JIbBiBCBHKMIA HalliOHABHAUN YHiBepcUTET iMeHi [Bana Ppanka,
e-mail: natbilik@i.ua, https://orcid.org/0000-0002-9684-195X;
€ezenia Mapmunisna Cnuexo,
K. T€OJI-MiH. H., JIOTIEHT, Kadeapa eKOJIOTIYHOI Ta IHKEHEPHOI Te0IIOTii 1 TiIporeoorii,
reonoriunuii pakyneret, JIbBIBCHKUI HAIlIOHANLHUK yHIBEpcUTeT iMeHi IBana @panka,

e-mail: emslivko@i.ua, https://orcid.org/0000-0002-2731-0602

CEPIHEHTUHMU - UTHANKATOPU METAMOP®IYHUX I TEOAUHAMIYHUX ITIEPETBOPEHbD
ME3030MCHhKUX NEPUJIOTUTIB BHYTPIIIHIX YKPATHCHKHUX KAPIIAT

B npayi euxnaoeni pesynomamu 00CHiOHCeHHA CEPREHMUHI308AHUX ANONEPUOOMUMIE 0PIONIMOB020 Y20NbCbKO2O KOMNILEKCY
Brympiwnux Yxpaincoxux Kapnam. [lpays epynmyemvcs Ha 0aux 2eon02iuHo2o cnocmepedicents 6 cepedrit meuii p. Tepeoni ma
nabopamopHux aunanizax. Posensnymo mamepianu nempozpaghiuno2o, MiHepano2iuHoz20, peHmeeHOCmMpyKIMypHO20, MepmMo8azo8020
ma MiKpo30H0068020 eusyenHs cepnenmunie. CepeOHbompiaco8o-HUNCHLOKDEUO0si (?) cepnenmunizoeani anonepuoomumu ymeo-
PIOIOMb ONICMONIMU 8 HUICHLOKPEUOOBIU COUMYNbCLKIN ONICIOCHMPOMOBO-KOHSIOMEPAmMOositl moeuji. Bugueni cepnenmunu € nopo-
OOMGIpHUMUY  MiHepanamy Li3apOumosux i aHMuU2OpUmMosux cepneHmunimis. JIizapoumosi cepneHmunimu Marmoy aiH308UOHO-
nemenvyacmi mexcmypu, npeoCmasieHi Q-1i3apoumamu 3 XpOMwniHenioamu 3a nio8UweHoi XpomMucmocmi i 2IUHO3eMUCOCMi npu
Menwioi 3aniz3ucmocmi. AHmu2opumosi cepneHmuHimu po3nisHaloMevCs 3a CMY2aCMO-CLAHYIOBAMUMU MEKCIMYPAMU, CKAA0A0MbCs 3
[-nizapoumis, anmicopumis, macnemumy. Jlizapoumosi cepneHmuHimu XapakmepHi 015 pecpecusHo20 Memamop@iamy 6epxia 3eie-
Hocaanyeeoi gayii. Anmueopumosi cepnenmunimu € MUnNOBUMU YMEOPEHHAMU NPOZPECUBHO20 MemamMop@iamy HU3i6 3ereHocianye-
801l — 8epxie enidom-amioonimosotil gayiil. Peepecusnuii memamopghizm 0y6 peanizoganuti 8 2e00UHAMUYHIL 0OCMAHO8YI CNPeOUH-
2y. Ilpoepecusnuii memamopghizm npoxoous y cy60ykyionnux ymosax midxc mepetinamu Jaxis i Tucis, ski npuzeenu 00 3aKpummsi
Tpancunveancvko-Mypecbkoeo naneooxeany. JIizapoumosi cepnenmuHimu Maiomes nepeuHHO-MaHmiliHi RPOMOoimu yiompaoCcHO8HO-
20 (pecmumo6ozo) ckaady. AHmuopumosi cepneHmunimu XapaKmepusylomycs 1imoc@epHumuy npomonimamu 0CHO8HO20 CKAAOY.
Buguenns cepnenmunimie anonepuoomumis y2oibCbko2o KOMNIEKCY, € iHPopMamusHum 015 3 ACy8anHs MemamopQivHux nepemeso-
PeHb BUXIOHUX NEePEUHHO-MAHMIHUX NPOMONIMIE | 6CMAHOGIEHH CMAJIIHOCMI POPMYBAHHS TIMOcPepu CKAAOYACMO-NOKPUSHUX
cnopyo.

Knrwuoei cnoea: Bnympiwns 3ona Cxionux Yxpaincokux Kapnam,; nepuoomumu, cepnenmunu,; o- i f-1i3apoumu, anmueopum.

JI. B. I'enepanoea, B. b. Cmenanos, H. T. Bunvik, E. M. Cnuexo. CEPIIEHTHHbI — HH/[UKATOPbI METAMOP®H-
YECKHX H I'EQQHHAMHYECKHX ITIPEOFPA30BAHHH ME3030HCKHX IIEPH/JOTHTOB BHYTPEHHHX YKPA-
HHCKHX KAPIIAT. B pa6bome u3nodcenvl pe3yibmamol U3YHeHUs CEPREHMUHUSUPOBAHHBIX anoONnepudomumos opuoiumoso2o
yeonvckozo Komniekca Buympennux Yikpaunckux Kapnam. Paboma ocnosana na OanHbIX 2e0102U4eCKUX HAOMIOOeHUll 6 cpeoHem
meuenuu p. Tepebna u nabopamopuvix ananuszax. Paccmompenvi mamepuansl nempozpaguuecko2o, MUHEpAno2UIecKo20, PeHmeeHo-
CMPYKMYPHOR0, MEPMOBECO8020 U MUKPOZOHO0B020 UCCTIe08aHUll cephermunos. CPeOHempuaco60-HudiCHeMenosble cepneHmunu30-
6aHHble AnONepuOOMuUmysl 00PA3VION OAUCHOIUMbL 6 HUICHEMELOBOU COUMYNLCKOU OAUCTNOCIPOMOBO-KOH2IOMEPAMOBOL Moauye.
H3yuennvie cepnenmunul AIA10MC NOPOO0OOPAZVIOUWUMYU MUHEPATAMYU TUAPOUTNOBLIX U AHMULOPUMOBLIX cepnenmunumos. JIuza-
POumosbvle cepneHmuHumyl UMelom NUH308UOHO-Nemenbuacmble MeKCHypbl, NPeOCmasieHbl Q-U3apoumamu ¢ XpOMUnUHETUOaMu
npuU NOBLIUEHHOU XPOMUCIIOCIU, 2IUHOZEMUCIIOCIU U NOHUMICEHHOU Jicene3ucmocmuy. Anmueopumogsie cepnenmunumyl pacnosia-
10MCsl NO NONOCHACMO-CAAHYEBAMbBIM MEKCMYPAM, COCMOSAM u3 S-1u3apoumos, aHmuzopumos, mazvemuma. Jluszapoumosvie cep-
NEeHMUHUMbl XapakmepHul 01 Pecpeccu8rHO20 Memamoppuma 6epxos 3e1eHoCIanyesoll gayuu. Anmueopumossle cepneHmuHumsl
AGHAIOMCA  MUNUYHBIMU — 0OPA308AHUAMU — NPOSPECCUBHO20 MEMAMOPQUIMA  HU306  3€1eHOCIAHYeBOl — B8epXo8  INUOOm-
amgpubonumosoi payuii. Peepeccushvitl Memamoppusm peanusosan 6 2e00UHAMUYEcKol oocmanoske cnpeounea. Ilpoepeccushoiii
Memamopghus npoucxooun 8 cyOOyKYuoHHwix ycuoguax mexcoy meppetinamu Tuccus u Jlaxus, npueedwux x 3axkpoimuio Tpancunb-
sancko-Mypeuickozo okeana. JIuzapoumogvle cepneHmMuHUMbL UMEION NePEUYHO-MAHMULIHbIE NPOTMONUMbL YIbIMPAOCHOGHO20 (pe-
cmumogo2o) cocmasa. Anmuzcopumossie cepneHmuHUmbl XapaKmepus3ylomcs Iumoc@epuuvimy npOmMoIumami. OCHOBHO20 COCMABd.
H3yuenue cepnenmunumos anonepuoomumug y2onsCko20 KOMNIEKcd, A6IAemcs UHPOPMAMUSHoIM OJisl BbIACHEHUS Memamopdute-
CKUX Npeobpaz06anuli 6bIXOOHbIX NEPEULHO-MAHMUIHBIX NPOMOIUMAMU U YCMAHOBTEHUs. CMAOUHOCTU (POPMUPOBAHUS TUMOCHepbl
CKAA0HAMO-NOKPOBHBIX COOPYIHCEHUIL.

Kniouesvie cnosa: Buympennsa 3ona Bocmounwix Yipaunckux Kapnam; nepudomumei; cepnenmunel; o- i f-auzapoumol, am-
mueopum.
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BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

Beryn. Ilepumotutet 0piomiTOBHX KOMILIEKCIB
€ (parMeHTaMH OKEaHIYHOI BEPXHBOI MaHTIi, fKi
OynM BUBENICHI HA MOBEPXHIO B PE3yJbTaTi TEKTOHI-
YHUX PyXiB. IXHil CKIaJ BH3HAYA€ThCA BHXiIHHM
CKJIIOM OKeaHiuyHOi BEpXHBOI MaHTIii, CTyIeHeM ii
IUTaBJICHHS, IpoLecaMy B3a€MOZIi pO3IJIaBy 3 OTO-
YyIOUUMH MaHTiHHUMHU MOPOAaMH B MPOIECi TpaHC-
MOPTYBaHHS 3 00NIAcTi TeHeparlii B BEpXHi TOPU30H-
TH 3eMHOi Kopu. IlepeTBopeHHsI, sIKi MEPEXNUBAOThH
PECTUTOBI TNEPUAOTHTH, BiNOUBAIOTHCS Ha IXHIX
CTPYKTypax i TEKCTypax, 3MiHi CKJIaay IOpPOAOYTBO-
PIOIOUNX, aKIICCOPHHUX Ta BTOPMHHUX MIiHEPaiB.
Amnarni3 KiHneBoi OyJOBHU Ta CKJIaay anonepuaoTHTIB
Jla€ 3MOTY OTPHMATH JaHi AJsl 3AiHCHEHHS Te0Iu-
HaMIYHUX PEKOHCTPYKIIN MO0 CTamiiHOCTI iXHBO-
ro yrBopeHHs. [lepunoTuT 4acTo CepreHTHHI30Ba-
Hi. MiHepanu TIpymu CepreHTHHY (OPMYIOTHCS B
PI3HHX TeoAMHAMIYHHX yMOBax. ExcriepumeHTaNmbHI
1 TEOPETHUHI NaHi TOBOMATH, IO Pi3Hi MOMIMOPQHI
Moaudikaiii cepneHTUHY cTaOUTBHI MPU Pi3HUX Te-
MIIepaTyp 1 TUCKaXx.

AHagi3 ocTtaHHiX myOmikamiii. BuBueHHs ma-
rMaTU3My JUI JAeTaji3alii reoMHaMiYHUX PEKOHC-
TPYKLi# 00CTaHOBOK, 3 SKMMH BiH MOB'sI3aHUHN 3aii-
Ma€ 4iJbHE MiCIle cepel] TeOJOTIYHUX MpodieM Yk-
paincekux Kapmar. MarmatudHi yTBOpEHHS Me30-
30iCBKOTO BiKYy BKJIIOYAIOTh CEPEIHBOTPIacOBO-
HWKHBOKPEHIOBI KOMIUIEKCH YABTPAOCHOBHOTO Ta
OCHOBHOTO CKJIaay. 3a TEOJOriYHMMH yMOBaMH Ta
METPOTeOXiMIYHUMH ITapaMeTpaMu JIjisl HUX BCTaHO-
BIFOIOTHCS CIIPEJIIHTOBI, CYOAYKIiiHI Ta TUIMTHI Te-
OJIMHAMiYHi 0OCTaHOBKH [7]. YTOMBCHKUH KOMILIEKC
MICTUTh OGQIONITH, SKi TPEACTABIEHI MEePHIOTUTA-
MM, 0Oa3anbproimaMu,  SAIIMOIZaMH, BaIHIKAMH
[16, 18].

3a pesynabraTaMy JAOCHIIKEHb OCTaHHIX Jecs-
TUJIITh CEPIICHTUHU € HAWMOIIUPEHIIUMHA BTOPHH-
HUMH MiHEepajiaMd TEPHUIOTHTIB YTOJIbCHKOTO KOM-
IUIEKCY. 3a JaHWMH ONYOJiKOBaHMX Ipaub BOHH
ckinanarTh Bix 50-80 % 00’emy mopin [18] 1 mpen-
CTaBJICHI AHTUTOPUTOM, XPHU3OTHIIOM, OaCTUTOM.
AHTHTOPUT 3yCTPIYa€THCS B IMapare3uci i3 3ajizuc-
TUM HIKeJIeM, IO CBiJYUTh MPO CEPHEHTHHI3AIII0
TIEPHUIOTUTIB YTOIBCHKOTO KOMILIEKCY, SIKa MPOTiKa-
na Ha rmuouHax Big 40—50 kM mo 100 kM (?), 3a Te-
mneparypu 450—-600°C ta tucky 13-16 xbap [16].

Ilpaui  pgochminnukiB  Yipaincekux —Kapmar
CHPHSUIM PO3II3HOBAHHIO TOJIOBHUX METPOTHIIIB Me-
3030MCHKUX MarMaTW4YHUX MOPiJ Y Pi3HUX KOMILICK-
cax Ta (opmauisx. Bukonani MiHepaioro-
nerporpadivyni, MNETPOXiMidYHi, TeoXiMiuHi JOCi-
JOKEHHS OyJI0 BUKOPUCTAHO JUIS MOJIETFOBAHHS TEK-
ToHIYHOT eBomronii Kapmarcbkoi reocHHKITIHAM
[16, 18].

VY cBITOBI# JiTeparypi BUBYCHHIO CEPIICHTHHIB
1 CEpIeHTHUHITIB NPUAUIAIOTh Beluky yBary. Cep-
MEHTUHI3aLis K Ipolec MeTaMop(idHUX MEepPeTBO-

peHb 1HTECHCHUBHO TPOSIBIICHA B TEPHIOTHTAX Oi-
OJIITOBUX KOMIUTEKCiB. BoHa BimOyBaeTbcs Maibke
BiJjpasy Micisl CTAaHOBJICHHS MEPUIOTUTIB 1 3MIHIOE
ixHi MiHepaJbHUN CKJIa] B HampsMi yCKIaJHEHHS
[2]. B ckmaggacTux mosicax CepIieHTHHI30BaHI arro-
MEPUIOTUTH Ta CEPIIEHTHHITH JOKAJi3yIOThCA B IIIO-
BHUX (CYTYpHHX) 30HaX, B MEJAH)KOBHUX 1 OJicTO-
crpomoBux ToBmiax [9-14, 17, 21, 27, 29, 31]. Tyr
3yCTPIYarOThCS CEPIICHTUHITH pi3HUX TUMIB [12-14,
21, 23, 26, 29], sKi pO3IAIOTBECS 3a MiHEpPalIoro-
neTporpadivHUMH, METPOreOXiMiYHUMH, TEPMOIU-
HaMiYHUMM Ta IHIIMMHU o3Hakamu. Haifuactime B
JiTeparypi irypyroTh mi3apauTOBI 1 aHTHTOPHUTOBI
CEPICHTUHITH, SKi MAIOTh BIAMOBIIHI MOPOIOYTBO-
prorodi MiHepanu. [HOmI pO3MIAAAIOTHCS TEepeXimHi
MIX JTII3apAUTOBAMH 1 aHTUTOPUTOBUMH THITH TIOPI/T.

Jli3apAUTOBI CEPIICHTUHITH € MPOXYKTaMHU KO-
POBOi HU3BKOTEMITEPATYPHOI CEpIIeHTHHI3allil, sSKa
MPOXOJUTHh B YMOBAaX PErPeCHBHOTO MeTamopdizMy
[4, 12-14] ueonitoBoi ¢ari€el Ta HU3IB 3eICHOCTAH-
poBoi ¢amii meramopdismy. PerpecuBHmii Mera-
MOp(}i3M TOB’S3af0Th 3 3aCTUTAHHAM NEPUAOTHTIB
Ta IXHIM HIiIHATTSAM Ha BHILI PiBHI JIiToc(hepu B 00-
jacTi pudToreHesy (KOHICHTPOBAHOTO CEPEIUHHO-
OKeaHiyHOro Ta Au(y3iiHOTO 3ayroBOTO W Iepe/-
JIyTOBOTO cripeninry). HalliHTeHCcHBHINa cepreHTH-
Hi3allisg 3a [MX YMOB TSDKI€ JI0 AUISHOK ‘“‘Cyxoro”
MOBUIBHOTO CIIPEIiHTy. 3a pe3yabTaTaMud KiHeMaTH-
KO-TEPMOIMHAMIYHOTO MOJAEJIOBAHHSA HHU3bKOTEM-
neparypHa CepIieHTHHI3AIlsS Mae HU3bKI 1 TIOMIpHI
THCKH ipu Temreparypi 130-150° C, po3BuBaeThCs
Ha mmoOuHax 3,5-4,5 KM 1 XapakTepu3yeThCsl yTBO-
PEHHSIM O- Ta B-Ji3apauTiB (Ta CHOPaIUYHO XPU30-
tiiB). llpu cepneHTHHI3amii 3a MEPUIOTUTAMHU
yTBOpIOtOCs merenpuacti ceprenturu [20] abo a-
mizapautu [4]. 3a ra6bpoinamu MoxyTh hopMyBa-
TUCS B-Ti3apAuTH. YTBOPEHHS JIi3apIUTIB 1 XpH30-
TJIIB KOHTPOJIOETHCS BUXIIHUM PO3MIpOM 3€peH
OJiBiHYy BUXiMHOI Topoau (MPOTONITY): MpPHU WHOTO
po3Mipi B miamazoHi 5-150 MKM yTBOpIOETBCS JIi-
3apIIUT, MPU PO3MIpI MEHIIE 5 MKM yTBOPIOETHCS
xpuzotuin [28].

AHTHTOPUTOBI CEpPIEHTUHITH € pPe3yJIbTaToM
IHOMHHOT BUCOKOTEMIIEPATypHOI CepIIeHTHHI3AIT
[14], sixa BinOyBa€eThCs 32 YMOB HPOTPECUBHOTO Me-
tamopdizmy [13, 14, 24-27] 3 yTBOpeHHSAM cepel-
HBO- 1 BUCOKOTEMITEPATYPHUX acolialliii cepreHTu-
HiB 32 y4acTi IepeBaXHO P-Ti3apaUTy 3 MAarHETUTOM
1 aHTHIODITY, AN SIKUX XapaKTEepHI TeMIepaTypu
200 (350)-500 (mo 300-650)°C. 3a migBHIIEHHS
TeMIIepaTypH A0 piBHS emigoT-amdidomniToBoi damii
MOXYTh YTBOPIOIOTHCSI TaJbK-aHTUTOPHTOBI M Ta-
TpK-oJiBiHOBI Iopoau [4, 13]. [IporpecuBHuit Buco-
KOTeMIIepaTypHUil MeTamMopQi3M NEepHIOTHTIB, Ha
JIYMKY (axiBIliB, IPOSIBISIETHCS B HAACYOMyKITITHAX
00CTaHOBKaxX NpU 3aHypeHHi ciely, 110 CyHIpOBO-
JOKYETBCSL 3pOCTaHHSAM THCKY 1 TemmepaTypu. Ha
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I cTamii MarOTh MICIIE TIPOSIBH TEKTOHIYHUX Jedo-
pMartiif, JIOKaJdbHWM pPO3IrpiB IPH BKOPIHEHHI TLI
MOJIOZIOTO 1HTPY3UBHOTO MarmMaTu3My, IpOLECH Tpa-
HiTh3anii. TyT BiAMiYaroTh apareHe3ucH ONiBiHY Ta
AHTHUTOPUTY, MO (POPMYIOTECS 1 € CTINKIMH Ha TJIH-
ounax no 100 kM mpu Temmeparypi 1o 650-700° C.
Pazom i3 xmopuroMm i amdiOoI-0IiBIHOBUMH TTOPO-
JlaMH1 LIed apareHe3uc XapakTepHHUl Uil yabTpaoc-
HOBHUX MeTaMopQiTiB ciely, skuii cyOaykye. B
Cy4JaCHHX OKEaHIYHUX CTPYKTypaxX € YHCeNbHi 3Ha-
XiIKH aHTHUTOPUTOBUX CEPIIEHTHHITIB B TITHOOKOBO-
JTHHX >komobax (i IXHS MOBHa BIJICYTHICTH B cepe-
TUHHO-OKeaHIYHUX XpebTax) [12].

3a maHHUMHW BUBYCHHS aKIIECOPHUX MiHEPaJIiB
PI3HUX THIIIB CEPIEHTHHITIB BHUSBIEHO, IO CBiXi
XPOMIIMIHENIAN 3yCTPIHAIOThCA Y  J3apIUTOBUX
CEPIICHTUHITAX, SKi MEePEeKWIH HU3BKOTEMIIEpaTyp-
HY CEpIEHTHHI3alil0. B aHTUTOPUTOBUX CEpPIEHTH-
HiTaX, sIKi YTBOPHJIMCS 3aBISKH BUCOKOTEMIIEPATYP-
HIll CepreHTHHI3alii IpU HU3bKiH aKTUBHOCTI Kpe-
muesemy (SiOy), mominye maruerur [23, 24]. Bu-
BUCHHS TPOIIECIB CEpICHTHHI3ALII MPHUITYyCKAa€ BHUO-
KpeMJICHHS NTBOX (Da3: CHOYaTKy BigOyBa€eThCs yTBO-
peHHs O6araTux MarHi€M CEepIIEHTHHIB, Mi3HIIIE ¢o-
PMYIOTbCs OaraTi 3a1i30M CEpIEeHTHHH, y SIKUX KpH-
CTalli3y€eThCsl MATHEHUT. TepMOJMHAMIYHE MOJECIIO-
BaHHS CBIIYUTH, IO B MEXKaxX TEMIEPaTypPHOTO iH-
tepBany 100-300° C nizapauT € cTaOLIBHUM, MPOTE
I[i YMOBH HE CIIPUSTIINBI AJISl OCAPKEHHSI MAarHETUTY
[23]. B inrepBani tremneparyp 320-390° C [29] i-
3apJUT MOCTYIOBO 3aMIIly€ThCs Ha aHTUTOPUT. B
inTepBaii 340-370° C, P=8—10 kOap aHTUTOPUT Ma€
nepeBary Haj Ji3apaIuToM, TOMI K KPHCTaTi3y€eThCs
Maraetut [25, 27], mo BKazye, Ha AYMKY JOCIITHA-
KiB, Ha (a30Bi MEpexoAr MK BUCOKHMHU (QallisiMu
3€JICHOCIIAHIIEBOTO — Ta HU3bKUMU (arissmMu OnaKku-
THOCIIaHILIeBOro Metamopdizmy. [Ipu Temmneparype
pumie 390° C P=11-12 kbap aHTUTOPHUT € €TUHUM
CTaOLIBHUM CEPIICHTHHOBUM MiHEpaloM JI0 To4aT-
Ky BTOPUHHOI KpHcTaiizauii oniBiny 460° C [29].

Pi3Hi MiHEpaJlOTiYHI THIIU CEPIIEHTHHITIB pO3-
pi3HsAOTBCs  3a  cmiBBigHOmeHHs — MgO/SiO,
(MgO+Fe0)/SiO; Tta Al,O3/SiOz. I3 3pocranHsIM
CTyHeHs MeTaMOp(QiYHMX 3MiH, IO BHPAKEHO B
TpaHchopmallii JT3apAUTOBUX CEPIICHTHHIB HA aH-
TUTOPHUTORI, BIIMIYEHO HE3HAYHE 3POCTAHHS BMICTY
SiO2 Ta (MgO+FeO) 3a BucHaxenns: Al:O3. To6To
J3apAUTOBI CEPIIEHTHHU MAIOTh OUIBII BUCOKI 3Ha-
yenuss MgO/SiO; [26, 29, 31] Ta uusbki Al,03/SiO;
B HOPIBHAHHI 3 Ji3apOUT-aHTUTOPUTOBUMH 1 aHTH-
TOpPUTOBUMH cepreHTHHiTamu [26, 31]. 3a Tepmo-
JUHAMIYHUME PO3PaxXyHKaMH, sIKi BHUKOHaHI JIst
J3apJIUTOBUX CEPIICHTHHITIB, 1 PO3BHHYIINCH 32 Y-
nitamu Hosoi KanenoHii, BUSBIEHO, 1110 aKTHUBHICTb
FeO, MgO u SiO; € ¢yHKIi€l0 CKIaay OJIBIHY Ta
oproripokceHy [24]. AHTUTOPHUTOBI CEpIEHTUHH
(hopMyIOTBCs 3a TIepeBakaHHAM (IIrOiNiB TpW 3HAY-

HOMY OKHCJIIOBAJIHbHO-BiTHOBITIOBATLHOMY ITOTCHITI-
ajii 3 paHilie yTBOPEHOTO CEPICHTHHY (JIi3apAauTy) i
OpYCHTY 3 peakLisiMi YTBOPEHHSI MarHeTuTy [24].

JocmimkeHHs MeTpOXiMiYHUX CKIIAJiB CepIicH-
TUHITIB [0J0BHOTO YpaiabChbKOTo po3ioMy (mmaineo-
30HCHKOI CyOmyKIiHHOI 30HM) qaio 3Mory audepe-
HI[IIOBATH 1X 3a XapakTepoM MpOToIiTiB. Bucoxor-
JIMHO3EMHUCTI T4 BHCOKOXPOMUCTI CEPHECHTHHUHITH
MAaIOTh YJIBTPAOCHOBHI MPOTOITH, IO ()OPMYBAIINChH
B yMoBax MaHTii. CepeIHBOITIMHO3EMHUCTI Ta HU3b-
KOXPOMHUCTI CEPIIEHTHHITH XapaKTEePU3YIOThCS MpPO-
TOJITaMU OCHOBHOTO CKJafy, IO 3apOAKyBajKCh B
kopoBux ymoBax [10].

BuBueHHs MiHepanoriYHuX i reoXiMi4HUX 0CO-
OnmMBOCTEH NTBOX THUIIB CEPHEHTHHITIB Y CYTYypHIH
30Hi Mianmy (Mianlue) B oporeHHOMY TmOsICi
Hinenin (Qinling) uentpansuoro Kuraro nae 3mory
JTOCITITHUKAM MiIKPECIUTH, IO Ji3apaUTOBI Cep-
MEHTUHITA 30aradeHi ipigieBUM-TUIIOM IUTaTHHOBOT
rpynu [31]. Lle € cBigueHHSIM IXHBOTO MaHTIMHOTO
MOXO/KEHHS. AHTUTOPUTOBI CEPIICHTUHITH yYTBOPH-
JUCh B pe3ybTaTi B3aEMOMii CEepPHEeHTHHI30BAHHX
arnonepuI0OTUTIB MaHTIHHUX MPOTOJITIB 3 PO3ILIaB-
JICHHOIO TIOPOZIOI0 B CcyOmyKIiiiHOMY KaHaii. Bonu
36araueni margetuToM [31].

Cuctemue OTIPALIFOBAHHS MiHepaJoro-
neTporpagpiyHUX O3HAK CEPIICHTHHIB CIIPHUSE BHIi-
JICHHIO CTaJili PO3BUTKY CTPYKTYp, SIKHM BiAIOBi-
JTAIOTh TI€BHI TEOJMHAMIYHI pekuMu. Taka mepionn-
3allisi BUKOHaHA JIsg YPaJbChbKOI CKJIaa4acTol CIio-
pyau [11]. Ileprma crafist 31 cTaHOBIEHHS MacHBiB
yneTpamMadiTiB i IXHS HACTyMHA Jli3apaAnu3aiis BiI0y-
BAETHCS 32 YMOB PUGTOT€HHO-CIPEIAIHIOBOIO TI'eo-
JUHAMIYHOTO pEXHUMY Y Mi3HbOMY KeMOpiro-
opaoBiky. Jlpyra crazis, Ha SKii IPOCIIAKOBYETHCS
aHTUTOpHU3allis, OTaJbKyBaHHS, KapOOHaTH3aIlis,
JIeCepIICHTHHI3AIliSI TPOSIBIISIOTHCS B YTBOPEHHI Ka-
pOOHAT-aHTUTOPUT-OJIIBIHOBUX TOPIJ 3 JKUJIAMU Ka-
pOOHATHTIB BiOYBa€EThCS Y CYOAYKIIHHOMY 1 KOIi-
31HOMY T€OJIMHAMIYHUX PEXKUMAX y CHIIYpPi-TIEpMY.
Tpets cTaist OXOILTIOE YTBOPEHHS Kip 3BITPIOBaHHS
mo ynerpamaditax 3a yMOB IUIaT(OPMHOTO TEOJIH-
HaMIYHOTO peXHMYy Yy Kpeiimi-naneoreHi. YeTBepra
CTajis MpeACTaBlicHa YacTKOBOI TpaHChopMaIli€ro
Ta 3HULICHHSAM KOp 3BITPIOBaHHA 3a emimiargopm-
HOTO OpOTEHE3y Y HEOreH-UYeTBEPTUHHHN Iepion
[11].

BukopucTaHHs aKTyaliCTHYHUX MIAXOMIB JI0
aHaJlizy TeoJOTiYHUX YTBOpeHb YKpaincekux Kap-
MaT y CBITJII Cy4aCHUX MOOUIICTHYHUX TEOPETUUHUX
VSIBIICHb, 30KpeMa TepeHHOBOI KOHIIEIIii, CIIOHyKa-
70 mornuOneHe BUBUEHHS MarMaTHYHHUX YTBOPEHb
pErioHy i, 30KpeMa, BTOPMHHUX CEPIICHTHHIB EepH-
JIOTUTIB YTOJILCHKOTO KOMIUIEKCY. PeTenbHe reosnori-
YyHe, MiHepalloro-rmerporpadiudi Ta merporeoximiu-
HE JOCIIPKEHHSI CEPIICHTHHI30BaHUX arolnepHI0TH-
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TiB yTOJIECHKOTO KOMIUIEKCY, BUKOHAHE HAMH, AN
3MOTY OTPHMATH HOBI JIaHi.

Mema poOOTH TIONSITAE Y ONMpPALOBAaHHI Ta BH-
BUCHHI CEpIIEHTHHIB aloNepUIOTHTIB YTrOJIbCHKOTO
0(i0JITOBOTO KOMILIEKCY, SKi POPMYIOThH OJICTOIITH
1 OJIICTOILTAKHN Y COMMYIBCBHKIN CBiTH y Mapmapoch-
kit 30Hi Ckenb (BexaHChKOMY TIOKpUBi) Ta y TpO-
CIIIIKOBYBaHHI 1XHBOI eBoiromii. Jis mocArHeHHs
METH HEOOXiIHO Oyll0 BUKOHATH 3A80AHH:: TIPOBEC-
TA TIONBOBI JOCTIDKEHHS I YTOYHCHHS TMO3UIIIT
MPOCTOPOBOI JIOKaMi3alii anonepuaoTUTOBUX Cep-
MEHTHHITIB B CKJIaJli COMMYIIbCHKOI CBITH Ta CKJIACTH
MPEACTaBHUIIBKY KOJNEKLII0 CEpIICHTHHIB amonepu-
JIOTHUTIB YTOJBCHKOTO KOMIUIEKCY; BUBUHUTH MiHepa-
JIOTiYHI, TIETPOTeOXiMiYHi, PEHTI€HOCTPYKTYpHI,
TEPMiUHI OCOOMMBOCTI CEPIIEHTHHIB; PEKOHCTPYIO-
BaTH TPOLECH METaMOp(iYHHX MEpeTBOPEHb, 3a-
B/ISIKM SKMM BUHHKJIA Ta, UM 1HIIA TPyIa CepIEHTH-
HIB; pecTaBpyBaTH NPOTONITH, 3a SKHUMH PO3BUBA-
JIMCS TPYIH CEPIICHTHHIB; BIITBOPUTH €TaIly T'e0u-
HaMIYHUX yYMOB CTaHOBJICHHS MEPUIOTHTIB Yrojib-
CBHKOTO KOMILIIEKCY.

006 ’exm NOCHIIKCHB: CEPICHTUHU aIlONEPHI0-
TUTIB YTOJIBCHKOTO KOMILIEKCY.

Ilpeomem mOCHIKEHb: MEPUAOTUTH O(DioNiTO-
BOT'O YTOJIECHKOTO KOMILIIEKCY.

Teonociuna no3uyin nepudomumie y2oibcbKo-
20 Komnaexcy Mapmapocokoi 30nu ckeny. Marma-
THUYHI YTBOPEHHS YTOIBCHKOTO KOMIUIEKCY BUBYAIIH-

cs y cepenHiil Teuii p. TepeOisi, y BepXiBbsx ii J10-
By Yous (puc. 1). Tyt xmactomiTé (OIiCTONITH)
CEpIICHTHHITIB, METaMOp(i30BaHUX MEPUIOTUTIB Ta
IHIIUX TOPiJ, 10 HaJiekaTh o(iomiTORIH acoriarii,
3aHYpEHl y MaTPUKC HIDKHBOKPEHIOBOI COMMYITbCh-
KOi CBITH.

CoiiMysbcbka CBiTa po3nodnHae craturpadiy-
HUH po3piz Mapmapocbkoi CKellbHOI 30HH (BiIOMOT
sk Bexancekuii mokpuB) BaytpimHix Cxiganx Ka-
pnar [18], ckimageHuit Kpeig0BO-TIaIeOreHOBUMU
Binkiagaamu. OJiCTOCTPOMOBA TOBIA CORMYITBCHKOT
CBITH MICTHTh KPYITHI OJIICTOJIITA ABOX TPYI IOPIi.
Jo mepmoi rpynu BigHOCSTBCS (pparMeHTH MOpin
YTOJIbCHKOTO KOMIUIEKCY ME3030HCBKOI (CepemTHbOT-
piacoBo-HIXKHBOKpeHa0Boi, [8, 17]) odiomiToBoi
acorianii (CeprneHTHHI30BaHI NepUAOTUTAMH, METa-
0a3anpTH, YCPBOHWUMH ALIMOINaMH, BalHIKAMH).
Hpyra Tpymna OmicTONITIB CKIIajieHa yTBOPEHHSMH,
sIK1 TTomiOHI 1o Topia MapMapoCchbKoro MacHuBy (KpH-
CTaJiYHi CJaHIl, THEWCH, TPaHITOIaH, MepPMO-
TpiacoBi KBapIOBi KOHITIOMEPATH, Tpiac-tOpChKi Ba-
ITHSAKH Ta JOJOMITH). MaTpHKC OJIiCTOCTPOMH Ipe-
CTaBJICHUH XAaOTUYHUMH YTBOPCHHSMH MYIHUCTO-
ynamkoBHx 1motokiB (debris-flows) [8].

Mapmapocbka ckenbHa 30Ha Ta MapMapocbKkuil
MAacHB € MiBHIYHO-3aXiJHUM 3aKiHUCHHSIM KOMIIO3H-
MIHOTO MIKPOKOHTMHEHTAJIbHOTO Tepeitny Tucis-
Jaxkis. YTBOpPEHHS CONMYJIBbCHKOI CBiTH (hopMyBa-
JIUCS Ha MiBACHHO-3aX1JHIX CXWJIaX HUHI 3aHypEeHOL

A
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3 o =»
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i M apm‘:pocni Koninm ciﬁn

NARENINICRRY . Josniwmi griwoso-soracosl noxpuen
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Puc. 1. (A) Cxema roioBHUX TEKTOHIYH

WX OMUHMIE YKpaiHcbkux Kapmar [6];

(B) PerionanpHa cxema TEKTOHIYHOTO NONOXKeHHs YKpaincekux Kapmat, 3a O. M. 'nunko [17]
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ninsakn Mapmapocbkoro MacuBy (‘“MapMapochbKoi
KOPIUTREPH™’), IO BIAMOBIAANO TECOAMHAMHYHUM
yMOBaM  Mi3HbOKPEHIOBO-TIAJICOICHOBOI  TACHBHOT
OKOJIHII KOHTHMHEHTAJIBHOTO CXUITy MIKPOKOHTHHEH-
1y Tucig-Jlakis [8]. Lli yMOBM BHHUKIH TiCIs cTa-
HOBJICHHS PaHHBOAIBIINCHKUX PAHHbOKPEHIOBUX
TpancinbBancbknx 1 Mapmapockkux mokpuBiB. Ha
TepuTopii Ykpainu TpaHciTbBaHCHKI 0(ioTiTOBI TTO-
KpHWBH, BiporigHo, neHynoBasi. Ha tepuropii Pymy-
Hii BOHH 30eperiuics Y BUIVISIII TEKTOHIYHUX OCTaH-
uiB TpaHCiNbBaHCHKUX PAaHHBOKPEHIOBUX TIOKPHBIB,
SIKi 3a3HajJM HACyBaHHS Ha KPUCTAIYHUA MacuB
Hentpansanx Cximnux Kapmar (Mapmapocbkuit
MacuB, € yacTuHOIO Teperny [lakis). Kopinus Tpan-
CITbBAaHCHKHMX TOKPHBIB PO3TAIIOBaHI MK MiKPOKO-
HTiHEeHTaIbHUMU TepeiiHamu Tucis i Hakis B Mype-
ceKiii 30Hi [22, 30]. Bona nanexuts TpaHciibBaH-
cpko-Mypechkiit (Bapmapcbko-MypechKiil) CyTyp-
Hill 30HI, c()OpMOBaHOI B pe3yibTaTi KOmi3il Mixk
3ralaHiMH JBOMa TepeiHamMH, Ska TpUBeNa [0
YTBOpEHHS KOMMO3UIiitHOTO Tepeiny Twucig-Jlakis
[6, 8, 17]. TpaucinpBaHChKO-MypelicbKka CyTypa, K
i omicronith TpaHCITBBAaHCKUX MOKPUBIB B CONMY-
JBCBKIM CBUTI, MIiCTUThH iH(OpMaIlio Npo TeoAnHa-
Mi4HI TIpolecH, MmO BigOyBamuCsS B OKEaHIYHOMY
OaceiiHi, KU PO3MUISIB MIKDOKOHTHHEHTANbHI Te-
peitan Tuciro i Jlakito.

Metoau pociaipkenb. Hamu nposeneHuit kom-
IUIEKC JOCIHiIKeHb, IO CKJIAaJaBCs 3 TE€OJIOriYHUX
CTIIOCTEpEKEHb TOPiA Yy BIICIOHEHHSX, J1a00paTop-
HUX NeTporpagpiuHux, MiHEPaJIOTiUHUX Ta METpore-
OXIMIYHUX JOCTi/DKEHh CEPIIEHTUHIB aIomepuio-
THUTIB.

[Tpu reokapTyBaIbHHUX T4 TEMAaTHYHHX pOOOTaX
palioHy NOCIHIKYBaJINCh CEPIICHTUHITH 1 CepIeH-
TUHI30BaHI MEPUIOTHTH Y TPHPOAHHUX BiJCIOHEH-
Hsix. J[ist maboparopHOro BUBYEHHS BiJliOpaHO cep-
MEHTUHITH 3 PI3HUX YaCTHH palOHY JOCIiKEHHS,
SIK1 PO3PI3HSIOTHCS CTPYKTYPHO-TEKCTYPHUMH Xapa-
KTepucTukaMu. [Ipu mabopaTopHUX JOCIIIKEHHSIX
HEOIHOPIIHICTh 3pPa3KiB CEPIIEHTHHITIB KOHTPOIIIO-
BaJIMCS IEKIJIbKOMA HE3aJISKHUMH METOJaMH.

MiHepanbHU# CKa Ta CTPYKTYPHO-TEKCTYpHI
0COOJIMBOCTI TOPIJI BUBYAIKCS B MPO30pUX NuTihax
y IPOXiZHOMY CBITJIi ONTHKO-MiKPOCKOIIIYHUMH Me-
TO/IaMH Ha MHKpockonax ¢pupmsl “Olympus”.

MikpoaHaiTH4YHI JTOCIIXKEHHS! CEPIICHTUHITIB
BUKOHYBaJMCh  TPOTSITOM  BEPECHS—IHCTOINAa
2018 p. y mabopartopii ¢izuunoro dakynsrery JIHY
iMeni IBaHa ®paHka 3a JOMOMOIOK PacCTPOBOIO
(CKaHyI04O0Tr0) EIeKTPOHHOTO Mikpockorry PEMMA -
102-02 (Cymu, Ykpaina), 00JaJHAHOTO €HEProJIUC-
nepciiauM anamizatopom “EDAR”; anamituk P. S
Cepkic. JlocmimKkyBanuck MOTIpOBaHi 3pa3Ku aro-
MEPUAOTHTOBUX CepHeHTUHITIB (aHuntidwu). Ilapa-
METpHU MPOBEICHHS aHaNi3y Taki: MPUCKOPIOBaJbHA
Hampyra 20 kB, ctpym 30H1y 1 HA, miameTpy 30HIY

0,1 MxkMm. Mapka eTajoHy BUKOPHUCTAHOTO IS KaJli-
opysanus mpmwiaxy — HOPMA. TEO1.25.10.74 I'T;
BUpoOHUK — ¢ipma “Geotechnology” (VYkpaina).
s xaniOpyBaHHS OKPEMHUX €JIEMEHTIB BUKOPHCTa-
Hi HacTymHi ctaHgaptu: Na — anp0iT; Mg — nepu-
kima3; Al, Si, Ca — aroptur; P — drop-amarut; S —
niput; K — mikpoxmin; Ti — makenonit; Cr — eckona-
iT; Mn — manranit; Fe — rematut; As — GaAs (cuH-
tetnaHuit); Ba — 6aput; Sc, Co, Ni, Cu, Zr, Ag, Au
— yHCTi eneMeHTH. s oOpoOKM OTpUMaHUX JaHHX
BUKOpPHCTaHE TMporpamHe 3abe3meueHHs “Magal-
lanes 3.2”.

st TepMivHOTO aHali3y BUKOPUCTAHO JEpHBa-
torpadp Q-1500D cucremu “Tlaynmik — Ilaymix—
Epneit” nabopatopii ximiuaoro ¢axynerety HY
“JIpBiBChKA llomiTexnika” B »koBTHI 2018 p., aHami-
Ttk B. B. KouyOeii. JlepuBarorpad 3’enmnanuii 3 me-
PCOHANBHUM KOMII FOTEPOM B iHTEpBAi TeMIIeparyp
20-1000°C mpu BiTEHOMY IOCTYIII TIOBITpPS B TIiY.
IBuakicte HarpiBanHs ckiagana 10°C/xB. Maca
3pa3kiB cTaHoBWia B cepenaboMy 10 mr. Ertanol-
HOIO PEUOBHHOIO CIYTyBaB AaNIOMiHii Okcui. Pe-
3yJABTaTH KOMIUIEKCHOTO TEPMIYHOTO aHaJi3y 3pas-
KiB, sikuii BKitouae tepmorpasimerpito (TG), nude-
pentiitny tepmorpasimerpito (DTG) Ta mudepen-
niauil Tepmivanii aHamiz (DTA), npencrasneHi y
BUDIISAAI TepMorpaM. [HTepmperarisi ckiamy amore-
PUIOTUTOBUX CEPIECHTUHITIB MPOBOAMIACH 3 BHUKO-
PUCTaHHAM KaTallOTiB CTAaHAAPTHUX TEPMOTPaM pi3-
HOBHJIIB CepHeHTUHY (JIi3apJUTy, XPU30TUITY, aHTH-
TOpUTY), Ta IHIIUX MiHEpaJiB MEPUAOTUTIB, SKi
omy0mikoBaHi B HU3bIII pabir [2, 3, 4, 19, 20].

PeHTreHOCTpYKTYypHHI aHalli3 BUKOHAHO B KO-
BTHI 2018 p. y peHTreHiBcekiit madoparopii reosuori-
gyHoro ¢axynsrery JIHY im. IBana ®@panka Ha qud-
pakromerpi JJPOH-3 (anamituk A. M. JIBopsiHCH-
kuil) 3a HacTynHux napamerpiB: CuKo — Bumpomi-
HIOBaHHS, Hampyra 40 kV, cuma ctpymy 25 MA,
mBUAKICTE o0epTanHs 1 rpan/xB. [nentudikarmis
MIHEpaJIiB 3[IHCHIOBANIACh 3 BUKOPHUCTAHHSIM IHTEp-
HeT-pecypciB. MINCRYST, Mindat ta 3a momomo-
roto nporpamu Match (Bepcis 9).

Pesyabratn pociaimkens. J{ocmimkeHi amorne-
PHUIIOTUTOBI CEPIICHTUHITH, 32 pe3ybTaTaMi Halllo-
ro BuBueHHs, Ha 80-100 % ckmamaroThes 3 - 1 B-
J3apAMTiB Ta aHTUTOpUTY. [lepBUHHMIA cKIax mopin
JiarHOCTYBaBCSl 3a BMICTOM OJIIBiHY 1 MipOKCEHIB.
Cepen METPOCTPYKTYPHUX O3HAK B aloJepLoJliTax
1HO/I (hparMeHTapHO BiJ[3HAYAETHCS TLIOCKOIIApae-
JIbHE OPIEHTYBAaHHS MiHEpalbHUX 3€pEH, fIKE, Bipo-
riHO, BiZOMBa€ MEPBUHHO HEPIBHOMIPHE PO3TAIy-
BaHHS MMOPOJOTBIpHUX MiHepauiB. JlocmipkeHi cep-
MIEHTUHI30BaH!1 anoNepuJIOTUTH, OYEBUJIHO, € MaH-
TikHUM pectutoM [1, 5, 15, 16, 18].

[Ipr MakpoCKOMIYHOMY Bi3yaJIbHOMY aHali3y-
BaHHI 1OPiJ] 3BepTaach yBara Ha BiJJIMiHHOCTI TEKC-
Typ CepIeHTHHiI30BaHUX mepuaoTHTiB. OfgHa rpyna
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MOpiA  BUPI3HAJIACH  BUPA3HUMH  JIIH30BHIIHO-
MEeTEeTRIACTUMH  MaKpOTEKCTypaMu. [HIId rpymi
B3IpIiB MpUTAMaHHi CMYyTracTo-CIAHIIOBATEe MPOCTO-
pOBe pO3TallyBaHHsS MiHEPaJbHUX KOMIIOHEHTIB.
[1ig MiKpOCKOTIOM Y JIIH30BHUAHO-TIETEIBIACTUX Cep-
MEHTHHITaX CEPHEHTHH IPEICTaBICHUN IeTenbdac-
TUM MiHepalbHUM arperatom posmipom ao 1,0-1,5
MM. Bin 6e30apBHUif, Mae Bix €MHUI 3HAK TOTOBHOL
30HU, TpsSME 3aracaHHs 1 TTOKAa3HUK 3aJOMJICHHS
ng=1,546. 3a poMOiUHUMH MipOKCEHAMH PO3BHBa-
FOThCSI TAOUTYACTI rceBaoMop¢o3u dacTuty (puc.2
A). KpucramoonTidHi BIAaCTHBOCTI ITUX MOpdoIIo-
TYHO Pi3HMX BiZIMiH CEPIICHTHHY OJHAKOBI i BiAmO-
BIIAIOTh O-Ti3apauTy. Bupaxenunit enmoedexTt 3a
temmeparypu 630° C Ha tepmorpami DTA mae 3mo-
ry posmizHatu o-mizapaut (puc. 3A) [8, 13], mo €
BarOMHM apryMEHTOM Ha IiJITBEPPKEHHS HAIINX
KPUCTAJOONTHYHHX JTOCIiIKEHb.

B mopopax 31 cMyracTo-ciaHIIOBaTOl0 TEKCTY-
OO TEPMIYHAM aHAi30M BCTAHOBIEHO [-Ti3apauT
Ta aHTUTOPHUT, SIKI XapaKTepPH3YIOThCS YITKO BHpa-
KCHUMH eHIOoe(eKTaMi Ha TepMOrpaMax KpUBHUX
DTA (puc. 3B) B mianazoni temneparyp 670°C i
780°C, BiamoBimHO. MikpockomiyHo [-Ti3apAuT
MPEJICTABICHUH TIETEIBYACTUMH BUAUICHHIMH, SIKi
MEPETIOBHEH] ~ MWIONOAIOHUMH,  TOYKOBHIHUMHU
BKJIFOYCHHSAMH MarHeTUTY, IO MPUTAMAHHO ILOMY
PI3HOBHIY CEpIEHTHHA, 1 MiATBEPPKEHO B HM3bIII
mpanp [2, 9, 13]. JlokansHO 3yCTpidarOTHCS TOJIKO-
moxioHi (po3mipom mo 0,01 MM) iHOUBIAM ceprieH-
THHY, KOTpi MEPETHHAIOThCA MiJ Pi3HUMH KyTaMmH.
IToka3sHMK 3aJOMJIEHHS LMX IHAWUBIAIB CTAHOBUTH
Ng=1,565, KW € TUMOBUM I aHTUTOPUTY (pHC.
2B). B3aeMOBIiHOIICHHS MiXK [(-J1i3apUTOM 1 aHTHU-

TOPUTOM CKJIAJTHI, TPOTE MOYKHA TIPHUITYCTUTH, IO IIi
PI3HOBHIN CHHTCHETHYHI.

PentreniBchkuii aHaji3 CEpHEHTUHIB MOKa3aB,
o Ha audpakTorpaMax 4iTko (IKCYHOThCS MIKH 3
MDKIUIOIIMHHAME Bifctansmu 7,3 A, 4,54 A, 3,63
A, 253 A, 4,49 A, 2,45 A. Tliku BigmoBimaoTh 5K
J3apAnTy, TaK i anTUropury (puc. 4). Ilpote inTeH-
CHBHICTb TTKY 3 MKIUIOIIMHHOIO BificTaHHIO 3,63 A
y CEpHEeHTHHAX, 3 TMepeBaKaHHSIM OL-JIi3apIuTiB,
3HaYHO HIDKYA, HUK Y CEpIIEHTHHAX 3 IepeBaXKaH-
HSIM aHTHTOPHTY.

MikpO30HJOBI JOCIIPKEHHS €JICMEHTIB 3 BU-
KOPHCTAHHSAM  Takux  mapamerpis gk Al
(Al/(Al+Si)x100%), Fe* (Fe/(Fe+Mg)x100%), Cr*
(Cr/(Cr+Al)x100%) 103BOSHIM OKOHTYPHTH JBA
Mojsl Ha TPHUKYTHIM AMCKPUMIHAIIMHIA Iiarpami
(puc. 5). Ananizu 1-4, NOKaJi3yrOThCS B TOJI -
Ji3apauTiB. AHANI3U 5—9 MOTPAIIISIOTH B IOJIE aH-
TUTOPHTIB. O-T3apJUTH MalOTh OIbIIY XPOMHC-
ticte  Cr"=Cr/(Cr+Al)x100%, IHHO3eMHCTOCTh
AF=Al/(AI+Si)x100% 3a MeHIIOI 3aMi3UCTOCTI
Fe*=Fe/(Fe+Mg)x100%. AHTUIOpUTH XapakTepu3y-
€ThCS OLTBIIO0 3aJI3UCTICTIO MPH MEHIIIH XPOMHC-
TOCTI Ta ITIMHO3EMHUCTOCTI.

Ximiunuit ckman ceprentunis [1] (tabm. 1) 3a
Bmicrom SiO; i AlbO3 [26, 29, 31] mokasas, mo Ha
OiHapHiit nuckpuMminartiiniii miarpami SiO—Al,O3
aHamizu 1-4 obMmexxeHi 00IacTIO PO3BUTKY Jli3apIu-
TiB, TOAI SIK aHai3u 5—9 po3MilIylOThcs B 00NacTi
anturoputy (puc. 6). IIpocropoBa nokamizaris ¢i-
T'YpPaTUBHUX TOYOK CEPICHTHHIB JOBOIWTH, IO MpPU
Mepexo/li JIi3apauTIB /0 AHTUTOPHTIB CIOCTEpira-
eTbcsa 30uIbIIeHHS Si02, 3 OMHOYACHUM 3MEHIIIEH-

B

Puc. 2. lllnidu anmonepua0TUTOBUX CEPIIEHTHHITIB YTOJILCHKOTO KOMILIEKCY. YMO8HI no3uauennus: A — nere-
JBYacTi 1 TaONKUTYACT] BUAUICHHS JIN3apAUTY Ta OACTUTY: METeNBIaCTHH — O-Ti3apAMT (JIIBOPYY) 1 TOHKOIUIAC-
THHYACTHH — OacTut (mpaBopyd). Hikoni cxpemeni. B — BUIoBKeHO-Ta0IUTYACTI IO TONYACTHX BHIUICHHS
anTuroputy (6ine). Hikomi cxpemieni. bacetin p. Mana Yronbka: npasuii 60opt crpymka ['pedincbkuii, 250 M
BBEpX BiJ rupna ctpyMka [lorapcekuii Pynkyn, okonuis ¢. Mana Yrosibka
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Puc. 3. TepMorpamu ceprieHTHHIB arnonepUIOTUTIB YTONbCHKOIO KOMIUIEKCY. YmosHi nosnauenns. DTG —
IudepenuianbHO-TepMorpaBiMerpuuHa kpusa; DTA — nudepenuiansia kpusa HarpiBanns; TG — kpusa
BTPaTH MacH. Bropi— 0.-J1i3apJIUTOBI; BHU3Y — -T1I3apIUTOBI T aHTUTOPHUTOBI
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Puc. 4. ludpakTorpamu cepreHTHHIB allOIIEPUIOTUTIB YTOIBCHKOTO KOMILIEKCY.
Ymoeni nosnavenns: A — a-mizapautosi; B — B-mizapanToBi Ta aHTHTOPHUTOBI

Fe#
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] |
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Puc. 5. Posnozin ¢irypaTuBHUX TOYOK CEPIIEHTHHIB Ha TpUKyTHIN miarpami Al*-Fe*-Cr¥, Ymoeni nosnauen-
na: aHanmisu: 1-4 — nose nmisapauris; 5-9 — mone anturopuris. Fe*=Fe/(Fe+Mg)x100%;
Al*=Al/(Al+Si)x100%; Cr*=Cr (Cr+Al) x100%

Tabnuya 1
Bwict SiO2 ta Al;O3 (Mac. %) B ceplieHTHHI 32 JaHUMHU XiMaHaJi3y
Homepu npo6
Mac.9
ach T 2 3 4 5 6 7 8 9
SiO; 43,08 42,11 42,02 41,09 44,12 43,92 43,90 42,96 44,10
Al,03 0,61 1,99 1,59 1,95 0,21 0,99 0,55 1,86 0,87
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Puc. 6. Po3mofin irypaTHBHUX TOYOK CEPIICHTHHIB 3a TaHUMH MIKpO30HIOBOTO aHasi3y Ha aiarpami SiO; —
Al,03 (mac %) [26, 29]. YmosHi nosnauenns: ananizu 1-4 — none fi3apauTy; aHaizu 5—9 — Hojie aHTUTOPHUTY

Puc. 7. AxuecopHi MiHepaiil y CEpIeHTHHITaX arnonepuIOTHTIB yrOJIbCHKOTO KOMIIIEKCY.

Ymoeni nosnauenns: A — xpomirinenin (Crsp) B IETENpYACTOMY CEPIICHTHHI (OL-JTi3apKT), HIKOJII CXpele-
Hi; B — nuiiononiOHmMii MarHeTUT (YOPHI TOYKH) Y CMYTacTO-CIIAIlOBaTOMY CepIIeHTHHI (B-J1i3apauT, aHTUTO-
pHT), HIKOMI NapaneibHi. BepxiBbst OaceitHy p. Mana Yronbka, MeXHpIUUs CTPYMKIB ITPaBOTo OOPTY:
I'pebincekuii i [Torapebkuii PyHkyo

HaM AlOs, mo 4YiTKO BUAHO Ha Jiarpami (IuB.
puc. 6).

[Ipu nerporpadiuHoMy BHUBUEHHI CEpIICHTHHI-
TiB aloONEPUIOTHUTIB YrOJbCHKOIO KOMILIEKCY MH
3BEpHY/IM yBary Ha BIJIMIHHOCTI IIOJAO HAasBHOCTI
aKIECOPHUX MiHEepaliB y MOpojaax 3 JOMIHYBaHHSIM
pi3HUX BinMiH ceprieHTHHIB. s mopia, y SKux me-
PEBaXKAIOTh CL-NTi3apAWTH, XapaKTEepHi BiIHOCHO Be-

ki (o 0,3 MM) 3epHa XpoMmIIIiHenigiB (puc.7A).
VY mopomax 3 MOPOAOTBIPHUMH [-Ji3apIuTaMy Ta
AHTUTOPUTAMM AaKLECOPHUM MiHepasl MpercTaBiie-
HUH nutonoaioOHUM MaraeTuToM (puc. 7B).

3rigHo 10 meTpoximMiuHuX mocmimkeHHs [10]
BHUCOKOIJIMHO3EMHCTI, BHUCOKOXPOMHUCTI Ta cepel-
HBOHIKEJIECTI PI3HOBHIM CEPIIEHTHHIB, SIKi PO3BH-
BAIOTHCS 32 MAHTIHUMHM YIBTPAOCHOBHUMH IIPOTO-
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JTaMH Ta HU3BKOTIIMHO3EMHUCTI ¥ HHU3BKOXPOMHMCTI
CEepPIEHTHHITH, SKi (OPMYIOTHCA 3a IPOTOJITAMHU
OCHOBHOTO CKJIaZy B KOPOBHX YMOBaX, KOPEIIOIOTh-
csl 3 JAaHHUMH BHUBYEHHS MIKPOCTPYKTYPH, XiMi4HO-
ro i azoBoro ckuamiB mopinm wMeromamu K-
CIIEKTPOCKOITii, €IEKTPOHHOI MIKpPOCKOIIi, TepMid-
HOTO, PEHTreHONU(PPAKTOMETPHUYHOTO 1 EIEeKTPOH-
HO-30HJIOBOTO aHAJII3iB, NETPOQI3UIHIMH XapaKTe-
PHUCTHKaMHU Ta pe3yJbTaTaMi aKyCTHIHOI eMicii.

TeopeTnyHi 1 MpaKTHYHI HANPAIIOBAHHS OO0
BUBUCHHSI CEpIICHTHHI3alil MEePUIOTHUTIB CKJIaadac-
TO-IOKPUBHHX cucTeM [2, 3, 9, 10, 12-14, 20, 21,
23, 24, 26, 27, 29-31] natoTh 3MOTy BHKOPHCTATH
OTpHMaHi pe3yibTaTd AJsl iHTeprpeTauii reonuHa-
MIYHAX OOCTAHOBOK CTaHOBJICHHS JIi3apIUTOBHX 1
AHTUTOPUTOBUX TOpiA. Buseieri mizapauToBi (Tod-
Hillle O-JTI3apAUTOBI) CEPIIEHTHHITH C(HOPMYBAIHCH
B YMOBaxX PerpecMBHOTO KOPOBOTO MeTamop(dizMy B
CHPENiHTOBUX yMOBax TpaHCHIIbBaHO-MypechbKOro
najeobaceitny Mixk TepeiiHamu Twucig 1 Hdaxis. AH-
TUTOPUTOBI (Ta [B-Ti3apaUTOBI 3 MarHETUTOM) Cep-
MEHTHUHITH YTBOPWIKCS 32 TMPOTPECHBHOTO MeTa-
Mopdizmy, MmO MaB Micie B FOPCBHKO-
PaHHBOKPEHIOBUI Yac TpH CyONyKIii OKeaHIYHOT
mitochepu TpaHcunbBaHo-Mypeckkoro mnaneo0a-
ceitny [8] miJ eHCUMaTH4YHYy IyTY, siKa 3HaXOAWIACh
3axifHime MiKpOKOHTHHEHTAIBLHOTO TepeiHy Jlakis.

Oo6roBopenns pe3yiabTariB. HaBenenuii mare-
pian mae 3Mory Boeple JUisi perioHy JOCHiIKEHHS
BIIMITUTH, IIO TOJOBHMMH IOPOAOYTBOPIOIOYMMU
MiHepaJlaMd YTOJbChKUX AaloONEepPHIOTUTOBUX CEep-
NEHTUHITIB BUSBWINCH O~ 1 B-JII3apaAUTH Ta aHTUTO-
putr. Cepen aKUeCOPHUX MiHEpaliB  BiJMI4eHO
XPOMIIITIHENIM 1 MAarHETHUT. 3a MiHEpaJbHUM CKJIa-
JIOM CEepIIEHTHHITH YTBOPIOIOTH JIBI TPYIIH: Ji3apIu-
TOBI Ta aHTUTOPWUTOBI. [ NMi3apAMTOBHX CEpPIICH-
TUHITIB TOJIOBHUM TOPOJOYTBOPIOIOYMM MiHepa-
JIOPM € OL-Ti3apIUT, aKIECOPHUM — XPOMIIIITIHEII.
s aHTUTOPUTOBUX CEPIICHTUHITIB TOJIOBHUM I10-
POAOYTBOPIOIOYMM SIBIISIFOTHCS (-Ti3apIUT Ta aHTH-
TOPUT, AKLECOPHUM NPEACTABICHUN NIEPEBAXKHO Ma-
rHeTuTOM. JIi3ap/INTOBI i AaHTUTOPUTOBI CEPIICHTHHI-
TH PO3PI3HIIOTHCS MAKpPO- i MIKPOCKOIIIYHO 3a CTPY-
KTYpPHO-TEKCTYPHUMH OCOOJIHBOCTSAMH 1 METPOTreo-
XIMIYHIMHU O3HaKaMH i, BIPOTiJHO, ITOB’s13aHi 3 pi3-
HUMH, TEeOJWHAMIYHMMH OOCTaHOBKaMH (OpMYy-
BaHHSI.

3rifHO O TEOPETHUYHUX PO3POOOK Ta aHAJITH-
YHHX y3araJlbHeHb 10 PI3HUM  CKJIaJ4acTo-
MOKPUBHUM OOJIACTSIM BUIUIMBAE, IO O-TI3apAHT €
OZIHMM 3 TIOPOZIOYTBOPIOIOUMX CEPIEHTHHIB, sIKi (o-
PMYIOTBCS 33 perpecuBHOr0 Meramopdizmy odiosi-
TOBHX IEPUOTHTIB, aHTUTOPUT € TOJOBHUM IOPO-
JIOyTBOPIOIOYMM CEPIIEHTHHOM YIBTPa0a3uTIB Mpo-
rpecuBHOro meramopdizmy. 3 IbOro Mu pPoOOUMO
BHCHOBOK, II[0 CEepea IOCIHIHKYBAaHUX CEPICHTHHI-
30BaHHX aIllOTICPHUIOTHTIB € TaKi, IKi YTBOPHMOCS 32

YMOB perpecuBHoro meramopdizmy Ta Taki, SKi
chopMyBaJIUCsl 32 YMOB IPOTPECUBHOIO METaMOp-
¢ismy. BiamoBigHO ISl KOKHOTO 3 HA3BaHUX THIIIB
MeTaMop(hi3My XapaKTepHi iHAWBIAyalbHI reoanHa-
Mi4HI OOCTaHOBKH.

s pexoHCTpyKIii TEeOqWHAMIYHUX  YMOB
YTBOPEHHsI CEPIICHTHHIB, TaKOK BHKOPUCTaHI HaIli
JTaHi 3 BUBUEHHS XPOMIIIIIHETIIIB CEPIICHTHHI30BA-
HUX TICPUIOTHTIB Ta alONEPUIOTHTOBI CEPIICHTHHI-
TiB YTOJIIBCBKOTO KOMIUIEKCY [5]. XpoMILMiHe iy,
AK1 aCOLIIOIOTHCS 3 JTi3apAUTOBUMHE CEPIICHTHHITAMH
HaJeKaTh aJTIOMOXPOMITaM, XPOMIIITIHETIAN, SKi
TPAIUISIIOTHCS. B aHTUTOPUTOBUX CEPIICHTUHAX Ipe.-
CTaBJICHI (epixpoMiTaMu. AIOMOXPOMITH OUTBII
MarHe3iajibHi 1 MEHII XPOMHCTI, GepiXpOMITH MECHIII
MarsesianpHi Ta Oinpm xpomwucti. Ha OiHapHiil mia-
rpami  Cr##-Mg# XpOMIUMiHENIgM TMEPUIOTHTIB
YTOJIbCHKOTO KOMILIEKCY KOHLEHTPYIOTBCSI Y IBOX
obmactsx: abicalbHUX TEPUAOTHUTIB Ta HAICyOmyK-
MIHHUX TepUAOTUTIB. Ha miarpamMi kopemsiii cepe-
HBOI XPOMHCTOCTI XPOMIIMIHENIiB Ta MOBHOI IIIBU-
JIKOCTi CIPEIiHTy BHSBIIEHO, IO BEJIHMKI 3€pHA IIIITi-
HEJNIB Ji3apJUTOBUX CEPIICHTHHIB KPHCTaNi3yBa-
JUCh 332 HU3BKOTO CTYIEHS YaCTKOBOTO TUIABICHHS
(Dmelt no 14 %), skuii BnacTuBUil abicaJbHUM IIe-
pumotutaM. [IpiOHI 3epHA IITIHENIIiB aHTUTOPUTO-
BUX CEPIICHTHHIB yTBOPIOBAINCH 32 OLTBII BHIIMX
cryneHiB mwasieHHs (Dmelt no 30%), mo xapakre-
PHO IUT IOPiA HAACYOAYKIIHHUX 30H.

OTmxe, MaTepiany 3 BUBYCHHS CEPIICHTHHIB, 110
PO3BHBAIOTHCS 10 MEPUAOTUTAM OTPUMAaHi HAMH 1
MONIEPEAHNMH JIOCTIIHUKAMH Ta 3a pe3yJibTaTamMu
NOPIBHSHHA 1X 3 JAHUMH 10 IHIIMM KOMILIEKCaM
JIAIOTh 3MOTY 3pOOMTH BUCHOBKH IIIOJI0 HPOTOJIITIB,
0 SIKUM BOHH PO3BHBAIOTHCS.

BuBueni  amomepumOTHTOBI  CEpPIEHTHUHITH
YTOJIbCHKOTO KOMIUIEKCY BHPI3HSIOTHCS 32 PEYOBHH-
HUMH O3HAKaMH, SIKi € BiIOUTTSM yMOB YTBOPEHHS 1
IHIMKaTOpaMu TeOJUHAMIYHUX 0OCTaHOBOK (OpMy-
BaHHs. JIi3apAUTOBI CEPIIEHTHHITH TSXKIIOTH JIO TIep-
BUHHO-MaHTIHHUX TPOTONITIB, sIKI 3a3HANIM MeTa-
MOp(}IYHOTO TIEPETBOPEHHS B yMOBAaX CIIPEIiHTY.
AHTHTOPHUTOBI CEPIEHTHHITH MapKylOTh YMOBH CY-
OIyKIIii, sSiKi MpHUBeNH JI0 Tpancdopmarlii MpoToIiTiB
OKEaHIYHO] JiTochepu.

JociipkeHHsT CepHeHTHHIB, SKi pPO3BUBAIUCH
MO TIEPUIOTUTAM YTOJIBCHKOTO KOMIUICKCY, € BaXKITU-
BUM JIJIs1 3°SICYBAHHIO TUITIB MeTaMopdi3My Mo BHXi-
JHUM TEPBHHHO-MaHTiHHMM mpotomitam. CeprieH-
THHU € 1HAUKATOpaMH TEOAMHAMIYHUX YMOB (hop-
MyBaHHA MeTaMmop(diuHo mepeTBopeHux mopifd. Jo-
CJIiDKEHHS CIIPUSIOTH BUSIBJICHHIO 3aKOHOMIPHOCTEN
€BOJIIONIl PO3BUTKY OKeaHiyHOi jitocdepu, ¢par-
MEHTH SKOi 3aKOHCEPBOBaH1 Y PEYOBUHHUX KOMILIE-
KCax CKJIa9acTO-TIOKPHUBHIA CTIOPYyAl YKpPaiHCHKHUX
Kapnar.IX MoxHa BHKOpHCTAaTH i MPOrHO3HOI
OITIHKM 3pPYACHIHHSA CEPIICHTHHIB. 3 CEPIICHTHHAMM

-61-



Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

TIepInoi rpynu (JIi3apAUTOBHMH) TTOB’SI3aHI XPOMITH
(1 emeMEHTH IIIATHHOBOI TPYIH), 3 CEPIICHTHUHAMHU
Ipyroi rpynu (2aHTHTOPUTOBHUMH) AaCOLIIOE Mar-
HETHUT.

BucnoBku. OTpuMaHi pe3yabTaTé CEpIICHTH-
HIB amonepuiOTUTIB yTOJIHCHKOTO KOMIUIEKCY, IO
(OpMYIOTH OJICTONITH B COMMYNBCHKiN cBiTI Map-
MapoChKOi CKENBbHOI 30HU JA0Th 3MOTY 3pOOWTH
TaKi BUCHOBKH:

BuBYeHI CepleHTHHU anomnepuaOTHTIB PO3pi3-
HSIIOTBCA 32 CTPYKTYPHO-TEKCTYPHHMH, MiHEPaJIoro-
reTporpadigHUMH, METPOTCOXIMITHUMH OCOOIHBO-
CTsIMH. 3MICTaBJICHHS IIMX OCOOJIMBOCTEH Ja€ 3MOry
PO3IUINTH CEpNIEHTUHH Ha JIBi TPYNH 32 JOMiHYIO-
YUMH MTOJIIMOPGHUMHA BiaMiHamMu. BimMiHu € mopo-
JOYTBOIOIOYMMH MiHEepaJlaMH  aloNepUIOTUTOBUX
CEpIICHTHHITIB, K1 KIaCU(IKYIOThCS Ha JTi3apAUTOBI
1 aHTHTOPHUTOBI.

JlizapnuTOBI CEPHEHTHHITH 3a MaKpo- 1 MiKpoO-
CKOIIYHUMH XapaKTePUCTHUKAMU MArOTh JIH30BUJ-
HO-TICTEJIBYACTI TEKCTYPH 1 MEPEBaKHO TpEJICTaBIIe-
Hi TETEeNIYacTUM CEPIICHTHHOM a00 Ol-JTi3apAnuTOM,
iHOAI — 6acTUTOM, aKIECOPHUM HE3MIHEHHM XPOM-
LI HETI IOM.

AHTHTOPUTOBI CEPIICHTHHITH 32 Makpo- 1 MikK-
POCKOIIIYECKIMHU O03HAKAMHU PO3Ii3HAIOTHCS 32 CMY-
racTo-CllaHIIOBaTUMU TeKCTypamMu. BoHuM ckiana-
IOTBCS TIEPEBAXKHO 3 P-Ti3apAMTIB, aHTITOPUTIB, aK-
LECOPHOTO MUIIONOAIOHOTO MarHETHUTY.

CriiBcTaBieHHS METPOXIMIYHOTO CKJIAY Ji3ap-
TUTOBUX 1 AHTHUTOPUTOBUX CEPIEHTHHIB CBITYUTH
mpo 30uIbieHHs B ocTaHHiX SiOz, FeO mpu 3meH-
meHHi AlOs. KpiMm toro, s ni3apaIuToBuX cep-
MIEHTUHIB XapaKTepHAa IIiIBUIIIEHa XPOMICTICTh Ta
HWKYa 3aJi3UCTICTh B MOPIBHIHHI 3 aHTUTOPUTOBU-
MU ceprieHTHHaMHU. Lli Marepianu g00pe KOpesro-
IOTBCSl 3 JAaHMMH OTPUMAaHUMHM HaMH JUisl IHIliHe-
JIIB.

3a BHKOpHCTaHHs TEPMIYHOTO aHANi3y Ha Tep-
Morpamax MNpH JOCTIDKEHHSIX aronepHuI0TUTOBUX
CEPIICHTUHITIB YIiTKO JiarHOCTYIOTBCS MiHepain
IPYNU CEPHEeHTHHY: Ul CL-JIi3apiHUTiB Ha KPUBHUX
DTA Bia3HayaeTbcs BUpaXCHUN eHI0€(PEKT 3a TeM-
neparypu 630°C, mist B-nmizapauty neid MUK CTaHo-
Buth 670°C , nns anTuroputy —780° C. 3posymiino,
IO IS JII3apAMTOBUX CEPIIEHTHHITIB MMOPOI0YTBO-
PIOIOUUM € CL-JII3apauT, Ul aHTUTOPUTOBUX ceplie-
HTHHITIB TIOPOJIOYTBOPIOIOYMMH € [-Ti3apAuT Ta
AQHTUTOPUT, TPH YOMY BMICT aHTUTOPUTY BJBiYi Oi-
JIBIIHHA 32 BMICT [-JTi3apAnTy.

JlizapauTOBi CEpPIIEHTHUHITH HECYTh TEPMOIU-
HaMidHI XapaKTePUCTUKH PErPECHBHOTO METaMOp-
¢isMy BepxiB 3eneHocnaHueBor ¢amii. AHTHTOpH-
TOB1 CEPNEHTHHITH, OYCBHIHO, XapaKTepU3YIOThCS
napaMeTpaMu MPOrPEeCUBHOTO MeTaMop(i3My HHU3IB
3CIICHOCIAHIICBOM — BEpXIiB emigoT-aMdiOoiTOBOM
¢aniii. [IpoTe HasSBHICTD aHTUTOPUTY B MOPOAAX €
BaroMoO0 IIiICTABOIO BBAXATH IOPOAU TaKUMH, IO
MaroTh (a30Bi mepexoau 10 HU3bKUX (arliii MeTa-
MOp(U3MY BUCOKHX THUCKIB.

PerpecuBnuii Mmetamopgizm OyB peasizoBaHHiA
B TEOAMHAMHUYECKOH OOCTAaHOBIl CHIPEAWHTY IIPH
OXOJIO/KEHHI 1 mifiiomi mepuaoTutoB. [Iporpecus-
HU MeTaMopgi3M MPOXOAWB Yy CYORYKIIOHHHX
ymoBax. Jli3apAWTOBI CEpIEHTHHITH MaroTh Nep-
BUHHO-MaHTIHHI POTOJIUTH YIETPaOCHOBHOTO (pec-
TUTOBOTO) CKJIaAy. AHTHIOPUTOBI CEPIICHTHHITH
XapaKTepU3yIOThCS  JTOCHEPHUMH  TPOTONITAMHU
OCHOBHOTO CKJIazy.

PerpecuBnnii Metamop®isM 3 YTBOPEHHSIM JIi-
3apJIUTOBUX alONEPUAOTHTOBUX CEPIICHTUHITIB PO-
3BHBABCS MPH OXOJOKEHHI 1 TiAHoMI TepuIoTUTIB
B CIIPEIIHTOBIH 30HI, sika MPOCTOPOBO 3HAXOIMIACH
Mixk TepetiHamu Tucis i [akis TpancuibBaaHo-
MypecbKoro OacceliHy, TOIOBHOI TiTkA okeaHy Te-
Tic, y cepenHboTpiacoBO-FOpchkmii dac. [Iporpecus-
HUI MeTamMop(}i3M 31 CTAHOBJICHHAM aHTUTOPUTOBHX
CEpIICHTHHITIB POSBUBCS B CyOMyKIHHIN 30HI MiX
TepeitHoM Jlakist, €eHCIMAaTHYHOIO OCTPIBHOIO JYTOIO
okeany Teric 1 / abo TepeiiHoM Tucis B KeJoOBeii-
HEOKOMCBKHH 4ac.

3akpurts TpaHcunbBaHO-MypecbKOro OKeaHy
mpuBeno o komizii Twucii ta Jlakii Ta hopmyBanHIO
(o6mykirii) TpaHCHJIBBAaHCHKUX O(IOMITOBUX HOKPH-
BiB. B kpelimoBuii dac mepexn (PppoHTOM MOKpPHUBIB
PO3KpHBCST  CEAMMEHTAIlIMHUNA  OJiCTOCTPOMOBHUI
0acceliH, KyJu OCYBaJKCs OJIICTONITH Ta OJICTOIIA-
KU 3 Horo miactuH [8, 17].

[IpoBeneni gocHimKeHHS, TAIOTh 3MOTY JeTalli-
3yBaTH €TalH IEPETBOPEHHS TMEPBUHHHUX TOPiJ B
PI3HUX TEOIWHAMIYHUX OOCTAHOBKAxX 1 BiJAIMOBIIHO
JI0 OTPUMAaHUX PE3YJbTaTiB YJOCKOHAIUTH MOJIENb
ix TpaHchopMmariii B cTpykTypi TpaHCHIIEBaHCHKO-
Mypechkoro majeookeaHy 1 MOJaNbIIOro MOTpar-
JSIHHA Y MapMapochKy 30HY CKEllb.

CuHTe3 MarepiajliB Ma€ He JIMIIEe TEOPEeTHUHHUN
CEHC, a i IPaKTUYHE 3HA4CHHs. BOHU € nepcrnexkTu-
BHUMH JIJIsI TIPOTHO3HOI OILIIHKU 3pYJCHIHHS arore-
PHUIOTUTOBUX CEPIICHTHHITIB.
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SERPENTINES AS THE INDICATORS OF MESOZOIC PERIDOTITES METAMORPHIC AND
GEODYNAMIC TRANSFORMATIONS IN THE INTERNAL UKRAINIAN CARPATHIANS

Formulation of the problem. Peridotites of ophiolite complexes,being the fragments of the oceanic
upper mantle that have undergone several stages of partial melting, brought to the surface by tectonic move-
ments, also have undergone metamorphic transformations almost immediately after its formation. Because of
serpentinization, the mineral composition of the rocks became more complicated. The analysis of the final
structure and composition of apoperidotites allows obtaining data for geodynamic reconstructions regarding
the stage of their formation.

Review of previous publications. It has been determined that serpentines are the most common sec-
ondary minerals of peridotites of the Uholskyi complex in the Ukrainian Carpathians, and the processes of
serpentinization took place at a depth of 40-50 to 100 km (?) at T = 450-600 °C and P = 13-16 kbar (Stupka
0., 2013). The study of serpentinites of the Main Ural Fault (Panas'yan L. et al., 2014) revealed that high
alumina and high chromium serpentinites have ultrabasic protoliths formed in the mantle, and medium alu-
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mina and low chromium varieties — the protoliths of the basic composition which were born in the conditions
of the crust. Based on the study of serpentinites in the orogenic Qinling belt (China), researchers (Wu K. et
al., 2018) determined their mantle origin: magnetite-enriched antigorite serpentinites were formed as a result
of the interaction of serpentinized apoperidotites of mantle protoliths with molten rock in the subduction
channel.

Purpose. We have investigated secondary serpentines in order to reconstruct the geodynamic conditions
of the formation and transformations of the peridotites (Uholskyi complex), localized in the Marmarosh
rocky zone in the Internal Ukrainian Carpathians, and are most widely spread in the interfluve of Velyka and
Mala Uholka-rivers.

Methods. The work is based on the results of geological observations of the Uholskyi complex rocks in
natural outcrops, as well as petrographic, mineralogical (including X-ray diffraction, thermal and microprobe
analysis), and geochemical studies.

Results. The paper presents the study results of serpentinized apoperidotites of the ophiolite Uholskyi
complex in the Internal Ukrainian Carpathians. Serpentinized apoperidotites (T>—K:?) form olistoliths in the
Soimulska olistostrome-conglomerate strata of the Lower Cretaceous age. The investigated serpentines are
the rock-forming minerals of lizardite and antigorite serpentinites. Lizardite serpentinites are characterized
by lenticular-looped textures formed by a-lizardite and non-altered chrome-spinellids. Antigorite serpentin-
ites, recognized by striped-shale textures, contain antigorite, B-lizardite and magnetite. Lizardite serpentinites
are characteristic of the regressive metamorphism of the greenschist facies upper part, and antigorite serpen-
tinites are a typical formation of the progressive metamorphism of the lower greenschist — upperlower epi-
dote-amphibolite facies. Regressive metamorphism occurred under geodynamic conditions of spreading and
the progressive ones — under subduction conditions between the terrains of Dacia and Tisza, which led to the
closure of the Transylvanian-Mures Paleocean. It has been concluded, that the protoliths of lizardite serpen-
tinites were the primary mantle rocks of the ultrabasic (restitic) composition, and the protoliths of the an-
tigorite serpentinites were the lithospheric rocks of the basic composition.

Conclusions. The complex study of serpentinized apoperidotites of the Uholskyi complex makes it pos-
sible to reconstruct the metamorphic transformations of the primary mantle protoliths and to determine the
stages of lithosphere formation within the fold-nappe structures. The obtained results can be used for predic-
tion of serpentinite mineralization.

Keywords: Internal zone of the Ukrainian Carpathians, peridotites, serpentinites, serpentine, o-lizardite,
B-lizardite, antigorite.
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nocesiwaem smy pabonuy.

B cmamve npeocmasnenvi pesynomamul ucciedo8anus 08yX MECIOHAXOHCOEHUL OCNAMKO8 MaKpogropsl — «MakedoHoskay u
«Bonnyxuno», npuypouentie Kk nopooam Kposii yeonbHuix cioes §1% u g3 (MOCRUHCKas ceuma, 6epxHuti GauKup) coomeemcmeeHHo.
Omaooicenuss OaHHOU ceumsl, O CPpABHEHUIO CO CMENCHbIMU, crnabo oxapaxkmepu3o6anbl ocmamxkamu UCKonaemuvlx pacmeHuzZ. Bpe—
3YIbMame NPo8eOeHHbIX UCCLeO08aHUll U3 Mecmonaxoxcoenust «Makedonoskay onpedeneno 20 eudos u 12 gopm, a umenno: Both-
rodendron minutifolium, Cyperites bicarinatus, Halonia sp., Lepidodendron lycopodioides, Lepidophloios laricinus, Lepidostrobo-
phyllum sp., Syringodendron sp. 2, Stigmaria ficoides, Asterophyllites grandis, Asterophyllites longifolius, Calamites carinatus, Cal-
amites undulatus, Calamites cistii, Calamites sp., Pinnularia capillacea, Sphenophyllum cuneifolium, Sphenophyllum sp., Alethopter-
is sp. 2, Dictyoxylon sp., Eusphenopteris cf. obtusiloba, Eusphenopteris sp., Karinopteris acuta, Karinopteris sp., Neuralethopteris
rectinervis, Neuralethopteris schlehanii, Lyginopteris hoeninghausi, Paripteris gigantea, Trigonocarpus parkinsonii, ?Trigonocarpus
sp., Cordaicarpus cordai, Cordaites principalis, Cordaites sp.

U3 «Bonuyxunoy ycmanoeien Komniekc pacmenutl, cocmoswuii uz 36 maxcornos (21 euoa u 15 ¢opm, onpedenennvix 6 om-
Kpulmoti Homenkaamype). Dumokomniexc sviensoum ciedyiowum obpasom: Asolanus camptotaenia, Bothrodendron minutifolium,
Cyperites bicarinatus, Knorria sp., Lepidodendron obovatum, Lepidodendron aculeatum, Lepidophloios laricinus, Lepidostrobophyl-
lum majus, Syringodendron sp. 1, Stigmaria ficoides, Asterophyllites charaeformis, Asterophyllites grandis, Calamites carinatus,
Calamites undulatus, Calamites cf. sachsei, Calamites sp., Calamostachys sp., Sphenophyllum cuneifolium, Alethopteris davreuxi,
Alethopteris sp.1, Aulacopteris sp., Cardioneura amadoca, Cyclopteris sp., Karinopteris acuta, Karinopteris beneckei, Karinopteris
cf. dernoncourti, Mariopteris cf. nervosa, Mariopteris sp., Lyginopteris hoeninghausi, Neuropteris cf. obliqua, Neuropteris sp., Pal-
matopteris furcata, Tetragonocarpus palibinii, Artisia approximata, Cordaites sp., Samaropsis sp. Xcxoousim 0ns usyuenno2o ¢umo-
opuxkmoyernoza pacmumeilbHblM 600614466'/1180/1/1 Ovl0 M€30-2L{2p0(buﬂbH0€, Komopoe noayduio pazeumue Ha 3asepuiaroux smanax
yHryuoHuposanus moppanuxa.

Knrueswie cnosa: Jloneykuii 6accetin, uckonaemas gnopa, OauKupckuil pyc, cpeoHuti Kapoow.

B. C. Jlepnos, M. I. Yoosuuenro. J]O IMAJTEOHTOJOI'TYHOI XAPAKTEPHCTHKH MOCITHHChKOI CBITH (CE-
PE/IHIH KAPEOH, IOHFAC). B cmammi npedcmasieno pe3ynsmam 6Us4eHts 080X MiCle3Haxo0iceHb 3anuuKie Maxpogpropu —
«Marxedouiexa» ma «Bonnyxumney, wo npuypoueni 00 nopio noxpieni eyzinvrozo wapy 912 ma g3 (Mocnunceka ceima, eepxuiti 6auu-
KUp) 8i0nogioHo. Bioknaou 0arnoi ceimu, nopieHAHO i3 CYyMIJCHUMU, CAOKO OXAPAKMEPU308aAHI 3aTUUKAMU BUKONHUX POCIUH. B pe-
3ybmami nPogedeHux 00CALONCeHD 13 Micyesnaxodicents «Maxedoniekay eusznaueno 20 eudie ma 12 ¢popm pocaun, a came: Both-
rodendron minutifolium, Cyperites bicarinatus, Halonia sp., Lepidodendron lycopodioides, Lepidophloios laricinus, Lepidostrobo-
phyllum sp., Syringodendron sp. 2, Stigmaria ficoides, Asterophyllites grandis, Asterophyllites longifolius, Calamites carinatus, Cal-
amites undulatus, Calamites cistii, Calamites sp., Pinnularia capillacea, Sphenophyllum cuneifolium, Sphenophyllum sp., Alethopter-
is sp. 2, Dictyoxylon sp., Eusphenopteris cf. obtusiloba, Eusphenopteris sp., Karinopteris acuta, Karinopteris sp., Neuralethopteris
rectinervis, Neuralethopteris schlehanii, Lyginopteris hoeninghausi, Paripteris gigantea, Trigonocarpus parkinsonii, ?Trigonocarpus
sp., Cordaicarpus cordai, Cordaites principalis, Cordaites sp.

3 micyesnaxoodoicenns «Bonmyxuney 8CMaHo81eHO KOMNIEKC POCIUH, wjo ckiadaemuvcs i3 36 maxconie (21 eud ma 15 ¢opm,
BUBHAYEHUX 3a GIOKpUmMoIo HomeHkiamypoio). Pimoxomniexc maec nacmynnuti euenso: Asolanus camptotaenia, Bothrodendron
minutifolium, Cyperites bicarinatus, Knorria sp., Lepidodendron obovatum, Lepidodendron aculeatum, Lepidophloios laricinus,
Lepidostrobophyllum majus, Syringodendron sp. 1, Stigmaria ficoides, Asterophyllites charaeformis, Asterophyllites grandis, Cala-
mites carinatus, Calamites undulatus, Calamites cf. sachsei, Calamites sp., Calamostachys sp., Sphenophyllum cuneifolium, Alethop-
teris davreuxi, Alethopteris sp.1, Aulacopteris sp., Cardioneura amadoca, Cyclopteris sp., Karinopteris acuta, Karinopteris beneckei,
Karinopteris cf. dernoncourti, Mariopteris cf. nervosa, Mariopteris sp., Lyginopteris hoeninghausi, Neuropteris cf. obliqua, Neurop-
teris sp., Palmatopteris furcata, Tetragonocarpus palibinii, Artisia approximata, Cordaites sp., Samaropsis sp. Pocaunnum yepyny-
BAHHAM, AKe 0AN0 NOYAMOK DIMOOPUKMOYEHO3Y 0VI10 Me30-2iepoinbHe, siKe MA0 PO3BUMOK HA (DIHATLHUX emanax QyHKYIOHY8aHHs
mop@ ‘aHuxa.

Knrouoei cnosa: /loneyvkuil b6aceiin, sukonta ¢nopa, 6auKupcoKul apyc, cepeorii KapooH.

IlocTanoBka npodJjeMsbl. B mocnennune gecs-  moiydnia HE3aKOHHAs JTOObYa KAaMEHHOTO YIVISI U
tunetust B JloHOacce HeCHBIXaHHBIX MaciITaboB  mecyaHWKa. TONYKOM K Pa3BUTHIO HECAHKIMOHHPO-
© Hepnos B. C., Yoosuuenxo H.H. https://doi.org/10.26565/2410-7360-2019-51-05
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BAaHHOI'O HEJPOIOb30BaHUS CTaJl KPU3UC AOTalU-
OHHOU YTONBHOU OTpaciu B cepemuue 90-x romoB
MUHYBILIETO BEKa M BBI3BAHHAS UM Jerpajarus
MPOMBIIUIEHHOW M COLMANbHOW HH(PaCTPYKTYpBI.
Hecmotpst Ha OrpoMHBIA Bpel, HAHECEHHBIA OKpY-
KAloLIeH cpeae M HKOHOMHMKE TIOCyAapcTBa, Tak
Ha3bIBAEMBIE «YTOJIbHbIE KOMAHKW» BCKPBLIM CIOU
KaMEHHBIX yIIeH, KOTOpbIe MaXTaMU He pa3paldaTbl-
BAJIUCh BBHUJlY CBOEH HE3HAYUTEIBHOH MOILIHOCTH.
Takum oOpaszom, mosiBHIach BO3MOXHOCTH COOparh
MacCOBBIH MAJTEOHTOJIOTHYECKUI MaTeprall U3 CTpa-
TUrpaQuUecKux YpPOBHEH paHee OrpaHH4YEeHO [0-
CTYIHBIX JUIsl HCCIIEIOBAHUS.

Tak xak [loHeukwuii OacceiiH SBISIETCS CTapo-
MIPOMBIIUIEHHBIM PETMOHOM, HE YAMBUTENIBHO, YTO
Ha €ro TEPPUTOPHUU HMEIOTCS MHOIOYUCIICHHbIC
CTapble IITOJbHH, B KOTOPBIX €Ille€ B IO3aMPOIIIOM
BEeKE€ KpECThsiHE AO0OBIBAM KaMEHHBIH yronb. B
JaHHOW paboTe MPeNCTaBISIIOTCS Pe3YNbTaThl U3Y-
YEHUS OCTAaTKOB PACTEHUM U3 OTVIOKEHUN CPENHEN U
BEpXHEH yacTeif MOCIMHCKON CBUTHI (CpeIHUN Kap-
00H), BCKPBITHIX CTapOX INTOJBHEW, a TakKe Kaphbe-
pOM B Tpoliecce HE3aKOHHOW JOOBIYM KaMEHHOTO
YT

OTnmoxXeHHsT MOCTIHHCKOW CBUTHI  (BEpXHHH
Oamkup — puc. 1) QrmopucTHUecKd CpaBHUTEIHHO
cimabo oxapakrepusoBanbl. [To manusiM E.O. HoBuk
[11], U3 yKa3aHHOTO CTpaToHa H3BECTHBI PacTH-
TeNbHBIE OcTaTKU 62 BUAOB. s cpaBHEHWMsI, U3 0O-
Jiee MOJIOJBIX OTJIOKEHUH CMOJITHUHOBCKOM 1 Oeno-
KaJUTBEHCKHX CBHT, M3BECTHO BJIBOE OOJIbIIE BH-
noB. IlpuunHa TOMy — 3aMeTHO MEHbLIEE KOIHUYe-
CTBO B pa3pe3e MOCIMHCKOM CBUTHI YTOJIBHBIX CIIOEB
U TPOCJIOEB, C MEPEeKPhIBAIOIINMU U MOJCTHUIIAIO-
IIMMHU TIOPOJaMH KOTOPBIX CBSI3aHBl OCHOBHBIC 3a-
XOPOHEHHUsSI  OCTAaTKOB  CpEIHEKaMEHHOYTOJIbHBIX
pactenuii B [lonbacce. B ¢Bsi3u ¢ TeM, 4To najieo0o-
TaHWYECKUE HCCIENOBaHUA CpelHEKaMEHHOYTOJb-
HbIX oTioxkeHuid JloHOacca Ha JaHHBIA MOMEHT
MPaKTHYECKH MPEKPaTHWINCh, B TO BPeMs KaK B CO-
CEJIHUX PETrHOHAaX OHM aKTUBHO MPOBOASTCS CTapa-
HUSIMH [IPEUMYIIECTBEHHO 3aMafHbIX YUEHBIX, YPO-
BEHb M3YyYEHHOCTH JOHELUKOW KaMEHHOYTOJIbHON
(bOpBI MTOCTETIEHHO CHIDKaeTcs. B cBs3m C 3TuM,
mo0Oble HOBBbIE JaHHBIC, AOTOJHSAIOMINE Maieo0oTa-
HUYECKYI0 XapaKTEpUCTHKY KaMEHHOYTOJBHBIX OT-
noxxennit Jlonbacca, mMeroT 6€3yCI0BHBIA HHTEPEC.

Ilens maHHOW pabOTHI — BRISICHUTH CHCTEMATH-
YECKUH COCTaB PACTUTENBHBIX OCTAaTKOB M3 JBYX
HOBBIX MECTOHAXOXKICHHUW, OMNPEACITUTh YCIOBUS
MIPOM3PACTaHNA M 3aXOPOHEHUS PACTeHHH, a TakxKe
CPaBHHUTH KOMIUIEKCH MakpopuToQoccHiinii ¢ oa-
HOBO3pacTHBIMH (uiopamMu cMeXHBIX ¢ JloHOaccom
PETHOHOB.

Hctopus usydenusi ¢uopsl kapoona JloH-
0acca. Vcropus n3zyyeHusi KaMEHHOYTOJIBLHOH (iio-
pol Jlonbacca HaCUUTHIBACT OYTH JIBA BEKa. 3a 3TOT

IUTUTEIBHBIN CPOK M3 pa3pe3a kapOoHa ObLIa mccie-
nmoBaHa Oorarast McKormaeMass Makpoduiopa. Ee mzy-
yeHueM 3aHumanuck An. bponssap, 3.1. Diixsanbn,
A.B. I'ypos, M. Kpennosckuii, 11.®. [lImansrayses,
H.B. I'puropses, M.JI. 3anecckmii, E.®. Ynupkona,
B. Monrmanc, E.O. Hosuk, T.A. Nmenko, A.K. Ie-
roieB, O.Il. ®ucynenko, H.C. Caurupesckas, B.T.
Jlenmexuna, O.I1. I'y6ckas, O.1O. Tenmuako, H.W. bo-
spuHa, A.I. Kosanenko, C.B. Hayrompasix, 3. Llu-
MyHaK # S. Bypam [4, 6, 9-11, 16-22].

MarepuaJ u MeTOABI HccaeqoBanmMil. MecTo-
HaxoxaeHne «MakenoHoBka» (puc. 2, dur. 5, 6)
MPUYPOYCHO K OTBAJIAM CTapOH MITOJIBHU HA CKIIOHE
KpYITHOTO OBpara, BIIaJaromiero ciesa B 0anky y C3
OKpawWHbI OTHOMMEHHOTO cena (Jlyranckast o0macTs,
Jlyryrunckuit  pation; koopmuHatel: 48°14'36"N,
39°17'58"E). OtnoxeHus majarT MOJIOr0 Ha CeBep
non ymiamMu okono 15-20°. OcrtaTku pacTteHui
BCTPEUCHBl HAa HECKONBKHX CTpaTHrpadpuuecKkux
ypoBHsx. Hanbonee mHorouncnenusie ¢purodoccu-
UM COOpaHbl C OTBAJOB, CIOKEHHBIX MOPOJAMH
3aKpBITOr0 WHTEpBana Beime cios 1 (puc. 3; cm.
Tabn. 1). 3neck 3aneraeT yrojibHblii cioi §i? u BMe-
njaromue ero omioxkeHus. [lopoasl, cnararomue oT-
BaJI, IPEJICTABICHBI HECKOJIHbKUMH JINTOTUIIAMH:

JlutoTun A: apruuIMTBl TEMHO-CEpBIE, MOYTH
4yepHble, €1a0d0 YIUIOTHEHHBIC, MSTKHE, YIIUCTHIC.
OHU penKo JEMOHCTPUPYIOT TOPU3OHTAIBHYIO CJIO-
HCTOCTh, TOPA3I0 dalle CKPBITOCIONCTHIE. B maH-
HBIX MOPOAAX BCTPEUYEHBI MXHO(DOCCHINH, OCTaTKH
Ha3eMHBIX PAacTeHHWH, a TaKKe KUBOTHBIX: siipa pa-
KOBHH HEMOPCKHUX TeNenumo, (parMeHThl IMaHIHU-
peil HeompeneIeHHbIX MEUeXBOCTOB, UElIysl KHCTe-
MephIX pel0 W 3yOHBIE IUIACTUHKU OpajloIOHTOB.
OrnucaHHas Mopona, Cyas Mo BCEMY, — 3TO OTIIOXKe-
HUSl BHYTPEHHHX YacTeil OOMIMPHOTO 03epa.

Jlutotun b: JIMMOHUTOBBIE YIUIONIEHHBIE H
TUIATYAThIE KOHKPEIWH, WHOTAA CYHIECTBEHHO Iec-
YaHHUCThIE. BcTpedeHBl OCTaTKM MedexBOCTa H
HAa3¢MHBIX PACTECHUM.

Jlurotun B: aneBponuThl TEMHO-CEpbIE, CPEA-
HE3EepPHUCTHIE, IUINTYAThIE, YIIUCTHIE, TIEPEXOISIINe
B aQJEBPOIUTHl KPYIMHO3EPHHCTHIE, HEYIINCTHIE,
CKPBITOCJIONCTBIC, TIECYAHUCTHIE ¢ YIIIe(hUIIMPOBaH-
HBIMH OCTaTKaM{ PacTEHHi, a TaKKe B aJeBPOJIHTHI
TOPU30HTABHOCIIONUCTBIE, YITUCTHIEC, MEIKO3EpHH-
cteie, ¢ ocratkamu (uiopbl. [Tomumo durodoccu-
JIMH, BCTPEYEHBl TAKXKE OCTATKH, MpPUHAJUICKAIIHE
HEOIPENEICHHON apTpoIoge, BO3MOKHO, MHOIO-
HOXKe. JIaHHBIA JIMTOTUII — 3TO OTJIOKEHUS 3auiIu-
BaIOIIUXCS YacTe 00BOIHEHHOTO TOp(dsiHOro 00JI0-
Ta ¥ OTIIOKEHUSMH IIPUMOPCKHUX 03€P.

Jlurotunn I': apruyuIMT TEMHO-CEpBIN, yTIHU-
CTBIN, (PUTOTYpPOMPOBAHHBIN, C MacCOM alleHIuK-
COB CTHTMapwii (TaK HAa3BIBAEMBIH «KYUIECPSBUMK).
3T0, HECOMHEHHO, TOPO/IBI OYBHI YTOJIBHOTO CJIOA.
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Puc. 1. Crparurpaduueckoe u reorpaduiaeckoe NoIoKeHne
MECTOHaXOkIeHUH «BoHyxXuHO» U «MakeqOHOBKay.

Owur. 1. CxeMa pacuieHeHHS OTIOKEHUH Oamkupckoro spyca Jlonbacca [14]. @wur. 2. CBomHbIH pa3pe3
MOCTIMHCKOU CBUTHI 110 Pos1akoBo-YCrieHCKOMY rOpHOITPOMBIIINIEHHOMY paiiony [8] u cTparurpadudeckoe
TIOJIOKEHHUE MeCTOHAXOKIeHMS «Bomayxuno». @ur. 3. CBOAHBIN pa3pe3 MOCITUHCKONW CBHTHI 10 bokoBo-
[IITepoBcKOMY TOPHOIIPOMBIIITIEHHOMY paiioHy [8] 1 cTpaTturpaduyeckoe MoJI0KeHNE MECTOHAXOKACHHS
«Maxkenonoskay». @ur. 4, 5. ['eorpaduueckoe nonoxeHne MecToHaxoxaAeHUs «BoinayxuHo» (¢ur. 4) u
«MaxenonoBkay (¢wur. 5). YcinoBHble 0003HaYeHUs: | — aJeBPOIUTHI M apTUIUIUTHL, 2 — IECYAHUKH, 3 — U3~
BECTHSIKH, 4 — KAMEHHBIE YIVIH, 5 — HHJIEKChI U3BECTHIKOB, 6 — MHIEKCHI yITiel, 7 — U3BECTHAKU-TPAHULIBI
cTpaTturpauueckux TOPU30HTOB, 8 — H3yUCHHBIC MECTOHAXOXKICHHS
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Puc. 2. I3yueHHbIE MECTOHAXOXKICHHSI OCTATKOB PACTEHUH.

- y %

Owur. 1. O6mwmii BUA BEpXHEH YaCTH pa3pe3a MECTOHAXOKAeHUS «BomayxuHoy». dur. 2. YroasHbIN mpocion
03. @wur. 3. Crorutenue putopoccunnii B necuaHukax cios 5 («Bonmnyxuno»). @ur. 4. O6naxxeHue ¢opo-
HOCHBIX aJIEBPOJIUTOB MeCTOHAXOXAeHUs «Bomuyxuno». @ur. 5. OTBai cTapoi KPeCThIHCKOM MITOIbHU
(MecTonaxoxknenure «MakenoHOBKay). dur. 6. Crapas ITONLHS MO YTOJBHOMY CIO0 (12 (MECTOHAXOKIEHHE
«Make0HOBKa)

B cimoe Ne 3 (puc. 3) BeTpeueHbl peikue 00-
peIBKM JHCTheB THOMCHA Cordaites sp. u dpar-
MeHTHI oceit xBomeBbix Calamites sp. V3 necuanu-
koB cios Ne 4 onpenenensr Paripteris gigantea
(Sternberg) Gothan u Calamites sp. Hemuoro Bo-
CTOYHEE B JTHX MECYaHHKAX TaK)Ke HaOIOIal0TCs
uHcHuTHBIe pusodopsr Stigmaria ficoides (Sternberg)
Brongniart ¢ anmenamkcamu. TyT e BCTpedeH

(parMeHT DOBOJILHO KPYIHOW OCH IIayHOBHIHOTO
Lepidodendron.

MecToHaxoxaeHne «BonHyxnHO» pacnonoxe-
HO B JCHCTBYIOIIEM Kapbepe (YCIEHCKOe MECTo-
POXJICHUE TIECYAHHUKOB; puc. 2, ¢ur. 1-4), Haxoms-
1IeMcsl Ha ceBepHoil okpaune cena Bomnyxuno (Jly-
TYTHHCKHH paiioH, Jlyranckas oOmnacts; 48°21"28"N,
39°16'53"E). B mponecce moObram necyaHwKa ISt
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MIPOM3BOJICTBA MIEOHS 3/1€Ch OBUT BCKPHIT YTOIBHBII
Npocioil (3, 3ajeraroluid B BEpPXHEH YacTu
MOCTIMHCKO# cBUTHI. B aneBponurax cios Ne 1 (puc.
3) ompeneneHsl uHCUTHBIE pusodopsl Stigmaria fi-
coides ¢ ammeHIMKCAaMH; B OCHOBaHHH IECYAHUKOB
cirost Ne 5 onpenesnena Sigillaria sp. OcaoBHast mac-
ca OCTaTKOB PACTEHUH MPOUCXOIUT U3 aJIEBPOIUTOB
ciost Ne 3.

MecronaxoxaeHue «BoIHyXHHO» MPUYPOUYEHO
K Jlyranckoil cTpykTypHO-(hanuansHOH 30He (manee
— C®3) Jlonenkoro mporuba [13]. B atoit CD3,
nMmeroriel mupuay 10-25 KM ¥ BBITSHYTOW BIOJTB
ocu JloHerkoro nporu6a, mopoabl kKapOoHa 00pasy-
IOT MHOTOYHCIICHHBIE Menkue ckinaaku (T.H. «Ce-
BepHas 30Ha MEJKOM CKIIaTdaToCTH»). 3AeCh OTIO-
YKEHHSI MOCITHHCKOW CBUTHI TIPEICTABICHBI TIECYaHO-
DIMHUCTOW Tonmield ¢ 15 mmactaMd MajJOMOIIHBIX
(mo 0,5 M) m3BecTHAKOB U 10 mpocmosmMu yriel, u3
KOTOpHIX (3 — HambOoiee MomHBEI (10 0,45 ™).
MourHocTh CBUTHI B ykazanHoi CD3 — 210-730 m
[13]. MecTonaxoxieHrne «MakeJOHOBKa» HaXOAUT-
cs B ceBepHOM vactu KonmakoBcko-HarompuaHckoit
C®3, B mpenenax KOTOPOU yIIICHOCHBIE OTIIOKEHUS
MOCTIMHCKOM CBUTBI TIOYTH MOJHOCTBIO 3aMEIA0TCs
IbSKOBCKOM cepued, MpeNCTaBICHHOM MOLIHOU
TOJIIEH TIIMHUCTBIX CIAHIIEB U alIEBPOJIUTOB C Pel-
KHMH TIPOCIJIOSMH TecuaHuKoB. [1o HammMM 1aHHbBIM,
MOIITHOCTh MOCHHMHCKOW CBHUTBI M €€ BO3PacTHBIX
aHanoroB B KonnakoBcko-Haronsuanckoit CO3 co-
craBiger okoio 750-800 m. Cura cormacHo 3aje-
raer Ha OTIOKEHHSIX MaHIPBIKUHCKOW CBHUTHI (HUXK-
HUH OAIlIKUP) U TaK K€ MEePEeKPhIBACTCS OTIOKEHU-
SIMH CMOJITHUHOBCKOW CBUTHI (BEPXHUM OAIlIKHp).

Borarbix MecTOHaXOXJI€HHIl OCTaTKOB pacTe-
HUU Cpelld OTIOKEHUH MOCHMHCKOW CBHUTHI HE TaK
YK MHOTO. B CBsI3U C 3TUM, MOTYT OBITh YITOMSHYTHI
OOHaKEHHUsT AJIEBPOJIUTOB B KPOBJIE YTOJBHOTO TPO-
cios g2 B paiione cena YmiakoBka [20], ciiaHIieB Hax
yoieM (2> y CeBEpHBIX OKpaWH cela MakeqoHOBKa
(ob6a — JlyryruHckuii parioH, JlyraHckas oOmacts),
MOPOJIBI KPOBJIM YTOJBHOTO MPOCIIOs (3 FOXKHEE cena
MuxaitnoBka IlepeBanbckoro paiiona Jlyranckoit
obmactu [17], moposs! o u3BectHsikoM Gz B Oanke
3armoBeTHOM B OKPECTHOCTSX Mocenka KyTeitHnkoBo
AwmBpocueBckoro paiiona Jlonenkoit oomactu [6], a
TaK)e, BUIUMO, KPOBJIS CIIOSI J2 B MECTE CIIUSHUS
6anok boprmoroii n [lepezoBaroii roro-3amaaHee T.
Xpycranbablii Jlyranckoii oonactu [6].

Wzyuennas xosekuusi, coOpanHas B 2009-
2014 rr. aBTOpamu, XxpaHurcs B [ eosgormaeckoMm mMy-
3ee JlyraHckoro HaIMOHAJIBLHOTO YHHBEPCUTETA TIOJ
HOMEpOM 9.

H3i0:xeHue ocHOBHOro Mmarepuasa. Himxke
(Tabm. 1) mpuBOIUTCS CIIMCOK BUAOB M (opM, ompe-
JICTICHHBIX B OTKPBITONH HOMEHKJIAType, BCTpPEUCH-
HBIX B KPOBJIE YTOJILHOTO Ipocnost gz (cioit Ne 3)
MECTOHAXOKICHUST «BOTHYXWHO» W BOJIU3U Yroib-

HOTO Cclost §12 MeCTOHaxoXkaeHus «MakeIOHOBKay
(cM. pororadmmie! 1 u 2).

B xoMmruiekce MecToHaXOKaeHUs «BOMHYyXUHO»
YCTaHOBJEHO 36 TakcOHOB pacteHuil: 21 Bux u 15
(opM, OIpeNIeIeHHBIX B OTKPBHITON HOMEHKIIAType.
B mem mommumpytot nrepumocnepmsl (42%), mpu-
4yeM HaunOosee OOMIBHBI M B BUAOBOM, H B KOJIHYE-
CTBEHHOM OTHOIIICHHSX TpeacTaBuresnd pona Kari-
nopteris. ITrepunocmepmsl mpounx poxos (Alethop-
teris, Cardioneura, Neuropteris u mp.) npeacrasie-
HBl Topasno Oemnee. OcCTaTKH IIayHOBHIHBIX
(28%), mpuHamIeKAIE WCKIIOYUTETHFHO IpPEeBO-
BUAHBIM (OpMaM, TPEACTABICHBI YaCTSIMH pPa3iHy-
HBIX OPTaHOB STHX PACTEHUH — KOPHEHOCIAMH, T10-
Oeramu, ¢umronaamu, ciopobumiamu 1 np. Cpenn
YIeHUCTOCTEOEMbHBIX (22%) mpeolmagaroT o0IrcT-
Bennbie BeTBH (Asterophyllites), pexxe — ocu (Cala-
mites). Haumenee pa3nooOpasusl nuHomcus! (8%).
Berpeduensr nmumip penkue OCTaTKH ceMsiH, (par-
MEHTapHbIC OTIEYaTKH JIMCTHEB W CEP/ICBUHBI
CTBOJIOB KOP/IaUTAHTOBBIX.

B cocTaB komILIeKCa UCKOMIAEMBIX PACTCHUN U3
MeCTOHaxXOKaeHUs «MaKkeIOHOBKa» BXOAUT 32 Tak-
cona: 20 BunoB u 12 ¢dopm, onpeneneHHBIX B OT-
KpBITOM HOMeHKiaType. OOpariaer BHAMaHHE OT-
CYTCTBHE OTJIMBOB CEPALIEBUHBI CTBOJIOB MHUHOIICH
(Artisia) Ha MecToHaxOXICHUH «MaKeIOHOBKaY,
XOTSl OCTaTKH JIMCThEB W CEMsH OJTHUX pacTeHHH
31ech 4dacTo HaOmoparorcs. Kpome Toro, yauBu-
TEJBHO TIOJIHOE€ OTCYTCTBHE B COCTaBe (DPUTOKOM-
TUIEKCOB 00OMX W3YYEHHBIX MECTOHAXOKICHWH Ia-
MMOPOTHUKOB, XOTS U3 MOCIIMHCKOW CBHWTHI, TIO JIaH-
HbiM E. O. HoBuk [9], U3BeCTHO ceMb BHIIOB 3THX
pactrenuii. OTIMYUTENFHOH OCOOCHHOCTHIO (UTO-
KOMIDIEKCA MECTOHAXOX/IeHUsT «BOMHYXWHOY» sIBIIS-
eTCSl OTCYTCTBHE B HEM MpeJCTaBUTENeH poja
Neuralethopteris, kotopbie 04YeHb XapaKTEpHBI IS
¢utop OGamkupckoro Bo3pacra 3amaaHoi EBpomnsl u
CeBepHoil Ameprku. TeM He MeHee, OHH U3BECTHBI
13 MecToHaxokJeHus «MakenoHoBka». To ke kaca-
etcs Buaa Paripteris gigantea (Sternberg) Gothan.

Hwke kparko ocraHoBumcsi Ha Bume Cardio-
neura amadoca Zalessky, k KOTOpOMY OTHECEH
CIMHCTBEHHBIM OTIIEYaTOK BaiK, HAWJICHHBLIA B
Bomnyxuno. Pox Cardioneura 6su1 BoieseH B 1933
r. M./I. 3anecckuM Ha MaTepHalle U3 CPEIHEro Kap-
6ona Jloubacca [6]. Tum poma — C. amadoca (B
«OcHOBaxX MaJICOHTONIOTUU» B KaueCTBE THUIIOBOTO
HeBepHO ykaszan Bun Cardiopteris sibirica Zal.).
WMzydennsrii M. Jl. 3anecckuM MaTepwayl MPOWCXO-
IIUT U3 OTIOKEHUH BOMM3M u3BecTHAKOB Gz u Gy
MOCIIMHCKOM CBUTBI OKpecTHocTel mnoc. KyrteliHu-
KOBO.

OTIMYUTETHPHOW OCOOCHHOCTHIO  YKa3aHHOTO
BBIIIIE pONia SIBISIETCS KOMOWHAIUs Mopdororude-
CKUX NPU3HAKOB MephIlIeK, npucymux poay Neu-
ropteris u ;xunkoBauus kak y poma Cardiopteris.
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Puc. 3. Pa3pesbr MmecToHaxOIeHUH «BOITHYXHHO» B « MaKeaOoHOBKa»

Yenoenvie 0bo3nauenus: 1 — aprujuInThl U aJIEBPOJIMTHI, 2 — TIECUAHUKH, 3 — KAMEHHBIC YIVIH, 4 — OCTaTKH
pacTeHuii, 5 — cTurMapuu, 6 — MUKpoOUaTbHO-HHYIMPOBAHHBIC TEKCTYPHI, 7 — MOPCKUE MOJLITFOCKH, 8 —
HEMOPCKHE MEJEIUIONbI, 9 — MUKPOKOHXHIBI, 10 — MeueXBOCTHI, 11 — pbIObI, 12 — uxHOodoccuinu, 13 — HO-
Mepa daruii. Pacidporka HomepoB darmii: 1. Darust 00BogHEHHBIX TOP(IHBIX 00I0T. 2. Darust 3auiiu-
BaIOIIUXCS YacTel 00BoHEHHOTO TopdsiHOTO OoJoTa. 3. Marus 3a00I0UEeHHBIX TPUOPEIKHOMOPCKHIX PaB-
HuH. 4. @aus npumMopckux o3ep. 5. danus TaryH U 30HBI BOJIHOBOW PsiOW 3aIMBHO-JIATYHHOTO TTOOEPEXKbSI.
6. @anus naryH. 7. darus necyaHbIX BEIHOCOB pek. 8. damwst 3a1uBoB. 9. danwust IITUHUCTHIX 0CAIKOB OT-
KpBITOrO MOpsl (Ha3BaHus (aruii coracHo padore [15] ¢ momomHeHUIME)
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Tabnuya 1

CucreMaTHYeCKHUI COCTaB KOMILICKCA MaKpO(bJ'IopLI nu3 MCCTOHaXO)K)IGHI/Iﬁ ((MaKCI[OHOBKa» u «BOJ'IHYXI/IHO»

«Maxke10HOBKaY

«BonHyxuHO»

IlnayHoBUHBIE

Bothrodendron minutifolium Boulay, Cyperites bicari-
natus Lindley et Hutton, Halonia sp., Lepidodendron
lycopodioides Sternberg, Lepidophloios laricinus
(Sternberg), Lepidostrobophyllum sp., Syringodendron
sp. 2, Stigmaria ficoides (Sternberg) Brongniart.

Asolanus camptotaenia Wood, Bothrodendron minutifo-
lium Boulay, Cyperites bicarinatus Lindley et Hutton,
Knorria sp., Lepidodendron obovatum Sternberg,
Lepidodendron aculeatum Sternberg, Lepidophloios
laricinus (Sternberg), Lepidostrobophyllum majus
(Brongniart) Hirmer, Syringodendron sp. 1, Stigmaria
ficoides (Sternberg) Brongniart.

Yiaenucroc

TedeIbHbIe

Asterophyllites grandis (Sternberg) Geinitz, Asterophyl-
lites longifolius (Sternberg) Brongniart, Calamites car-
inatus Sternberg, Calamites undulatus Sternberg, Cal-
amites cistii Brongniart, Calamites sp., Pinnularia cap-
illacea Lindley et Hutton, Sphenophyllum cuneifolium
(Sternberg) Zeiller, Sphenophyllum sp.

Asterophyllites charaeformis (Sternberg) Goeppert,
Asterophyllites grandis (Sternberg) Geinitz, Calamites
carinatus Sternberg, Calamites undulatus Sternberg,
Calamites cf. sachsei Stur, Calamites sp., Calamosta-
chys sp., Sphenophyllum cuneifolium (Sternberg)
Zeiller.

IITepugocnepmbl

Alethopteris sp. 2, Dictyoxylon sp., Eusphenopteris cf.
obtusiloba (Brongniart) Novik, Eusphenopteris sp.,
Karinopteris acuta (Brongniart) Boersma, Karinopteris
sp., Lyginopteris hoeninghausi Potonié, Neuralethop-
teris rectinervis (Kidston) Laveine, Neuralethopteris
schlehanii (Stur) Cremer, Paripteris gigantea (Stern-
berg) Gothan, Trigonocarpus parkinsonii Brongniart,
?Trigonocarpus sp.

Alethopteris davreuxi (Brongniart) Goeppert, Alethop-
teris sp. 1, Aulacopteris sp., Cardioneura amadoca
Zalessky, Cyclopteris sp., Karinopteris acuta
(Brongniart) Boersma, Karinopteris beneckei (Huth)
Boersma, Karinopteris cf. dernoncourti (Zeiller) Bo-
ersma, Lyginopteris hoeninghausi Potonié, Mariopteris
cf. nervosa (Brongniart) Zeiller, Mariopteris sp., Neu-
ropteris cf. obliqua (Brongniart) Zeiller, Neuropteris
sp., Palmatopteris furcata (Brongniart) Potonié,
Tetragonocarpus palibinii Novik.

ITunoncuabl

Cordaicarpus cordai (Geinitz) Zeiller, Cordaites prin-
cipalis (Germar) Geinitz, Cordaites sp.

Artisia approximata (Lindley and Hutton) Corda, Cor-
daites sp., Samaropsis sp.

HyxHO OTMETHTBH, YTO BBINAIOLIUIICS COBET-
ckuii naneoboranuk M.®D. HeliOypr cuurana Here-
necoobpasHbIM BbIIesieHHe poxa Cardioneura, tak
Kak Mexay HuM u Neuropteris cymecTByer MHOXe-
ctBo mepexoanbix ¢opm [2]. E.O. HoBuk [9] Obuia
CKJIOHHA He BhIICIATH pox Cardioneura u OTHOCHTH
C. amadoca k poxny Cardiopteris.

[To mamapM O.I1. @ucynenko [22] u E.O. Ho-
Buk [10] B Jomubacce Bua Cardioneura amadoca
3aUKCHPOBaH OT KPOBJIH YTOJBHOTO CHOS (>
MOCIIMHCKOM CBHUTHI JI0 KPOBJIM YTrOJBHOTO ciiost Ks'
KaMEHCKOW CBUTHI, T.€. U3BECTEH M3 BEPXHEH MOJI0-
BUHBI OAIIKHUPCKOTO U CaMBIX HHM30B MOCKOBCKOTO
spyca.

O.I1. ®ucynenko yaensn OONBITIOE BHUMAHHEC
HaxonakaM kapauonesp B JorOacce [20, 22], Tak kak
OCHOBHOM apeajn AaHHOTO poja HaXOAWTCsS 3HauYu-
TEJTHHO BOCTOYHEE W BKIIOYAeT Teppuropuio Kazax-
craHa, Kysbacca, Taiimbipa, [leuopckoro u TyHryc-
ckoro OacceliHoB. 3amagnee JloHerkoro OacceiiHa
Haxonku poma Cardioneura He wu3BecTHbI. bBoljee
TOTO, B OJHOM W3 MECTOHAXOXACHWH (YIIaKOBKa,
cm. tabn. 2) Cardioneura amadoca BcrpedeHa BMe-
cre ¢ Lonchopteris eschweileriana Andrae [21].

IpencraButenn poma Lonchopteris upesBeryaiino
penko BcTpeuaroTcs B [lonbacce, Tak Kak OCHOBHAs
4yacTh apeasa poja Haxoawnach 3anagHee [21]. Io-
MHMO YKa3aHHOW HaXOJIKH, EIMHCTBEHHBIN OOPBIBOK
Baiiu Lonchopteris bricei Brongn. onucan E.O. Ho-
BHK M3 aJIMa3HOW CBUTHI (MOCKOBCkHil sipyc). C.B.
Meiien [5], TeM He MeHee, OTpHULANT MPUHAMICK-
HOCTh JaHHOU uTodoccunnu K poxy Lonchopteris.
OTO0 3aKJIIOUEHHUE B JIMIITHUM pa3 JOKa3bIBaeT Mpel-
nonoxkenne O.I1 ducyHeHko o morepu Hemocpen-
cTBeHHOM cBs3u ¢nop Honbacca u 3anagHoi Epo-
bl B 1o31HeM Oamikupe. IMeHHO 3T0 00CTOSTENh-
CTBO CTaJl0 MPUYMHOM OTCYTCTBUSI WM ciaboro
pasBUTHSL B MOCKOBCKUX (uopax Jlonbacca MHOTHX
THOWYHBIX 11 3anmaguoi Espornsr pomos. Lonchop-
teris, TeM He MeHee, U3BECTEH B CpEIHEKAMEHHO-
yronbHO# (hiope CeBeproro Kaskasza, HO ciozma 310
pacTeHne MpOHHKIIO, BUIUMO, He yepe3 [lonbacc, a
Tepputopuei Mamoit A3umn.

daxt Haxomku Lonchopteris u Cardioneura B
OJHOM clloe BecbMa uHTepeceH. [lo 3Toil nmpuunne,
O.I1. ®ucyHeHKO cuuTaa BO3MOKHBIM HCIIOIH30BATh
MIPECTaBUTENEH ITUX POIOB ISl N3yUYEHHUS B3aHUMO-
OTHOLICHUH MEXy BECTQaTbCKUMH U aHTaPCKUMU
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hnopamu [22].

bmmxaitmm k  Jlorbaccy peruoHoM, OTKyAa
u3Becten pon Cardioneura, sBisiercs Bomrorpan-
ckas obnactb (IIpuBomKCKask MOHOKIMHATL), TAC B
[JIMHAX, JaTHPYeMBIX BepxHuUM Oarmkupom, E.D.
3ajecckoii BMECTE C THUIMYHON eBpaMepUHCKON
¢opoii onpenenen nrepugocnepm Cardioneura sp.
[1]. B aTOM e KOMITIEKCE €0 OMPEACIICHBI TpeI-
crasurenu pomos Cardiopteris u Neuropteris, uro
CBHUIIETENLCTBYET O TOM, YTO aBTOpP OMNpelesICHUN
pasnuyan 3TH Poxbl U IMPHU3HABAI CaMOCTOSTEINb-
Hocth Cardioneura.

B omuoii u3 pabor [22], omyOIMKOBaHHOW, K
coXaJiecHuIo, B Majou3BecTHoM m3ganuu, O.I1. Ou-
CYHEHKO BBICKa3all IPEAIOJIOKEHHE, YTO PACTCHHE
Neurocardiopteris asiatica Radczenko, ommcannoe
M.H. Paguenko, a mosxke JI.A. ['oranoBoii u coaBTo-
paMy U3 HHKHEKaMEHHOYTOJBHBIX OTIOXkeHU Ka-
paraHanHCKOro OacceifHa, MOXKET OKa3aTbCs MIIaj-
muM cuHoHumoM Cardioneura amadoca Zal. B
Ipyroil paboTe yKa3zaHHBIX aBTOPOB, BOIPEKH Tpe-
OoBaHUsIM MEXIyHApPOIHOTO KOJeKca OoTaHWde-
CKOM HOMEHKIATyphl [22], IUIsl OCTaTKOB, OIMKCAaH-
Hbix JILA. ToraHoBoit u coaBTOpamu, OBLIO TPEIJIO-
’KEeHO HOBOe pomoBoe HaszBanue Cardioneuropteris.
CymiecTBeHHOE pPa3IUuue B TE€OJOTHYECKOM BO3-
pacte marepuana u3 lonbacca u Kazaxcrana (Bepx-
HUI Oallkup W BEPXHHMH BU3€ COOTBETCTBEHHO),
O.I1. ®ucyneHko oOBSICHIT OCOOEHHOCTSIMHU pacce-
JIEHHWsI TaKCOHA M3 IIEHTpa BHJ000pa30BaHUs K Tie-
pudepun GropucTUIECcKoi 00IacTH.

3ameTnM, 4To B cBoe Bpems M.JI. 3anecckuii
13 MeXeBckoi cBuTHl JloHOacca (Bepxu BH3EHCKOTO
spyca) omucan odeHb Onmuskuii k Cardioneura mre-
punocnepm, HasBaHubiid Neuropteris bulupalganen-
sis Zal. [9]. EnuHCTBEHHBIM MOP(OIOTHYECKUM OT-

JUYUEM YKa3aHHBIX PACTCHHUH SIBISETCS TPUCYT-
crere y N. bulupalganensis cpemneit »uiku, KoTo-
pasi, BpoueM, O4eHb c1abo BelpakeHa. Ham xaxeT-
Csl, YTO MPOBECTH JAETalIbHOE MOPQOIOTHIECKOe
CpaBHEHHE TPYMIBI BUIOB, OTMEUCHHBIX HAMHU BbI-
mre, a umenno — Cardioneura amadoca, Neuropteris
bulupalganensis, Neurocardiopteris asiatica wu
npencrasuTeneit poga Neurocardiopteris Lutz 6suto
ObI BechbMa TIOJIE3HO. BroHE BO3MOXKHO, YTO UMEH-
o Neuropteris bulupalganensis u Neurocardiopter-
is asiatica (puc. 4, ¢ur. 3, 4), umerone OIU3KHUIHA
BO3PACT U MOP(OJIOTHIO, OKaXYTCSI CHHOHUMAaMHU.

Hwxe (Tabn. 2) nepeuucnsioTcs Bce N3BECTHBIC
MECTOHAXOXKAEHUs ocTtarkoB Buaa Cardioneura
amadoca Zal. B Toubacce.

Kak BuIMM, NONHATHIA BONPOC TOBOJBHO CIO-
JKCH M JIC)KUT B IIJIOCKOCTHU IMPOBCPKU BAJIUJHOCTHU
TakcoHOB. Kpome Toro, ais onpe/ieneHuss HICTUHHO-
ro 3Hadenuss poma Cardioneura mpu BBISICHCHHH
cBsi3u (piop Anrapuasl u EBpamepuku HeoOXonumo
M3yueHUEe HOBBIX MarepuayioB u3 JloHOacca, peBu-
3Wsl CTAPbIX M YCTAHOBICHHE MPEJEIIOB CTpaTUrpa-
¢duueckoro pacmpoctpanenuss Buzpa Cardioneura
amadoca Zal. B pa3pesax kapbona J[oHerkoro 6ac-
ceitna u Kasaxcrana, B ciaywae ecau Cardioneura
amadoca u Neurocardiopteris asiatica okaxytcs
cuHoHnMamu. Kpome Toro, cymiecTByroliee MHEHHE
o cootBercTBun poma Cardioneura Zal. poxy Neu-
rocardiopteris Lutz [2] BbIHY)XZaeT OCTOPOKHEE
IIOAXOIUTH K BOIIPOCY 3HAYECHUS yKa3aHHBIX IITCPU-
JIOCTIEPMOB JUIsl PEIICHUs MpoOiieM mNaieo0noreo-
rpaduu, Tak Kak MPeJICTaBICHUE O MOYTH HCKIFOYH-
TEJBHO aHTapCKOM PACHPOCTPAHEHUM KaPIUOHEBD
OKa@KETCsl HEBEPHBIM, Bellb BTOPOI pOJ M3BECTEH B
EBporne. Takum 00pa3om, Ha TaHHBI MOMEHT HEIlb-
35 C MOJTHOW YBEPEHHOCTBIO YTBEPIKIATh, UTO MPE/I-

Tabnuya 2
MecroHaxoxeHus ocraTkoB pacrenuii Cardioneura amadoca Zalessky, 1933
B KAMEHHOYTOJIbHBIX OTIIOXKeHUsAX JloHenkoro OacceliHa

l'eorpaduyeckas npussizka Crpaturpaduyueckoe mojioykeHue ABTOD

VYkpauna, Jlyranckas obnacts, JlyTyrunckuii MocnuHckas cBUTa, aJeBPOIUTHI B DUCYHEHKO,
paiioH, OBpar y ceBepHON OKpauHbI C. YIIAKOBKA.  KPOBJE YTOJIBHOIO CIIOS (2. 1993; 2002
Ykpanna, Jlorenkas 001acts, AMBPOCHEBCKUAN .
MocnuHcKas CBUTa, HW)KE U3BECT-  3aJIECCKHI,

paiioH, Oanka 3amoBeHAs CEBEPO-BOCTOYHEE TOC.
Kyrelinnkoso.

Hiaka Ga.

Yupkosa, 1938

VYkpauna, JloHerkas o06nacTb, JIeBbIi Oeper p.
KpsiHka B paiione noc. KyreliHUKOBO.

MocnuHCKast CBUTA, KPOBIISL YTOJb-
HOTO ¢JI0d BbllIe u3BecTHAKA Gg.

3anecckui,
Uwupkona, 1938

VYkpauna, Jlyranckas oonacte, JlyTyrunckuit
paiioH, kapbeep B ¢. BomHyxuHoO.

MocnuHcKas CBUTA, AJICBPOJIUTEI B
KpPOBJIC YIOJIbHOI'O CJ10s (3.

Jannast pabota

VYkpauna, JIyranckas oonacts, AHTPALIUTOBCKHUI

- CMOJISTHUHOBCKAsI CBUTA, KPOBIIS DUCYHEHKO,

paiioH, Oanka MedeTHas B 2 KM 3amajiHee 1oc.
YTOJBHOTO cJ1ost Nis. 1964
IBaHOBKA.
Poccwuiickas @enepanus, PocroBckas obnactsb,
N Kamenckast cButa, KpOBIISI yTOJIb-

aXTUHCKHU paiioH MIEeBCKas KOTJIIOBUHA OBHK

111 L1 , H , 1954

[ITaXTUHCKUH YYACTOK.

Horo cios ks'.
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Puc. 4. YcnoBust mpouspactanus pacteHuii, a Takxe Cardioneura amadoca
1 Mop(onoruuecKy OMU3KMe K Hel NTePUA0CIEPMbI
@ur. 1. Jlanamadt «B» cpennero kapoona Jonbacca [ 18], xapakTepu3yrOIIUNACSA pa3BUTHEM TOPPOHAKOTI-
nenns. @ur. 2. Otnevarok Baiin Cardioneura amadoca Zalessky u3 xpoiu yromsHOTo ciiost g2 (0OHaKkeHHe
y ¢. YiakoBka, JlyTyrHHCKOM paiioH); anHa Maciutabroro orpeska — 10 mm. @ur. 3. Neuropteris bulupal-
ganensis Zalessky, p. Kaiapmuyc, BepxHHii Bi3e — MeXeBCKast CBUTa (pUC. B3AT U3 padothi [9].
@wur. 4. Cardioneuropteris asiatica (Radczenko), Kaparanaurackuii 6acceiit, Bepxu Bu3e (puc. B3AT u3 pabo-
oI [22]). ®ur. 5. Cardioneura amadoca Zalessky, p. Kpbitka, BepxHuii Gaikup — MOCITHHCKAsi CBUTA
(puc. B34t u3 padotsl [9])

craButenn poxa Cardioneura Moryt okas3aTbes
KIIFOYOM K COIIOCTABJICHHUIO KOHTHHEHTAIbHBIX OT-
nokeHni kapoona EBpamepuxu u AHTapuabl.

Tagponomus u 3xonozus. duropoccunuu w3
cinost Ne 4 mecroHaxoxaeHus: « BonHyxuHo» uMeroT
XOPOIIYI0 W YHOBIETBOPUTEIHHYIO COXPaHHOCTH,
MPEJICTAaBICHBl OTIEYaTKaMU M YIJIMCTBIMU (UTO-
neiimamu. MHorna durodoccmnmy 4acTUYHO MUPH-
Tu3upoBaHbl. OHU, KaK MPaBUJIO, HE HECYT CIEIOB
MIPOIOIDKUTETEHON TPAHCIIOPTHPOBKH.

Tem He MeHee, MHOTAA BCTPEYAIOTCS OCTATKH
JEKOPTUIMPOBAHHBIX MOOETOB TUIAYHOBUIHBIX (THII
coxpannoctu Knorria u Syringodendron), cumsHO
MOBPEKJICHHBIE OCH YJICHUCTOCTEOENBHBIX H TIP.
Taxxke OOHApYXKEHBI pPEIKUEC CKOIUICHHUS OCTaTKOB

criopoduios Lepidostrobophyllum majus na rtoc-
KOCTAX HACIIOCHHS aJCBPOJIUTOB, BO3HHKIIHNE, BU-
JIUMO, BCJIEJICTBHE MX MAacCOBOTO OMNAJEHUS MOCIe
CO3PEBaHUSI.

Ha omnom u3 mepeimek nrepugocnepma Neu-
ropteris cf. obliqua n3 BoiHyxuHO, H300pakeHHOTO
Ha ¢ur. 10 (Tabmn. 2), HaOIrOMACTCS KIMHOBHIHAS
BEIpE3Ka, WAyIIas OT Kpas IUIACTHHKH K €ro cpe-
JMIUHHOW KHUIIKEe. JTH 00pa30BaHUS, BUAUMO, SIBIIS-
IOTCSl 30HaMH, OCJIa0JICHHbIE HEKPO30M BCIIECIICTBHE
MOBEPXHOCTHOTO 00BbEaHMs JIUCTHEB apTPONOJaMu
W, BIOCIEICTBUW, OTHEAUHHUBIIUMUCS OT Npouei
YaCTH MEPHIIIKa.

durodoccunany MecToOHaxmKaeHus «Make-
JIOHOBKa» TaKKe MPEACTaBICHBl OTIEYaTKaMH U yI-
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JTUCTHIMU  (UTONICHIMaMU; HEKOTOPbIE OCTaTKH U3
JUTOTHIIAa B 3aMereHbl JIMMOHUTOM (OKHCIICHHBIHN
muput). K coxanenuio, nmpumeHeHHe TagdOHOMO-
9KOJIOTHYECKOTO aHaju3a (Iopsl U (QIOPOHOCHOU
TOJIIIH CUIIHFHO OTPAHUINBAETCS TEM, YTO KaMEHHBIN
MaTepuayl OOJNBINIEH CBOEH YaCThIO MPOUCXOAUT HE
13 KOPEHHHKa, & U3 OTBaJA IITOJIBHU.

CpaBHHBas 0COOCHHOCTH COXPaHHOCTH OCTaT-
KOB PAacTeHHUH IByX M3YUYEHHBIX MECTOHAXOXICHUM,
MOYKEM KOHCTaTHpOBaTh, YTO €€ Ka4yeCTBO B IOJAB-
JIAIOLIEM KOJIMYECTBE CIIy4aeB BbllIe B BonHyxuHO.
NzydenHsie (QUTOOPHUKTOINEHO3BI MO Kiacchuuka-
nuu O.I1. ®ucynenko [16], JOKHBI OBITH OTHECE-
HBI K aBTOXTOHHOMY THITY (HalpuMep, 3aXOPOHEHHUS
WHCUTHBIX KOPHEHOCIIEB IDIAyHOBUAHBIX B CIOAX Ne
1 u 16 mecToHaxoxIeHUs1 «BOIHYXHUHO» WIH B JIH-
totune ' MecTronaxoxaenus: «MakeqoHOBKaY), TH-
MMOABTOXTOHHOMY THIy (3aXOpOHEHHE pPACTCHHH B
HIKHEH yacth cinog Ne 3 u, BuamMo, B JIuToTune B
MECTOHAaXOKIeHUs «MaKeJOHOBKa»), a TaKke all-
JIOXTOHHOMY THITY (3aXOpOHEHHE PAaCTeHHH B CIIOSIX
Ne 5 u 11 B Bonnyxuno unu B nurotune A B Make-
JIOHOBKE).

[To mpeacTaBieHNsIM HEKOTOPBIX Ma1eo000TaHu-
koB [12, 16], nrepumocmepmbl Lyginopteris hoe-
ninghausi u Eusphenopteris 6 nasarormmuMu
¢dopMaMu ¢ TOHKHM merUIItoIMcst ctebneM. [lre-
pumocrnepMsl pomxa Mariopteris, kak mpesmonaraer-
Csl, TIPOM3PACTAIH MPEUMYIIECTBEHHO Ha TMEPeXO-
HBIX y4acTKax Mexjay o3epamu u Oomoramu [16].
Ipeacrasutenu poxa Cardioneura B cpeaHekaMeH-
HOYTOJIFHOE BpeMs Ha Tepputopuu KaparaHImHCKO-
ro OacceifHa mpow3pacTainy Ha Bogopaszmeiax [12].
HecomHeHHO, 4TO JOHEIKHE MPEeACTaBUTENN poaa
OBUIM YacThIO0 PACTUTENBHBIX COOOIIECTB, Pacrpo-
CTPaHEHHBIX TUTIICOMETPUYECKH 3HAYUTEIHHO HIDKE,
a UMEHHO B Ipejesax MPUMOPCKON aKKyMyJsTHB-
HOM paBHUHBL. OTHOCHUTENBHO JIKOJOTUH PAaCcTEHUI
poma Sphenophyllum cymiectByer aBe TOUKH 3pe-
Hus. ComnacHo TepBOi, BrICKa3aHHOM emie B 1845 1.
E. I'epmapom [25], KIMHOIUCTBI OBLIM TOJTYBOIHBI-
MU pacteHusiMu. MHoro jer coyctst A. IlleHk BbI-
CKasaJl MHEHHE O Ha3eMHOW (opMme JaHHBIX pacTe-
HUH, yCIOBHSI MPOU3PACTAHUS KOTOPHIX BO MHOTOM
CXOZIHBI C DKOJIOTUYECKUMH OCOOECHHOCTSMH COBpE-
MEHHBIX JHaH [25]. JpeBOBUIHBIE XBOLIEBUIHBIC
Calamites ObLH MOTYBOIHBIME PACTEHUSIMHU H 3ace-
TSI TPUOPEXHYI0 TIOJOCY ONPECHEHHBIX JAaryH,
MPEeCHBIX 03ep U Oepera pek [23].

Kak Obuto oTMe4YeHO BBINIE, B OCHOBaHUH
YTOJIEHOTO CJI0 J3 B Kapbepe ¢. BonmHyxnHO nmeeT-
Csl TMAJICOTIOYBEHHBI TOPH30HT, KOTOPBIH MOXKHO
OTHECTH K THIy THCTOCONEeH. B coBpeMeHHOCTH
JIAHHBIE TIOYBBI (OPMHUPYIOTCS HA OPraHUYeCKOM
cyocrpare (mpeumyliecTBeHHO Topde) u pacmpo-
CTpaHEHbl OYEHb HIMPOKO — OT 30HBI TYHIPHI 10
MaHTPOBBIX 3apOCIIeH BIAKHBIX TPOIIHKOB [7].

B naHHOW maneonoyse BCTPEYEHBI MHOTOYHC-
JICHHbIE OCTaTKU KOPHEHOCLEB IJIayHOBUIHBIX, CTE-
JIOLIMXCS B TOPU30HTAJBHOW IUIOCKOCTH — Stig-
maria ficoides. ITo manueiM O.I1. ®ucynenko [16],
TAKOH XapakTep PacIOJIOXKEHUs pu30(op U HErly-
00KO€ WX TIPOHUKHOBEHHUE B CyOCTpat, MOTYT CBH/IE-
TEJNbCTBOBATh 00 M30eraHNM KOPHEHOCIaMHU TIy0o-
KHUX TOPU30HTOB II0YB, KOTOPbIE OEAHBI KUCIOPOIOM
BCJICZICTBUE AKTHBHOTO PA3JIOKCHHUA OTMEPILINX Ya-
CTEW pacTeHUH.

AHanmusupys cocTaB (PUTOOPUKTOLEHO3a Me-
CTOHaxXOKACHUS «BONXHYXMHO», MOXHO YyTBEp-
JKIaTh, YTO WCXOAHBIMU JJIsI HErO PacTUTEIHHBIMH
coobmectBamu ObutH THrpoduibHOE (puc. 4, ¢ur.
1) u me3o-rurpodmmsHoe (cormacHo B3mmaM O.I1.
®ucynenko [16]). [lepBoe cooOIecTBO BKIIOYAIO
MPEUMYIIECTBEHHO IUIAYHOBUAHBIE U  SIBISUIOCH
[JIaBHBIM TTOCTABIIMKOM OPraHWYECKOrO BEIIECTBA B
cpemHeKaMeHHOyToNbHbIe  Topdsiaukn  J[oHOacca.
Bropoe coo0miecTBO mony4ano pa3BUTHE Ha 3aBep-
HIAONIMX JTanax (yHKIMOHUPOBaHHS TOp(sHUKA,
KOrZja OH HauMHaJl 3aWJIMBaThCs M IMpeBpallajics B
MIPECHOBOJHOE 03epo WK cuctemy o3zep [23]. Ouno
ke ObUTO TOopdooOpa3zoBareneM B Cllydae TOCIIOJ-
CTBa HEOJIArONpUATHHIX KIMMATHYECKHX YCIOBH,
TAaKUX KakK [OBBILEHHUS 3aCyLUIMBOCTH KIJIMMATa,
HETMPOAOILKUTENbHBIE MOMEHTBI KOTOPOT0, TIO0 MHe-
auto O.I1. @ucynenko [17], umenu mecto Bo Bpems
HaKOIUICHUS MOCIIMHCKOM CBHTHI.

CynuTh O THIIE PACTUTENBHBIX COOOIIECTB Me-
CTOHAXOXKACHUST «MakeJOHOBKa» HET JOCTAaTOYHBIX
OCHOBAHMH, TaK KaK HeNb3s TOYHO YCTaHOBHUTbH CO-
OTHOLICHHUSI OTHEJIBHBIX TPYI pacTeHuil B (UTO-
OPHUKTOIICHO3€E, BEeJlb MaTeprall COOpaH He U3 KOPEeH-
HOTO 3aJIeraHusl.

QDumocmpamuzpaghus. Kak BUIHO U3 CTpaTh-
rpaUuecKoro TMOJOKEHUSI M3yYeHHBIX (IIOPOHOC-
HBIX CJIOEB M (JIOPHCTUYECKOTO COCTaBa BBISBIICH-
HBIX B HAX KOMIUIEKCOB MakpoduTodoccunuii (mpu-
cyrcteue Sphenophyllum cuneifolium, Lyginopteris
hoeninghausi, Karinopteris acuta, Cardioneura
amadoca, Neuralethopteris schlehanii), mannse
OTJIOKEHHUSI OTHOCATCS K 30HE COBMECTHOT'O Pacmpo-
crpanenuss Neuralethopteris spp. — Lyginopteris
hoeninghausii (NL) cxemsr O.I1. ®ucynenxo [19]
W Makpoguopuctnueckoii monzone Alethopteris
decurrens 3omsr Lyginopteris hoeninghausi mxasmsr
H.N. Bosipunoii [4]. JlaHHas 30Ha COOTBETCTBYET
3amaIHOEeBPOIICHCKON MaKpO(IOPUCTHYECKOH 30HE
Lyginopteris hoeninghausii-Neuralethopteris
schlehani [4].

Cpenun reorpaduuecku Onm3kux K [onbaccy
PETMOHOB, OTKyJda H3BECTHBI OCTaTKW pacTEHHH
OJM3KOr0 K M3Y4YEHHBIM MECTOHAXOXJICHUSIM BO3-
pacTta, 3acimyxuBaeT BHuMaHus CeBepHblii KaBkas,
JIbBOBCKO-BonbiHCKME Oaccelin u Haumboniee yna-
neHHbli  KaparanmuHckmii 0acceiH, KOTOPBHIA B
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cpenHeM KapOoHe HaxOmWiCA MPUMEPHO Ha OIHOM
maneomupore ¢ Jlorbaccom [12].

Ha Teppuropun JlbBoBcKo-Bonbiackoro Oac-
cefina (JIBB) m ero 3amajHOTO TPONODKCHUS —
JIrobnuHcKoro 0acceiita, OTIIOKEHUSIM MOCIHHCKOM
CBUTBI COOTBETCTBYET IMMOPOMOBCKAasi CBHTa, W3 OT-
JIOKCHHUI KOTOPOW M3BECTHBI (PUTO(GOCCHIUH, CBH-
JIETENBCTBYIONINE O OMM30CTH (DIOPHI U PaCTUTENb-
HOCTH yKa3aHHBIX OacceitroB [11, 24]. Ilo mHeHHIO
O.I1. ®ucynenko [16] B GamKupckoe Bpemst MEKAY
Houbaccom u JIBB cymecTBoBaza KOHTHHEHTAIb-
HO-JIaryHHAsT CBS3b, KOTOpas M oOycioBwia Onu-
30CTh X PACTUTECILHOCTH U (IIOPHI.

Ha Cesepnom Kaskaze O.U. AnncumoBoit [3]
ONMU3KMA TI0 BO3pacTy (PUTOKOMILIEKC YCTaHOBJIECH
MEXTy KOHIJIOMepaTaMy TOJICTOOYTOPCKOW CBUTHI U
MEePBBIM  BYJIKAHOTEHHBIM Topu3oHTOM. OTcroma
orpeneneHo 15 BUAOB, U3 KOTOPBIX 12 W3BeCTHHI U3
MOCTIHMHCKON cBUTHL. Hambomnee Ba)XHBIMH BHIAMHU
3TOr0 KOMIUIEKCA, KaK HaM KaXKeTcs, SBJISIOTCS
Lepidodendron aculeatum (8 ombacce pacmpo-
CTpaHeH B IMpeAesax MOCHUHCKOW-TOPIOBCKOM
csut), Neuralethopteris schlehanii (cepmyxoB-Hu3bI
BepxHero Oamikupa), Lonchopteris eschweileriana
(mocnmHckas  csura), Karinopteris  beneckei
(MOCIMHCKast ¥ CMOISHHHOBCKas CBHUTHI), Dactylo-
theca aspera (BepxHuii mpezen BepTUKAILHOTO pac-
npocTtpaHenusi B [lonbacce — ocHOBaHHE aMBPOCH-
eBckoit cBuThl). ITo maermio O.1. ArmcumoBoill 1
E.O. Horuk [11] untepBan paspesa, OTKyza MpOMC-
XOJIUT KOMIUIEKC, COOTBETCTBYET CMOJITHHHOBCKOM
CBUTE, XOTs, KAK HAM Ka)XXeTCs, BOBMOXKEH U Oolee
JIPEeBHUH ee BOo3pacT (HampuMmep, Kak BO3PACcTHOM
SKBUBAJICHT MOCITMHCKOH CBUTHI).

B Bepxax MOCKOBCKOTO sipyca Ha TEPPHUTOPUHU
ATOTO PETHOHa WM3BECTEH JHIEMHYHBIA popj Bam-
bakia Anisimova, 1973 wmopdonoruuecks OuYeHb
ommskuit Kk pomy Cardioneura [3]. Heobxommmo
TaK)K€ OTMETUTh, YTO B CPEIHEKaMEHHOYTOIBHOM
¢nope CepepHoro KaBkasza n3BeCTHbI BH/IbI, XapaK-
TepHbIE A JIMMHUYECKUX OacceliHOB EBpormbl u
Hem3BecTHhIe B JlonOacce [11]. Tem He meHee, cu-
CTEeMAaTUYECKHI COCTaB CpeJHEKaMEHHOYTOIbHBIX
tdnop Honbacca u CesepHoro Kamkaza a0BONBHO
cxoneH: u3 130 BUAOB, YCTAHOBJIEHHBIX B CPEIHEM
kapOone Ceseproro Kaska3za, 95 n3BectHsl B JloH-
bacce [11].

B cTpykType cpemHeKaMeHHOYTONIBHOM (hopbl
Kaparangunackoro ©Oaccefina, mo maHHeIM M.B.
OmrypxoBoii [12], 52,2 % BUAOB — 3TO MpencTaBu-
tenu EBpamepuiickoli naneodopuctayeckoit odna-
cty, 12,5 % BUIOB, XapaKTEepHBIX Isi AHTapCKou
obmactu u 35,3 % sHugemukoB. E.O. HoBuk [11]
Mpejnosaraja CyluieCTBOBaHHE B TIO3HEM Oamkupe
HENOCPEICTBEHHOMN KOHTHHEHTAJIbHO-JIAarYHHOU
cBs3u Mexny Jlonbaccom n KaparanmuHckum Oac-
ceiinoM. Takum 00pa3oM, HECMOTPSI Ha 3HAYMTEIIb-

HYI0 TeorpapHuecKyro yIaleHHOCTh, (piopa u pac-
TUTENBbHOCTL JloHOacca u Kaparanguackoro Oac-
ceifHa IEMOHCTPUPYIOT 3HAUNTENIBHOE CXOJICTBO.

Takum 00pazoM, (UTOKOMIUIEKC W3 KpPOBIHU
YTOIILHOTO CIIOS (J3 SIBISIETCSI HECKOIBKO CBOEOOpas-
HBIM. B HEM OTCYTCTBYIOT THIHYHBIE 151 (DUTOPHUK-
TOLIGHO30B JAaHHOTO BO3pacTa OCTAaTKU pacTeHUH
(mampumep, Paripteris) u, B Toe Bpems, MPHCYT-
CTBYIOT (HUTOQOCHHINH, UyXKIble 3aXOPOHEHUSIM
¢nopsr B npeaenax Eppamepuxu (Cardioneura). 13
OTJIOXKEHUH BOJIM3HM YTOJBHOTO CJI051 J12 ONpeIeNeHbI
TUTTUYHBIE TSI TAHHOTO BO3pacTa PacTeHUS.

BeiBoapbl. 113 Bcero BhIIEN3T0)KEHHOTO MOYKHO
ceNaTh CIeIyIOINe BbIBOIBI.

1. MecronaxoxacHue «BOIHYXHHO» SIBISIETCS
caMbIM OOTaThIM MECTOHAXOXKJIEHHEM OCTaTKOB
(JIOpbI MOCIIMHCKOM CBUTHI. B TO ke Bpems, naH-
HBI CTPaTOH, MO CPAaBHEHUIO CO CMEXHBIMHU OTJIIO-
JKEHUSMH, SBISIETCS cabo maneo00TaHWYEeCKH 0Xa-
paKTeprU30BaHHBIM.

2. ®OnopoHOCHBIMH OTIOKEHUSMHU SBISIOTCS
pa3IMYHBIE TIO0 TIPOUCXOXKACHUIO OCANIKH, & UMEHHO!
OTJIOKEHHUS TMPECHOBOIHOTO 03€pa, 3auIMBAIOIIETO-
csi TopaHUKA, JAryHbI, NENbThI, MPHOPEKHON aK-
KyMYJIITUBHOW paBHUHEL [Ipekpamenue TopdoHa-
koruieHus! («BoHYyXWHO») 03HaAMEHOBaIOCh CMEHOM
pPacTUTENBHBIX acCOUMalUil — OT TUTPOPUIBLHBIX
co00IIeCTB, COCTOSIIMX IPEUMYIIECTBEHHO U3
TUTAYHOBUIHBIX, K ME30-TUTPOQMILHBIM COOOIIIe-
CTBaM, BKJIIOYAIOIIMX MTEPUAOCIIEPMBI U YJICHUCTO-
cTeOenbpHbIE.

3. Usyuennas d¢uopa («BomHYXMHO») HEMOH-
CTpHUpYET CBOeOoOpasme, 3aKiIrodaronieecs B OTCYT-
CTBUHU HEKOTOPBIX POJIOB M BHJIOB, IIHMPOKO pacmpo-
CTPaHEHHBIX B OTJIOKEHHUSX BEPXHEro Oarmkupa
Jonbacca. Tem He MeHee, 37eCh TaKXKe MPUCYT-
CTBYIOT JIEMEHTHI HE CBOMCTBeHHBbIC (uiopaM EBpa-
MepUKH. U3 0T10%K€eHuI BOIM3H YTOIBHOIO CII0S (1
(«MaxkeoHOBKa») OTpENeNeHbl PAacTeHUs, Xapakx-
TEpHBIC JII PUTOOPUKTOIICHO30B BEPXHETO OAIlKH-
pa Jlonemnkoro Gaccelina.

4. BBUly 3HAUUTEIBHON HAyYHOI U MPOCBETU-
TEJIHCKOM IIEHHOCTH, MECTOHAXOXAeHne «BonHyxn-
HO» 3aCIyXUBAeT MPEIOCTaBIEHUs CTaryca HpUupo-
JIOOXPAaHHOTO O0BEKTa — MAJCOHTOJIOTUYECKOro Ma-
MSTHHKa TPUPOIBL. DTOT BOMPOC TpedyeT CKopei-
IIero pemieHus, Tak Kak JajbHeimas pa3paboTka
MECYaHUKOB B Kapbepe c. BOTHYXMHO MOXeT mpu-
BECTH K YHHUTOXCHUIO MECTOHAXOXKICHUS, a MacChl
TypUCTOB, TPUBJIEKa€MbIe OIM3KO PaCIIONOKEHHBIM
MCKYCCTBEHHBIM BOJIOEMOM, K €r0 pa3rpabiIeHHio u
3aCOPEHHIO OBITOBBIM MYCOPOM.

Bbaarogapnoctu. ABTOpHI MCKpPEHHE IpPHU3HA-
TeJIbHbl KaHI. reon.-MuH. Hayk H. W. Bospunoii
(MuacTtuTyT Teonmormuecknx Hayk HAH VYkpawunsi,
Kue) 3a 1ieHHBIE 3aMeUaHMs 10 CONEPKAHMIO CTa-
TBHU.
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Taoauna 1

@ur. 1. Lepidophloios laricinus Sternb. (ormiedarok ocwu), Ne 1290. ®ur. 2. Bothrodendron minutifolium Bou-
lay (o6muctBennsie mobern), Ne 1456. dur. 3. Calamites carinatus Sternb. (BayTpennee simpo ocu), Ne 1011.
®wr. 4. Cyperites bicarinatus L. et H. (u3omupoBanusiii pumionn), Ne 1345, dwur. 5. Lepidostrobophyllum
majus Brongn. (ciopoduut), Ne 1444, ®ur. 6. Lepidodendron lycopodioides Sternberg (o6mucTBeHHBIH 110-
Oer miaynouaHoro), 6/u. ®wur. 7. Asterophyllites grandis (Sternb.) Gein. (ormeuarok mobera dneHHCTOCTE-
6emapHOr0), Ne 990. dur. 8. Lepidodendron obovatum Sternb. (ormeuarok moBepxHocTH ocu), Ne 1333, ®wur.
9. Stigmaria ficoides (Sternb.) Brongn. (pusodop), monesoe poto. @ur. 10. Asolanus camptotaenia Wood
(ormeuarok moBepxHOCTH ocH), Ne 1189. ®wur. 11. Sphenophyllum cuneifolium (Sternb.) Zeiller (octatku u-
ctheB), Ne 998. dur. 12. Calamites carinatus Sternb. (ocratku ocu), Ne 1282. ®urodoccunmu, n3oopaxeH-
Hble Ha ¢ur. 1-5 u 7-11 npoucxonst u3 BoianyxuHo, npoune — u3 MakeqoHoBkH. J{inHa MactabHOM JH-
Heiikn — 10 mum (dwr. 2, 4, 5, 9-12), 15 mm (pur. 7) u 20 mm (dur. 1, 3, 6, 8)
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Taoauna 2

@ur. 1. Alethopteris davreuxi (Brongn.) Goepp. (otnevarok Baiin), Ne 983. ®ur. 2, 4. Neuralethopteris
schlehanii (Stur) Cremer (ormeuarok Baiin), Ne 894 (¢ur. 2) u Ne 342 (¢ur. 4). Dur. 3. Cardioneura amadoca
Zal. (ormeuarox Baiin), Ne 1025. ®ur. 5. Paripteris gigantea (Sternb.) Gothan (n301rpoBaHHOE TEPHIIIKO),
Ne 2123. ®wur. 6. Cordaites principalis (Germar) Geinitz (ormeuarok siucra), Ne 2898. ®ur. 7. Cordaicarpus
cordai (Geinitz) Zeiller (ocratku cemeuka), Ne 1787. ®wur. 8. Dictyoxylon sp. (oTmeyaTok moBepXHOCTH Jpe-
Becunbl), Ne 2676. dur. 9. Lyginopteris hoeninghausi (Brongn.) (ormeuatox Baiin), Ne 1344, ®ur. 10. Neu-
ropteris cf. obliqua (Brongn.) Zeill. (otmieyarox Baiin), Ne 1081. ®wur. 11. Artisia approximata (L. et H.)
Corda (cepaieuna ctoia), Ne 1023. dur. 12. Mariopteris cf. nervosa (Brongn.) Zeill. (orneuarox Baiiu ¢
coxpanuslieics puroseiimoit), Ne 1254, durodoccuanu Ha ¢ur. 1, 3, 9, 10-12 npoucxoasat u3 BonnyxuHo,
BCe mpoune — u3 MakeqoHoBKH. J[7iiHa MacITabHoM auHe#ku — 5 MM (dur. 5), 10 mm (dur. 1, 2, 4, 7-12), 20
MM (¢ur. 3, 6)
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Jumepamypa

1. Anuee M.M. Kamennoyeonvuvie omnodcenust Boneo-Ypanecrou negpmezazonocrou nposunyuu [Texcm] / M.M. Anues,
I'M. Apuxos, P.O. Xauampsn u op. — Mockea: Heopa, 1975. — 264 c.

2. Anopeesa E.M. Amnac pykosoosuux gopm uckonaemuvlx payrvl u @ropel nepmckux omiaodxcenuii Kysueykoeo dac-
ceuna [Texem] / E.M. Anopeesa, M.O. Manoenvwmanm, I'I1. Paouenxo, A.Il. Pomai, JI.JI. Xangun, B.U. Asopckuil.
— Mockea: TOHTHU, 1956. — 410 c.

3. Anucumosa O.U. @nopa u pumocmpamuepaghusa cpeonezo kapbouna Ceseprozo Kaskaza [Texcm] / O.U. Anucumosa.
— Kues: Hayxosa oymka, 1979. — 108 c.

4. Bospuna H.U. Maxpogropucmuueckue 301bl cpedHe20 U 8epxHe2o KapOoHa (neHcunbeanckoll noocucmemst) Jouey-
Koeo bacceuina [Texem] / HHU. boapuna // I'eonocuueckuii srcypnan. — 2016. —Ne 1. — C. 21-35.

5. Baxpamees B.A. Ilaneosotickue u mesosotickue ¢opwl Espasuu u ¢pumozeocpagus smoco epemenu [Texcm] / B.A.
Baxpamees, U.A. JJoopyckuna, E.J]. 3axnunckas, C.B. Meiien. — Mockea: Hayxa, 1970. — 426 c.

6. 3anecckuit M.J[. HUcrkonaemas ¢hnopa cpedneeo omoena KameHHoy201bHbIX omaodicenutl JJoneyxozo bacceina [Texcm]
/ M.J]. 3anecckuii, E.®. Yupkosa. — Jlenunepao-Mocksa: 7. ped. copHO-MONIUGHOU U 2€011020-PA36. TUMEPAMYPbL,
1938. - 170 c.

7. Knebanoeuu H.B. [lousvt mupa ¢ cucmeme WRB: npaxmuxym onst cmyoenmos cneyuanonocmu 1-56 02 02 [Texcm] /
H.B. Knebanosuy. — Munck, 2015. — 41 c.

8. Megghepm B.®. Cunonumuxa yzonenuvix niacmos [Joneyrozo dacceuna [Texcm] / B.®@. Megghepm, I[1.H. Cmenanos,
H.A. Poovleun u op. — Jlenunepao: H30. I'eonocuueckoeo komumema, 1926. — 178 c.

9. Hosuxk E.O. Kamennoyzonvnas ¢propa Eeponetickou wacmu CCCP [Texcm] / E.O. Hosux. — Mocksa: H30. AH CCCP,
1952. - 468 c.

10. Hosux E.O. Kamennoyeonvras ¢uopa socmounou wacmu JJoneykozo 6acceiina [Texem] / E.O. Hosuk. — Kues: H30.
AH YCCP, 1954. — 128 c.

11. Hosux E.O. 3axonomeprocmu pazeumust Kamennoyeononot gaopsl ioea Eeponetickou wacmu CCCP [Texem] / E.O.
Hosuk. — Kuee: Hayxoea dymka, 1974. — 140 c.

12. Owyprosa M.B. Ianeogumonocuyeckoe 060cHosanue cmpamuepaQuu 6epXHUX CEUM KAMEHHOY20NbHbIX OMA0NCE-
nutl Kapazanounckoeo 6acceiina [Texem] / M.B. Owypkosa. — Jlenunepao: Hayxa, 1967. — 148 c.

13. llonemaes B.U. Pacunenenue u xoppensyusi pasno@ayuaibblx moaw HUNCHe20 U HU308 cpedne2o kapboua /ne-
npogcko-/loneykozo agraxozena [Texcm] / B.U. Ilonemaes, B.I. Baxapuyk, JI.I Bunnuuenxo u op. — Kuee: HI'H AH
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ON THE PALEOBOTANICAL CHARACTERISTIC OF THE MOSPINO FORMATION
(MIDDLE CARBONIFEROUS, DONETS BASIN)

Formulation of the problem. Deposits of the Mospino Formation (Upper Bashkirian) are poorly char-
acterized by plants remains. Any new data supplementing the paleobotanical characterization of the Carbon-
iferous deposits of the Donets Basin are, undoubtedly, of interest.

The aims of the article are to find out the systematic composition of plant remains from two localities
and to determine the conditions of growth and burial of plants.

The history of the study of Carboniferous flora of the Donets Basin dates back almost two centuries.
During this long period, a rich fossil macroflora was investigated from the Carboniferous sediments.

Material and research methods. This article is based on the results of a study of fossil flora from two
sites — Makedonovka and Volnuhino (Lutuginsky district of the Luhansk region).

Statement of the main material. Of the sediments with the coal layer g:? (Makedonovka), 32 taxa were
identified: 20 species and 12 forms defined in the open nomenclature. The composition of the plant complex
is as follows: Bothrodendron minutifolium, Cyperites bicarinatus, Halonia sp., Lepidodendron lycopodi-
oides, Lepidophloios laricinus, Lepidostrobophyllum sp., Syringodendron sp. 2, Stigmaria ficoides, Astero-
phyllites grandis, Asterophyllites longifolius, Calamites carinatus, Calamites undulatus, Calamites cistii,
Calamites sp., Pinnularia capillacea, Sphenophyllum cuneifolium, Sphenophyllum sp., Alethopteris sp. 2,
Dictyoxylon sp., Eusphenopteris cf. obtusiloba, Eusphenopteris sp., Karinopteris acuta, Karinopteris sp.,
Neuralethopteris rectinervis, Neuralethopteris schlehanii, Lyginopteris hoeninghausi, Paripteris gigantea,
Trigonocarpus parkinsonii, ?Trigonocarpus sp., Cordaicarpus cordai, Cordaites principalis, Cordaites sp.

From the roof of the coal layer gs (Molnuhino), 36 plant taxa were determined: 21 species and 15 forms
defined in the open nomenclature. Among them: Asolanus camptotaenia, Bothrodendron minutifolium, Cy-
perites bicarinatus, Knorria sp., Lepidodendron obovatum, Lepidodendron aculeatum, Lepidophloios larici-
nus, Lepidostrobophyllum majus, Syringodendron sp. 1, Stigmaria ficoides, Asterophyllites charaeformis,
Asterophyllites grandis, Calamites carinatus, Calamites undulatus, Calamites cf. sachsei, Calamites sp.,
Calamostachys sp., Sphenophyllum cuneifolium, Alethopteris davreuxi, Alethopteris sp.1, Aulacopteris sp.,
Cardioneura amadoca, Cyclopteris sp., Karinopteris acuta, Karinopteris beneckei, Karinopteris cf. der-
noncourti, Mariopteris cf. nervosa, Mariopteris sp., Lyginopteris hoeninghausi, Neuropteris cf. obliqua,
Neuropteris sp., Palmatopteris furcata, Tetragonocarpus palibinii, Artisia approximata, Cordaites sp., Sama-
ropsis sp.

A detailed morphological comparison of the following group of species is necessary: Cardioneura
amadoca, Neuropteris bulupalganensis, Neurocardiopteris asiatica, as well as species of the genus Neuro-
cardiopteris Lutz. It is possible that Neuropteris bulupalganensis and Neurocardiopteris asiatica, having
close age and morphology, will turn out to be synonyms.

Hygrophilic and meso-hygrophilic plant communities were the initial plant communities for Volnukhino
phytoorictocenosis. The deposits of the Mospino Formation belong to the zone of joint distribution Neu-
ralethopteris spp. — Lyginopteris hoeninghausii (NL) schemes by O.P. Fisunenko or macrofloristic subzone
Alethopteris decurrens of the Lyginopteris hoeninghausi zone of the scheme of N.I. Boyarina.

Conclusions. Fossil site Volnuhino is the richest locality of the flora remains of the Mospino Formation.
The deposits are sediments of a freshwater lake, peat, lagoon, delta, and coastal accumulative plain. Volnuhi-
no’s locality deserves to be granted the status of a conservation object — a paleontological geosite.
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BILJIUB ®LIbTPAILII JIYKHUX PO3YHUHIB HA JTE®OPMALIAHI ITPOSIBA
B IPYHTOBIU OCHOBI IHHKEHEPHUX CITOPY/|

IIposedeno ananiz enaugy cmamuyno20 HAGAHMANCCHHS MA GMPANM KOHYEHMPOBAHUX JYHCHUX PO3YUHIE Ha Oeghopmayiiini
nposigu 6 IPYHMOGI OCHOGI | (POPMYSAHHI KPeHy MOCMOo8020 Kpand. Memooura docniodcens ekuouana 1a06opamopHi 6UHAYEHHS
Di3UKO-MEXAHIYHUX Ma NPOCAOKOBUX GLACMUBOCMEL TPYHMIG, 30KPEMA, elO8IANIbHO-0eTI0GIANbHUX CY2IUHKIS, GUSHAUEHHS XIMIYHO20
CKAAOY [PYHMOBUX 600 HA OOCHLONCYBAHIL OLISHYI MA OYIHKU PO3UUHEHHS MEepOoi (hazu IyHCHUM POZHUHOM 3 BUKOPUCTNAHHAM PeH-
meenogyopecyenmuozo cnekmpomempa CEP-01 ElvaX Plus, eapiamuéni po3paxyHku ocaoku ma npocadku Ha OCHO8I cmanoapm-
HUX MEeMOOUK 3 YPAXYBAHHAM YACMKOB020 PO3YUHEHHS MEepOoi (hazu TpYyHMY.

Jlabopamopnumu docnidscennamu ecmanogieni komnonenmu (41203, Fe203, Ca0, K20) ma ix uacmka y maci meéepdoi dpasu
eni08ianbHO-0en108ianbio2o cy2iunky (0o 13.3%), wo moocyms nepexooumu 6 6inbiu po34UHHI CONi Y KOHYEHMPOBAHOMY JIYICHOMY
posuuHi. Lle cmeoproe ymosu 01 po36umKy BpoCcaoku XiMiuH020 ROXOOJICEHH S, CYMMEBO Oibulol NOPISHSAHO 3 dedhopmayisimu TpyHmy
6 YMO6ax (pinempayii HelumpaibHUX PO3YUHISE.

Ilpogedeni pospaxynku ocadku ma npocadku 6e3 ma 3 ypaxy8anHam XiMIYHO20 @NAUSY HA IPYHMU 8 OCHOGI hyyHOamMeHmy cno-
PYOu NOKA3anu, wo KpumuyHi oeghopmayii, uo npu3eo0sims 00 HENPUNYCIMUMO20 KPEHY MIdC eleMeHmMAaMU KOHCMPYKYil MOCmMO06020
kpany nonao 0,004, popmyromuvca auuie y pasi HepiGHOMIPHUX NPOCAOOK XIMIYHO20 NOX00XHCceHHsA noHao 5...10 cm. Pospaxosani Oe-
gopmayii ma kperu 8ionogioarome suasieHUM Oehopmayiam ma KpeHy Midxe KONOHAMU KPAHd, AKI Nepesuiyuy MakCUMAaibHO 0ony-
cmume 3navents y 2016 p. i necamueno enaunyiu Ha ymoeu excnayamayii danoi cnopyou. Ilpu yvomy, nozipuienist necy4oi 30amuo-
cmi TPYHMIG HACTIOOK BNAUBY JYHCHO2O PO3UUHY 8I00VEAEMbCA HABIMb NICAA MeXHIYHOT Meniopayii pyHmis, npogedenoi nonao 20
pokie momy nazao. [lumoma eaza pozuunenoi meepooi ¢asu 6 rpynmi oyinioemoca y 1-1,5%, wjo gionosioae pesyrbmamam 6niugy
CUNbHUX JTYHCHUX POZUUHIG, OYIHEHO20 Y Yill pOOOMI Ma 6 IHULUX 00 CTIIONCEHHSIX.

Ompumani pe3yiomamu MOXCYms OYmMu 3aCMOCO8AHI NPU NPOSHO3VEAHKI YMO8 00820MPUBAol eKCniyamayii cnopyo Ha IpyH-
max, uepes ki IIbmpylomsvcsi XiMIYHO A2PecusHi po3HuHuUL.

Kniouogi cnosa: rpynm, ocaoka, npocaoka, 1ysiCHUL pO34UH, CY2IUHOK, BULY208Y8aHHs1, deghopmayii, KpeH.

/. B. Pyoakxos, B. H. Tumowyk, H. A. I'nywmenxo. BJJUAHHE ®U/IbTPALIHH IIIEJIOYHbIX PACTBOPOB HA JIE-
®OPMAIIHOHHBIE ITPOABJIEHHA B TPYHTOBBIX OCHOBAHHAX HHKEHEPHBIX COOPYKEHHH. ITposeden ana-
U3 BIUAHUA CMAMUYECKOU HASPY3KU U VIMEeYeK KOHYEHMPUPOBAHHBIX UJETOUHBIX PACHBOPO8 HA 0ehoOpMAYUOHHbIe NPOSGIEeHUs 8
2PYHMOBOIUL OCHOBE U (OPMUPOBAHUSL KPEHA MOCMO8020 Kpana. Memoouka ucciedosanuil 6Ka04aLa 1a00PAMOpHble OnpedeleHis
@u3UKO-MeXaHUUecKUx U NpoCcaooyHblX CEOUCME ZPYHMOS, 8 HYACMHOCMU, ANMI0GUANHO-0CNI0BUANIbHBIX CY2IUHKOG, ONpeOeieHus
XUMUYECKO20 COCMABA 2PYHMOBBIX 600 HA UCCIEOYeMOM YHACMKe U OYeHKU pACmEopeHus meepooll (hazvl Wel0uHbIM PACMBOPOM C
ucnonvbsosanuem penmeenoguyopecyenmuozo cnekmpomempa COP-01 ElvaX Plus, eapuamuenvle pacuemvt 0caoku u npocaoku Ha
O0CHOBE CIMAHOAPMHBIX MEMOOUK C YUEMOM YACMUYHO20 PACMBOPEHUsI MEepOoll (hasbl cpyHmMA.

Jlabopamoprwvimu uccredosanusmu ycmanosiervl komnonenmol (Al203, Fe203, Ca0, K20) u ux dons 6 macce meepdoit ghasvl
ANTIOBUATLHO-0TI0BUATLHO20 CyenunKa (00 13.3%), komopbie mo2ym nepexooums 6 6onee pacmeopumvie conu 8 KOHYEHMPUPOBaAH-
HOM Wer04HoM pacmeope. Imo coz0aem YCi08us Osl pa3eumus npoCcaoku XUMUYECKO20 NPOUCXOHCOEHUs, CYujecmeeHHo Doabluell
10 CpasHeHuio ¢ Oehopmayuamu SpYHma 8 yCiosusax Quabmpayuu HelumpaibHblX pacmeopos.

IIpogeoennvie pacuemvl 0cadku u nPpocaoku 6e3 u ¢ Y4emom XUMU4eckoeo 8030eliCmels Ha SPYHM 6 OCHOBAHUU (QYHOAMeHma
COOPYIICeHUsl NOKA3AAU, YMO Kpumuieckue oepopmayuu, npugoosiujue K HeOONYCIMUMOMY KPeHy MeHCOY INEeMEHMaMU KOHCIMPYKYUU
kpana bonee 0,004, hopmupyiomest monvko 6 ciyuae HepaGHOMEPHLIX NPOCAOOK XUMUYECKO20 npoucxodicoenust 6onee 5...10 cm. Pac-
cyumanHwle 0epopmayuy u KperHvl COOMeemcmayion bisigieHHbIM 0eQopMayusm u KperHy medxicoy KOLOHHAMU KPAHA, KOmopule npe-
BBICUNU MAKCUMATLHO 0onycmumoe sHavenue ¢ 2016 2. u necamueHO NOBIUALYU HA YCA08US IKCIIYAMAYUU OAHHO20 COOPYIHCEHUSL.
Ipu smom yxyowenue Hecyujetl ChoCOOHOCHU SPYHMOS 8 Pe3yabmame 8030eUCmeUs. WeIOUHO20 PACMEOPA NPOUCX0OUM 0adlce NOCie
MEXHUYECKOU MeTuopayull 2pyHmos, npogedennoll bonee 20 rem momy Ha3ao. YoenvHulil 8ec pacmeopenHol meepooll asvl 8 epyH-
me oyenugaemcs 6 1-1,5%, umo coomeemcmesyem pe3yrbmamam 6030€lcmeus CUTbHbIX UeIOYHbIX PACEOPO8, OYEHEHHO20 6 MOl
pabome u 8 Opyeux uccieo08aHusx.

[lonyuennvie pe3ynomamvl MO2ym Obimb NPUMEHEHbL NPU NPOSHOSUPOBAHUU YCI08ULL ONUMENbHOU IKCHIYAMAYUU COOPYIHCEHUL
Ha 2pYHmMax, uepes Komopbvie Quibmpylomesi XUMU4ecKu a2peccusmble Pacmeopbl.

Knrouesvie cnosa: epynm, ocaoka, npocaoka, wenouHoil pacmeop, CyeiuHoK, gulujelavusanue, 0egopmayui, KpeH.

IlocranoBka mnpodJjemu. 3rigHO 3 pi3HUMH  jAoBHIIA [1]. 3a MpUPONOIO BILUIMBY Ii BHIU MOXKHA
knacuikalissMu IporeciB i pakTopiB, MOKHA BUI-  YMOBHO DO3JIUIMTA HA TPU TPyNHd UYUHHUKIB, IO
jutd noHax 10 OCHOBHMX BHJIB TEXHOTE€HHOTO BKJIIOYAIOTh: 1) CTaTHYHE Ta JWHAMIYHE HaBaHTa-
BIUIMBY Ha I'PYHTH, SIK YACTHHY T'€OJIOTIYHOTO cepe-
© Pyoaxos JJ. B., Tumowyx B. I, [mywenxo H. O. https://doi.org/10.26565/2410-7360-2019-51-06
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JKEHH, 2) BIUTUB (iIbTpallii BoaH, 3) BIUTUB XiMITHO
arpecuBHUX PEYOBUH Ta PO3UYMHIB.

Jlo craTMYHOTO Ta AWHAMIYHOTO HAaBaHTAaXKEHb
MPU3BOIATH omepaii mig gyac (GopmyBaHHs OymiBe-
JTFHUX BUIMOK, Kap’ €piB, MiA3eMHUX KOMYHIKAIi,
OymiBHUITBa (DyHIAMEHTIB PI3HUX CHOPYH, CTBO-
PEHHSI Ta eKCIUTyaTauii TpaHCOpPTHOI iH(pacTpyk-
TypHW, 3aXOAW 3 TEXHIYHOI Mejiopamii, 30Kpema,
VIIUTEHEHHS TPYHTIB Tiepen OyIiBHUIITBOM. Bruims
¢inpTpanii Boau NposBISIETHCS, HACAMIIEPE, Yepes
3MiHy BJIAaCTUBOCTEH IPYHTIB NpHU BTpaTax BOIH 3
KaHaJiB, OacelHIiB, IHTEHCHBHUX oOIajax TOIIO.
CkuaHHsl 1 CKJIQJyBaHHS MPOMHUCIIOBUX BiJXOJIIB,
BTpaTH XIMIYHO arpeCHMBHHMX BOJA 1 TEXHOJOTTYHHUX
pPO3UMHIB Ta iX moganbIna GikTpalis y 30H1 aepariii
1 BOJOHOCHHMX TOPH30HTaX aKTWBI3yE IIEePexXimHi
nporiecu B TBepAid ¢asi, 30kpeMa, XimiuHy cydo-
310, BHJIYTOBYBaHHS, KapCT, IO CYTTEBO 3MIHIOE
(hi3MKO-MeXaHIYHI BIAaCTUBOCTI TPYHTIB. Pesynpra-
TOM I[HOTO € 0SB JOJIATKOBUX JiehopMaliiil IpyHTY,
3HMKEHHSI HOTO HEeCyd4oi 3JaTHOCTI Ta IOTipIICHHS
YMOB eKCIUTyarallii Copy/l pi3sHOTO MpU3HAYEHHS.

AHani3 ocTaHHiX AocCaiTKeHb 1 myOsaikamiii.
HeoOxinHicTh 1 BayKJIMBICTh OLIIHKK 3MiH BJIACTHUBO-
CTe¥ TPYHTIB BHACTIJIOK CYKYIHOCTI IIMX IPOIIECIB
Briepmre Oyna BigzHadeHa [.I. ITokpoBcekum 1mie y
1937 p. TeopeTuuHi OCHOBM 1 NMPAKTHYHI METOIM
ypaxyBaHHsI 3MiH (Pi3UKO-MEXaHIYHUX BJIACTHBOCTEH
IpyHTIB po3BuBamucs M.M. lompmmreiinom, H.A.
€pmonaesum, B.B. Mixeerum, M.M. MacnoBum Ta
iH. [2].

B mocimimpkeHHAIX OCTaHHIX JHECATWITH OLIHIO-
BAaBCSl BIUIMB OKPEMHUX YMHHUKIB Ha 3HW)KECHHS Mill-
HICHHX BIIACTUBOCTEH Ta HeCcyuoi 3[]aTHOCTI IPYHTIB,
MIPOTNIOHYBAJINCS METOAN KibKICHOTO HMPOTHO3Y HHUX
siBuIl. OCHOBHOIO 3aKOHOMIPHICTIO € 3HIDKCHHS Mi-
IHOCTI TIPYHTIB BHACJIJOK 3POCTaHHS BOJIOIOCTI,
sIKe, 30KpeMa, OyJi0o BCTaHOBJIGHE Ha MPUKIAJl CyT-
nmuHKiB [3]. JlabopaTopHUMHU JOCHTIKEHHSIMH OYJ10
Moka3zaHo [4], IO CHIX 3YeIUICHHS 3aJIeKaTh HE
JIMIIIE B1JI IIUIBHOCTI Ta BOJIOTOCTI, a ¥ BiJI pEUOBOI0
CKJIagy I'PyHTY. B meBHUX yMOBax ocazka IOBEpXHi
3eMJISTHOT Tpedili PO3BUBAETHCS Yepe3 TiApaBIiuHU
3B’SI30K MK pe3epByapoM 1 30HOK IPOCOYYBaHHS,
mo OyJa0 BHABJICHO TeO(i3MYHMMH JOCHIKESHHS-
Mmu [5].

Jedopmanii mrTydyHOi TIPYHTOBOi OCHOBH Ta
BIUTMB 3MiH BOJIOTOCTI Ha MeEXaHIuHI BIACTUBOCTI
IPYHTIB KUIBKICHO OILIHIOBAINCS NPU PO3PAXYHKY
KpEeHy KiJbIIeBOTO KpaHy [6] Ta jamM0 XBOCTOCXO-
Buina [7]. Ilpu OIiHIOBaHHI CTIHKOCTI CXMITy TAKOXK
MEPCHEKTUBHUM € BUKOPHCTAaHHS MOTEHLiany HOro
aKTHBALii, TPOIEMOHCTPOBAHOIO B poOOTI [§].

CyrreBuii BHecok (10 50%) y mpocinanHs mo-
BEpXHI M CTATHYHUMHU HABAHTAXKEHHSIMU POOHTH
BiIOIp MiA3€MHUX BOJ, IO IiITBEP/HKYETHCS 3ara-
JBHOIO KITBKICTIO 3adikcoBaHumx mpociganb [9].

3HaueHHs IOTO YHHHHKY ITATBEPIKYETHCSI pe-
3yJbTaTaMid MOJIEIIOBAHHS Ta MOHITOPUHIY 3HU-
JKEeHHsI IpYHTOBHX Boj [10].

VY OarathboX BUNAAKaxX 3HWKEHHS MIIHICHUX
BJIACTHBOCTEH OOYMOBJICHO TpPHUBAJIUM XIMIYHUM
BIUIMBOM Ha I'PYHT, 30KpeMa, arpECUBHUX PO34YMHIB
[11]. JloMiHY¥OUMM YMHHUKOM IIBOTO IIPOLIECY € PO-
3YHHEHHS TBEPHIOi (asu, Mo JacTo OB’ SI3aHO 3 Te-
PEX0I0M MaJIOPO3YMHHMX CIIONYK KaJbLiI0 Ta ajro-
MiHil0 y Ok MoOinbHI popmu. 3 TOukH 30py Ki-
JBKICHOTO OIUCY LBOTO TMPOLECY MPaKTU4HY IiH-
HICTb MAalOTh BCTAHOBJICHHS JIHIHHOI 3aJI€KHOCTI
iHTEHCHMBHOCTI BMJIyroByBaHHs ioHiB Ca®" Bim kap-
OoHaTHOT arpecuBHOCTI Bomum [12]; 3ayiexHICTH
IIBUIKOCTI peakilii BUITyTOBYBaHHS aTFOMOCHITIKATIB
BiJl JY)KHOCTI PO3YMHY Ta TeMIEpaTypH IpoIecy
[13]. JocnipkeHHSIMH PO3UMHHOCTI T1IPOOKUCY Ka-
JIBIII0 Ta MacooOMminy Ca®" B TyXKHOMY cepemoBHIL
Oyno BusBIEHO, mo po3unHennii Ca(OH)? € momi-
HytouuM y posurHi 3 pH Bume 13, a Ca(OH) Takox
YTBOPIOETHCS, ajie B MEHIIIi KibkocTi [ 14]. Cipoba
MaTeMaTHYHOIO ONMCY MiA3€MHOIO BHUJIYTOBYBaHHS
KaJbII€EBMICHUX IOPiJi Ha MaKpOCKOIMYHOMY piBHI
OyJa mpejcTaBlicHa, 30KpeMa, Y MOJIEII, 1110 OIHCYE
B32€MO/IIF0 KUCIIOTH B TTOPaX, 3aIIOBHEHUX PiAMHOIO,
3 KOMITOHEHTaMH, AKi YTBOPIOIOTh MAaTpPHIIIO TipCh-
kol mopoau [15]. 3a pe3ynbraraMu 1UX JIOCIIHKEHb,
npocajika, CIpUYMHEHA 3HAYHUMH HABaHTAKCHHS-
MU, 30UTBIIYETHCS 31 3pOCTAHHSIM BEPXHIX HAaBaHTA-
’KEHb 1 3MEHIIY€ETHCS 3 ITTHOMHOIO.

B3aeM03B 30K MK CTYIEHEM pPO3CiIOBaHHS
coJIel Ta IIBUAKICTIO iX BUIIYTOBYBaHHS JOCIHIDKY-
BaBCs IIPH OIIHIOBaHHI PU3WKIB PO3YMHEHHS COJIEH
Ha TOSIBYy MPOBAJIIB Ta OCIJaHHS TIOBEPXHI 3eMIIi 3
ypaxyBaHHSIM IUIOLII B3a€MOJIl «CiIb-PO3YMHHHUK
[16], npu uncenpbHOMY MOJIETIOBAHHI BIUIUBY XiMid-
HOI cydo3ii Ha npociganus rpyHTy [17].

BunineHHsi HeBHWpilleHWX paHille YacCTHH
3arajbHoOl MpoodJieMu. Y TONepeaHiX IOCIiIKeH-
HSIX, SIK TIPABWJIO, BUBYAJIHCS MPOSIBH JIMIIE OJHOTO
3 YMHHUKIB, a 3MIHU IIiJ] BIUIMBOM 0jIpa3y KiJIbKOX
YHHHUKIB JOCIIHKYBAJIICS ITEPEBAKHO HA SKICHOMY
piBHi. Lle, 30kpeMa, CTOCYEThCS OI[IHKH BHITYTOBY-
BaHHsI TBep/I01 (a3u IPyHTY XIMIYHO arpecUBHUMU
PO3YMHAMHU Ta MOTO BIUIMBY Ha (Di3MKO-MEXaHi4Hi
BJIACTUBOCTI 1 3HW)KEHHs Hecyd4oi 3xaTHocTi. [lapa-
METPH IMX NPOIIeciB ad0 BiJCyTHI ab0 HOCSTH 3ara-
THHUW XapakTep y BIAMOBIHUX MeToaukax [18].
Hanexxne BpaxyBaHHS IIMX YMHHHUKIB 1 TPOLECIB €
HAA3BUYAWHO BaXXJIMBUM JUIS OILIHKH CTIAKOCTI
JaM0 Ta IVIMHUCTHX CKPaHiB BIACTINHUKIB 1 HaKO-
MUYyBayiB KUCIOTHUX 200 JIy>KHUX [UIAMIB Ta poO3-
YHHIB, XBOCTOCXOBHUII YEPBOHOI'O IIIAMY TOLIO.

Crin 3BaxkaTu Ha Te, MO B yMoBax (inmbrparii
arpecrBHUX PO3YMHIB y I'PyHTaX TOTIpIICHHS Mill-
HICHMX BJIACTHBOCTEH 1 BTpara ix Hecy4oi 31aTHOCTI
MOJKE TIPOSIBUTHCS Yepe3 TPUBAIHI MPOMIKOK dacy i

-84 -



BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

JIMIIE TCNISA IBOTO MPU3BECTH JIO CYTTEBOTO IOPY-
MIEHHS IUTICHOCTI KOHCTPYKIIiH, (hOpMyBaHHSI Hal-
KPUTUYHOTO KpEHY CHOPYA TOIIO. 3 ypaxyBaHHSIM
CTapiHHA PI3HOMAHITHUX 1HKEHEPHHX CIIOpYA Ta
iH(hpacTpyKTypH, BUHUKAE aKTyalbHa 3a/ada JI0C-
TOBIPHOTO KIIbKICHOTO aHaJi3y, OIIHKHU Ta MPOTHO3Y
CTaHy HaBaHTA)KEHOTO I'PYHTOBOTO MacHBY, L0 3Ha-
XOIWUTHCS 1T BINTHBOM XIMIYHO arpeCUBHUX PiJIHH.

@opMyTI0OBaHHSI MeTH cTarTi. Meroro nmaHoi
pOOOTH € aHalli3 BIUIMBY JIY)KHHX PO3YMHIB, HA IPYy-
HTOBY OCHOBY 1HXKEHEPHHX CIIOPY/, Ta OLliHKa IIbOTO
BIUTMBY Ha TOABY nedopMariiii, HepiBHOMIpHE OCi-
JaHHs criopyn i popMyBaHHsI iX KpeHy.

CyKynHHI TEXHOTCHHUH BIUIMB Ha IPYHT B OC-
HOBI CIOPYZIX PO3TISTHEMO HA TPUKJIIAi MOCTOBOTO
KpaHy, 110 PO3TALIOBAHUHA Ha TEPUTOPIl MPOMHUCIIO-
BOTO MiANPUEMCTBA Y JIHITPONETPOBCHKINA 00JIACTi.
IpyntH Ha 06’€KTi, moGynoBanomy nonan 20 pokxis
TOMY, TIepeOyBarOTh ITiJ] BILTMBOM CTATUYHOTO HaBa-
HTa)KEHHS KOJIOH Ta 30UIbIICHHS MiHepami3alii 1py-
HTOBHX BOJI BHACJIIJIOK BTpaT 3 OaceiHiB, jJe¢ BHACII-
JIOK 00pOOKM TpaHyIhOBAHOTO ILIAKY METaIypriid-
HOTO BHPOOHHMIITBA YTBOPIOIOTHCS JIY>KHI PO3YMHU
BHCOKOI KOHIIGHTpaIlii, arpecuBHi 0 Oetony. JnHa-
MIYHUH BIUTHB TPAHCIIOPTY, IO JOCTaBIsE MaTepia-
i Ha 00’ekT, € He3HauHuM. Y 2016 p. Oyno 3adik-
COBaHO OCiZIaHHSI OTIOPHUX KOJIOH BiJl MOYaTKOBOTO
nonoxxeHHst 10 10...15 cM Ta mepekic ropu30HTab-
HUX 0aJOK KpaHy, BHACIIJIOK YOTO MaKCHUMAallbHUH
KpPEH MK OKpPEMHMH eJIEMEHTaMH CHOPYIH BXKe 3a-
pa3 JOpIBHIOE YM MEPEBUIIYE MAaKCUMAILHO JOIyC-
THME 3HAYCHHS.

Y 3B’A3Ky 3 [MM BUHHUKIA HEOOXiTHICTH
3’sICyBaHHS TPUYWH HEPIBHOMIpHOTO OcijanHs (y-
HAAMEHTY Ta KpeHy MK OIopaMu KpaHa. Y OuIbII
IINPOKOMY KOHTEKCTI, 1€ JO3BOJIUTH OL[IHUTH Tapa-
MeTpH Aedopmartii Ta 3MiHy HeCy4oi 3[aTHOCTI Ipy-
HTOBHMX OCHOB, IIIO IJI/IAIOThCSI BIUIMBY XIMIYHO ar-
PECHUBHHX PO3YHHIB.

Bukian ocHOBHOTO MaTepiay K0cTiIKeHHS

Mamepianu ma memoou. Tlpu ROCTIIKSHHIX

BUKOPHCTOBYBAJIMCh Marepianu IH)KEHEepHO-
reoJIOTIYHUX BHITYKYBaHb Ha JUISHII 1EXy 3 Tepe-
pOOKM  BIIXOMIB METamypriiHOro BHPOOHHUIITBA

wiomero 5400 m?, 1o po3TamoBaHuii Ha TMIiBJIHI
JHinponerpoBcbKoi obiacTi (puc. 1).

Kpan cxmamaerscst 3 2 xapeTok i 27 OmoOpHUX
KOJIOH, KO)KHA 3 SIKMX OIMPAEThCS HA TOYKOBUH (Py-
HIAMEHT 3araibHOI0 IUIOMIE 56 M? muOuHOIO 3a-
JiraHHs 1,5 M; BaHTaKOIMIAHOMHICTh OJHIET KapeT-
Ku cTtaHoBUTh 10 T, 3arajgpHa Bara HaBaHTAXKEHOTO
Kkpany — omu3bko 300 T. Tuck Ha BHYTpILIHI Ta 30B-
HimHI KogoHU craHoBuTh 0,08 MIla ta 0,16 MIla
BIIMTOBITHO. 3TiHO MPOEKTHOI JOKYMEHTAIIli, Tepe/
Oy/JIBHUIITBOM IIOHAJ JABAJALATH POKIB TOMY Ha Ii-
NsHL Oynia MpoBeieHa TEXHIYHA Meiopallis, a came
VITUTBHEHHS TPYHTY, PE3yJbTaTOM YOTO MaJiO CTaTH

3MEHIIIeHHS MPOCAJAKOBUX BIACTUBOCTEH JIECOIOIi-
OHMX CYDJIHHKIB. 3a pEeKHMMOM POOOTH KpaH BiIHO-
cuThes Ao kareropii 7K — mpuBoAHI KpaHU MOCTOBO-
ro TUIy 3 JICOIIKOBUMH BaHTOXKHUMH Bi3KaMU MPHU
1i701000BiK poO0Ti. MakcUMaIbHO IOMYCTHMI TO-
pu3oHTANRHI aedopmariii (3MIIIEHHS) KOJOH BiJK-
PUTHX KpaHOBUX ecTakai kareropii 7K craHoBuTh 5
CM, a KpeHy Mixk cycianimu komonamu — 0,004 [19].

B reomopdonoriuHoMy BiIHOIIEHHI TiTSHKA
3HAXOAMTHCS B MEXKax YETBEPTHHHOI HaJ3arlIaBHOT
Tepacu mpaBoro oOepera p. Juinpo. 3a gqanumu 3 12
MpoOypeHnX Ha [UISHIN CBEPIJIOBHH TIHOWHOIO
20 M, reosioriuyHa Oy/10Ba JOCIIKYBaHOI TOBIIII ITO-
pin  mpencraBieHa  JITKUMH  €IIIOBiajibHO-
JISTIOBIaIbHAMH CYTJIMHKAMH Ta CYIICKaMH, SKi T0-
BCIOJIHO TIEPEKPHUTI 3 TOBEPXHI CydYaCHUMH HACHII-
HUMH TEXHOT€HHUMU IpyHTaMH (puc. 2). 3a TaHUMHU
BUITYKYBaHb, BOJIOTPUB HE PO3KPHUTUH, a DPIBEHb
IPYHTOBUX BOJ| 3HAXOAWUTHCS HA THOWHI 3,2...5,5 M
BiJl JIcHHOI rmoBepxHi. OTke, AOCTIKyBaHA JTiJIsTHKA
HE € MIATOIUICHOIO 1 GyHAaMEHT KpaHy He 3amoue-
Huii. ToBIa He 3aMOYEHHMX MPOCAIKOBHX IPYHTIB
i GyHAaMEHTOM KoJUBaeTecs Bija 2,76 M 1o 3,3 M.
[H)KeHepHO-TeOIOTiUHI BUITYKYBaHHSI T4 BH3HAUCH-
HSl PIBHS TPYHTOBHUX BOJ OyJM TIPOBEICHI Yy JUCTO-
nazai 2016 p., naHa mopa poKy HE € HaWOLIBII TTOCY-
[UTMBOIO UM MAaKCHMAJIbHO BOJHOIO, TOMY OTpUMaHi
BUMIPH MOXXHa BIJIHECTH JIO CEPEIHBOPIYHOIO
PiBHSL

3a XiMIYHUM CKJIaJIOM I'PYHTOBI BOJM Ha JTiJISH-
11i MICIIIMH JIOCUTh arpeCUBHI I MalOTh BUCOKI ITOKa-
3HuKu  ayxHocTi (pH 13...14), wiHepamizamii
(11,0...19,0 /1), 3aranprOi x0pcTrocTi (47,0...77,0
mr-eks/nm°) [20]. JlaGoparopruii ananis mpo6 Boau
MOKa3aB 3HAYHE MEPEBUIICHHS TPAHUYHO JOMYCTH-
MHUX KOHIEHTpaliii MakpokomMrnoHeHTiB [21]. 3ok-
pemMa, y CBep[UIOBHHI | KOHIIEHTpaIlii KaTioHIB
K*+Na* cranosmim 5488,60 mr/n, anionis HCO3 —
4758,00 mr/n, SOs — 4212,11 mr/n, COz% —2700,00
mr/n, CI- —  2662,50 mr/n, winepamizamii  —
19853,77 mr/n, 3HaueHHs 3araibHOi 1 KapOOHATHOI
KOPCTKOCTI  cmiBmanu 1 craHoBunu 77,97
mr-eks/mm°. V cBepmiosuHax 2 i 3 Ha Bigcransx 20
M Ta 65 M Bij KOHTYpY OaceiHy mijJ KpaHoM, cyma
10HIB cTaHOBUTH 5325,8 mr/m ta 2522,0 mr/n, a ny-
KHICTh 6,99 Ta 7,4, BIANOBIIHO; 1€ CBITYUTH TIPO
JIOKaJbHUHN XapakTep MOUTUPEHHS JTY)KHUX PO3YHHIB
Oe3nocepenHbo mij OaceitHoM. Pasom 3 TuMm, BijniO-
paHa Boza kiacu(ikoBaHa SIK CHJIBHO- Ta CEPEIHbO-
arpecrBHA JI0 OKPEMHX BHUJIIB OCTOHY, sika BHACJIi-
JIOK TPHUBAJIOI EKCIUTyaTallii MOXE MPU3BOAUTH IO
PO3BUTKY IpiOHMX MOPOXHUH, TPILIUH Ta MPOSBIB
HETEPMETHYHOCTI.

Taki crmenudiuHi MOKa3HWKW IIOB’s3aHi, Ha-
camrepeq, 3 BTpaTaMH JIyKHUX TEXHOJIOTIYHHUX PO3-
yuHIB 3 OaceiiHiB, pO3TalIOBaHUX OE3M0CeperHbO
Ha JUISHIN KpaHa, B SKOMY TPAaHYIIOETHCS MUIAK, i
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Ha Bifmcrani 50 M Bixg kpana (puc. 2). Buxomsan 3
pe3yIbTaTiB XiMIYHUX aHAJi31B IMiJ3¢MHOI BOJIH, Bi-
niOpaHoi 31 CIIOCTEPEeKHUX CBEPIJIOBHH, 1 BPaXxoBY-
04 TPUBAJIUM 4Yac eKCIulyaTamii IUX CHOpYyHd, Ae
nepeOyBaloTh arpecHBHI PO3YHMHM, CIIJl OYiKyBaTH,
[0 TOBINA JIECOMOMIOHNX CYIIMHKIB i JHHUIIEM
OaceiiHiB, SIK B 30Hi aepatii, Tak i HWK4e piBHS IPY-
HTOBUX BOJI, HACHYEHA BHCOKOKOHIICHTPOBAHUMU
TYy>)KHUMH pO3dYMHAMH. biduHe po3TikaHHS IUX PO3-

YUHIB BiZOyBAa€ThCSA MOBUILHO Yepe3 BIAHOCHO HE-
Beukuil koedinienT ¢inprpanii (zo 0,5 M/mo0y) Ta
crierdivyHe ISl JIeCiB NepeBaKaHHS BEPTHKAIBHOL
MPOHUKHOCTI HaJl TOPU30HTAIBHOI. TakuM YUHOM,
i TPYHTH TPHUBAIUI Yac MOBUTFHO (DIIBTPYIOTH Jy-
JKHUH PO3YMH, 10 TPU3BOJWTH JO BHIIYTOBYBaHHS
JIETKO PO3YMHHUX COJICH, sIKi, 3@ OIIIHKAMH JIOCIIi-
IokeHb [22], moxyTs craHoButa a0 10% TtBepmoi
(hazu econofiOHNX CyTITUHKIB.

®
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Puc. 1. JlinsiHKa po3rairyBaHHs MOCTOBOTO KpaHa: | — GaceliH! TeXHOJIOT1YHUX PO3UUHIB; 2 — CKIIAJI TPaHy-
JLOBAHOTO 1IUTAKY; 3 — KOJIi1 3a1i3HUYHOrO TPAHCTIOPTY JUIsl JOCTaBKH LIJIAKy Ha JISHKY; 4 — CTaBOK-
BIJICTIHHUK; X — OTIOpHU KpaHa, pl,...,pl2 — TOUKH JUIs1 pO3paxyHKY OCiZIaHb TIOBEPXHI.
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H — nacunnwmii rpyHT (rpaHy/IbOBaHHM HIUTAK

MeTaTypriiHOTO BUPOOHHUIITBA), CYTJIMHOK CipHIA,
HaIiBTBEpAMiA, Oy/TiBeIIbHE CMITTH,

1 — cymIMHOK CyXWid, TBEP/IHIA, JIECOTOII0OHMIA

3 IPOYKUIIKaM¥ KapOOHATIB;

2— CYIJIMHOK, TerHJ’IaCTI/I‘-IHI/Iﬁ A0 TCKYYOro,

JIECOTIOMIOHMIA;

2" - CYIIIMHOK, TYTOIUIACTHYHHHN 10 TEKY4Oro,

JIECOIOAI0HMM, BOJOHACUYEHHIA.

Puc. 2. JliTronoriuHa KOJIOHKA CBEP/JIOBHHU 2
(po3ranryBaHHs AMB. HA pUC. 1)
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Texniuaa wemioparis Oyna 3acTocOoBaHa IIE
i yac OyaiBHMIITBA, B Pe3yJbTaTi 4Oro IMpocaaka
JIECOBUX CYIJIMHKIB Oyla YacTKOBO YCYHEHa [0
MoyaTKy ekciutyaranii kpana. Pasom 3 Tum, 3a
pe3ynbTaTaMy iHKEHEPHO-TEOJIOTIYHIX TOCIiIKEHb
y 2016 p. Oynu BUSIBICHI TPOCAIKOBI BIACTHBOCTI
IPYHTIB Ha JUISHOI KpaHy (BiZHOCHa mpocaaka
He3aMoueHoro IpyHTy ckmamae g0 0,03), mo
IO3BOJISIE  3POOMTH BHUCHOBOK IIPO  MOJKIIUBICTB
PO3BUTKY MPOCAIKH MiCIsl TPUBAIOT CKCILTyaTallii.

Buxoasuu 3 pe3ynpTariB HaTypHHX Ta Jabopa-
TOPHHUX JOCTIIKeHb, TPYHTH Ha IULSHIN pO3TamTy-
BaHHS KpaHy 3a3HAIOTh HEOJHOPIHOTO BILIMBY CTa-
TUYHOTO HABAaHTAXXCHHS B YMOBaX 3MiH BOJOTOCTI
Ta XIMIYHOTO CKJaay MOPOBOTO po3unHy. CTporuid
KUTBKICHAH OITHC ITUX TPOIECIiB MOKIUBUN IIITXOM
3aCTOCYBaHHS YMCEIbHUX TiAPOrecOMeXaHiuHUX MO-
Jeneit 3 ypaxyBaHHsAM (a30BHUX MEPEXOJIIB, 1O MOT-
pebye HaJIe)KHOTO OIIHIOBaHHS BUXIIHUX ITapameT-
piB, 0COOJIMBO MacoOOMiHY 3a YMOB 3MiHHOTO TIOKa-
3HHMKA KUCJIOTHOCTI IIOPOBOTO po3unHy. Taki Mojei
e po3poOIIOIOTECA 1 TTOTPEOYIOTh TEOPETHIHOTO
OOIPYHTYBaHHS Ta TECTYBaHHS. 3 IHIIOTO OOKY, JUIsI
IHKEHepHHUX MOTped B yMOBax TPUBAIIOI eKCILTyaTa-
ii CIOpyJ MPakTUYHY Ta TEOPETHYHY IIHHICTh Ma-
I0Th OIIHKY I'PaHUYHHUX 3HAYCHb BIACTHBOCTEH IPY-
HTIB, sIKi Oe3Mocepe/IHbO BILIMBAIOTH HA PO3BUTOK
nedopmaliiii, a TaKoXX TI'paHUYHI 3HAYCHHS CaMHX
nedopmariiii, y TOMY YHCII OCaJKH, TPOCAIKHU 1
Kpeny. Tomy y moJaisiioMy 30cepeiuMoch Ha OIli-
HIOBaHHI I'PaHUYHUX 3HAUYEHb OCHOBHHX ITapaMeTpiB
Ta nedopmariii mpu GimbTpaii TyKHUX PO3YHHIB.

Memoouxa pospaxyuky. B Takumx ymoBax cy-
MapHe MpOCiIaHHsS TPYHTY Y IPYHTOBOMY MAacCHBI,
HABaHTAXXECHOMY (DyHJIAMEHTAMHU KOJIOH, MOXHA BU-
3HAYHUTH 32 HOPMYJIOKO:

S, =8 +85,+85, 1)

ne S1— ocajka IpyHTy, Sp — HOro mpocajka, nmpudo-
My BEIUYMHH S1 Ta Sy 3a1exars BijJf BOJIOTOCTi; S3 —
Mpocajgka BHACHIAOK XiMIYHOTO BIUIMBY JYXKHOTO
PO3YHHY Ha CKEJIET IPYHTY.

Ocajika TPYHTY MiJ] CTATUYHHM HaBaHTaXCH-
HSM S1 pO3paxoBYETHCSI METOJIOM IOLIAPOBOTO MijI-
CYyMOBYBaHHs 3a Gopmyiioro [23]:

2NT i — O h -~ 0, A
S] — ﬁzl( P E %) ) +ﬂzl E
' e

ne f — 6e3po3mipuuii koedimieHt, f = 0,8; oz, — ce-
pelnHe 3HA4YEeHHS BEPTHKAJIBLHOTO HOPMAJIBHOIO Ha-
NPYXXEHHSI BiJl 30BHIIIHBOTO HABAaHTAKEHHS B i-My
mapi IpyHTY 10 BEPTUKAI; Ozy,i — CEPEAHE 3HAYCHHS
BEPTUKAJIBLHOTO HAIIPY>KEHHS Bi BIACHOI Bark IpyH-
Ty, BUMHSTOTO 3 KOTJIOBaHY B I-My IIapi IPyHTY MO
BEPTHUKAII, 110 TPOXOIUTH Yepe3 IISHTP IiO0IIBY, Ha
DIMOHMHI Z BiA mifomBy GyHIaMeHTy; hj — TOBIIHHA

I

i-ro mapy IpyHTy; N — KiJIBKIiCTh IIApiB TOBII, SKa
3IaBIIOE OCHOBY; Ej — Momyns medopmariii i-ro ma-
PY IPYHTY 3a T'UIKOIO MIEPBUHHOI HAaBaHTaXEHHS; Eei
— Moxynb Aedopmalii i-ro mapy rpyHTY 3a TLIKOO
BTOPUHHOI HABaHTAXXCHHS (MOIYIb TIPY>KHOCTI).

OCKiNbKY BIUIMB HANpyXeHb Bill (yHIAMEHTY 3
IMOMHOIO 3aJIe)KHO BiJl BIACTHUBOCTEH MOPiA 3MEH-
IIy€ThCS, TO B PO3PaXyHKaX BPAXOBYBAIHCS IIApH
IPYHTIB, 1[0 3aJSTal0Th 10 TuouH 8,4...10,4 m. J{ns
OTpUMaHHsI OiNBLI TOYHHUX PE3yNbTaTIB 1el iHTep-
Ban OyB po30WMTHI Ha MIapu TOBUIMHOKIO 10 1,2 M.
BnactuBocTi rpyHTIB Oyiu BH3Ha4eHi 3a J1aboparo-
PHHMH aHai3aMH 3pasKiB, BiliOpaHMX Ha JOCIHi-
JOKYBaHIN JTUJISTHIT.

[Ipocimanus rpyHTY T (yHIZaMEHTOM TIpHU
3MiHi OTO BOJIOTOCTI BHACIIIOK 3aMOYYyBaHHS 3Bep-
Xy, TIpH BTparax 3 BOAHUX KOMYHiKalil, a TaKoX
3aMOYyBaHHS 3HU3Y TPH MiAHOMI PiBHSA IPYHTOBUX
BOJI PO3pPaxoOByBaJOCh Ui CyMapHHX HarlpyXeHb
i1 €50 BITACHOI Bard IpyHTy 3a dopmysaoro [23]:

Sz = ngf,i hz' ks[,z'
i=1 , (3)

ne Ssi,i — BIIHOCHE TPOCiIaHHs i-To mapy IpyHTy; hi
— TOBIIUHA I-TO MIApy IPYHTY; Ksii — Oe3po3MipHHii
KOe(iIieHT, KU OOYHCIIOETHCS 3a TabIuIer; N —
KUTBKICTh IIapiB, HA Ki PO3/iJieHa 30HA MPOCiJaHHs
BiJIMTOBITHO IO JITOJIOTIYHOTO PO3pi3y Ta TOPHU30H-
TOM Ssi.

Po3paxyHok Tpocaakud TIpyHTY BHKOHYBaBCS
JUI THX CaMHX TapameTrpax Iapis, IO 1 po3paxy-
HOK Horo ocajaku. HaBaHTa)XeHHS Ha KOXKHY OIOPHY
KOJIOHY Oynu OOYMCJICHI 3 ypaxyBaHHSAM ii MOJIO-
KCHHS (30BHIILITHS Y BHYTPINIHS KOJIOHHA).

BpaxoByroun posramryBanHsi OaceliHy ImijJ Kpa-
HOM SK HaWiMOBIpHimie Micie ¢iapTparmii JIy>KHAX
PO3YHHIB 1 MaKCUMallbHUX MPOCAJIOK, PO3PaXyHKH
Oynu 30cepekeHi Ha KOJIOHAaX, 10 0OMEeXYITh KO-
HTyp OaceiiHy, Ta Ha HaHOMIKYOMY /10 OaceiHy psi-
ni kojoH. Tomy ocajka i mpocajka rpyHTy 3a (op-
mynamu (2) i (3) BU3Ha4ANMMCS MMiJ] KOJOHAMUA MOC-
TOBOTO KpaHa, IO BiJIIOBIJAalOTh PO3PaXyHKOBUM
Toukam pl,...,p12 (puc. 1). Cmixg ouikyBaTH, L0
OIIIHIOBaHUI KPEH B MeXax Ta 0e3nocepeaHbo Ha-
BKOJIO IIi€1 30HK MOXKe OyTH HaHOITbIIMM Ha JIISTHIT
KpaHa uepe3 HepiBHOMipHY mpocazaky. IlotyxHocti
JITONOTIYHUX pi3HOCTEH Ta iX (i3uKo-MexaHidHi
BJIIACTUBOCTI B PO3PaxyHKOBHX TOYKax Oyiy BH3Ha-
YeHI Ha OCHOBI IHTEpHOJALIi JaHUX I1HKEHEPHO-
T€OJIOTIYHUX JIOCIIIPKEHb.

[Ipu po3paxynkax GyHJaMEHT MOCTOBOTO Kpa-
Ha OyB cXeMaTM30BaHUM SK TOUYKOBUH 3 ypaxyBaH-
HSIM (paKTHYHOT IOBEPXHI OMOPHUX OaJloK KpaHa. 3a
[IUMH JJAHUMH OYB TIPOBEJICHUH PO3PaXyHOK OCAJIKH
Ta MPOCAIKHU AJIsl TOYOK pl,...,pl2, a HA wili OCHOBI
— KpeHy MiX KOJIOHaMHM, PO3TAIIOBAHUMH y IIUX TO-
YKax.
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CraruyHe BepTHKaJIbHE HOPMAaTHBHE HaBaHTa-
JKEHHS Ha KOJIOHY AJIs JaHOT'O KpaHa Oys0 IpuiHATO
npu po3paxyHnkax 185 kH [19], 3 ypaxyBaHHIM 11bO-
ro THCK Ha BHYTPIIIHI Ta 30BHIIIHI KOJIOHU CTaHO-
BuB 0,08 Tta 0,16 MIla BignoBigHO.

Oyinlosannsi  6naUGY JYICHUX PO3UUHIG HA
rpyHmu. 3 1HIIOro OOKY, MIllHICHI Ta nedopMarliiiai
BJIACTUBOCTI I'PYHTY MOIJIM 3HM3MTHCS 4Yepe3 4acT-
KOBE PO3YMHEHHS TBepAOl a3y IPYHTY NpH PiIbT-
pauii Jy)KHUX PO3uuHiB 3 Oaceiiny y 30Hi 1 (puc. 1).
BpaxoBytoun Ha ay:ke BUCOKY JYKHICTH MOPOBOTO
pO3unHY, BCTaHOBJIEHY Oins OaceifHy mix KpaHOM
(pH > 13), MoxxHa 3pOOMTH BUCHOBOK IPO TE, IO Y
TOBIII IPYHTY Ha TNHOWHY KiJIbKa METPIB MiJ JTHOM
OaceliHy B yMOBaxX MOBITBHOT HH3X1HOT (ijbTparrii
BiZOyBa€eThCS MPOIIEC, aHAJOTTYHUH AKTUBHOMY DO-
3YMHEHHIO ATIOMOCHIIIKATIB MPH BUPOOHUIITBI TIH-
HO3EMy, L0 HPU3BOAWTH A0 IEPEXOLy BaXKKOPO3-
YHHHUX CIIONYK Yy OlIbII po34nHHI Ta MOOiNBHI (o-
PMH, MOSIBU TOAATKOBUX TOPOXXHHH Ta 3MEHIICHHS
HECy4oi 3[IaTHOCTiI TIPYHTIB, iX JJOJATKOBOI Mpo-
Ca/IKH.

Fe203; 1.87%

K20; 6.74%

Al203; 9.75%

Si02; 77.93%

Ca0; 1.55%

3Bakaroud Ha YMOBH JUISHKH, Maciitad
00’€KTY Ta JYXKHICTh PO3YHMHY, IPOBECTH HATYPHHUI
EKCIIEpUMEHT 3 BHJIYTOBYBAaHHS IPYHTIB aHalOTiy-
HUM PO3YMHOM € TEXHIYHO HEMOKIHUBUM. ToMy Ki-
TbKICHA OlliHKa eekTy po3durHeHHsS TBepaol (aszu
JMY>KHHM PO3YMHOM IPOBOJMIACS B JTAOOPATOPHUX
YMOBaX, IIPH HbOMY AOCIIIKYBaJIOCs BUITYTOBYBaH-
HS 3 CYIJIMHKY, SKHM €KBIBaJCHTHWH IPYHTY MiJ
dbyHIaMeHTaMHu KOJIOH Ha AUTSHIN KpaHy. HaBicka
cyrmuHKy, Bucymmenoro npu 105 °C [20] no macu
cyxoi pedoBunu 2,0044 r, ButpumyBaiacs 24 roj B
po3uuni HoO+NH4OH 3 pH = 10,5, o € po36asie-
HUM €KBIBaJICHTOM JIy’)KHOTO PO3YUHY B IOpax Ipy-
HTY 3 PH > 13,0. Maca TBepaoi ¢dasu micis CyIKku
3MeHmunacs Ha 1,22% i cknana 1,98 r, npu npomy
pH BHAcHiIOK XiMIYHMX peaklii 3MEHIINBCA IO
10,06. TakuM yuHOM, MaKCHMaIbHA KiHETHKA BHITY-
TOBYBaHHS JUJIs JAHOTO MOKa3HKKa PH owiHIOEThCS Y
0,0122 ni6. Pesynbratu gociimy, OTpMMaHi 3 BH-
KOPHCTaHHSIM PEHTICHO(IYOPECUEHTHOTO CIEKT-
pometpa CEP-01 ElvaX Plus, mpezcrasieHi Ha puc.
3-5.

IHwi; 2.17%

Puc. 3. Ximiunmii ckiaan TBepaoi ¢ha3zu HeoOpoOIEHOTo 3pa3ka CyTITUHKY

@ ElvaX - [nocne rugponusa)
M\Daﬁn Bug Cnektp Cepenc Okna MMomowe

jpz@ew [+98 &899/ AMA BAEER M - B

1.0

8050 [ @ 8.7 |27 |0 MW v o e
Si 1

FeKq

FeKp

— o e

SiKp .
Al CaK, TiKe,
0.0 — =

3Heprua: 6.416472

« Kanan 733
Oreugrer 77682 3nemen:

Beps: 284845
Huz: 0

Puc. 4. Pesynbrati BU3HAYEHHS XiMIYHOTO CKJIay TBEp/Ol (ha3u eIroBialIbHO-ACIIOBIaIbHOTO CYTIIHHKY
pentreroduyopectentaum criektpomerpom CEP-01 ElvaX Plus
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Puc. 5. 3mMiHa Macu KOMITOHEHTIB TBep0i (ha3u CyTITHHKY (a)
Ta BMICTY Y IPYHTI BiTHOCHO iX TT04aTKoBOi MacH (0)

3MeHIeHHs Macu TBepaoi ¢a3u BigOymocs Ha-
caMmepe]] 3a paxyHOK TaKMX KOMIIOHEHTIB, SK
Al;O3, Fe;03, Ca0, menmoro miporo Ko0. Ix wactka
y 3araJibHii Maci TBep0i pa3u HeoOPOOICHOTO CyT-
muHKy (6e3 K20) cranosuts 13,27%, mo € teope-
TUYHO MOKIIUBHM MaKCUMYMOM PO3YMHEHHS TBEp-
701 ¢da3u LIl JAaHOTO TPYHTY. 3 ypaxyBaHHSAM TOTO,
II0 HE BCS Maca X CIOIYyK MOke (pakTHYHO po3-
YMHUTHUCS B HATYPHUX yMOBaX MPH MOBUIBHIA (ih-
Tpallii, oTpuMaHa OIliHKa J0Ope Y3rOIKYEThCS 3
pesyneratamu [2,22], 3rigHo skux 5...10% wMacu
JIECOMONIOHNX CYTIUHKIB CKIIAAAIOTh CIIONYKH, SKi
MEePeXoAiTh Y PO3UMHHHUN CTaH IiJi BIUIMBOM JIYTH.
3a pesynbTaraMu EKCIEPUMEHTY CJiJ BiJ3BHAYUTH
TaKoXK Jesike 3MeHIeHHs BMicty SiO», ane #oro me-
pexia 1o OUTbII pO3YMHHUX (DOPM OIIHIOETHCS Ha
MOPSIOK TIOBUIBHINIMM 1 WMOBIpHO, He Oyae Maru
BU3HAYAIEHOTO BIUIMBY Ha 3MEHIICHHS MacH TBEp-
noi ¢aszu. Hesnaune aOcomtoTHE 3pOCTaHHS BMICTY
nesikux MikpokoMioHeHTtiB (0,1% Bijg mouaTkoBoi
Macu 3pa3ka) He BIUIMBA€ CYTTEBO HA 3arajbHUI
TPEH/I 3MEHIIICHHS Macu CKEeJIETy IPYHTY MiJl BIUTH-
BOM JIY’)KHOTO PO3UYHHY.

[Tpu mepeneceHHi pe3ynabTaTiB J1a0OpPaTOPHOTO
JOCIiy Ha YMOBH JUISHKH CITiJ] 3BaYKaTH HA T€, 10
B HAaTypHHX yMOBaxX NokasHMK PH e Habarato BH-
MM, a HOro JIisl Ha TPYHTH — 3HAYHO TPHUBAJIIIOLO,
X0o4a peaxilii BiOyBaroThCsi Habarato MOBINBHIIIE,
HIX y JJabOpaTOpHUX YMOBaX, i 32 HASBHOCTI TYITH-
KOBHX IIOp HE OXOILIIOIOTh YBECh IPYHTOBHI MacHB.

Ha mocmipkyBaHiii qiIsHII TepeBaXKarOTh KaTi-
onn Na" ta K*, omxe, Tyt HailOnbII MOBIpHI Taki
peaxiiii, 30KkpemMa, 3a y4acTio T'iIPOKCUIY HATPIk0

ALO,+2NaOH+311,0 —> 2NaAl(OH),
CaCO,+2NaOH,,, — NaCO,+Ca(OH),
Fe(OH ), +2NaOH — Na| Fe(OH), |

ne ag — pigka ¢asa, S — TBepaa ¢asza. [ns rizpokcu-
Ny KaJIito Il peaKIlii 3alucyroThCsl aHAIOTIYHO.
Po3unHHICTH YTBOPIOBaHUX CIOJIYK QJIIOMiHiIO,
3aj1i3a 1 KaJbli0 CYTTE€BO BHILA MTOPIBHIHO 3 BUXiM-
HUMH CIIONlyKaMu. B pe3ynbrari Hepo34uHHI 4u Ma-
JIOPO3YMHHI TiIPOKCHIIN ATIOMIHIIO, 3a1i3a, MapraH-

M0 1 KapOOHATy KaJbIlil0 MPH PEakiiii 3 JIyXHUM
CEpEeIOBUIIEM yTBOPIOIOTh 3HAYHO OiIBII PO3YMHHI
CIIOJIYKH, Y TOMY YHCJI TeTParipoKCOaIrOMiHATH Ta
rekcarigpokcodeparu (III), siki HU3XiAHOIO BEpTH-
KaJbHOIO (IIBTPAIli€l0 BUHOCATHCA O TPYHTOBOTO
BOJIOHOCHOTO TOPH30HTY Ta MIrpylOTh Jami Bif Ii-
JISTHKH 3 OCTYTIOBUM 3MEHIICHHAM MOKa3HuKa PH.
MaxkcumanbHy TpOCaAKy BHACTIIOK XIMIYHOTO
BIUTMBY Ha MOPOBHI PO3YUH MPOIIOHYETHCS OLIHUTH
HACTYITHUM YMHOM. 3a pe3ylbTaraMu JIabopaTOpHUX
JOCITI/PKEHb TEOPETUYHO MOXKIIBE 3MEHIICHHS Jac-
TKH TBepmoi (a3u BHACHIAOK BHIYTOBYBaHHSA O
(ominroetsest y 5-10%). B ymoBax mocTiifHOro Ha-
BaHTa)KCHHS ITi]] BAror0 KOJIOH Ta BaHTaXiB Bi0yBa-
€TBCSl CTHCHEHHS YTBOPIOBAaHHMX JONATKOBUX IIOPO-
KHHUH y CyIJIMHKaxX. 3a MEeCUMICTUYHUM CIIeHapieM
yCi MOPOXKHUHU TTOBHICTIO 3aITOBHIOIOTHCS CYCIJIHI-
MH YaCTHHKaMH IPYHTY, IPUYOMY HOYaTKOBA MOPH-
CTICTh TiJi HABaHTAXXCHHSM 3aIUIIAE€THCS HE3MiH-
HOM0. 32 TaKUX YMOB JIOJIATKOBY MPOCAAKY BiJl XiMi-
YHO{ i1 JTy’)KHOTO MOPOBOTO PO3YHHY MOYKHA OLlIHHM-
TH 32 HOPMYIIOFO:
S3 = (IAh Cf’!, ( 4)
JIe 0. — 4YacTKa pO3YMHEHOi TBepmoi (azu TpyHTY,

Ahcy — TOBIIMHA 1IAPY IPYHTY, Yepe3 kUit GinbTpy-
€ThCS NyXHHH po3drH. llpumyckaroum piBHOMIpHI
3a IUIOIEI0 OaceiHy BTpaTh Ta PiBHOMIPHO PO3IO-
JIJICHY 3a IUIOIICH0 IIBHMJKICTh HHM3XITHOI (hibTpa-
1ii, a TAKOX JIMIIE YaCTKOBE PO3YMHEHHS JIETKOPO3-
YHHHUX CHONYK y cyrmuHKy (1...2%) 3amicTh moB-
Horo pozumHeHHS (10...15%), oTprMyeMo KoHCep-
BaTHBHY OILIIHKY HPOCAIKH XIMIYHOTO MOXOKEHHS.
HepiBHOMipHICTh BTpar 3a IUIONIEI0 OaceiiHy Moxe
MPU3BECTH JI0 HEPIBHOMIPHOCTI MPOCAIOK 1 301JTb-
LIEHHS] POTHO30BaHOIO KPEeHY MiX KoJoHamH. Mi-
HiMaJlbHa TOBIIMHA APy, IO 3a3HA€ BIUIUBY JIYX-
HOTO PO3YUHY, JUIsl JIJISTHKA OacelHy OILHIOEThCS Y
5™ (3 M y 30Hi aepartii i HOTro JHOM Ta 2 M Y Bep-
XHIM 4aCTHHI IPYHTOBOTO BOJOHOCHOT'O TOPH30HTY).
3a JaHWMHU TiAPOTEOJOTIYHOTO MOHITOPUHTY (pHC.
6) MOYXHa BBaXKaTH, IO BIUIMB JIY)KHUX PO3YHHIB 32
MeXXaMHu OaceliHy 3MEHIIYEThCS B HANPSIMKY 10 PO-
3paxyHKoBoi Toukd pl2. Tomy MOKHa BBa)KaTH 11O
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iX BrumB Tig Toukamu pll ta pl12 minimansaui. o
TOUkH pl0 MOTOKM MiA3eMHUX BOJ MOXKYThH JTOHECTH
JYXHi PO3YUHH, TOMY Ul Li€l TOYKH MOXKHA TPH-
MYCTUTH, 110 BUIYTOBYBaHHS BiIOYBa€ThCS JUILE Y
BEpXHIN YaCTHHI IPYHTOBOTO BOJAOHOCHOTO TOPH30-
HTY 3 OI[IHIOBAHOIO TOBITUHOIO 2 M.

binbm geranbHa oninka aedopmaniil Ta po3BU-
TKy KpeHy moTpelye po3paxyHKy TPHUBHMiPHOTO
TTOJISI IBUAKOCTI (PiTBTparii Ta KOHIICHTpAIIii CoJIeH,
3aCTOCYBaHHS PiBHSHB KOHCOMiJaMii 3 ypaxyBaHHAM
3MIHU TlapameTpa MacooOMiHy o 3ajexxHo Big pPH
pO3UMHY, IIBHIKOCTI BEPTHUKAIBHOI (QimbTpamii B
IPYHTI, Ta iHIIUX TapaMeTpiB.

Pesyabratn Ta o0rosopenHs. Pesyneratu po-
3paxyHKiB OCaJIKH Ta MPOCAAKH B Toukax pl-pl2 mixg
BIUTMBOM CTaTHYHOTO HABaHTAXECHHA Ta (BinmbTparii
JMYXKHHUX PO3YUHIB IpEACTaBIlIeHI Ha puc. 7, a po3pa-
XOBaHI 3HaYeHHsSI KPEHYy MK OIOPHHMH KOJOHAMH
KpaHy —y Tabm. 1.

Crioyatky ocaaka Ta mpocaaka Oymu po3paxo-
BaHi 0e3 ypaxyBaHHS XiMIYHOTO BIUIUBY. 3a Gopmy-
mot0 (2) ocaaka CTaHOBWIJIA U BHYTPIIIHIX Ta 30B-
mimgix xomon — 0,0071...0,0214 m, 0,0070...
0,0214 M, a mpocajxka 3a popmysioro (3) — BiAMOBI-
Ho 0,0425...0,038 M, 0,038...0,051 m. Cymaphne Mma-
KCHMaJbHE 3HAueHHS OCaJKH 1 mpocagku 0e3 ypa-
XyBaHHS XIMIYHOTO BIUIMBY cTaHoBUTH 0,069 M B

pO3paxyHKOBii ToUIli p4, a MiHIMaabHE — ONH3BKO
0,0475 M B TouItl p7. OLiHIOBAaHUI KPEH IJIs HAHKO-
POTIINX BiIcTaHel MiX KOJIOHaMHU KpaHy He Tepe-
Buirye 0,001. Takum yuHOM, CTaTHYHE HaBaHTa-
JKCHHST HEe MOIJIO OyTH TOJIOBHOIO MPUYUHOIO Mpoca-
JIOK Ta GOpMYBaHHS HENPUITYCTHMOTO KPEHY.

VYpaxyBaHHs QinbTpalii JTy>KHOTO PO3UMHY Ye-
pe3 30Hy aepailii, a TaKo)K BEpXHIN map IPYHTOBOTO
BOJIOHOCHOTO TOPW3OHTY ]l THOM OaceiHa 1 Tif
Toukor0 P10 CyTTEBO 30iBINYE OIIHIOBAHY MPOCAJI-
Ky. HaBiTe y pa3i po3umnenHs nume 1% TBepaoi
(hazu TpyHTY TIpOCaaKa XiMiTHOTO TIOXOKEHHS OIli-
Hioetbest y 0,02-0,0542 M, a kpeH MoXe OOCATTH
0,0042, mo pakTHYHO 3HAXOIUTHCS 332 MEXKEIO JIO-
MyCTUMOTO 3Ha4YeHHs. MakcuMmanbHa mpocajka ¢y-
HJaMEHTY OTIOPHUX 0AaJlOK KpaHa 3a PaxyHOK BHIIY-
TOBYBaHHS JISTKOPO3YMHHUX COJICH OIIHIOETHCSA B
TouIli po, a MiHiManmpHa — B Toukax pll Ta pl12. Cy-
MapHHUI KPEH 3a PaxyHOK MPOCAJIKU Ta OCAIKHU MPH
po3unHeHHi 1,5% TBepaoi a3y A IBOX KOJIOH Ha
MexXi OaceifHy NepeBUIIye JOMYCTHME 3HA4CHH:.
3a3HayMMO, [0 OI[IHCHHWU Jiala3oH Mapamerpy o
Y3rOJUKYETHCS 31 3HAUCHHSIM PO3YMHEHHS TBEPIOi
¢dazu  1,22%, oTpuMaHMM eKCIIEPUMEHTaJIbHUM
HIIAXOM.

TakuM uymHOM, TpHBana QiNBTpaIis JTy>KHHX

%

0v10 20

yme.q{)

30v 40 s

N

3/48.3

\
b\

11/46.6

Puc. 6. Cxema moToKy IpyHTOBHUX BOJI Ha qUIAHI. [To3HaueHHs O1Jisi CBEpIIIOBUH: YHCEITBHUK — HOMED CBEp-
JUTOBHHH, 3HAMEHHUK — PIBEHb IPYHTOBUX BOX; 3aIITPUXOBaHI AUISTHKH — MiCIIsl pO3TalllyBaHHs OaceiiHiB
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0,14

0,12
0,10
0,08
0,06
0,04
0,02

OnycKaHHA NoOBepXHi 3emni, m

0,00

pl  p2 p3 p4 p5

H npocagKa

0,16

p6 p7 p8 p9 pl0 pll pi2

ocagxa M npocaaKa nig Br/IMBOM XiMiuHMX pedyoBuH (1%)

a)

0,14
0,12
0,10
0,08
0,06
0,04
0,02
0,00

OnycKaHHA NoOBepXHi 3emni, m

p2 p3 p4 p>

pl

H npocagKa

p6 p7 p8 p9 pl0 pll pi2

ocagka M npocagKa nig Br/MBOM XiMiuHMX pedoBuH (1,5%)

0)

Puc. 7. dedopmanii rpyHTOBOI OCHOBH ITiJ] BILIMBOM BHJIYT'OBYBAaHHS YAaCTKH OL TBEPIOi (a3 IPyHTY:
a) a=0,01, 6) =0,015

Tabnuys 1

OmiHI0BaH1 3HaYE€HHS KPEHY MK OIOpaMy MOCTOBOTO KPaHy 3 ypaxyBaHHSM BHJIYTOBYBaHHS YaCTKH O
TBepAoi ¢as3u rpyury: a) a=0,01, 6) a=0,015; pl,...,p12 — po3paxyHKOBi TOUKH; >KUPHUM IIPUPTOM BUAIICHI

3HaUEHHS KPEHY 3 MEPEeBUILIEHHIM KpUTHYHOTO 3HaueHHs 0,004

pl 0,0001 p2 0,0001 p3 pl 0,0001 p2 0,0001 p3
0,0003 0,0001 0,0003 0,0004 0,0002 0,0005
p4 0,0001 p5 0,0001 p6 p4 0,0002 p5 0,0002 p6
0,0000 0,0001 0,0001 0,0000 0,0001 0,0001
p7 0,0001 p8 0,0001 p9 p7 0,0001 p8 0,0001 p9
0,0022 0,0040 0,0042 0,0033 0,0060 0,0064
A) | pl0 | 0,00067 | pll 0,0000 | pl2 |B)| pl0O | 0,0010 | pll 0,000 pl2
PO3YMHIB B OCHOBI OIOPHUX KOJIOH € HaiOiIbII BucHoBKH.
HMOBIPHOI TMPHUYMHOIW jaedopMaIiiiHuX MposBiB 1. 3a pesynpraTaMd aHaji3zy IHXCHEPHO-

IPYHTIB Ta ()OPMyBaHHS HENPHUITYCTUMOTO KpEHY
MIXK ONOPHUMHM KOJIOHAMH MOCTOBOT'O KpaHy. Binbin
JieTaJlbHE BUBUYCHHS CTaHy OCHOBH JaHOI CHOpPYIH
norpedye MpOBEeCHHA XIMIYHHUX aHaJli3iB MOPOBOTO
po3unHy Oe3nocepeHbo 01t PyHIaMEHTIB KOJIOH y
MOETHAHHI 3 TPUBUMIPHUM MOJICITFOBAHHSM 30H Mi-
rpamii JyKHUX PO3YUHIB 3 BiANOBIIHUM YTOYHEH-
HSIM 1H)KCHEPHO-TEOJIOT1YHNX PO3PaXyHKIB.

TEOJIOTIYHUX Ta T1IPOreoJOriYHUX YMOB AiISTHKH
MOCTOBOTO KpaHy Ha IMiBAHI J{HIIPONeTpOBCHKOT
00J1aCTI TEXHOTEHHI 3MIHM CTaHy Ta BJIACTHBOCTECH
IPYHTIB OCHOBH TiJl BILTUBOM BTPAT TEXHOJIOT1YHUX
PO3UYHMHIB BHCOKOI JIY’)KHOCTI OL[IHEHi K HalOUIbII
WMOBIpHI YMHHHMKH 3HAYHOTO OCITaHHS TIPYHTIB 3
(GopMyBaHHAM HENPUIHATHOTO KPEeHY KOHCTPYKIIiH
Ta MOTIPIICHHS YMOB €KCILTyaTalii 00’ exTy.
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2. JlabopaTopHi JOCIHIKEHHS BIUIMBY JYXKHO-
0 PO3YMHY HA TPYHT JO3BOJWIM OIIIHUTH BMICT
KOMITOHEHTIB TBepaoi ¢asu (AlOs, Fe.0Os3 CaO,
K20), mo nepexoasars y OUIbII pO3UYMHHI CIIOTYKH
Ta KIHETHKY BHJIyTOBYBAaHHS IPH aKTHBHOMY Maco-
o6mini 0,0122 ni67Y; mpu HBOMY TEOPETHYHO MOXK-
JIMBa YacTKa CIOJYK, IO MOTEHIIHHO MOXE PO3YH-
HIOBAaTUCH, csarae 13,27%, 1m0 KOperye 3 OIiHKaMu
BMICTy JIETKOPO3YMHHUX CIIOJNyK y CYTJIMHKax Ta
pe3yAbTATIB AOCTIIKEHHS BUIIYTOBYBAaHHS aJTIOMO-
CHJIIKATIB MPU BUPOOHUITBI TIIMHO3EMY; AaHy YacT-
Ky MOXKHA PO3MJISAATH SK TEOPETHYHHH MaKCHMyM
3MEHIIEHHs Macu TBepaoi (asu JaHOTO IPYHTY BHa-
CIIIOK TpuBaoi QiabTpamii JTy>KHUX PO3UHHIB.

3. IIpoBeneHi po3paxyHKH OCaJKH Ta MPOcaj-
KH 0e3 Ta 3 ypaXyBaHHSIM XiIMIYHOTO BIUIMBY Ha
IPYHTH B OCHOBI (pyHIAMEHTYy CHOPYAHM MOKa3ajH,
0 KPUTHYHUM KPEH MK elleMEHTaMH KOHCTPYKIIi1
kpany moHax 0,004 Mo)ke BHHUKAIW JIUIIC Y pasi
HEpIBHOMIPHHMX TpOcalok 3 mepemnagoM 5...10 cm

Ha IUISTHKAX, [0 3a3HAI0Th XIMIYHOTO BIUIHUBY, IPH-
YOMY TIOTipIICHHS HECydJoi 3AaTHOCTI IPYHTIB BHa-
cigoK (impTpamii JTyKHOTO PO3YMHY MOXKIMBO Ha-
BiTh MICJISI TEXHIYHOI MEJTiopallii IpyHTiB.

4. JIng yTOYHEHHS Ta PO3BUTKY OTPHMaHHX
pe3yIbTaTiB TEPCIIEKTUBHUMHU € OUTBIN JeTaNbHI
nabopaTtopHi  JOCIHiIKEHHS 3MiH ¢izuko-
MEXaHIYHUX Ta MIIHICHUX BJIACTHBOCTEH IPYHTIB,
0 3a3HAJIM BIUTMBY XIMIYHO arpeCHUBHUX PO3YHHIB
y MO€AHAHHI 3 MOJCITIOBAHHAM X TPUBHUMIPHOI Mir-
pauii y 30HI aepamii Ta BepXHbOMY IIapi BOJOHOC-
HOTO TOPH30HTY, IO TO3BOJIUTH BUKOHYBATH O1iJIBIII
aJIeKBaTHI 1H)XEHEPHO-TEOJIOT1UHI MPOTHO3M Y Yaci.
[lepcneKTHBHUMHU € TAKOX TOCTIIKECHHSI CTPYKTYp-
HUX 3MiH TpyHTIB, TOB’s3aHi 3 1X (i3uKo-
MEXaHIYHUMH BIIACTUBOCTSMH.

Basiunocti. ABTOpHM BASYHI 3aB. Kaeapu Ximii
HTY «/lninpoBchka momiTexHikay mpod. CBeTKiHil
O.1O. Ta 1i criBpoOiTHUKaM 3a TpoBeneHHs Jabopa-
TOPHUX JOCIIIKEHb.
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THE EFFECT OF ALKALINE SOLUTION SEEPAGE ON DEFORMATION APPEARANCES
IN THE SOIL FOUNDATION OF ENGINEERING STRUCTURES

Aim. This study aims to analyze the influence of static loading and descending seepage of concentrated
alkaline solution on deformation appearances in the soil foundation and forming the construction tilt using
the example of an overhead crane.

Methodology. The methodology of research included laboratory determination of the physico-
mechanical and subsidence properties of soils focusing on alluvial-diluvial loam and groundwater chemical
composition at the studied site, evaluation of leaching parameters of loam soil phase by an alkaline solution
using the X-ray fluorescent spectrometer CEP-01 ElvaX Plus, and variable-based calculations of soil subsid-
ence based on the standard techniques applied in geotechnics taking into account partial dissolution of soil
solid phase.

Findings. This study examined the case of an overhead crane with the foundation affected by the leak-
ages of strong alkaline solutions from technological basins on the ground. Laboratory studies have estab-
lished the components of Al,Os, Fe;Os, CaO, K;0 soluble with strong alkaline solution and their share of
13,3% in the solid phase of the alluvial-diluvial loam sampled at the site. These compounds can transform
into more soluble salts in a concentrated alkaline medium, which creates the conditions for the development
of soil collapse and subsidence, with the chemically induced deformations being more significant in compar-
ison to those in soils filled with a neutral pore solution.

Calculations of soil subsidence and collapse with and without taking into account the chemical impact
on soils under the overhead crane foundation showed that the non-uniform critical deformations of 5...10 cm
leading to an unacceptable tilt between the crane columns of 0.004 can be caused only by the long-term de-
scending seepage of an alkaline solution and leaching the alluvial-diluvial loam. The calculated deformations
and tilt correlate with the appeared deformations and the tilt between the crane columns that exceeded the
maximum allowed value since 2016, which affected the operating conditions for this construction. Reducing
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the bearing capacity of soils due to the influence of alkaline solution occurred after engineering reclamation
of soils performed prior to crane operation more than two decades ago.

Scientific novelty. The effect of strong alkaline solution that seeps through the upper soil layer loaded
by constructions has been evaluated; the share of dissolved solid phase in the affected soil is estimated at 1-
1,5%, which is in agreement with the dissolution parameters of soil influenced by strong alkaline solutions
evaluated in this study and other researchers.

Practical value. The results obtained can be applied for long-term predicting the operational conditions
and stability of buildings constructed on soils subjected to seepage of chemically aggressive solutions.

Keywords: soil, collapse, subsidence, alkaline solution, loam, leaching, deformation, building tilt.
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BTOPUHHI IEPETBOPEHHS TEPUTEHHUX ITOPL HUZKHBOI'O KAPBOHY
HA BEJIMKUX I''IMBUHAX (HA IPUKJIAZI JTESAKUX PAUOHIB
JHIINPOBCBKO-JIOHELIBKOI 3AITAIMHMN)

Bueueno esizeticoki ma cepnyxo6cvki nickoguxu, posxpumi eiuboxumu ceeponogunamu y mescax Conoxiscoko-/Juxancobkozo ma
Bepesiscoro-Komenescvkoeo eanie yenmpanvbhoi wacmunu Jninposcoko-/oneyvroi 3anadounu. Mikpockoniuni 0ocniodceHts nokasa-
JU WUPOKULL PO3BUMOK CMAOIANbHUX MA HAKIAOCHUX eniceHemuyHUX 3MiH mepuzeHHux nopio. 3anyueHHs 1a60pamopHux 3HAYeHb
nopucmocmi i NPOHUKHOCMI 003604UN0 AKICHO OYIHUMU OCHOBHI MEeHOeHYIl 6NAU8Y GMOPUHHUX NPOYecié Ha GinbmpayiiHo-eMHICHI
enracmugocmi nopio. Iloxazano, wo po36umox 6MoOpPUHHOI MIKpOMpiWuHyeamocmi ma KaoniHimuzayii niosuwye 3HAUeHHsa nopuc-
mocmi ma nponuxknocmi. Poszuunenns ma pecenepayis keapyy cynpogoosiCyiomuvcsi IOKANbHUM NePepO3N00ilomM KpeMHe3eMy | npu3-
60051mb 00 pizKkoi Ougepenyiayii KOIeKMopCoKUX 8IACMUSOCMEl MePULeHHUX NOPIo 6 0OHUX | mux dce eopuzonmax. [Ipoyecu cude-
pumusayii cnpusiioms po36UmKy 6MOPUHHUX KOJIEKMOPI8 HA 6eNUKUX AUOUHAX, a Kapbonamu3ayis, HA6NAaKu, NPU3eooUms 00 3MeH-
wenHst ix noposozo npocmopy. Ipucymuicmo 6imyminoidie | 6MOPUHHUX KPUCMALIE NIPUIY MOdCe CEIOUUMU NPO HAAGHICMb ma
Miepayito 8yanesoonesux (huoiois. JicmaesieHus pe3yibmamis 00CHI0NCeHb 3 MePMOOAPUUHUMU OAHUMU, OMPUMAHUMU 5K 34 Oe3n0-
CepeOHiMU GUMIPAMU THUCKY | meMnepamypu y c8epoIo8uUHAx, Max i po3paxosanumu meopemudHo Ha npuxiadi binbcokoeo eazokon-
OEHCAmMHO20 POO0BUIA NOKA3AL0, WO (POPMYBAHHSA KamdceHemuyHo2o (puoidompusy 6 inmepaaii, oomedxcenomy izomepmamu 110
ma 120° C, obymosiene npoyecamu po3duHeHHs K6apyy ma iHMeHCUSHOW KATbYUumu3ayicio mepuceHHux nopio. Boonouac, eémopun-
HONOPOGI KOJIEKMOPU, WO POIMIUYIOMbCS NIO KAma2eHeMmuyHUM Qaroidompugom NOWUPeHi TOKAIbHO ma 06yMOGIeH] MIKpOMpIiuu-
Hysamicmio, cudepumusayicio ma Kaoainimuzayiero. Ocobausi 6mopunHoOnoposi niwawni Koiekmopu bepesziecbkoco eazokoHoeHcam-
HO20 pO008UWA, WO POIMIWYIOMbCsL 8 30HL, oOMmedcenitl izomepmamu 110 ma 120° C, uHUKIU 8 YMOBAX KUCI020 CEPed0sUyd, sIKe
CHPUYUHUNIO PO3HUHEHHS KATIbYUMO8020 YEMEHNY ma IHMEeHCUSHY Kaolinimusayiio nickoeuxie. Taki cnpusmiauei 01 ¢hopmysanHs
6MOPUHHOI NOPUCMOCIE YMOBU HA YbOMY POOOSUWT MO2TU CKAACMUCH 6HACTIOOK IMOBIPHOL THEEPCII MEKMOHIUHUX PYXi6, W0 npu3se-
714 00 THMEHCUBHO20 PO3BUMKY PESPECUBHO20 KAMA2EHES) .

Knruoei cnosa: /[ninposcoko-/oneyvra 3anaduna, HUXCHil KapOoH, NiCKOBUKY I anespoimu, 6eIuKi eIUOUHU, NOCMCeOUMeH-
Mayitini 3MiHU, 6MOPUHHULL KOAEKMOP, 6MOPUHHA NOKPULLKA

E. B. Tynuk, B. B. Ozaps. BTOPHYHBIE HU3MEHEHWA TEPPUT'EHHbBIX IIOPO/J HUHKHEIO KAPFOHA HA
BOJIBIIIHX ITJTYBHHAX (HA ITIPUMEPE HEKOTOPBIX PAHOHOB JHEITPOBCKO-JOHEI[KOH BIIAJJHHBI). Hsyue-
Hbl BU3EUCKUE U CEPNYXOBCKUE NeCHAHUKU, PACKpbimble enyooKkumu ckeadcunamu @ npeoenax Conoxoecko-Auxanvckoeo u bepezos-
cko-Komenesckoco eéanos yenmpanvroil yacmu JJnenpoecko-Honeyxoi enaounvi. Muxpockonuueckue ucciedo8anus NOKA3AIu wi-
PpOKoe pazgumue CmaouaibHbIX U HAL0JCCHHbIX INULEHEMUYECKUX UMeHeHull meppucennslx nopoo. Ilpuereuenue k ananusy a1abo-
PAMOPHBIX 3HAUEHULI NOPUCTIOCTU U NPOHUYAEMOCTU NO380IULO ONpedeumb OCHOGHbIE MEHOCHYUY GIUSHUSL 8MOPUYHBIX NPOYec-
€06 Ha PUILMPAYUOHHO-EMKOCTIHbBLE c80ticmea nopo . Ilokazano, umo pasgumue mMopPUHOU MUKPOMPEUWUHOBAMOCMU U KAOTUHU-
musayuu nogvlulaem 3HaveHue noOpucmocmu u nporuyaemocmu. Pacmeopenus u pecenepayus xeapya conpogoxicoaromces 10Kalb-
HbLM nepepacnpeoeieHuem KpemMHesema U npueoosm K peskoll oug@epenyuayuu KOLIEKMOPCKUX CEOUCHME MEPPULEHHBIX NOPOO 8
00HUX U mex dice eopuzonmax. Ilpoyeccol cudepumusayuu cnocobCmMeyIom pazeumulo 6MOPULHbBIX KOLIEKMOPO8 HA DONbUUX 2TyOu-
Hax, a kapbonamuszayus, Haobopom, NPUEOOUM K YMEHbUIEHUIO UX NOPO6020 npocmpancmea. IIpucymemeue Oumymunouoos u 6mo-
PUUHBIX KDUCMALIO8 NUPUMA MO2YN CBUOEMEeNbCMB06AMb O HATUYUL U MUspayuu yeneeo0opoonsix guoudos. Conocmasgienue no-
JIYHEHHBIX Pe3yIbmamos ¢ mepmooapuyecKumu OAHHbIMU, NOIYYEHHLIMU KAK HenOCPeOCMEEeHHbIMU USMEPEHUSIMU 8 CKEAICUHAX, MAK
U pAcCUUMAHHBIMU Meopemuydecku Ha npumepe benbckozo ea30KOHOEHCAmHO20 MeCmOopodCcOeHUs NOKA3AN0, YO GOpMUPOsaHue
Kamazenemuueckoz2o guioudoynopa 6 unmepsaie, ocpanuiernom usomepmamu 110 u 120° C, obycrosneno npoyeccamu pacmsope-
HUsL K8ApYA U UHMEHCUBHOU Kalbyumusayuell meppueerHsbix nopoo. B mo sice pems, mMopuyHOnoposvle KOIIeKmopbl, J0KAIU3YIO-
wuecs N00 KAmazeHemuyecKuM Paioudoynopom, pacnpoCcmpaHnensl JOKAIbHO U 00YCI06/1eHbl MUKPOMPEUWUHOBAMOCIIbIO, CUOEPU-
muzayuell u kaorunumuszayueu. Heobviunvle 6mopuunonoposvie koniexmopul bepezoeckoeo eazokonoencamnozo mecmopoicoenus,
pasmewarowuecst 8 301e, ozpanuyenno uzomepmamu 110 u 120° C, 603HUKIU 6 YCIOBUAX KUCTOU CPedbl, KOMopas 006yclosula pac-
mMeopeHue Katbyumogo2o YeMeHma u UHMeHCUGHYI0 KaoauHumuzayuio necianurkos. Taxue cnocobcmeyiowue popmuposanuio 6mo-
PUUHOL NOPUCMOCIU YCIL08UA HA IMOM MECIMOPOHCOCHUU MOTU CLONCUMBCA 8Ce0CmBUe NPEeONnoaazaemMoll UHBEpCUU meKmonuye-
CKUX O8UINCEHULL, YMO 8bI36AI0 UHMEHCUBHOE PA3BUIUE PeSPECCUBHO20 KAA2EeHe3d.

Knrouesvie cnosa: /Jnenposcko-/{oneyrkas enaouna, HUNCHUL KAPOOH, NeCUaHuKy U aneeponumvl, Ooxbuiue 2yOuHbl, NOCMCe-
OUMEHMAYUOHHBIE USMEHEHUS, GMOPUUHBLIL KOLLEKIMOP, 6MOPUYHAS NOKPHIUKA.

IMocTtanoBka npo6semu. [lepBuHHI (QinbTpa-  JBIIMMK JIar€HETUYHUMH IE€peTBOpeHHsMH. Ha
uiiiHO-eMHicHI BinacTuBocTi (DEB) TepureHHNX KO-  BENMKUX IMIMOMHAX 3POCTAE POJIb BTOPUHHOIIOPOBHUX
JIEKTOPIB y TPHUIIOBEPXHEBUX yMOBaX OOYMOBIIEHI  KOJIEKTOPIB, SIKi BAHUKAKOTHh BHACIIOK CTa iaIbHUX
TIepIN 32 BCE OOCTAaHOBKAMHU CEAMMEHTAIll Ta moja-  (CTamiadbHUN €IireHe3) Ta HakiIaiAeHUX (Hakiame-
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HHHU erireHes3) mporeciB. Mexa Mik HIMH € JTOCTa-
THBO YMOBHOIO, OCKIJIbKM OOHBa MpoliecHu € Oara-
TOQAKTOPHUMH, YacTO  B3aEMOOOYMOBIICHUMH.
IMOBipHO, IO came 3 TPYIHOIAMH, SIKi BUHHKAIOTH
IpH imeHTH(IKaIll UX MMPOIECiB, TOB’I3aHO TE, IO
Yy aHIJIOMOBHIM JiTepaTypi Take pO3IUICHHS He
MpakTUKyeThCs. I mocTCeMUMEHTAliMHUX 3MiH
TIOPiJ] 3aCTOCOBYETHCS TepMiH miareHe3 (diagenesis),
SIKAW TTOAUTSIFOTh Ha JIBI CTajii eoreHe3 abo paHHiH
niarene3 (eogenesis, early diagenesis) Ta Me30oreHes
abo pjiareHe3 3aHypeHHs (mezogenesis, burial
diagenesis) [23].

[lepeTBOpeHHsT OCaloBHX IMOpiA B Pe3yNbTaTi
CTaJiaJIbHOTO eIlireHe3y NpW 3aHypeHHI 0CaJTOBUX
TOBIL OOIPYHTOBAHO TEOPETHYHO Ta €KCIICPUMEHTA-
apHO [3, 6, 16]. Tak, Ha mpHKIami y3araabHEHHS
nanux mo Jloubacy [1] mokasaHo, II0 TOPHCTICTH
MopiJ 3MEHIIyeThCA Ha crafii miareHesy y 1,5-2,0
pasu (3 40-60 no 20-30%), Ha cTanii paHHBOTO Ka-
tarenesy y 1,5-2,0 (3 20-30 go 10-15%), na cepen-
Hiit cranii Takoxk y 1,5-2,0 pasu (3 10-15 no 5-7%)
1 Ha cTamii m3HpOTO KatareHesy me y 1,5-2,0 pasu
(3 5-7 no 2-3%). B mexax okpemux oy [Hin-
POBChKO-/lOHENbKOT 3amaJuH 32 JaHUMH IIBOTO K
aBTopa Ha TIMOWHAX Oinblne 3 KM TMOPHUCTICTH HE
nepesuiye 5-6%, To0TO mopoau (pakTU4HO BTpa-
YalTh TOPHUCTICTh 1 MPOHUKHICTh, IMEPETBOPIOIO-
YHCh Y HEKOJICKTOPH.

brmuzpki oninku HaBoamth B.O. Tepemierko
[17, c. 28] mnsa ['muncbhko-Posoumisckoro i Colio-
X1BCbKO-/lMKaHCKOro BajiiB, ¢ Ha rauOuHax 5,3-6,0
KM TOPHUCTICTh OUIBIIOCTI MiN[aHO-AJIEBPOIITOBUX
nopia 3HWKyeTbcst 10 3-5% 1 MeHIe, a MPOHMK-
HicThb 10 1-15%x1071° M2 i MenIIC.

Pazom 3 TUM, psa 1aHUX, OTPUMAHUX Ui Pi3-
HUX JUISHOK OChOBOi Ta MpHOChoBUX ydacTuH JIJ13,
CBITYUTH TPO TE, IO 1 HA BEJIMKUX TJIMOMHAX MO-
KyTh (POpPMYBAaTUCh BTOPHHHOIIOPOBI BHUCOKOIPO-
HUKHI KOJIEKTOpHM, IO BHSBJCHI, 30KpeMa Yy
KaM’STHOBYTUILHUX Biaknagax psytry pojosum (Ile-
peBosiBcke, bepesiebke Ta iH.) [17]. Binbuie Toro,
MICHS BIIKPUTTS TIIHOOKO3aHYypeHuX (TIoHam 6 KM)
noknaniB ByriesoaHiB (BB) Ha CeMupeHbKiBCHKO-
My Ta30KOH/IEHCATHOMY POJIOBHII[i BUBYEHHS Had-
TOTra30HOCHOCTI BEJIMKUX TTIHMOWH PO3TIISAIAETHCS K
OJIH 3 HAUNEPCIEKTUBHIINX HAIMPAMIB I€0JI0r0po-
sBigyBanpaux poOiT B /3 [6, 9]. [TosiBa BTOpHH-
HOIIOPOBHX KOJIEKTOPIB HA TAKHX TIMOMHAX IOSIC-
HIOETBCS TEPEBAXHO BIUIMBOM HAKJIAJCHHUX TIJIH-
OMHHUX (T1MIOTEHHMX) TPOILIECIB, SKi PUIBOJATH 10
(dopMyBaHHsI 30H PO3YIIIIBHEHHSI Ta MIiKpOTPIllH-
HYBaTOCTi, PO3BUTKY BTOPHHHHMX IIOPHUCTOCTI Ta
MPOHMKHOCTI BHACTIJIOK 3MiH CTPYKTYpH 1 MiHepa-
JILHOTO CKJIaay MOpiJ (aJUIOTUreHHa MiHepati3aiis).

[TporHo3yBaHHS BTOPHHHOIIOPOBHX KOJEKTO-
piB, 110 BUHHUKIIM B pe3yJbTaTi HAKJIQAEHOTO erire-
He3y, TOB’s3aHe 31 3HAYHUMH TpyaHomamu. lle

00yMOBJICHO TUM, IO (POPMYBaHHS TaKUX HaKJIaje-
HHUX THEpPEeTBOPEHb € 0arato()akTOpPHUM IIPOIIECOM,
OKpeMi CTajii SKOro 4acto po3’enHaHi B yaci. [lei
MpOIIeC 3aJICKUTh AK BiJl MEPBUHHUX OCOOTUBOCTEH
MOPOJIH, TaK 1 BiJ| CKJIaqy MiJ3eMHUX PO3YMHIB, Has-
BHOCTI B HHX BYTJIEBOJHIB, (hi3WKO-XIMIYHUX YMOB
CEpEeIOBHINA Ta TUHAMIKHK 1X 3MiH, TOOTO (PaKTHYHO
BiJl iCTOPii PO3BUTKY OCaI0BOTO OaceiHy B ILIOMY i
HOro OKpeMHX JacTHH 30Kpema. KomOinamii nmux ta
iHmUX (HaKTOpiB BiAPI3HAIOTHCA HE TLMBKH JUIS Pi3-
HUX OaceiHiB, ajne W IS AUITHOK OJHOIO 1 TOTO K
OaceliHy, 1 HaBiTh I CyCiIHIX pomoBuIl. Bka3zane
00yMOBITIOE HEOOXI/IHICTh BHBUCHHS HAKJIAJICHUX
MPOIIECIB y MEXKax KOXHOTO 00’€KTY JOCIiIKEHb,
0 0COOJIMBO aKTyallbHO, SKIIO BPaxOBYBaTH HEpi-
BHOMIPHY OXapaKTepU30BAaHICTb KEPHOM pO3pi3iB
CBEP/UIOBHH.

AHaJi3 ocTaHHIX A0CTiIKeHb Ta MyOTikamniii.
Brnmue BropuHHUX niepeTBopeHs Ha OEB mopin ka-
pOony J1/13 BUBYAETHCS TpUBAIMI Yac. BaxxiuBumu
cranu podotu O.10. Jlykina [4; 5]. BropunHi niepe-
TBOPEHHS TEPUTCHHUX MOPiA KapOOHY Ha BEJIMKUX
rnubuHax ans pizHux 30H /13 onumcani takox O.FO
Jlykinum 3i cniBaBTopamu [6, 9], B.A. bapaHnoBum
[1], B.IL. Crpmxakom [15], B.B. Makoronom [7].
HatirpyHTOBHIII pe3ynbTaTH BHBYEHHS TITHOMHHUX
nporeciB B [1JI3, mo BrumBaroTh Ha 3Miny PECB
MOPIJ] Ta PO3MOALT OKJIAIIB BYTJICBOIHIB, OTPUMaHI
xapkiBchkuMHU Teosnoramu. Tak, 3apimpkuit O.I1. i
Sapinpkuii [1.B. [3] B /13 BUALISIOTE OCHOBHY 30HY
Ha()TOTa30HAKONUYHHS, sSKa PO3MIlllEHA Wi HHK-
HBOIIEPMCBKOIO COJIGHOCHOIO DErioHaJbHOI0 IOK-
PHILLIKOIO, Ta 21UOUHHY 30H) Ta30HAKOIUYEHHS, IO
JIOKaJi30BaHa HW)KYE paHille BIepIIe BHILICHOTO
B.O. Tepemenkom y 1997 p. [16] BTopuHHOrO Kara-
regetnyroro QuroinotpuBy (K®T). Po3suatoun
kouuenimiro B.O. Tepemenka, 3apinpkuii O.I1. Ta
I JocimimHukH posrisaaoTs KOT sk BTopuHHY
MOKPHIIIKY, siKa oOMexeHa i3otepmamu 110 1o
120°C 1 copmoBaHa BHACTIAOK IIEMEHTAIlii HOPIiJ
Ha reoXiMiYHOMY Oap’epi 3 HWKHBOIO MEXelo, IO
30iraetbes 3 rpagamismu katareHesy MK i MKa.
s BTOpHHHA MOKpUIIKA €KpaHye nokjaaau BB, mo
PO3MIIIECHI Y MOPOBO-TPIIIMHANX 1 TPIIIUHHUX KO-
JIEKTOpax Ta JIOKaJbHUX 30HaX BTOPUHHOTO PO3Y-
minsHeHHs1. @opMyBaHHSI BTOPUHHOIIOPOBUX KOJie-
kTopiB mig KOT aBTOpH NMOSICHIOIOTh TEKTOHIYHUMH
nporecaMy, XiMiYHUM BIUTMBOM arpecHBHUX BiJpo-
JOKEHUX Y TIpoliecax KaTareHe3y BOJ Ta BEPTHKAJIb-
HOO Mirpariero GuoifiB, mo Ha Mexi 3 KOT moxe
NPUBOJIUTH J0 BHHUKHEHHS AHOMAallbHO BHCOKHX
rutactoBux THCKiB (ABIIT).

Ipore mocnimkenus B.O. Tepemenka [17-19]
JIEMOHCTPYIOTh OUTBIN CKIIAJIHY KApTHHY PO3MillleH-
Ha KOT, a Takox po3mozily BTOPUHHOIIOPOBUX
pe3epByapiB y MIMOMHHUX 30HaX Ta (OpPMyBaHHA
ABIIT. 3okpema, B.O. TepemeHko Ha BEIMKUX
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rmbuHax cxoxy /I3 Buaiise HIOKHIN Timporeoso-
TIYHUI MMOBEPX, Y BEPXHIN YaCTHHI SKOTO PO3MIIITY-
€TBbCS. OCHOBHA 30HA IPOMHCIIOBOI Ta30HOCHOCTI, a
Cy4acHi IUIaCTOBI TEMIIEPaTypH KOJHBAIOTHCS B
Mmexkax 110-120°C, 3pinka gocsraroun 140°C [17, c.
28]. BoxHovac, y HWKHiN YaCTHHI I[BOTO TiIpOreo-
JIOT1YHOTO TOBEPXY PO3MILIYEThesl MOTYxkHUH (300-
800 M) BTOpWHHMIA (DIIFOITOTPHUB, MO CKJIAIECHUN
MEPEeBAXHO TNIMHUCTUMH Ta YUIJIPHEHUMH Mill[aHO-
IEBPUTUBUMHU MOPOJAMH 1 3aiirae y TeMrepaTyp-
HUX YMOBaX, SIKi 4acTO 3HAYHO BiJIpPi3HSIOTHCS Bix
iHTEepBaNy, oOMexeHoro izorepmamu - 110-120°C.
3a nanumu B.O. Tepemienka Ha okpaiHax JlonOacy
K®T ¢dopmyeTsest B TemnepaTypHoMy iHTepBaii 90-
110°C, a B mempeciiiHMX 30HAX CXiTHOI YaCTHHH
JJ13 BiH BuHHKae mpu Temreparypax Bim 140-160
°C. I'nubunnm 3ansranag nokpism KOT mpo upomy
3MIHIOIOThCSA Bix 5,1-5,8 kM 10 3,2-4,0 kM, a migon-
BH Bixg 6,2-6,5 mo 3,6-4,2 km [17, c. 30; 18, ¢. 110]

Omxe, B.O. TepenieHko BBaxae, 1o rIMOMHA
3ansaranHd KOT Bu3HavaeThCs SK MIIACTOBUMHU TEM-
MepTypaMu, Tak i JiToJoro-(arialbHIMA OCO0IIH-
BOCTSIMH TTOPI/I.

He3Baxkarouu Ha 3a3Ha4eHi po30iXKHOCTI, 00U/I-
Bi TPYNHU XapKiBCHKUX JOCIHITHUKIB TMOTOKYIOTHCS
3 TiM, 10 Hk4de KOT BHacHioK iHTeHCHBHUX (a-
30BUX MEPETBOPCHb 3HAYCHHS KOJEKTOPCHKUX BIIAC-
THUBOCTEH 3pOCTAIOTh 32 PaXyHOK (POPMYyBaHHS BTO-
PUHHOI TPUCTOCTI Ta TPIIIMHYBAaTOCTi. Bakmmsa
pOIb MPH LLOMY BiBOTUTHCS IMPKYJSAIII BiIpo-
JDKEHUX BHACIIZIOK MEPETBOPEHHSI MOHTMOPHIIOHITY
B T10CTIONY TMTUOMHHMX BOJ, a TAKOX TAaKUX arpe-
CHBHHX KOMIIOHEHTIB SIK BYTJIEKHUCIIUH Ta3, CIPKOBO-
JIeHb, II0 TEHEPYIOTHCSI OPTaHIYHOI0 PEYOBHHOIO Ha
BEJIMKHX INIMOMHAX.

Pesynbrati  mocnmimkeHb BTOPUHHHMX —3MiH
KaM’STHOBYTUILHUX TOPiI B MEXax TEPUTOPIi TOCITi-
JOKeHb BUKJIaseH] B myOmikarisix C. ®. [loBepeHHo-
ro 3i cmiBaBTopamu [12, 13]. B mpoaykTuBHHX TO-
pusonrax B-25-25 ta C-5 Bepe3iBcbkoro pooBuiia
BOHM BHIUISUIM OCOOJMBHI THI IICKOBHKIB, IO
3IaTHUM 30epiraTv MepBUHHY TOPHCTICTH HA 3HAY-
HUX TIMOMHAX, MOB’S3yI0OYM HOro reHe3Huc 3 0co0-
JuBuMH (allialbHUMHA yMOBaMu (opMyBaHHA. 3a-
3HAYMMO, IO 1€ BHCHOBOK HE MiATBEPIKYETHCS
HaIllMMHU JOCHiKeHHAMU. Jlo Toro kK, paHime 0yIo
MOKa3aHo, 10 MPOBITHY poib Y GOpMyBaHHI TTOPO-
BOTO TPOCTOPY HA BEIMKWX TIIMOMHAX BiAirpae He
NEepBUHHMN (aliadbHUN CKIad MOpil, a TimoreHHo-
aJIOreHeTUYHI Tporieck (IHTEHCHBHE BWIIyTOBYBaH-
Hi 1 METacoMaro3), II0 BiAOYBarOTHCS BHACIIIOK
OUPKYJALil TIMOMHHUX (PIroiniB 1 00yMOBIIOIOTH
BUHHUKHEHHS! BTOPUHHUX MOP, MIKPOTPIIIMH Ta MiK-
poxaBepH [6].

Buninennss HeBWpilleHWX paHille YacTUH
3arajibHoi mpodsaemu. OTxe, Ha CbOTOAHI TPAKTOB-
Ka TIPUPOJIN 1 PO3MOIiI IMOPOBOTO MPOCTOPY 1 THX

MIPOITIECiB, SKi BiAOYBAIOTHCS Ha BEIMKUX TITHOMHAX
HeomHo3HauyHa. ONHI aBTOPW BBAKAIOTH HAWOIIBII
BOXJIMBUM TEPBUHHUI (aliadbHUN CKIan MOopia,
1HIII BiAAIOTH TepeBary BTOPUHHHUM HaKJIaJCHUM
mporecaM, 10 CHPUSIIOTh (OPMYBaHHIO BTOPUHHOT
MOPHUCTOCTI a00 CXMIIAIOTHCS [0 BHUCHOBKY ILIOJO
COPUSATIUBUX KOMOIHAIii mepBHHHODALIANBHUX 1
BTOPHHHUX HaKIaJACHUX IPOIECiB. Y BH3HAYCHHI
yMOB (hOpMyBaHHS BTOPMHHHMX KaTareHETHYHUX
MOKPHUILIOK TaKOX ICHYIOTb CYTTEBI PO301KHOCTI.
YactrHa IOCHiTHUKIB 00MexyIOTh 30HY KOT i30-
tepmamu 110-120°C. BogHouwac, iHI - HaBOIATH
JI0Ka3# OLIbIIO0T MIHIMBOCTI TEMIIEPaTypHUX YMOB i
rnubuH popmyBanns KOT B pizHux wactunax 1/13.
IIpu upomy, BBaxaeThcs, Mo KOPT yTBOproeThes
BHACIIZOK HaJXOIKEHHS 3 INTIMOWHHUX 30H BEJIHMKOI
KUTBKOCTI KapOOHATHOI PEYOBHHH, IO MPU3BOIUTH
JI0 KaTareHeTWYHO! IIeMEHTaIlil, CyTTEBOTO 3MEH-
IICHHS TTOPOBOTO MPOCTOPY i OpMyBaHHS BTOPHH-
HUX TOKpHUIIOK. Pa3oMm 3 TUM, HasBHI Juiie ¢par-
MEHTapHI JaHl I0J0 MIHEPaJIbHOIO CKJIaay 30H
K®T i cymixkHUX TOBIN, fAKi, HA Hally IYMKY, BH-
BueHi HemoctatHho. Konneniis KOT mepenbauae,
IO L[i BTOPUHHI YTBOPEHHS CyYacHi, BIJTHOCHO He-
JTIOBTOBIYHI B reoJoriuniid icropii. [lopoau, mo 3a-
nsararoTh rmbme K®OT mHa pi3HMX eramax Bxe
MPOMIILIN CTaJlil0 KaTareHETUYHOI IIEMEHTAIlii 1 Tie-
peOyBaloTh y 30Hax iHTEHCHBHUX (Da30BHX Tepe-
TBOpPEHb. XapakTep LUX MEPETBOPEHb B JIiTepaTypi
OKpECIIEHHUH JIHIIe y 3aralbHux pucax. Omy0iiko-
BaHO JIaHi 111010 BTOPUHHUX IEPETBOPEHb, 3a(hiKCO-
BaHi A pizHux yactud /13 (ane He amst Tepuropii
JIOCITI/DKEHB), cepell AKuX kapbonarusartis [13, 17],
KaoJiHiTH3aMis [6, 7, 15], po3unHeHHs Ta pereHepa-
mist kBapiry [13], MiKpOTpIiIMHYBATICTh 1 MiKpOKa-
BEPHO3HICTH [3, 6, 10].

@opMyJIIOBaHHSA MeTH CTaTTi. MeToIo cTarTi
€ BU3HAYCHHS BTOPHHHUX 3MIH TEPUTCHHUX BiJIKJIa-
IIiB Bi3eHCHKOTO 1 cepryXxoBchKkoro Biky LleHTpais-
Hoi yacturau JI/[3 B 3onax KOT, a Takox y TOBIIax,
o iX HEepEeKPUBAIOTh 1 3aISArarOTh IiJ HUMH, Ta
OIliHKa BIUIMBY WX 3MiH Ha ®EB aneBpo-minannx
mopiz. O0’€KT AOCHTIKEHHS — Bi3eHChKiI Ta cepIry-
XOBCBKI aneBpo-mimani mopau B 30Hax KT Ta cy-
MibxHUX ToBIIax LlenTpansnoi wactuau J1J13. Ilpe-
OMET JOCHI[DKEHb — BTOPHUHHI II€PETBOPEHHS
aJIeBpO-TIIIAHKUX TOPix Ta ix BruiuB Ha DEB.

Bukiaa ocHOBHOro MaTepiaay J0c/TiTKeHHs.
Paiion po0iT po3mintyerbesi B Mexax ConoxiBChKO-
Jukancekoro ta bepesiBcbko-KoTreneBchkoro BaiB
i Koysomanpkoro maHsTTS, A€ BIIKPUTO PsJl Tra3o-
KOHJIeHcaTHUX ponosuul. JocnmimkeHo kepH 3 13
rMUOOKUX CBEPUIOBHH, MpoOypeHux B Mexax bepe-
3iBchkOro, binbcekoro, ConoxiBCbKOro, 3axigHoCo-
nmoxiBcekoro, Kmomanpkoro, KoreneBcbkoro Tta
CrenoBoro poxosuu] (puc. 1). I3 3pa3kiB kepHy BH-
TOTOBJICHO Ta JOCITIHKCHO T TOJSpHU3aIliiHIM
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MiKpocKomoM 43 mpo3opux nerporpadiunux mnrida
(Tabn 1.). 3acTocoBaHa METOIAMKA AOCHIIKECHb BTO-
PHHHHX TIEPETBOPEHBb OCAJIOBUX TiPCHKUX MOPIJ i
MIKpOCKOIIOM, po3pobiieHa Ta y3araibHeHa M.B.
Jlorsunenkom, E.I.Cepreeoto, O.B. fAmackyprom
[20], B.O. XMeneBChKHMM Ta iH.

Jlnst BU3HAYEHHS BITHOCHO OJHOPIJIHUX iHTEp-
BaJIiB, CKJIaJICHUX TEPUICHHUMH MTOPOJAMH, & TAKOXK
MIPHB’ 3K KEPHOBOTO Martepiay Ta KOpeJsIil po3-
pi3iB CBEpAJIOBHH 3aCTOCOBAHO JaHI reo()i3WYHUX
nocmimkens ceepmiou (I'IC) Ta BuMipu miacto-

BHX Temmeparyp. PosuineHyBaHHS po3pi3iB BUBUE-
HUX CBEPJIOBHH Ha MPOXyKTUBHI Topu3oHTH (1)
Ta 3HaueHHs OECB 3a ganumu nabopaTopHUX H0CTI-
JKEHb HaBelleHO 3a Aanumu YkpH/II'a3y, m. Xap-
KiB (puc. 2, Tabm. 1). HaBemeHi maHi cBim9aTh Ipo
Te, M0 KEPHOM JIOCTaTHHO TOBHO OXapaKTEepPH30Ba-
Ha MPOAYyKTUBHA ToBIIA Biseiickkoro (1IN B-15-26)
Ta TUTBKH BEepXHS dacTHHaA cepiyxoBcekoro (I1IN C-
4-5) spyciB. I muOuHM BimOOpy KEPHY KOJIMBAIOTHCS
B Mexax Big 3369 m (ConoxiBchka IIIOMA) IO

YMOBHI NO3HAYEHHS: ‘ ]
‘ . ConsHi WwToku

a3okoHgeHcaTHi [
poposuLa 184
= Binbcbke
@ Ponoswu.}a,
S| wo pocnigkyoTees
183
CeepanosuHu

171

3 BigiGpaHum kepHOM

3axigHoconoxiscbke =\

Conoxiscbke
120 210

OnilHAHCbKe

% HatawwuHcbke

Baketicbkull 201

JKopxigcekuti \ 220

PyHiGLuUHCtm :

Punbanbcbke

) ‘onoHmaiecKul
Kotenesceki
200
201

203

) \C X \
< \ | Konomaubke
Byduwarcskui X Y Matsiiscbke ‘ [ . 53
3
Yymiscbkuti | MacwTab:
2 4 km

.Kapadxoaier:bxua

BepesiBcbke =

Map"’?ct.xe
'%Sinoyciecwe

Kucisceke ) 7 |

150

120

Crenose

O

Puc. 1. OmnsnoBa kapTa pailoHy A0CIHIIKEHb

KoteneBcbko-BepesiBcbkuit Ban
(Binbcbke, KoteneBckke,
BepesiBckke, Ctenose,
Konomaukke pogoBuwa)

MpoaykTuBHUA

CeepanosuHa FOPM3IOHT

Konomaupka 31 C-4

Bepesiacska 203
C-5

Konomaubka 53

Binscuka 184, 171

B-15/
B-156

Crenosa 120

Kotenesacebka 200

B-16/
B-16H

B-17

Binbcoka 171

Korenescbka 200

B-19-23

Binbcoka 184

Binbcoka 184

B-21-23

Korenescsxa 200, 20

B-24

Koreneecska 200

B-25-26

Bepesisceka 150

ConoxiBcbKo-[IKaHCbLKUK Ban
(3axigHoconoxiBcbke,
ConoxiBcbKe poaoBuLLa)

MpoaykTusHUm

Ceepanosuta T OpHSOHT

Conoxiscoka 201

B-15a

B-16/
B-16a
B-17/
B176

B-228

Conoxiscebka 210

3axinwo-
conoxisceka 120

Conoxiacska 201

Saxiaso-
conoxiaceka 120

Conoxisceka 220

B-24

Puc. 2. Cxema 3ictaBnenns [1I, po3kpuTHX CBEpAIOBHHAMHU 3 BiAiOpaHUM Ta BUBUCHHUM KEPHOM
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Tabnuus 1

3aranpHa XapaKTepUCTHUKA JOCIIHKECHUX 3pa3KiB (3HAUCHHS ITOPHUCTOCTI 1 IPOHUKHOCTI Ta MPUB’ A3Ka
IO IPOAYKTHBHUAX TOPU30HTIB - 3a JannuMu YkpH/II a3, M. XapkiB)

CaepanoBuHa .F“H6“Ha Tponuxuicts, | opucricte, nr N.g TumnoBi BTOpUHHI 3MiHU
Bigbopy, M x10m2 % mrida

Bepesicbka 150 5912,1 4,83 12,27 B-25-26 | 49019 | Pun, Kan, Kny
BepesiBcbka 203 4750 173,14 14,30 C-5 45064 | Tpw, Cop, Knn
Tam xe 4752 7,96 10,86 C-5 45069 | Cop, Kan, Pun
Tam xe 4753,6 54,02 11,27 C-5 45074 | Kan, Cop
Tam xe 4734,1 46,26 11,29 C-5 45598 | Pun, Pou
Tam xe 4734,6 73,46 12,17 C-5 45600 | Kan, Cn, Pun
Tawm xe 4735,1 14,91 10,12 C-5 45602 | Pun, Ky
Tam xe 4736,5 6,72 9,36 C-5 45606 | Pun, Tpw, Knn,
Tam xe 4737,3 25,24 9,93 C-5 45613 | Tpw, Pun, Knn
Tam xe 4739,4 150,64 11,79 C-5 45620 | Tpw, Knn, Pun
Binbebka 171 4176,7 0,27 0,93 B-150 29883 | Ky, Knn, Pun
Tam xe 4224 0,21 5,63 B-16a | 30049 | Pun, bmm
Tam xe 4225,3 127,42 9,56 B-16a | 30054 | Pun, Kan, Kny
Binbcpka 183 4016,3 0,04 4,01 B-15 41775 | Pun, Ky
TaMm xe 4066,5 0,01 2,03 B-15 41779 | Kny, Cn, Cop
Tam xe 4077,7 16,83 9,21 B-15 41789* | Tpw, Pun, Kny
Tam xe 4079,8 0.03 tp. 2,33 B-15 41793 | Kny, Pun
Binecka 184 4520,2 1.53 Tp. 7,02 B-19-23 | 36066 | Ky, Tpw, Cop, Cn
Tam xe 45215 8.15 Tp. 9,25 B-19-23 | 36070 | Pun, Tpw
TaM xe 4528,1 1,54 B-21-23 | 36196* | Pon, Cmun, Kan, Cn
Tam xe 4610,9 1,61 9,74 B-21-23 | 36199 | Pun, Ky
Saximo- 43382 | 0,03 2,71 B-16a | 44039 | Kny, Pun, Cn, Kin, Cop
coJioxiBcbka 120
Tam xe 4340,1 0.03 Tp. 3,16 B-16a 44045 | Cop, Cn, Pun, Kny
Tam xe 43417 0,01 2,57 B-16a 44048 | Kny, Pun, Cn, Cop
Tam xe 49948 0,01 3,14 B-228 45291 | Cop, Ky, Tpw
Konomanpka 31 5356 0,06 4,12 C-4 34587 | Pun, Kan, Kny, Cn
TaM xe 5357,1 0,05 3,61 C-4 34591* | Cn, Kny, Pun
Konomarnpka 53 5529,2 0.13 tp. 4,76 C-5 40473 | Pun, Knn, Kny
Tam xe 5531,3 2,43 9,25 C-5 40480* | Kan, Tpw, Pun Cop
Tam xe 5555,5 1,91 C-5 40486 | Cn, Kny, Pun, Cop
Korenescpka 200 | 5570,6 0,51 5,19 B-16 33296 | Kny, Pen, Pun, 11i
TaM xe 5571,4 0,01 1,77 B-17i 33299* | Pen, Kny
Tam xe 58441 0.54 Tp. 2,98 B-23 33818* | Pun, Ky, Tpw
Tam xe 6067,1 0,01 0,52 B-24-26 | 35721* | Kny, Pun, ITi
Kotenescrka 201 | 5828,6 0,01 2,58 B-23 43148* | Tpw, Pen, Kny, Knn
Comnoxiscnka 201 3369,5 96,65 10,85 B-15a 40803 | Ky, Tpw, Pun
TaMm xe 3812,2 0,01 3,70 B-17 40854 | Cop, Pun
Conoxisceka 210 | 3605,4 0,01 1,74 B-16 42324 | Kay, Pun
Tam xe 3605,7 2,21 B-16 42325 | B.31.3.
TaMm xe 3751,4 1,15 B-176 42328 | B.3n.3.
Conoxisceka 220 | 4552,5 0,43 6,34 Civi 45332 | b.3n.3.
Crenosa 120 5668,6 0,01 1,37 — 48316 | Cop, Cn, Kny, ITi, Pun
Tam xe 5669,2 0,01 1,22 — 48318* | Kny, Pun, I1i, Bmnu
TaM xe 5683 0,07 7,48 B-15 48320* | Cop, Kan, Kny

Ipumimru: CxopodeHi Mmo3HaYeHHs] BTOPUHHUX 3MiH, 0 3aikcoBaHi B murihax (pO3MIIIeHi y OCTiTOBHOCTI,
MMOYMHAOYY 3 HAIHTEHCUBHIIIIE MTPOSBIICHUX JJISi KOXKHOTO 3pa3ka): Pux — pO3UMHEHHS KBapily, Pen — pereHepa-
ist KBapuy, 7pu — MIKpOTPIIIUHYBaTiCTh, Cmu — MIKpOCTHITONITH3AMLIs, Kir — KaomiHiTH3ais, Ky — KalbIUTH-
3amisg, Cop — cuneputusanis, Crn — cimomausanis, [7i — miputusanis, bmn — OiTyMiHOIH, B.31.3. — 0€3 3HAYHUX
3MiH. 3HaK * - BioOpakae HoMepa ILTi(iB, POTO AKUX PO3MIILEH] B CTATT; TP. — TPIIIUHYBATICTh
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5912 M (bepesiBchbka II0I1Ia).

Busueni 3pa3ku TepUTreHHUX TOPiJ 32 3HAYCH-
HSIMH BIAKPUTOI MOPUCTOCTI T MPOHUKHOCTI 3T1THO
3 TpaauiiHo0 Knacudikaniero A.A. XaniHa BiHO-
catees a0 I1I-ro Ta HIKYHUX KiTaciB KoJeKTopiB. Jle-
SIKi 3 HUX MaroTh TyXe HHU3bKi 3HaueHHs OC€B. Ha-
BeZICHI B TaONUIi JaHi 1a00paTOpHUX IOCTIIKEHb
MTOPUCTOCTI 1 MPOHUKHOCTI 3aTy9alIuCh IJIS IOoTepe-
THBOI OIIHKM BIUTMBY 3a(hiKCOBAHHUX MPOSBIB BTO-
PUHHUX TepeTBopeHb mopia Ha ix ®EB. Busyeni
3pa3ku KepHy Ta nutidu 30epiraroTbess Ha Kadeapi
reosorii Hadtw i razy HHI «IHcTuTyT Teomorii» Ku-
TBCHKOT'0 HAIlIOHAJILHOTO YHIBEpCUTETY iMeHi Tapa-
ca IlleBueHka.

Pe3yabTaTu pooirt.

Cepen AOCHTIKEHUX TIOPIJ MePEeBaKAIOThH IIiC-
KOBHUKH CBITJIO-Cipi, APiOHO- TOHKO3EPHHUCTI, 3piaKa
KpyITHO- Ta CEpPeIHBO3EPHUCTI a00 PIZHO3EPHHUCTI,
mapyBaTi abo HesCHOMmAapyBaTi, MOHOMIKTOBOTO
KBaploBoro abo OJIrOMIKTOBOTO KBapIl-TOJbOBO-
IIIIaTOBOTO CKJIAy. 3epHa y OUIBIIOCTI He oOKaTaHi
Ta cnabooOkaTaHi, IEMEHT KapOOHATHHN, KAONiHi-
TOBHH, pereHepauiiinnii abo 3mimanuii. [lopoau
(hopMyBaNKCh B MIJIKOBOJHOMOPCHKHX Ta Y IEpexi-

JHUX TPUOEPEKHUX YMOBAX 3 CEPEIHBOI0 Ta BHUCO-
KOIO TiAPOJWHAMIYHOIO aKTHBHICTIO CEpEIOBH-
mia [6].

Hwxue HaBepeHa XapaKTEpUCTHKA HANIMOIIU-
pEHIMUX BTOPUHHUX 3MiH MIIIaHO-AJICBPUTOBUX
MTOPiJI, BUABJICHUX aBTOpPaMHU IPH MIKPOCKOIITHUX
JIOCHIJDKEHHAX.

TpakToBKa yMOB, TpW SKHX MOTJIH BinOyBa-
JIUCh Tl YW 1HIII MTreHeTHYIHI MPOIECH 3al03uIcHa
3 omyOIIKOBaHUX JIXKEpel.

Po3unHeHHsI Ta pereHepanisi KBapuy BinOy-
BaeThCs y JyxkHOMY cepenoBuii (PH 9 1 Oinbmre)
[8]. InTeHCHBHICTh KX MPOLECIB 3pOCTaE 13 301b-
HICHHSIM TeMmnepaTypu. Haiwacrimme BOHH TpOsIB-
JSI0TBCA Ha I3HBOKAaTareHeTwuHid cramii [21].
IIpornecu po3unHEHHS Ta pereHeparlii KBapiyy reHe-
TUYHO TIOB’SI3aHi i MiANOPSAIKOBYIOTHCS BiZJOMOMY
npaswy Pikke. Perenepamist kBapiyy y OibIIOCTi
BUTIAJIKIB CYMPOBO/DKYE TMPOIEC PO3UMHEHHS. Sk
BUAHO 3 ¢oto (puc. 3A), pereHepaliiHi CMYKKH
MaloTh MIHJIMBY TOBIIUHY Ta BIAAIISIOTHCS Bij IMO-
YATKOBUX YJIaMKOBHUX 3¢peH KBapIly TOHKHMH JIiHS-
MU, YTBOPEHIUMHU HMOBIPHO TTTHHUCTHM MaTepiajom.

Kopo3is Ta po3urHeHHs 3epeH KBapily y AOCHi-

Puc. 3. Perenepartist kBapiry Ta MiKpOCTHIIONITH3AIIiS MIIAaHUX TIOPiA. A — pereHepariis KBapiry.
BusiHo BBIrHyTO-BUIYKITi (KOH(OPMHI) KOHTAaKTH KBapIIOBUX 3€pEeH Ta BUpa3HO mposiBiaeHi Mexi (R) mix
3epHAaMU KBaplly i pereHepamniiHiMu CMy>KKaMi MiHinBoi ToBiuHU (mutid 33299, cB. Korenescoka 200,

1. 5571.4 m). b — MikpocTHITONITOBA TPIlIMHA B MTICKOBUKY 3 PereHepaIlifHiM KBapIOBIUM [IEMEHTOM
(i 36196, cB. binbcrka 184, 1. 4528,1 m).
Tyt 1 naxni Ha puc. 3-7: npuB’s3ka tTa PEB 3pa3kis, 3 sIKKMX BUTOTOBIIEHI 1UTi(hH, HaBeeHa B Ta0l. 1; 3acTo-
COBaHO CKOPOYEHHS MiHEpaliB y BIIMOBIJHOCTI 3 MKHAPOIHUMH PeKOMEHALisiMuU [22]

JOKCHHX 3pa3KaxX BHPaKa€ThCS B CIIOTBOPEHHI (hop-
MU 3€epeH, TpaHWIll SKHX Ha0yBalOTh CYTYPHOI,
«po3’igenoi» Gopmu (puc. 4 A, B).

[IpocTopoBO po3uMHEHHS 1 pereHepauisi KBap-
Iy MOXYTh OyTH pO3’€IHAHWMH, IO TIOB’SI3aHO 3
Mepepo3noaiIoM KpeMHe3eMy y TOBHIi mopin. Puc.
3A neMoHCTpye KOH()OPMHI KOHTAKTH MIiX OKpe-
MUMH 3€pHAMH Ta pPETeHepalliiHui KBapIOBUH Iie-
MeHT. VIMOBIpHO MOIiGHEM MEPEepO3IOLiIOM Mo-
KYTh IOSICHIOBATHCh BiZIMIHHOCTI B TOPHUCTOCTI B
MOpOJIax OJTHOTO 1 TOTO X MPOJYKTUBHOTO FOPHU30H-
Ty. lle MOkHa GauuTH HA MPHUKIIA] KBapLOBHX ITiC-
koBukiB 3 [II" C-5, mo MaroTh SBHI O3HAKUA PO3YHU-

HEHHS Ta pereHepailii KBapily Ipu OJU3bKOMY JIiTO-
JOTiYHOMY CKJaai. Tak, TOPUCTICTh MICKOBHKY 3
cB. Komomanpka 53 (ummigp 40473, . 5529,2 ™)
craHoBuTh 4.76%, BoHOYAC, TIICKOBUK 3i CB. bepe-
3iBcbka 203 (nwrid 4598, ri. 4734,1 M) mae mopuc-
ticth 11.29% (nuB. Tadm. 1).

OTtxe, mpolecu pO3YMHEHHs, pereHepamii Ta
MEPEeBIKIACHHS] KBapIly MOTJIA TPU3BOJUTH [0
HEPIBHOMIPHOTO TIEPEPO3NOIITY KPEeMHE3eMY B IO-
poai, CyTTeBO 30iMbIIyIOUM 200 3MEHIIYIOUH 10 Mi-
HiMabHHUX 3HaueHb PEB mickoBHKiB Ta GopMyrOUH
JIOKaJIbHI JIUISHKKA PO3pi3y SK 13 CYTTEBHM ITiJ[BH-
LICHHSM, TaK 1 3 JyXe 3HIKCHUMHU 3HAYCHHSIMH I10-
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PHCTOCTI Ta MPOHUKHOCTI. 3aKOHOMIPHOCTI TaKOTO
MIePEPO3NOITY TOTPEOYIOTh JCTAIBHINIOTO BH-
BYCHHSI.

MikpocTwiiogiTu3amisi BUHUKAE BHACIIIOK
pPO3YMHEHHS MiHEpaJiB IiJ THCKOM. |[HTCHCHBHICTB
PO3YHMHEHHS 3pOCTaE 3 MiABHUIIEHHIM JIY>KHOCTI ce-
penoBuia. MiKpOCTHIIONITOBI TPIIMHU XapaKTepHi
JUIT  YIIUTBHEHWX TOpiJ 3  IHKOPIOpamiiHUM
3’€JHAHHSAM 3€pEeH KBapIly Ta pereHeparlifHuM Ie-
MeHTOM. Ha Benmkux rimmbuHax B 30HaX KaTarcHesy
[9] bopmyBaHHS MIKPOCTHIOTITOBUX HIBIB 00YMOB-
JIOETHCS  TIIBHUINEHUM (QIIFOITHAM THCKOM, TOOTO
TCHETUYHO BOHH OB’ SI3YIOThCS 3 MporecaMu (iiroi-
nopospuBy. Taka peakilis MOPOAY MPHU3BOJUTH 10
30UTBIIIEHHS TIIHOMHHOI MIOPUCTOCTI Ta MPOHUKHOCTI
mopin [20]. OmHak, AOCHIKEHHA HaMH 3pa3ok 3
MPOSIBJICHOI0 MiKPOCTHJIONITH3AIIEI0 HE JIEMOHCT-
PY€ TiIBUIICHUX 3HaYeHb MOPUCTOCTI (CB. biabCchKka
184, rmubuna 4528.1 M, nutidg 36196), mo MoxHa
MOSICHUTH JIOKAJILHUM TPOSIBOM IIHOTO TPOIIECY.
MiKpOCTHIIONITOBI TPIIIUHYU Y IIbOMY 3pa3Ky 3aIloB-
HEHi YOpHOI OITYyMIHO3HOIO PEUYOBHHOIO, IO MMO-
BIpHO € pe3ybTaTOM Mirpaiii ByrJieBoJHeBUX (iro-
inis (puc. 3b).

KaoainiTuzamis —  rigporepmaibHO-MeTa-
COMaTHYHHUU TPOIIEC, PE3YIBTATOM SKOTO € hopmy-
BaHHs KPHCTANIiB KAOMIHITY Ta AiKKiTy. KaomiHiTH-
3allisl BiIOYBAE€ThCs TIIBKH B Pi3KO KHCIOMY Cepe-
nopwuiii. OnrcaHo JBa OCHOBHUX BapiaHTH BUHUK-
HEHHS TaKuX OOCTAaHOBOK B ocajoBiii Tosui. [lo-
nepiie, KUcie CepeioBHIIE MOXKe BUHUKATH Ha Be-
JIMKAX TIMOMHAX BHACIIIOK HAJIXOMHKEHHS 30araue-
HUX BYTJIEKUCIIOTOI (DIIFOIMIB 1 pO3UMHEHHS KapOo-
HatHuX Minepanis [11, 16, 20, 21]. Mmosipro, mo
pyX TakuxX QUIIOiNiB Mir BigOyBaTUCh Y MPOHUKHHUX
30HaX, AKi BUHUKAJIH 5K 3aBISIKH TEKTOHIYHUM (paK-
TOpaM, Tak 1 BHaCHimoK Quiroinopo3pusy. [lo-apyre,
TakKe CepeIOBUINE XapaKTepHe JJIsl 30H 1HBepCiiHMX
MiTHATH 1 PErPEeCUBHOTO KarareHely. B mpomy Bu-
MaJKy TIOKHCHJ BYTJICII0 YTBOPIOETHCS BHACIIIOK
pyHHYBaHHS BYTJICBOJHIB, HAJIXO/KCHHS BEJIMKUX
00CSATIB SAKOTO y TIepEKPUBAIOYi TOBIII MPU3BOISITH
JI0O PO3UMHEHHS KaIIbIIUTY, JEIEMEHTAIlii yIaMKo-
BUX TOPiJ 3 MAacOBUM YTBOPEHHSM KaodjiHiTy [20,
c. 38].

KaomigiTuzamiss € OOHUM 3 HaHBaKIUBIIIHUX
IIPOLIECIB, 110 CYTTEBO BruinBae Ha ®EB Ha BeTUKUX
rmbunax. lle moB’s3aHO 3 THUM, MO TIEH MpoIiec
MPU3BOAUTE 10 3MEHIICHHS 00’eMy MOpOJAHW, BHa-
CJIIJIOK YOTO PO3BUBAETHCSI BTOPUHHA TIOPHCTICTS [2,
4-5,11, 15].

KaoniniTuzawis moisoBUX IIMATIB CHOCTEpira-
nmach y 3paskax 3i cB. bepesiBceka 203, 150, cB.
Cremosa 120, cB. Komomaripka 53 (puc. 417, 5A), ne
3adikcoBani mifBuineHi 3HaueHHss DEB (quB. Taod.
1). OcobamBoO XapakTepHa BoHa Juisi 3pa3kiB 3 bepe-
3iBcekoro I'KP. Bomnouac, B ¢B. buisceka 184 Tta

Komomarpka 53, me B OKpeMHX iHTepBajlax BHUSBJIC-
HI O3HaKy KaoJjiHiTh3amiil, 3HaueHHs1 PEB HH3BKI,
110 MOXKE TIOSICHIOBATUCH OLNBII Mi3HIMU Hakjaje-
HUMH Ha KaoJIiHITU30BaHI MOPOJH IpoIlecaMu Kap-
OoHaTH3arlil, SIKi TIPHU3BEIH IO CKOPOUYEHHS TTOPOBO-
ro mpocTopy. 3adikCOBaHO TaKOXK BUTAAKH KAOJiHi-
th3anii mMyckoBity (uwtigp 45600, cB. BepesiBcbka
203, ri1. 4734,6 m).

KanpuuTu3anis, Ha BiIMiHY BiJ KaoJiHITH3a-
uii, BiIOyBaeThCs y JIy>)kHOMY cepenoBuii. Came
TOMY KaJIbIIUTHU3ALIisl, CYIPOBOIKY€E MPOLECH KOPO-
311 kBapiy (puc. 4 A, B). Pazom 3 Tum, 1ie gacto Oa-
raToCTalliiHUM MPoILIec, SIKUH 3aJIe)KUTh TIEPI 3a BCE
BiJl HASBHOCTI B OCAJIOBiH TOBIIi JTIOKCUITy BYTJICIIIO
1 KUCIIOTHOCTI-TyXHOCTI cepenosuma. [lpu nedinu-
Ti TIOKCHIY BYTJENIO BUHUKAE ITy)KHE CEPEIOBUIIE,
CIIPHUATIUBE JJIs KAJIBLIUTHU3AIII1, 1 HABIAaKH, PU Ha-
JTXOKEHHI IIbOTO0 KOMIIOHEHTY (POPMYETHCS KHCIIE
CEpEeIOBHIIE, B SIKOMY KaJbIIUT TOBHICTIO a00 JacT-
KOBO PO3YMHSEThCs. Taki iHBepcii cepenoBHINa B
0caJIoBiil TOBILI MOTJIM BiI0YBaTHCh HEOIHOPA30BO,
[0 TPHU3BOJWIIO IO YTBOPEHHS JEKIIBKOX TeHepa-
i kanpuury. SIKk Bke 3ramyBayioch Buie, B J1J13
HAJXOJKCHHsI TJIMOWHHOI KapOOHATHOI PEUYOBUHU
¢dopmye KOT B iHTepBai MIACTOBHX TEeMIIEpaTyp
(110-120° C).

O3HakM KaJIbIUTH3AIII] YaCTO CIIOCTEPIraliuch y
nutigax (puc. 4A-B, 5A), a TakoK BUSBISUTUCH MPU
MaKpOCKOIIIYHOMY JOCIIHKEHHI KEPHY 32 PEaKIIi€lo
MOpOY Ha ciaaOKuil po34MH CONAHOT KUCIoTH. Taka
peaxiiis crocrepirajgach 30KpeMa HpH JOCIiKeHH]
mickoBukiB i3 1" B-19-23, po3kputux cB. binbcbka
184. BropuHHMi1 KaJbUUT 3aI0BHIOE IOPOKHUHU Ta
BIJIKpUT] TPIMIMHU (KAJIBIIUTOBUMA IIEMEHT MOWKLJII-
ToBOrO THITy). Hammi maHi MigTBep/KYIOTH BioMy
3aKOHOMIPHICTB, SIKa TOJISITa€ B TOMY, IIO MPOIECH
KaJIbIIUTH3AIl] TPU3BOASATE JI0 3MEHIIEHHS TOPOBO-
ro mpocropy tepureHHux nopin [7, 21]. B upomy
JIETKO TIEPECBIAYUTHCH, SKIIO TOPIBHITH TIOPHC-
TICTh 3pa3KiB 3 OJJHUX 1 TUX YK€ TOPU3OHTIB 3 TIPOSIB-
JICHOI0 KaJIbIIUTH3alli€0 Ta 0e3 Takoi. Hampukian,
mickoBuk [1I" C-5 cB. Konomarnpka-53 (T, 5555,5m)
3 TPOSIBICHOI KAIBIUTHU3AIIEI0 Ma€ IOPUCTICTh
1,91%, HaTOMiCTh, IOPHUCTICTh IMICKOBHKA 3 TOTO K
camoro III" (rn. 5531,3 m), ane 6e3 nposiBIEHOT Ka-
mpIUTH3AMil cTaHOBUTH 9,25%. Tabn. 1 imoctpye
TaKOX 1 IHII MPUKJIAIU MTOAIOHUX CITIBIHOIICHD.

Cmoau3aniss — 1me mpoIec MeTacoMaTHIHOTO
Ta TiAPOTEPMAIILHOIO 3aMilllEHHs MIHEPaJiB CIIO-
JamMu abo (QOopMyBaHHS CIIO[ B TIOPOXKHHHAX Ta
TpimuHax. Y JOCHIDKEHUX IICKOBHKAX Ta ajleBPO-
JTax HepeBakaroTh CIIOAU CBITJIMX BIATIHKIB (Myc-
KOBITH, TiIPOMYCKOBITH). 3a MOXO/DKEHHIM CIIOAN
MOJUISTIOTECS. Ha 2 THIM: TIEPBHHHI Ta BTOPHHHI
(HoBOyTBOpeEHi). Kpucranu mepBHHHUX CIIOJI KOH-
(OpMHI Ta CIIOTBOPEHi, HATOMICThH CJIIOIU BTOPHH-
HOT'O TIOXOJIKCHHSI MalOTh JOCKOHAITY (OpMY JIyCOK
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Puc. 4. Po3unHeHHS KBapILy, KAIBIUTH3AIS, KaomiHiTH3aMiA. A — B — y mpiOHO3epHUCTOMY MMiCKOBHKY (TLTi(
33818, cB. Kotenescrka 200, T1. 5844,1 M) BUHO KOpoaoBaHi «po3’ifneHi» 3epHa kapiry (Qtz). Mix3epHo-
BUii TIPOCTIp 3armoBHeHNH BTOpUHHUM KanbiutoM (Cal). b — pisHo3epHUCTHIT TICKOBUK 3 BTOPUHHUM KaJlb-
IUTOM Yy Mik3epHOBOMY mpoctopi (tmtid 43148, cB. KoreneBcbka 201, 1. 5828,6 M). B — cepennpozepamc-
THH KBapIIOBUH MICKOBUK 3 KapOOHATHUM IIEMEHTOM. BUIHO ciin po3YMHEHHS KBapIly, 3alIOBHEH] KaJIbIIH-

TOM, 1[0 CBIIYHUTH PO BTOPUHHICTH OcTaHHbOrO (1utid 43148, cB. Korenercoka 201, mi. 5828,6 m). I' — mixk-

3€pPHOBHH MPOCTIp MCKOBUKA 3arloBHEeHHIA KaoniHiToBuM arperatom (KIn). Kyracti kouTypu arperary
(cmpaBa Bropi) cBim4yarh mpo HOro po3BUTOK IO 3epHAX MOIBOBOTO MITIATY
(i 40480, cB. Konmomarpka 53, mi. 5531,3 M)

Ta PO3TaIloBaHi JUCKOH(GOPMHO BiTHOCHO CYCLIHIX
3epeH (puc. 5A). OctaHHi € pe3yJbTaTOM Hakjaje-
HUX eMreHeTHIHUX TPOIIECIB.

Bigomo, mo OIOTUT Ha BEIMKHMX IJIMOMHAX
BTpadae CTiHKICTh, A€ TiIPaTyeEThCA Ta XJIOPUTH3Y-
€TbCsl 200 MEPEeTBOPIOETHCS HA MYCKOBIT Ta 3r0JIOM
Ha Ti[pOMYCKOBIiT. B kuciaoMy cepemoBuiii Bigdy-
Ba€ThCS KAOIIHITU3AIlil MYCKOBITIB, B JTy’)KHOMY —
rigpocmoau3aiiis. OIHOYACHO, BENHMKA KIiJIBKICTh
MYCKOBITY MOe 3aJIMIIaTUCh Oe3 3MiH a0 He3Hau-
HO 3MiHIOBAaTHCh. TakoX, BCTAHOBJIEHO, IO y TPH-
CYTHOCTI BYIJICBOJHIB KaTareHETUYHE IEPETBO-
PEHHS CIOJMCTUX MiHEPaJiB CIIOBUTEHIOETECS [20].

YTBOpEHHS! BTOPMHHOT'O MYCKOBITY CHOCTEpi-
rajoch y 3paskax 3i cB. 3axigHocosoxiBcbka 120,
Bepesicbka 203, Konomaripka 31,53, Binbcbka 184,
Crenopa 120. Hajtuacrinre ciirogu3aliis Tparisjach
3paskax i3 3axigHoconoxiBcrkoro I'KP.

Maciurabu po3BUTKY BTOPHUHHOI CIIFOAM3ALIIT
HE3HaYHi, 1110 MaOyTh OB SA3aHO 3 OOMEKEHUM BMi-
CTOM TMOJBOBUX ILNMATIB y ajieBpO-IilIaHUuX IOpPO-
nax. CyrtreBoro BIuMBY cmonu3zanii Ha ©EB Bu-
BUYCHHUX TOPiJT He 3a(hiKCOBAHO.

MikpoTpiluMHyBaTICTh TIOB’A3aHa 3 Karare-
HETHYHUMH NEPETBOPEHHSIMH T4 BUHUKHEHHSIM He-
PIBHOMIpPHMX HampyXeHb B OPOJi, 110 CIPUYNHIOE
MIKpPOpO3pHBH 3epeH. Ha Benmukux TIMOWHAX Taki

HEpIBHOMIPHI Hampy>KEeHHS B TIOPOJIi MOXKYTh BUHH-
KaTH BHACIIZOK IHTErpOBaHOI il TeKTOHIYHUX (hak-
TOpIB (AMJaTaHCisA) Ta TPOIECIB (II0iTOpO3pUBY 3
(dhopMyBaHHIM MaTPUYHOI MIKPOTPIIIMHYBATOCTI
[6,9]. MikpoTpimHyBaTicTh CrocTepiraiach B
nutidax 41789, cB. Binscbka 183, rii. 4077.7 M Ta
45064, cB. bepesiceka 203, 4750 M (puc. 6A). 3a
pe3yJibTaTaMy JJabOpaTOPHUX JTOCHIIKEHb OPOIH 3
MPOSIBJIEHOI0 MIiKPOTPIIMHYBATICTIO MAlOTh ITiJIBH-
mieHi 3HaueHdst ®EB (auB. Tabdm. 1).

Cupepurusauisi Ta mipuTu3amis BigOyBarOTh-
csl y Onm3bkux ymoBax. CHIEPUT € OJHUM 3 TOJIOB-
HUX MiHepaJiB-MapKepiB, 10 CBIAYUTH TMPO BTO-
PHUHHI 3MiHU B moponi. BiH yTBoproeThesa B crnabo-
BiJTHOBITIOBAJIbHINT 0OCTaHOBIII 32 HASBHOCTI B MIOPO-
BUX pO3YMHAX OKHCHEHOTO 3alli3a B KHCIOMY a0o
HelTpaiibHOMY cepeouiii [10].

Cupeputuzanisi crnocrepiraiach y 3paskax 3i
cB. bepesiscoka 203, Crenosa 120, Konomariska 31,
binbcpka 183 (puc. 5b). [TomiueHa 1mikaBa 3aKOHO-
MIpHICTb, SKa MOJISITA€ B TOMY, 1110 3pa3KaM 3 IOBHi-
CTIO CHIEPUTH30BAHHUM MIX3EPHOBUM LEMEHTOM
BJIACTHUBI MOKPAIIECHI KOJIEKTOPCHKI BIACTHBOCTI (CB.
bepesiscbka 203, Crenosa 120). BoaHnouac, He3Ha-
YHHAW BMICT CHJIEPUTY, L0 TPAIUISIETHCS B iHTEpBaIi
rmbud Bix 4000 mo 5300 M pi3HMX pPOMOBHIL, HE
MPU3BOIUTE 10 cyTTeBO1 3Mian @EB mopix (cB. Ko-
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nmomarbka 31, bimbepka 183). Takok, acoriarist
BTOPUHHHUX MiHEpaTIB CHICPHUT-KAOJIHIT XapaKTep-
Ha I HaiOueln ramOuHHMX 30H CTemoBOro Ta
Konomaripkoro pogoBuii.

Iliput mpeacTaBieHU iAioOMOPGHUMH KpHCTa-
mamMu KyOiunoi ¢opmu. [lipuTOBI CKyIMTYeHHS TSIKi-
I0Th JI0 TPIlIMH, 3alIOBHEHUM OiTyMiHOiTHOIO pedo-
BUHOIO (puc. 6b), mo Moke BKa3yBaTH Ha X 3B'I30K
3 mirpariero BB [21]. IIpu Takiii Mirpariii BUHHKAIO
CTiliKe BIIHOBIIOBAIBLHE CEPENOBHILE, IO CIPUSIO
YTBOpPEHHIO iioMopdHUX KpucTaniB miputy. [ligT-
BEP/UKCHHSIM OCTAaHHBOTO € 3pa3Ku KepHYy 31 CB.
Crenosa 120. IIpu BurotoBnenHi nutigis 3 Mux 3pa-

3KiB BiuyBaBCs OITYMIHO3HMH 3aax Ta Bi3yallbHO
CITOCTEPITaTiCh BKIIOUEHHS KPUCTATITHOTO MIPHUTY.

CragianbHi mepeTBopeHHsl. 3a XapakTepoM
BTOPUHHHUX 3MiH JOCHIJDKCHI IMOPOIU HIKHBOTO
KapOOHy IMepeTBOpeHi HANPHUKIHIII PAHHBOTO (TT0oYa-
TKOBOTO) — TOYATKy Mi3HBOTO (TIHMOWHHOTO) TPO-
rpecuBHOro kKararenesy. (O3HakM TIi3HBOI cCTafil
PaHHBOKATATCHETUIHUX TEPETBOPEHD IITUPOKO TPO-
SIBIIEH]1 y BHTIISAII KOpO3il 3epeH KBapIly Ta KaJlbIU-
TH3a1lil, 10 MPU3BENIO JO KaTareHeTHYHOI IeMEeHTa-
uii mopix Ta GopMyBaHHS BTOPHHHOI KaTareHeTHY-
HOI OKPHIIIKH.

[Ipo mi3HBEOKaTareHeTHYHI EPETBOPEHHS, IO

Puc. 5. Cnromuzaris ta cuaeputusaris. A — qpiOHO3EpHUCTHI OJITOMIKTOBHH ITICKOBHK 3 3€pHAMH TUTATriOK-
nasy (Pl) Ta BropuHHEMEU TUCKOH(DOPMHMMH KpucTamamu cionn (Mca), a Takok 3MiHEHHM ITpoliecaMu Ka-
TBIUTHU3AMIT Ta KaoNiHITH3aLii Mi>k3epHOBUM MpocTopoM (muti 34591, cB. Konomanpka 31, 1. 5357,1 m).
b — npiOHO3epHHUCTHI KBAPIIOBHIA MICKOBHK 3 CHACPUTOBUM (Sd) 1ieMeHTOM
(i 48320, cB. Cremnora 120, 1. 5683 ™)

— AT (¢4, -~ a— e .vl'{.

Puc. 6. MikpoTpingyHyBaTicTh, OITYMIHOIIN Ta mipUTH3aLis. A — qpiOHO3EPHUCTHIT KBAPIIOBUHI MICKOBUK,
po36uruii mikpotpinuHamu (twtid 41789, cB. binbckka 183, tin. 4077,7 m). b - npiOHO3epHUCTHIT KBAPIIOBHIA
MiCKOBUK 3 KapOoHaTHUM HieMeHToM (1wt 48318, cB. Crenosa 120, m1. 5669.2 M ). Buano mmpoky Tpimu-
HY, 3a[I0BHEHY YOPHOIO 0iTyMOITOIiIOHOI0 PEYOBHUHOIO, Ta ApiOHI KyOiuHi kpuctanu miputy (PYy)

BCTaHOBJICHI Ha HaWOUIBII 3aHYPEHUX iHTEpBaJIaX
pO3pi3y, CBITYUTH PO3BUTOK KOH(GOPMHHUX Ta pere-
HEpaIiifHUX CTPYKTYp KBapIly, MEePeBiIKIaJeHHS Ta
YTBOpEHHsI 0a3ajbHOTO KBAapLOBOTO IIEMEHTY, Kao-
JiHITH3aLis, MIKPOTPIIIMHYBATICTh Ta MIKPOCTHIIO-
mituzaiis. e npuOnu3HO BiANOBIAAE JaHUM, OTPH-
MaHUM paHille 3a MOKa3HUKaMH BiJOWBaIbHOI 3]1a-
THOCTi BiTpuHiTy. Tak, y Mmexax KoreneBcwkoi i
BepesiBchbkoi TTon1 Ha MIMOWHAX, 10 TIEPEBUIYIOTh
4000 M, Ro 0,77-0,95% [14], uio BiamoBigae KiHiie-

Bili crazmii paHHboro (MK3;) Ta mouarkoBiii craaii
mi3Hporo kararenesy (MKs).

Ha Bepesiecbkomy I'KP inenTH(dikoBaHO 03Ha-
KW PErpEeCUBHOr0 KarareHesy, MPOSBJICHI y BUTIISAL
NPaKTUYHO MOBCIOAHOrO NPOSBY KaoJNiHITH3aLii Ha
¢oHi 3poctanHss OEB MiCKOBUKIB, IO MMOB’SI3aHO 3
PO3YMHEHHSM KaJbLIMTOBOTO ILIEMEHTY B YMOBax
PI3KO KHCJIOTO CEpeOBUILA.

Jesxi 3aKOHOMiIpHOCTI MPOsIBY BTOPHHHHX
npoueciB. [y anani3y 1 y3arajibHEHHsS OTPHUMaHHUX
JaHUX 3aJy4eHO YCEpeAHEHI pO3paxyHKOBI JIaHi
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oo mosiokeHHs 30H KOT Ha pisHHX pomoBHIIAX

bepesiBcbko-KoTteneBchkoro Ta

CoIx1BCBKO-

JlukanchKoro BamiB (puc. 7). 3rigHO 3 [IUMHU JaHUMA
K®T nocraTHbO MOBHO OXapaKTepU30BaHUM 3pas-
kamu Ha binsckomy I'KP. TyT BusBIEHO mposBu
THTIOBUX BTOPHHHUX TPOIECIB, IO MOTJIN TPU3BEC-
TH JI0 CYTTEBOI peaykiii mopoBoro mpoctopy. o

TaKUX TIPOIIECIB TEPII 3a BCE BIAHOCHUTHCS PO3UH-
HEHHS KBapIlly Ta KaJlbLUTH3AIlis, sKi 3a(hikcoBaHi
Maibke y BCiX BUBUEHHX 3pa3Kax, i Maiie BCi BOHU
MalOTh HU3bKi 3HAUCHHS MOPUCTOCTI 1 MPOHUKHOCTI.
BuHATKOM € nBa 3pa3Kd 3 YiTKO MPOSBICHOIO MiK-
POTPHILIHYBATICTIO, TOPUCTICTD 1 MPOHUKHICTH SIKHX
JIEIIo MmigBHIeHa (1B, Tabu. 1).

Binbcbke NKP

4016.3
110°C

40665 — %
4077.7

40798 —
LN Kotenescuke MKP

Bepe3siBcbKko-KoTeneBCcbLKU CTPYKTYPHUI Ban

Bepesiscbke MKP

4176.7 — )
4224
42253 — N

o, \ N,
fa0cll 4520.2

Crenose MKP
— Konomakceke N'KP

45215 — % 3
45281 — R
46109 — <

47341
47351
4736.5
47373
4739.4

4750

4752
4753.6

_______ 4741.7 110°C

4770.8

—— 5570.5
5571.4

5912.1

5143.3
120°C

5356

5828.6
5844 .1
6067.1

3axipHoconoxisckke MKP

—— 43382 —
— 43401 —
— 43417 —

110°C

120°C
l— 49948 —

ConoxiBCcbKO-[AMKAHCLKUI CTPYKTYPHUI Ban

—— 53571

5529.2
f— 55313

5555.5

Conoxiecbke NKP

3369.5
3605.4
3605.7
37514

YMOBHI NO3Ha4YKu:

- 30Ha KaTareHeT4Horo
dnoigoTpusy

E3EE 45525 —— - rMubuHa Biabopy 3pasky (M)

120°C

- i3otepmu 110 Ta 120°C

Puc. 7. Po3paxyHKOBe MOJIOKEHHS KaTareHeTUIHUTO (hiroinoTpuBy (3a ganumu YxpH/lIras) Ta BigHocHe

po3MinieHHs BiniOpanux 3pa3kiB. [lonoxkenns i3otepm 110 ta 120 rpagyciB BU3HAYANOCs SK MPSIMAMH BUMi-

PIOBaHHSIMH B CBEP/UIOBHHAX, TaK 1 TEOPETHYHO 32 T€OTEPMIYHUMHU TpajieHTaMu. DakTHYHA TTIMOWHA 3aI1s-

TaHHS 130T€PMU B KOXKHIH OKpeMill CBEpAJIOBMHI MOKE BiIPI3HATUCH BiJl y3arajJbHEHOI O POJOBHILY Ta MO-
)K€ YTOYHIOBATHCH 32 MPSIMUMHU BHMIpaMu

3pa3ku Hopij, sIKi XapakTepu3ylTh 30HY, pO3-
tamoBany Haja KOT, Binibpani nepeBaskHO 3 po3pi-
31B CBEPJIOBHH 3aXiJHOCOJIOXIBChbKOro Ta COJI0XiB-
cekoro ['KP. Cepen HuX BHSBJICHI NMOPOIH, B SIKUX
CYTTEBHUX BTOPMHHHX 3MiH HE 3a()iKCOBAHO, a TAKOXK
MICKOBUKK 1 aJIEBPOJITH 3 IMPOsSBaMHU CIIFOIU3AIli,
PO3YMHEHHS KBapIly, KaJbLUTH3AIl1, CHICPUTH3ALIII.
Bci BOHM MarOTh HHM3BKI 3HAYEHHS! KOJEKTOPCHKUX
BJIACTUBOCTEH 32 BUHATKOM ITICKOBHKIB 3 MIKpOTpi-

muuyBaticTio  kBapuy (ComoxiBcbka 201,

TII.

3369,5 m).

[Mopoau, mio 3ansarawts mig KOT BuByeHi nep-

Ba)XHO y cBepaiioBuHax binbcbkoro, Korenescrko-
ro, Crenosoro ta Komomaneskoro I'KP. Binburicts i3
HUX MaIOTh HU3bKI KOJEKTOPCHKi BiaacTHBOCTI. Crio-
CTepirajluch NPOSIBY BTOPHHHUX MPOIECIB PO3UYH-
HEHHs, pereHepauii Ta NepeBiAKIaICHHA KBapily,
MIKpOTPIIIMHYBATOCTI, CTUJIOJNITU3AIII{, KaJbIIUTH-
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3armii, cuaepuTu3amii Ta KaomiHiTH3amii. Oxpemoi
yBaru 3aciyrOBYIOTb O3HaKU CYTTEBOIO IEPEBiJ-
KJIaJIeHHsI KBapIly, MaclITabu sSIKOTO 3’ACyBaTh MOKH
110 HE BAAJIOCh.

IligBuimieni 3HaYCHHS MTOPHCTOCTI Ta TMPOHHUK-
HOCTI ISl BTOPUHHOITOPOBHUX KOJIEKTOPIB, PO3MiIIIe-
HuX mig 3oH00 KDT, 3adikcoBaHo ans 3paskiB 3
YiTKO MPOSBICHOIO MIKPOTPIIIUHYBATICTIO, CHACPH-
TH3AIE0 Ta KaoiHiTH3amieo (aus. Tabm. 1).

TakuM YMHOM, HE3Ba)KarOUM Ha HEIOCTaTHIO
KUTBKICTh BUBUEHHX 3pa3KiB, BAAIOCS BUSIBUTH TCH-
JeHIii y 3MiHI BTOPHHHUX NPOIECIB IS PI3HHAX
IMTMOMHHUX 30H BHBUYEHOI TepUTOpii. 30Kpema, s
300U KDT Binbcbkoro pojoBuia HalOUTBIT XapakK-
TEPHUMH € PO3YMHEHHS KBaplly Ta KaJbLUTH3aLis,
10 TIPU3BEIN 10 KaTareHeTHYHOI IeMEeHTAIlii Mopi.

Bonnouac, 3pa3ku 3 30U KOT Bepesicbroro
POIIOBUINA 3 MiIBUIICHNMH 3HadeHHIMH DEB ne-
MOHCTPYIOTh IPOSIBH 30BCIM 1HIIUX MPOIIECIiB, Ceper
SIKMX TUIOBUMH € MIKpOTPIIIMHYBAaTICTh, KaOJiHi-
TH3amis Ta cuaepurusamia. Lli mporecu BmacTusi
BTOPUHHUM KOJIEKTOpaM, IO PO3MIIIYIOTBCSA i
3oHO0I0 KOT, nHanpuknan na binbcbkomy, CtenoBo-
My, Komomanskomy I'KP. Taki nposiBu 6inbin riu-
OWMHHMX TporeciB B 30HI morteHmiiHoro KOT nHa
BepesiBcbkOMy pOHOBHUIII MOXYTh MOSCHIOBATHUCH
1HBEpCI€I0 TEKTOHIYHUX PYXiB, siKi: 1) BUBENU B 110
30HY BTOPHHHI KOJEKTOPH, 110 YTBOPHIUCH HA Be-
TUKAX TAUOWHAX; 2) 3a PaxyHOK PYHHYBaHHS, PO3-
MIIEHUX TJIMOIIE TMOKJIA/IB BYIJICBOJIHIB 3 YTBO-
PEHHSM BEJIMKOI KUIBKOCTI JIOKCHIY BYIJICIIIO,
CIPUUMHUIN (HOPMYBaHHsS PI3KO KHCIIOTO Cepeno-
Buma. OCTaHHE NPU3BENO A0 PO3YMHEHHS KaJbLHU-
TOBOTO IIEMEHTY, IIUPOKOTO PO3BHUTKY IPOIECIB
KaoMiHITH3aMii Ta, Y MICYMKY, CyTTEBOTO 3pOCTaH-
HS1 BTOPUHHOT'O TIOPOBOT'O MPOCTOPY .

BucnoBku. Pe3ynbrat BUKOHAHHMX JIOCIHi-
JOKCHb JIOTIOBHIOIOTH Ta YTOYHIOKOTH 1H(OpMAIIiF0
OIOAO0 XapakTepy BTOPUHHHMX 3MiH  HWKHBO-
KaM’STHOBYTUILHUX TEPUTEHHUX TOPiJ Ha BEITUKHX
rmmbuHax y mexax bepesiBcbko-KoTeneBcbkoro ta

MIMOOKO 3aHYPEHUX TEPUTEHHUX TOPIJ Ta T03BOJIH-
JI0 OKPECIUTH HAWBAKIIWBIIII TEHACHINI BILIUBY
uX neperBopens Ha ®EB mopin.

1. IlokazaHo, 0 MapareHETUYHUN 3B'I30K MiK
KOpO3i€I0 KBapIOBHX 3¢pPeH Ta BTOPHHHOIO KapOo-
HaTh3amiero  pisko 3HmKye @OEB  mimano-
AJeBPUTOBHX TMOpiA 1 XapaktepHuil mist 30HM KOT,
sIKa TOCIipKeHa y cBepuioBuHNX binsceroro ['KP.

2. ®opmyBaHHS BTOPUHHOIIOPOBUX KOJEKTOPIB
mig 300010 KOT mor’si3aHe 3 MIKpOTpilIUHYBaTiC-
TIO, CHJICPUTH3AIIIEI0 Ta KAOJIIHITU3AIIE0, IO TiAT-
BEepIDKCHO TpukiIagamMu bimbebkoro, KoreneBchko-
ro, Cremooro ta Komomarnpkoro pomosuml. [lpu
oMy, Juis rmuouaHuX 30H Crenoporo i Komowma-
npkoro I'KP 3adikcoBaHo CTiiikmii mapareHe3nc Ka-
OIIIHIT-CHJIEPUT, IO BIACTUBUN TOpOJaM 3 IiJBH-
meHnMH 3HaueHHIMu OEB.

3. BcTaHOBIEHO HEBINIMOBIAHICTE XapakTepy
BTOPUHHUX IEPETBOPEHH MTICKOBUKIB bepe3iBChKoro
I'KP 30ni KOT, B siky BOHM MOMNaNarTh 3TiTHO 3
TEOPETUYHUMH po3paxyHkaMu. Lle Moke TosicHIO-
BaTUCh 1HBEPCIEI0 TEKTOHIYHUX PYXIB 1 cripudnHe-
HUM HEI pEerpecMBHUM KaTareHe3oM. [ ImOuHHI
BTOPHHHOIIOPOBI KOJIEKTOPH TYT HOTPAIIMIIHN Y Pi3KO
KHCIIE CEpENIOBUINE, SKE CIHPUYHHIIO 301ThIICHHS
MTOPOBOTO TPOCTOPY MICKOBHKIB BHACHIIOK PO3YH-
HEHHS KapOOHATHOTO LIEMEHTY 1 iIHTEHCHBHOI KaoJi-
HiTU3alii nopia. Xoda mpupoja Ii€l TEKTOHIYHOI
iHBepcii moTpedye OKpeMHX JOCIHIHKEHb, OTPUMaHi
IaHl 103BOMIOTE Bigxuiantyu koHuenmiro C. @. Ilo-
BEPEHHOTO 31 CIIIBABTOPaMU IIIOJI0 MPUPOAU MOJi0-
HUX KOJIEKTOPiB, 00YMOBIIEHOI IMepBUHHNMH (harria-
JEHUMH YMOBaMHU

ABTOpPH BHCIIOBIIOIOTH BISYHICTE YKpaiHCh-
KOMY HayKOBO-ZIOCHiTHOMY [HCTHTYTY mpupomHmux
raziB B M. XapkoBi ¢imii AT "Ykpra3sunoOyBaHHs"
HAK "Hadroraz Ykpaiau" 3a HagaHHSI KEpHOBOTO
MaTepiaiy, pe3yibTariB Jad0paTOPHUX JOCIIIKEHb
Ta JaHUX Teo(]i3UYIHUX JOCHIHKEHb B CBEPIJIOBH-
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SECONDARY ALTERATIONS OF DEEP BURIED LOWER CARBONIFEROUS
TERRIGENOUS ROCKS IN SOME AREAS OF THE DNIEPER-DONETS BASIN

Problematics. Due to the ambiguous understanding of the nature and void space distribution within res-
ervoir rocks, prediction of prospective deep buried and low permeable reservoirs becomes more uncertain.
There are many factors influencing on the pore space, such as primary rock composition, hydrogeological
regime, tectonic processes, geological time, epigenetic processes etc. Moreover, in explanation of different
factors the influence of secondary reservoirs formation, systematization problems become more essential.
Either, it is important to identify ‘working’ conditions of influencing factors to make the prediction of hydro-
carbon deposits at great depth more certain. Finding universal criteria of prospective secondary reservoir
rocks identification will allow us to enhance the discovery rate of deep buried hydrocarbon deposits.

Analysis of previous studies. Many researches were devoted to epigenetic processes in the second part
of XXth century. There were described major secondary alterations which may occur at great depth. Recent
publications showed the expansion of previous knowledge about epigenetic processes and their influence on
the secondary deep buried reservoir formation. Some scientists state that major influencing factors on reser-
voir quality are tectonic and primary mineral composition, others bring epigenetic imposed processes to the
top of influencing factors.

Purpose. The purpose of the research is to study secondary alterations and find possible zonation based
on the alteration intensity of Carboniferous (Viséan and Serpukhovian) rocks within Central part of the
Dnieper-Donets basin.

Methods. During this research we studied 43 thin sections of Carboniferous sandstones from cores of
Central part of the Dnieper-Donets basin, using polarizing microscope. Alteration stage analyses were used
for determination of mineral sequence transformations.

Results. Carboniferous (Viséan and Serpukhovian) sandstones discovered by deep wells within Solo-
khivsko-Dykanskyi and Berezivsko-Kotelevskyi archs in Central part of the Dnieper-Donets depression have
been studied. Microscopic studies have shown widespread development of imposed epigenetic alterations in
terrigenous rocks. The involvement of laboratory evaluation of porosity and permeability, as well as the val-
ues of formation temperatures, allowed us to determine the main trends of secondary processes effect on res-
ervoir properties of rocks. It is shown that the development of secondary microfracturing, kaolinitization and
sideritization increases the value of porosity and permeability. Dissolution, regeneration and redeposition of
guartz are accompanied by calcitization and lead to the significant decrease of the reservoir properties of ter-
rigenous rocks and formation of secondary epigenetic seals. Sideritization facilitates the development of sec-
ondary reservoirs at great depth, meanwhile calcitization leads to decrease of the pore space. Bitumoids and
pyrite presence may be the evidence of hydrocarbon migration process. Combination of the research results
with thermobaric data retrieved directly from borehole measurements as well as theoretically calculated on
Bilske gas condensate field shows that formation of epigenetic seal in the temperature interval of 110-120 °C
is caused by quartz dissolution and intensive calcitization of terrigenous rocks. Consequently, secondary res-
ervoir rocks below the epigenetic seal have local spreading caused by microfracturing, sideritization and cal-
citization. Specific secondary sandy reservoirs of Berezivske gas condensate field are located within 110 and
120 °C isotherm. They occurred in acid environment leading to dissolution of calcite cement and intense
sandstone kaolinitization. Such favorable conditions for secondary porosity formation may occur as a result
of possible tectonic movements inversion which triggered the development of regressive epigenesis.

Keywords: Dnieper-Donets depression, Lower Carboniferous, sandstones and siltstones, great depth,
post-sedimentational alterations, secondary reservoir rocks, secondary seal.
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EXPERIMENTAL SUBSTANTIATION OF THE NPEMFE GEOPHYSICAL METHOD
TO SOLVE ENGINEERING AND GEOLOGICAL PROBLEMS

L B. Yywckina, J. C. ITikapena, O. B. Opnincoxa, H. M. Maxcumosa. EKCIIEPUMEHTA/IbHE OBITPYHTYBAHHA
TEO®I3HYHOI'O METOAY IIEMII3 /l/IA BUPIIIIEHHA TH’)KEHEPHO-I'EOJIOI'T9HHUX 34/]AY. B naw uac diacnocmy-
8aHHA mexHiyHo20 cmany ciopomextiunux cnopyo (I'TC),600020cnodapcoko2o KOMNAEKCY MAaKodiC AK i noKanizayii OiisAHOK, AKi no-
mpebyioms nepuiouep208020 pemMoHmy, € 00CUMb AKMYANbHUMU HAYKOBO-NpaKmudHumu 3aoavamu. bazamopiuni nonwosi docni-
0JICeHHs NOKA3ANU BUCOKY eeKMUBHICIb 3aCmOoCy8ants 2e0i3uiH020 Menooy NPUPOOHO20 IMNYILCHO20 eNeKMpOMASHIMHO20 OIS
3emni (IIIEMII3) 0aa usenennsa 301 niosuweroi ginompayii i nopywensv 6 mini ipyumosux I'TC. Bnepuie Oyau nposedeni nabopa-
MOPHI QOCTIONCEH s 0TI AHANIZY XaAPaKmepy eeHepayii enekmpomMacHimno2o sunpominiosanus (EMB) 6 spaskax nyxxkux rpynmie nio
yac ix Haganmagicenb, Wob eKcnepuUMeHmanbHo OOIPYHMYSAMU MONCIUSICMb SUKOPUCIAHHA WBUOKO20 | MATOBUMPAMHO20 (34 Ya-
com ma ¢pinancamu) memooy INIEMII3 ons diacnocmysanis mexuiunozo cmany rpyumogux I TC 600020cno0apcoko2o npusHayeHHs.
Pesynomamu excnepumenmansHux 00C1iodcenb 00360IUNU 6CIAHOBUMY OCHOBHI 3aKOHOMIpHOCII po36umKy Koausans EMB 6 rpyu-
moeiti moewji niod uac it cmucHenHss ma 00800HEHHS, WO NOSICHIOE MOJICTUGICMb GUSHAYEHHS 30H Qilbmpayii ma 3amMo4yeants 6 miii
rpyumosux I'TC. Egexmuenicms 3acmocysants ceogizuunozo memody IIEMII3 pozenawyma na npuxiadi pecynionuozo baceiina
(Pb) Kanuniecvroi 3pouiysanvhoi cucmemu, posmauioganozo 6 CunenbHUKiecbkomy pationi /JHinponempogcvkoi obnacmi. [Jocni-
0JICeHHs MEeXHIYHO20 CIMAMY pe2yniolouo20 bacelily npo8eoeHo 8 KOMNIEKCI 3 «KiNbKICHUMY MemoO0OM 6ePMUKANLHO2O el1eKMPULHO20
30HOY6anHA, AKull 0onoeuus oaxi stiomku IHIEMII3. JlocmogipHicme pe3yivmamis 3tomMKu NiOmMeEepotcyemvcs 30id4CHICIO PUCYHKA
noas [IIEMII3, ompumanozo ¢ pesyiomami monimopunzy PB 6 2013 p. i 2017 p. Exonomiuna 0oyinbHicms 6nposadiicents ne pyui-
HYI04020 MemoQy 0/ Ola2HOCMUKU MEXHIYHO20 CIMAHY 2I0POMEXHIUHUX CNOPYO 3DOULY8ATIbHUX CUCTEM NIOKPeCTIOEMbCs HeOOXIOH -
CMIO NOKPAUeHHS eK0JI020~-MeNiopamueHo20 CMaHy npuie2iux mepumopii.

Knrouosi cnoga: memoo npupoonozo iMnyIbCHOZ0 eNeKMPOMASHIMHO20 NONA 3eMal, MemoO 8ePMUKAILHO0 eleKMPUUHO2O0
30HOY8AHHA, 000Memp, NYXKI NOPOOU, eLeKMPOMACHIMHE SUNPOMIHIOBAHHS, TPYHMOSI 2I0POMEXHIYHI cnopyou, 0iaeHOCUKA MeXHiy-
HO20 cmamy

HU. B. Yywrkuna, /1. C. Ilukapena, O. B. Opnunckas, H. H. Makcumosa. IdKCIIEPUMEHTA/IPHOE OBOCHOBAHHUE
TEO®U3HYECKOI'O METOJQA EUDSMII3 JUIA PEINIEHHA HH’KEHEPHO-I'EOJIOTHYECKHUX 3A4/]AY. B nacmosuwee
8pems OUASHOCMUKA MEXHUUECKO20 COCMOAHUA 2PYHMOogblx euopomexnuueckux coopysucenuit (I'TC), maxoce kax u aoxanuzayus
YHacmKos, mpedylowux nepeoouepeoH020 PeMOoHma, U CHUMNCeHUe QUIbmpayuoHHbIX nomepb OPOCUMENLHOU 600bl, ABIAIOMCS 00-
CMAMOYHO AKMYANbHBIMU HAYYHBIMU U NPAKMUYECKuMU 3a0aiuamu. MHuozonemnue nonegvle ucciedosanus nOKA3au 6biCOKyIo 3¢h-
DexmusHOCmb NPUMEHEHUs 2e0UULECKO20 MEMOOd eCMECMEEHH020 UMNYIbCHO20 nekmpomacuumnozo noas 3emau (EMOMII3)
071 0OHApYIICeHUs 301 NOBbIUEHHOU hunbmpayuu u Hapyuenus crodicenus 6 mene epyumogeix I'TC. Bnepesvie 6viiu npogedenst 1a-
bopamopHuie ucciedo8anus 05 AHAIU3A XaApaAKmepa eHepayuu dneKmpomacHumnozo usnyvenus (OMH) e obpasyax puixavix epyn-
Mo npu ux Hazpyske, 4moobl SKCHEPUMEHMATLHO 000CHOBANb BO3MOCHOCHL UCHONb308AHUA DLICMPO2O U HEOOPO2020 (C MOUKU
3penus epemenu u punancos) memooa EUIMII3 ons ouaenocmuxu mexuuueckoeo cocmosanus epynmosuix I'TC cenvcrkoxossiicmaen-
HO20 HazHauenus. Pe3ynomamol SKcnepumMenmanbHulX UCCie008aHUll NO36ONUNU ONPeOeunmb OCHOB8HbIE 3AKOHOMEPHOCU PA3EUMISL
xonebanuii MU 6 epynmosoil moawe npu eé cocamuu u 06800HeHUU, YMO 0OBACHAEM 803MONHCHOCHb ONpedeneHus 301 Puibmpa-
yuu u 06600nenus 6 mene epynmosuvix I'TC. Dpghexmusnocms npumenenusn zeogpusuveckoeo memooa EUIMII3 paccmompena na
npumepe pezyrupyrowezo o6acceuna (Pb) Kanunosckoii opocumenvrnou cucmemst (OC), uccnedosanue mexuHuyecko2o COCMOSHUS
KOmopo2o 0bi10 NPOBEOeHO 8 KOMNIEKCe € «KOTUYECHBEHHbIMY MEemoO0OM 6EPMUKATbHO20 NeKmpuieckoeo 30Houposatus (BO3),
dononnsioujezo oannvie cvemku EUIOMII3. [Jocmogepnocms pe3ynomamos coeMku MemooOM HOOMBEEPICOACMCs CXOHCECHbIO PU-
cynxa nonss EUDMII3, nonyyennozo 6 pesynomame monumopunea cocmosinus PE ¢ 2013 u 2017 200ax. Dxonomuyeckas yenecoob-
PasHocms 6HeOpeHUs He paspyulaiowux memooos 05 OUASHOCTNUKU MEeXHUYeCKO20 COCMOAHUA 2UOPOMEXHUHECKUX COOPYICeHU
OPOCUMENbHBIX CUCTEM NOOYEPKUBAEM S HeOOXOOUMOCHIBIO YIVHUEHUSA IKONO20-MENUOPAMUBHO20 COCMOAHUSA NPULe2alowux mep-
pumopuil.

Kniouesvie cnosa: memoo ecmecmeenno2o UMnYibCHO20 INEKMPOMASHUMHOZ0 NOJIAL 3eMu, Memoo 6epmuKanbHO20 dNeKmpu-
4ecK020 30HOUPOBAHUS, OOOMEMP, PbIXIble NOPOObL, DNEKMPOMASHUMHOE U3TYYeHUe, SDYHIMOBble CUOPOMEXHUYECKUEe COOPYICEHUS,
OUACHOCMUKA MEXHUYECKO20 COCIMOSAHUA.
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Statement of the problem. Majority of the
earth hydroengineering structures (HES) of hydroe-
conomic purpose were built in the middle of the last
century; the structures belong to CC1 structure cate-
gory. Nowadays, most of those structures are at the
end of their resources due to considerable technical
wear. That has resulted in deterioration of their
technical conditions and decreased level of their safe
operation. Almost all old-design hydroengineering
structures need maintenance operations. They are
impossible to be repaired simultaneously; thus, it is
necessary to implement a complex of diagnostic
tests to specify the HES requiring priority repair.
Currently, technical condition of those structures as
well as their meeting the safety requirements are
evaluated mostly visually, making it possible to
identify only certain sites of damaged plates of face
lining and filtration-proof membrane. That also con-
cerns the components of agricultural irrigation net-
works — retention basins (RB) and principal chan-
nels (PC) surrounded by the earth dams. Hidden
filtration zones within the dams may be found by
using control and measuring equipment or remote
sensing methods.

According to the recommendations of norma-
tive documents, it is proposed to determine zones of
increased filtration within the earth dam body, pro-
tective dams, and reservoir beds using a system of
geophysical methods including the following ones:
vertical electric sounding (VES), microelectric
sounding (MES), electric profiling (EP), and method
of natural electric fields (NEF) [1].

Unfortunately, those methods are considered to
be rather time- and labour-consuming. That high-
lights the topicality of developing and implementing
the innovative methods for complex evaluation of
technical condition and detection of hidden filtration
zones within the bodies of earth HESs; that will help
localize and maintain timely the specified site mak-
ing it possible to prolong operation period of the
object and prevent rise of ground water level within
the neighbouring territories.

During the recent 10 years, Dnipro State Agrar-
ian and Economic University (DSAEU) and
Dniprovsky State Technical University (DSTU)
have been applying a method of natural pulse elec-
tromagnetic field of Earth (NPEMFE), developed in
the 1980s, to determine hidden zones of filtration,
watering, and suffusion development within the
HES dams [2-6]. Traditionally, that method is used
to prospect ore deposits and ground water, to evalu-
ate slides and other phenomena [2, 8-2], and to per-
form quick examination of HES technical condition;
moreover, the technique is of low estimated cost. Its
main disadvantages are as follows: lack of theoreti-
cal and experimental substantiation and, as a result,
impossibility to carve up the section and define the

depth down to the anomaly object. The NIEFF
method has been substantiated experimentally for
the cases of mineral deposit prospecting as well as
solving engineering and geological problems within
the crystalline and sedimentary consolidated rock; in
terms of man-made loose soils, electromagnetic ra-
diation (EMR) has not been studied yet [7, 11-
21, 25].

Analysis of recent studies and publications.
As a rule, generation of electromagnetic radiation
was analyzed during deformation of crystalline or
consolidated sedimentary rocks as well as artificial
building materials. Such issued were considered by
\Vorobiov, O.A., Salnikov, V.N., Gold, R.M.,,
Bespalko, A.A., Yavorovich, L.V., Salomatin, V.N.,
Zashchinsky, L.A., Wshnevsky, N.L., Bulat, A.F,
Prykhodchenko, V.L., Soboliev, G.A., Kurlenia,
M.V., Yakovytska, G.Ye., Malyshkov, S.Yu., Yego-
rov, PV, Alekseiev, D.V., Kolpakova, L.A., Gon-
charov, A.L, Trubetsky, K.N., Viktorov, S.D.,
Osokin, A.A., Shliapin, A.V., Yeremenko, A.A.
Shtyrts, V.A., Zang, A., Stenberg, L., Specht, S.,
Milkereit, C., Schill, E., Kwiatek, G., Dresen, G.,
Zimmermann, G., Dahm, T., Weber, M., Cornet,
F.H., Hagag, W. Obermeyer, H., Naoi, M,
Rubinstein, J.L., Mahani, A.B., Sedlak, P., Sikula, J.,
Lokajicek, T., Mori, Y., Balageas, D., Maldague, X.,
Burleigh, D., Vavilov, V.P., Oswald-Tranta, B.,
Roche, J.M., Carlomagno, G.M., Vavilov )V,
Swiderski, W., Derusova, D., and others [2,7,10-31].

Papers [28-30] analyzed qualitative contribu-
tion of electromagnetic signal intensity with energy
properties of solid bodies. It has been defined that
the intensity of electromagnetic signal grows along
with the increase in mechanical and electric density
of solid bodies [11]. Studies [32] proposed the ap-
proach based on the measured minor flows within
the loaded rocks to determine their integrity.

Studies by Bespalko, A.A. and Yavorovych,
L.V. [11] dealing with EMR during dynamic effect
of sandstone samples in terms of their different wa-
ter-saturation and changes in the solution minerali-
zation (Fig.1) are of special interest. When sand-
stone is held in the distilled water that results in
considerable decrease in EMR amplitude comparing
with the sample in its initial state. Saturation of dis-
tilled water with NaCl is accompanied by the in-
creasing EMR amplitude. In this context, EMR of
porous sandstone of different water-saturation de-
gree is proportional to the effecting energy.

Singling out previously unsolved parts of the
general problem. Problems concerning the nature
of EMR occurrence in loose rock, e.g. argillaceous,
loamy, and sandy soils, which usually makes up the
HES body of CC1 structure category in terms of
irrigation systems, reservoirs, and tailing facilities,
have not been studied before.
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Amplitude, relative units

Frequency, kHz

Fig. 1. Amplitude-frequency spectra of electromagnetic signals in terms of acoustic excitation of sandstone
samples [11]: « — in the initial sample state; b — within the samples held in distilled water during 24 hours;
¢ — in NaCl water solution with the concentration of 1%; d — 2.5%; e — 3.75%

Formulation of the paper objective. Objec-
tive is to substantiate experimentally application of
the NPEMFE method within the man-made ground
and evaluate its possibility for determining hidden
filtration zones in terms of agricultural HES.

Description of the research methodology
(structure, sequence). To analyze interaction be-
tween the changes in electromagnetic radiation
(EMR) amplitude occurring within the man-made
earth dams of retention basins during their filling-
emptying, a series of experiments has been carried
out involving compression of man-made ground
samples on the odometer within simultaneous record
of density of EMR pulse flow being generated dur-
ing the loading.

Physical characteristics of soils (humidity, den-
sity and solid phase, porosity and porosity coeffi-
cient) were determined according to standard meth-
odologies [33].

During the first series of experiments, loading
values of ground samples on the odometer were se-
lected basing upon the real loads in the retention
basin filled with water completely up to the level of
4.2 m. According to the calculations, water pressure
is 42.2 kPa; taking into consideration pressure of
concrete plates, overall loading value is specified as
45.3 kPa.

Second series of experiments meant studies in
terms of RB emptying before winter time. When
water was discharged from the basin, 0.4-0.5 m lay-
er of water was left in the basin forming pressure of
5.3 kPa along with the plates. Those experiments
were carried out to study EMR level during relaxa-
tion of natural soils.

The experiments have resulted in the construc-
tion of graphs of dependences of EMR pulse flows

upon the loading degree of the ground samples. To
validate the NPEMFE method application, monitor-
ing studies have been performed in terms of reten-
tion basin of Kalynivska irrigation system (IS) in
2013 and 2017. To determine the ground water level
(GWL), method of vertical electric sounding was
applied along with the NPEMFE method.

Statement of the basic research material. Re-
tention basins and bund walls are built from the na-
tive ground represented by loessoid varieties. Ac-
cording to the majority of inter-regional water econ-
omy authorities, the dams are constructed using
heavy clay loams or sand loams. Ground samples
taken from the dams and near basins belong to clay
loams and sandy loams. Basing on the proper stud-
ies by the picnometer method, average density of
sandy loam soil is 2.74 g/cm?; in terms of plasticity
and flow values, they belong to plastic varieties
(Ip = 1.8-2.5; I. = 0.5); as for granulometric compo-
sition, they belong to dusty soils as they are charac-
terized by following granulometric composition
(in terms of fraction fineness mass): 0.5-1 mm —
0.07 %; 0.25-0.5mm - 0.61%; 0.1-0.25 mm -
61.25 %; >0.1 mm — 38.07 %. Average natural mois-
ture is 8.63 %.

Density of the clay soil particles is 2.75 g/cm3;
in terms of plasticity and flow value, they belong to
light (Ip = 17,51-18,32), solid (I. = -(0.23-0.18))
type; content of sandy particles is 0.02 % which also
indicates some varieties [36]. Natural moisture of
clays is 19.3 %.

Table 1 represents results of compression tests
on the odometer.

Along with the compression studies, pulses of
electromagnetic radiation were registered according
to the scheme represented in Fig. 2.
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Let’s consider the results of the effect of soil
compression upon the changes in pulse electromag-
netic radiation. Figures 3-11 show compression
curves ¢ = f (t) combined with the density of EMR
pulse flow (pulse/second). Periods of EMR rise and
drop during the experimental studies are marked
with red straight lines, which coincide conditionally
with the results of EMR curve smoothing by means
of polynomial approximation. Curves of the trend
represented in blue are constructed with the help of
Microsoft Excel; they are described by the sextic

equation.

Thus, in terms of maximum loads (45.58 kPa)
corresponding to the conditions of a water-filled
retention basin, wavelike alternation of ranges of
EMR pulse numbers with their repeated excitation
has been obtained (Fig. 3-5). That is traced properly
beginning from 1320 s since the start of experiment
#1 (Fig. 3), from 1380 s — for the experiment #2
(Fig. 4), and in terms of the experiment #3 — from
1200 s since the third loading stage or from 4680 s
since the beginning of the study (Fig. 5).

Table 1
Initial data and experimental results
Ex- Soil den- | Soil den-
peri- | Maximum pressure, . - sity be- sity after | Relative | Loading
ment | kPa (number of load- Soil type (backfilling fore com- | compres- com- period, s
. height, mm) . . .
num- ing degree) pression, sion, pression (hour)
ber g/cm?® g/cm?®
sandy loam with natural
1 45.58 (1) moisture (24 mm) 1.61 1.99 0.015 | 2700 (0.75)
sandy loam with natural
2 45.58 (1) moisture (24 mm) 1.64 2.06 0.087 | 2820 (0.78)
45.58 (3 degrees: sandy loam with natural
3 | 163,163,130 kPa) | moisture (24 mm) 164 204 | 0073 | 5460 (1.5)
sandy loam with natural
4 53(1) moisture (24 mm) 1.68 2.34 0.038 2520 (0.7)
sandy loam with natural
5 53(1) moisture (24 mm) 1.64 1.95 0.041 | 2580 (0.72)
sandy loam with natural
6 5.3 (1 degree) moisture (24 mm) 1.69 2.01 0.015 | 2827 (0.79)
sandy loam with addi-
7 53(1) tional moistening (9 mm) 1.65 1.99 0.0129 | 2760 (0.77)
sandy loam with addi-
8 5.3(1) tional moistening (12 1.61 1.93 0.0199 | 2760 (0.77)
mm)
5.3 clay with natural mois- 120360
9 (2 degrees.65 kPa) ture (24 mm) 1.65 1.96 0.011 (33.43)
clay with natural mois- 533100
10 5.3 (4+1.325) ture (24 mm) 1.71 2.38 0.025 (148.08)

Note: additional moistening of sandy loams was applied to simulate watering process in case of filtration from the

retention basin.

Fig. 2. Appearance of «MIEMII-14/4» device 4 (1) with receiving antenna (2) during simultaneous EMR
recording and loading of clay loam and sandy loam samples on the odometer (3)
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Fig. 4. Graph of EMR dependence upon sandy loam loading (Experiment #2)

Probably, first peak of the density of EMR
pulse flow is stipulated by the closing of gaps and
cavities in the soil sample in terms of loading in-
crease. It is most likely that the drop of EMR curve
is determined by the decrease in acoustic emission,
which transfers partially into EMR. EMR growth
(second maximum) may be connected with the de-
formation of crystals of argillaceous materials char-
acterized by minor piezo-effect with following re-
orientation of crystals and their fragments into the
plane perpendicular to the pressure (descending
branch of graphs after the second maximum).

Further experiments were carried out with the
decreased pressure (down to 5.3 kPa); that corre-
sponds to the conditions of a retention basin, which
is not completely emptied (Fig.6-8).

Fig. 9 and 10 show EMR generation during arti-
ficial additional moistening of sandy loam samples
up to 24.7-25.4 % during the experiment in terms of
the emptied retention basin; that simulates processes
of watering due to filtration. It is clear that EMR
curve has one excitation type at the beginning of
compression; then, it experiences dramatic fall
demonstrating flat lines. In this context, it should be
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noted that the more moistened the soil is, the more
straight the line is (Fig.10). That is very important
observation since it demonstrates that in terms of
sandy loam watering, there is the absorption of
EMR pulses being the basis to specify zones of wa-
tering and filtration with the help of the NPEMFE
method.

Fig. 11 shows the nature of EMR changes dur-
ing the argillaceous soil loading. In this context,
EMR excitation in terms of the compression stabili-
zation of a sample is observed.

Results of compressive studies have shown that
the increased EMR values correspond to the maxi-

mally stressed state of the man-made ground and
vice versa — their drop is peculiar for relaxation of
the soil samples. Thus, extremes of the amplitude of
EMR oscillation are recorded at the beginning of the
compression experiments during the most intensive
sample compression. The peak excitation is fol-
lowed by slight “drop” in the pulse number with its
further slow rising. That is stipulated by the de-
creased intensity in the process of soil compression.
In terms of the watered soils, amplitude of EMR
oscillation is insignificant owing to the moisture
redistribution (experiments #7, 8).
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Fig. 5. Graph of EMR dependence upon sandy loam loading (Experiment #3)
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Fig. 6. Graph of EMR dependence upon sandy loam loading (Experiment #4)
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Fig. 7. Graph of EMR dependence upon sandy loam loading (Experiment #5)
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Fig. 8. Graph of EMR dependence upon sandy loam loading (Experiment #6)

Laboratory studies of the uniaxial compression
of argillaceous soils on the odometer have helped
determine the following.

1. Increasing pressure on the sample results in
the development of electromagnetic signal similar in
its characteristics to the signal received in terms of
the loading, which effect the samples of crystalline
and consolidated sedimentary rock.

2. For the first time, as a result of analysis of
compression of sandy loam and clay samples on the
odometer, it has been determined that increasing
stress-strain state of the soils provoke gradual rise of
the electromagnetic radiation amplitude (it is ob-
served at the beginning of every loading stage).

3. Availability of electromagnetic radiation dur-
ing the transfer of uniaxial loading on the argilla-

ceous soil sample may be explained by the decrease
in its porosity and occurrence of acoustic signal dur-
ing the closing of pores, being characteristic for ex-
periments # 4-10, taking into consideration trans-
ferred pressure p = 5.3 kPa onto the argillaceous soil
samples, and at the beginning of experiments # 1-3,
if p=45.58 kPa.

4. It is proved experimentally that in terms of
man-made ground moistening, EMR amplitude ex-
perience its decrease.

Thus, the specified regularities make it possible
to substantiate experimentally possible application
of the NPEMFE method to detect technical condi-
tion of the retention basins and principal channels
by localizing zones of loosening and watering of the
HES body; those zones are characterized by low
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Fig. 9. Graph of EMR dependence upon sandy loam loading (Experiment #7), artificial moistening is 24.7 %
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Fig. 10. Graph of EMR dependence upon sandy loam loading (Experiment #8),
artificial moistening is 25.4 %

EMR values. Results of technical evaluation of the
earth HESs, including agricultural ones, — 10 reten-
tion basins and 2 irrigation channels, are represented
in detail in papers by the authors [2-6].

Consider the results of detecting hidden filtra-
tion zones within the HES body in terms of reten-
tion basin PB-1 of Kalynivska irrigation system lo-
cated in Sinelnikovo district of Dnipropetrovsk
Region.

To validate the data obtained using the
NPEMFE method, in spring 2013 and autumn 2017
technical conditions of RB of Kalynivska irrigation
system were monitored in terms of its two states:

before its filling with water and in when it was wa-
ter-filled.

According to the data of field studies using
Golden Software Surfer 8 computer product, sche-
matic maps of the density of pulse flow of the
NIEFF magnetic component have been built
(Fig. 12). The maps demonstrated the repeated na-
ture of the results of field studies of 2013 and 2017.
Interpretation of the field study results is based on
the effect of intense absorption of the NPEMFE
pulses by the considerably moistened rock or build-
ing materials.
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Fig. 11. Graph of EMR dependence upon clay loading (Experiment #9)

In terms of the schemes, sites of the decreased
values of density of pulse flow of the NPEMFE
magnetic component (red and yellow colours) corre-
spond to the zones of EMR absorption; they are di-
agnosed as the sites of watering and filtration. Shape
of isolines and general image of the NPEMFE field
make it possible to highlight anomalies of low val-
ues as well as to determine their dimensions. The
NPEMFE method is a “quantitative” one; thus,
while interpreting the image, fields lie relative to the
value — increasing or decreasing in the pulse number

T T
1020 1040

T T
980 1000
(g 15 55 55 40

a

within certain period of time.

In 2013, according to the results of field stud-
ies, certain sites of filtration and watering were sin-
gled out within the western side and within the joint
zone of western and southern sides. Total length of
the sites is 46 m. According to the VES data, ground
water level (GWL) right under the sides was at the
depth of 7.5 m; at the distance of 20 m, the depth
was 13.0 m (Fig.13). According to the formula by
V.V. Vedernikov, filtration losses were 86.02 m*/day
[37].

Fig. 12. Schematic maps of the density of pulse flow of magnetic component of the NPEMFE within the re-

tention basin of Kalynivska irrigation system during different years of observation: a — 2013; b — 2017; 1, 2,

3 — filtration sites; HITC — boosting pump station. Crosshatching — zones of pulse absorption and their num-

bers. Stars — VES points. Coloured scale characterizes density of the magnetic component flow, in pulse/sec.
Basin is filled. Coordinate system is conditional, metric
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Fig. 13. Comparison of the ground water level according to the surveying data in 2013 and 2017

In autumn 2017, technical state of RB of
Kalynivska irrigation system was monitored involv-
ing the same complex of geophysical diagnostic
methods — NPEMFE and VES. The same zones of
filtration and watering were singled out on the maps
of the density of the NPEMFE magnetic component
flow. However, according to the results of field sur-
veying in 2017, increase in the length of filtration
zones due to improper technical condition of RB
western side has been defined. Within the southern
side, length of filtration zones has increased by 42
m; value of filtration losses is 161.4 m3/day or 4842
m3/month. When five-month irrigation period is
completed, financial losses will be UAH 96.84
thous. taking into account average cost of irrigation
water being 4 UAH/m3. Geophysical operations in
terms of the retention basin of Kalynivska irrigation
system cost UAH 17.0 thous. being by 5.7 times
lower comparing to the monetary equivalent of the
lost irrigation water.

GWL rise by 0.5 m within the territory neigh-
bouring the basin within the period of 2013-2017
can be explained by the studies carried out during
different seasons. Deterioration of RB technical
state within the period of 4 years makes it possible
to assume that redistribution of filtration water
around the basin took place during the irrigation
interval in 2013; due to that fact, GWL rose from
13.0 m to 12.5 m at the distance of 20 m from
the RB.

Thus, singling out of filtration zones in terms of
HES earth dams involving the NPEMFE method is
rather expedient both practically and economically,
which is proved by the corresponding work order by
the Regional Office of Water Resources of
Dnipropetrovsk Region.

Conclusions. Results of the laboratory com-

pression and field monitoring studies have proved
the possibility of applying geophysical electric sur-
veying method of natural pulse electromagnetic
field of Earth (NPEMFE) to localize the water filtra-
tion sites and broken state of earth dams of agricul-
tural HESs.

According to the results of compressive studies,
it has been demonstrated that the increase in stressed
state of sandy loam and argillaceous soils corre-
sponds to gradual rise of electromagnetic radiation
amplitude, and its drop is characteristic for soil re-
laxation after the loading removal. In terms of reten-
tion basins, that may be interpreted as the increasing
action of loading on the soil, when the basin is wa-
ter-filled; as for the loading decrease that occurs in
terms of basin emptying.

Possibility to detect the zones of EMR absorp-
tion using the NPEMFE method along with the VES
technique allows both determining filtration zones
and ground water levels and evaluating nonproduc-
tive water losses from the earth HESs of the irriga-
tion systems. It should be noted that the first method
is a “qualitative” one, i.e. it helps localize the sites
of broken technical state of the earth HESs, which
are not found visually. Efficiency of the use of quick
and low-cost NPEMFE method is proved by high
frequency of the results of technical state monitor-
ing of the retention basin in 2013 and 2017.

Within more than 10 years of observations of
technical state of the earth HTSs of CC1 structure
category, the authors have emphasized following
regularity [3-6]: almost all the retention basins are
characterized by sufficient state of the bottom; zones
of excessive moistening and filtration within the
bottom areas of the basins have not been recorded,
which is possible to be explained by colmation of
fissures with sludge deposits.
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EXPERIMENTAL SUBSTANTIATION OF THE NPEMFE GEOPHYSICAL METHOD
TO SOLVE ENGINEERING AND GEOLOGICAL PROBLEMS

Topicality. Preservation and increasing of soil fertility is the essential problem for the agricultural meli-
oration. It was solved in the most intensive way during the period of 1960s-1980s within the framework of
“Large-scale program of the melioration development”. Poor technical condition of the internal economic
network of Dnipropetrovsk Region is peculiar for more than 136 thous. ha being 68.6 % of the irrigation land
area. That results in considerable filtration losses, which stipulates both increased prime cost of the irrigation
water and deterioration of environmental and melioration conditions of the neighbouring territories. For a
long time, reconstruction of the irrigation system has not been financed properly. Implementation of the
measures aimed at restoration and development of irrigation is one of the priorities of the Agreement on the
Association between Ukraine and the European Union.

Nowadays, much attention is paid to diagnostics of technical state of hydroengineering structures (HES)
in melioration systems of CC1 structure category (especially, to the retention basins of irrigation systems)
involving non-destructive instrumental methods.

According to the recommendations of normative documents, it is proposed to determine the zones of in-
creased filtration within the earth dam body, protective dams, and reservoir beds using a system of geophysi-
cal methods including the following ones: vertical electric sounding (VES), microelectric sounding (MES),
electric profiling (EP), and method of natural electric fields (NEF).

Unfortunately, the mentioned methods are often rather cost- and labour-consuming ones. That empha-
sizes the topicality of developing and implementing the innovative methods for complex evaluation of tech-
nical condition and detection of hidden filtration zones within the bodies of earth HESs. That will help local-
ize and maintain timely the identified site making it possible to prolong operation period of the object and
prevent rise of ground water level within the neighbouring territories.

Objective of the paper is experimental substantiation of the efficiency of using labour- and time-saving
geophysical NPEMFE method to detect filtration and watering zones, being undetected visually, within the
hydroengineering structures of melioration systems to improve their operational qualities, reduce their
maintenance cost, and prevent deterioration of environmental and melioration conditions of the neighbouring
territories.

Research methodology. The following conventional methods were applied during the scientific and
engineering survey activities: field — geophysical research methods NPEMFE and VES to determine filtra-
tion zones, which were not detected visually; experimental — involving odometer of standard modification to
detect electromagnetic radiation during the loading of loose argillaceous soil samples; laboratory - standard
techniques to specify physical and mechanical properties of soils before and after their compressive studies;
computational-analytic — to determine dimensions of filtration water losses from the basin. Golden Software
Surfer 8 and AutoCad 10 programme complexes were applied to process the obtained results.

Scientific novelty of the research results. For the first time, it has been proved experimentally that
electromagnetic radiation increases when loaded with loose argillaceous samples and decreases when the
samples are moist. That makes it possible to apply the NPEMFE method to identify visually non-detected
filtration zones within the body of hydroengineering structures of melioration systems.
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Practical value of the research: possibility to use time- and labour-saving NPEMFE method to identify
visually non-detected zones of filtration and watering within the body of hydroengineering structures in me-
lioration systems of CC1 structure category has been substantiated experimentally.

Keywords: method of natural pulse electromagnetic field of Earth, method of vertical electric sounding,
odometer, loose rocks, electromagnetic pulses, earth hydroengineering structures, diagnostics of technical
condition.
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GEOINFORMATION MODELING OF ANTROPOGENIC TRANSFORMATION
OF THE BASIN GEOSYSTEMS (CASE STUDY OF DNISTER RIGHT TRIBUTARIES)

L I1. Koganvuyk, O. 1. Muxumuun, A.I. Kosanvuyx. TEOTH®OPMAIIIHHE MOJEJTIOBAHHSA AHTPOIIOTEHHOI
TPAHC®OPMAIII FACEHHOBHX 'EOCHCTEM (HA ITPHKIAJI ITPABOBEPEKHHX ITIPUTOK JHICTPA). Y cmammi
AKYeHmoBano yeazy Ha Memooax KilbKiCHO20 OYIHIOBAHHS AHMPONO2EHHO20 HABAHMAICEHH HA PIuK0BO-0ACEUHO8I 2eocucmemi.
3oxkpema, poszenaHymo Memoouxu, AKi 0a3ylOMbCa HA  GUSHAYEHHI CNIGBIOHOWIEHHAX PISHUX 6Udi@ 3eMI1eKOPUCHTYBAHHS
(@.M Munvkosa, €. Knemenmosoi ma B. Ieinize, I1.I1. Bopwescvkozo, M.B. Bospun, H.M. Pioeii i /I.JI. Llogponosa) i mi, ¢ sxux
BUKOPUCMOBYIOMbCA 842081 Koeiyicnmu, uwjo KA3yIoms Ha CMYNIHb | 2IUOUHY NEPEeMBOPEHHA NPUPOOU KOHCHUM GUOOM 3eMIeKOPUC-
myeanns (I1I7 [Luwenxa, A.M. Tpemsaka). Ha npuxnadax piuxogo-bacetinosux eeocucmem bepescnuyi ma Bucmpuyi (Ilpuxapnam-
CbKUX NPaodepedcHux npumox JJuicmpa) 3a 00nomoeoio 2eoinghopmayitino2o MoOen06anHs OYiHeHa Penpe3eHmMuEHICMb pe3yibma-
mie, OMPUMAHUX 3a YUMU MEMOOUKAMU, BIO3HAYEHO 0COONUBOCII Ma nepesazu i HeOONIKU KOMCHOI 3 OYIHIO8AHUX MemoouK. Jisi 0oc-
JOACYBAHUX 2€0CUCTNEM GUSHAYEHO CNYNIHb AHMPONO2EHHOI mpancgopmayii, 2e0eKoN02iUHUL CMAH a2pOoIaHOuApmis, 2e0eKono2iy-
HYy cmabilbHiCmb Ma AHMPONO2EHHY MPAHCHOPMAYilo, SUAGNIEHO CHINbHI 3AKOHOMIDHOCMI Ma GiOMIHHI 0COOMUBOCMI DINKOGO-
bacetinogux ceocucmem. B x00i pobomu eupiuy8anocs numauHsa 6ub0py OnmuMaibHux CmMpyKmypHUX 00UHUYb 2e0NpoCmopy, 8 po3-
i3l AKUX 6apmo 30ilCHI08AMU AHANI3 AHMPONOLEHHO20 HABAHMAICEHHS, d MAKONC CNOCOOU HANOBHEHHS DA3U OaAHUX OISl KAPMozpa-
giunoco moodenroganna. Ha npukiadi piuxoso-daceiinogoi eceocucmemu bepexcruyi 0068e0eHO 6aNCIUBICIb OYIHKU NPUPOOHUX
00°exmig (8 OaHomy BUNAOKY PIUKOBUX Oacelinig) y po3pizi NPUPOOHUX CMPYKIMYPHUX OOUHUYbL HUNCYO20 NOPAOKY (nidbacelinis).
Ockinvku 6 0aHoMy 6URAOKY YCKAAOHIOEMbCS 30Ip iHpopmayii npo cmpykmypy 3eMaeKOPUCIYB8anHts, sIKa 3a36Udail opmycmscs y
PO3pizi aOMIHICMPamugHUux 00UHUYb, 3 MEMOI0 HANOBHEHHs 6a3u OAHUX 0BIPYHMOBAHA OOYLIbHICIb BUKOPUCMAHHSA OAHUX OUCMAH-
yitiHo2o 30n0yeanns 3emui. Odepoicani pe3yibmamu ceiowams npo me, Wo 8a2oMa poib y cmabinizayii aHmpono2eHH020 HABAHM A-
JICEHHS BIOBOOUMBCS 30EPENCEHHIO IICOBUX MACUBIB, SIKI GACMUGL 6ePXHIM OLIAHKAM OACEUHIB, IMEHUEHHIO PO30OPAHOCIE HUNCHIX
yacmun Oacetiny, niompumyi 6 HAIEHCHOMY CMAHI MeNiopamueHUX KAHAie, 3MEHWEHHIO 6NAUBY NPOMUCIO80CHI HA O0GKILIS Ma
VHUKHEHHIO KOHYeHmpayii 3HauUHOI KiTbKOCMI nPpOMUCTIO8UX 00 €KMIg 8 0OHIl CINPYKMYPHIU 0OuHUYi — cyOOacelii.

Knruoei cnosa: piuxogo-daceiinosi ceocucmemu, 2eoingopmayitine MOOETO8AHHS, CIMPYKMYPA 3eMAEKOPUCTY8AHHS, AHIMPO-
noeeHHa mparcgopmayis.

U. II. Kosanvuyk, 0. H. Mukxumuun, A. H. Kosanvuyx. TEOHH®OPMAILIHOHHOE MO/JAE/THPOBAHHUE AHTPOIIO-
TEHHOH TPAHC®OPMAIIHH BACCEHHOBBIX 'EOCHCTEM (HA IIPUMEPE ITPABOBEPEKHBIX ITPHTOKOB
JIHECTPA). B cmamve akyeHmuposano eHUMaHue Ha Memooax KOIUYeCmeenHo20 OYeHUuBanus anmpono2eHHou HaspysKu Ha bac-
celinogo-peunvle 2eocucmemvl. B uacmnocmu, paccmompenvt MemoouKu, 0CHO8AHHbIE HA ONpedeleHUU COOMHOWEHUL PANUYHBIX
61008 3emnenonvzosanus (O.M. Munvrosa, E. Knemenmosou u B. I'etinuce, I1.11. Bopwescokoco, M.B. bospun, HM. Puoeii u /].J1.
Lloghonosa) u memoouxu, Komopwvie UCNONLIVION BeCO8ble KOIPuyuenmol, yKazvlearoujue Ha cmenets u 21youry npeodpazoeanus
npupoowl cybbaceiina kasxicovim euoom 3emaenonvzoeanus (1117 Huwenxa, A.M. Tpemsaxa). C nomowvio eeoungpopmayuonnozo mo-
denuposanus Ha npumepe baccelinogo-peunvix eeocucmem bepexcrnuyvt u bBvicmpuywt (TIpukapnamckux npagodepextcHvIX npUmoKos
Jlnecmpa) oyenena penpesenmamusHOCHb pe3yIbmamos, NOAYYEHHbIX N0 KANCOOU U3 MEMOOUK, OMMeUeHbl UX 0COOEHHOCIU U np e-
umywecmea. [lns uccieoyemvix 2eocucmem onpeoeienbl CmeneHb aHmpono2eHHOU mpanchopmayull, 2e09K0N0SUYECKOe COCMOsSIHUE
azponaHowaghmos, 2e0IKoN0SUNeCKas cmaduIbHOCMb U AHMPONOLEHHASL MPAHCHOPMUPOBAHHOCTb, BbISGLEHbI 00UjUE 3AKOHOMEDPHO-
cmu U omaudumenvHbie 0COOeHHOCMU bACCeliH080-peuHbIX 2eocucmeM. B xo0e pabomel pewancs 6onpoc bibopa OnmuMaibHbIX
CMPYKMYPHLIX eOUHUY, 8 pa3pe3e KOMOPbIX Cledyem OCYyWeCmenams aHaiu3 aHmpono2eHHoU Hazpy3Ku u u3bupams cnocoobl Hano.-
Henusi 0a3bl OAHHBIX 01 2e0UHPOPMAYUOHHO-Kapmozpaduyeckoeo moderuposanus. Ha npumepe baccelino6o-peuroil eeocucmemvl
Bepeoicuviyu 0okazana 6ajcHoCms OyeHKU COCMOSHUSL NPUPOOHO-XO3AUCTBEHHBIX 00bEKMO8 (8 OAHHOM CyHde PeuHblX OACCEelH08) 8
paspese CMpyKmypHuIX eOUHUY Hu3we2o nopsaoka (noobaceiinog). I1ockonvky 6 0aHHOM clyuae OCLOdiCHAemcs cOop uHgopmayuu o
CMpYKnype 3eMAenoIb308aHUs, KOMopas 00bIuHO hopmupyemcs 6 paspese a0MUHUCMPAMUBHBIX eOUHUY, C YeTbi0 HANOIHeHUs 0a3bl
OAHHBIX NPEONOAHCEHO UCNONB306ANb MAMEPUANbl OUCTAHYUOHHO20 30HOUposanus 3emau. llomyuennvie pesynvmamul ceudemenb-
CMEYIOm 0 MOM, YMO 3HAYUMENbHAA PONb 8 CMAOUNUZAUUY AHMPONO2EHHOU HA2PV3KU OME0OUMCS COXDAHEHUIO JIECHbIX MACCUBO8,
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KOMopble CBOUCMEEHHbL BEPXHUM YACMAM 0ACCEUH08, YMEHbUEHUIO CIENeHU PACNAXAHHOCMU HUJICHUX Yacmell 6acceiind, noddep-
JHCAHUIO 8 HAOTEHCAWEM COCIOAHUU METUOPAMUBHBIX KAHALO08, YMEHbUEHUIO 6IUAHUS NPOMBIUIEHHOCIU HA OKPYHCAIOUYIO CPedy U
U30eHCaAHUIO KOHYEHMPAayuL NPOMbILUIEHHBIX 00BEKMO08 8 00HOU CIPYKMYPHOU eOuHuye — cy60acelinosoll 2eocucmeme.

Knrouesvie cnoea: bacceiinoso-peunvie 2e0Cucmemyl, 2e0UHPOPMAYUOHHOE MOOETUPOBAHUE, CIPYKIMYPA 3eMIeN0Nb306aHUS,

AHMPONO2eHHAs, MPAHCHOPMAYUSL.

Formulation of the problem. It is believed
that there is no place on the globe that hasn’t been
affected by human activity. Even the most remote
areas are polluted by unusual substances due to the
global circulation of air and water. Economic devel-
opment extends not only horizontally, but also ac-
tively penetrates into the thickness of rocks. It
changes the state of not only biotic components of
geosystems, but also abiotic, affecting the develop-
ment of natural complexes, which are transformed
into anthropogenically modified, and then into an-
thropogenic complexes. Very often, these changes
lead to irreversible processes with negative conse-
quences both for ecosystems, and for people and
society. Under such conditions, the problem of as-
sessing the state and transformation of natural sys-
tems under the anthropogenic pressure becomes
more and more relevant and of interest to a wide
range of specialists. The growth of anthropogenic
pressure is, in particular, observed within the territo-
ry of our country and is characterized by the de-
struction of landscape systems due to rapid defor-
estation, unreasonable increase of arable land areas,
large-scale urbogenic and man-made influences.
Anthropogenic changes have occurred in all the nat-
ural components — relief, relief formation deposits,
flora and fauna, soil cover, surface waters and
groundwater, etc. Therefore, complex approach is
needed to assess these consequences. From such
point of view, river basins are perfect objects for
systematic geoenvironmental studies, as they are
represented by holistic integrated entities [10-12];
therefore, we consider it most appropriate to study
anthropogenic transformation of the environment
just in the context of these structural units of geo-
graphical space.

Analysis of recent research and publications.
Studies of territorial complexes anthropogenic trans-
formation are topical considering the increasing
technogenic influences on the environment and are
carried out by a number of landscape studies schools
in Ukraine. Depending on the main idea of anthro-
pogenic changes research, two conceptual scientific
approaches are distinguished. Proponents of the first
approach base their research on the concept devel-
oped by F.M. Milkov [16] that states that the chang-
es in any component of the landscape very quickly
propagate to all other components and to the land-
scape complex as an whole [4; 6; 7]. Followers of
L.S. Berg, N.A. Solntsev and A.G. Isachenko sup-
port the idea of inequality of the components of na-
ture by the force with which they influence each

other. This approach and the concept of anthropo-
genic transformation of geosystems were elaborated
by L.I. Voropay, V.P. Korzhik, M.M. Kunitsa, Y.P.
Skrypnyk, V.N Gutsulyak, Y.A. lvanov, I.P. Koval-
chuk, 1.S. Kruhlov, P.G. Shyshchenko [6; 13; 14; 21;
22; 26; 27]. Regional studies of anthropogenic
changes of the environment were conducted in
works of I.P. Kovalchuk, S.1. Kukurudza, A.V. Mel-
nyk, P.I. Stoiko, 1.B. Koynova, I.S. Kruhlov, M.M.
Prikhodko, M. M. Proskurnyak, L.Y. Sorokina [9;
10 -12; 14; 15; 20; 22; 26; 27]. The issues of an-
thropogenic pressure and of the estimation of river
basins transformation are highlighted by V.I. Vish-
nevsky, I.P. Kovalchuk, O.V. Kirilyuk, O.A. Liho,
Y.M. Andreichuk, A.V. Mykhnovych, O.V. Py-
lypovych, L.P. Kurhanevych [3; 7; 8; 10-12; 15-19;
23; 25] and others. In foreign geography, these ques-
tions are raised by F. Gossain [29], J. Batista and B.
Barros [28], J. Lautze, S. Phiri, V. Smakhtin et al.
[30], J. Lee et al. [31], L. Liu et al. [32]. Foreign
authors analyze the problem in the context of map-
ping support of the sustainable development of the
Zambezi river basin system [30; 34], mapping the
properties of soils of the studied basins [32], search
for the most accurate and economical methods for
determining water discharges [31], developing a
semi-automated delimitation algorithm for protected
areas along watercourses [28], modeling the geoen-
vironmental state of river basin system with the use
of remote sensing; the investigation by means of the
indicative properties of the hydrographic network in
the absence of hydrological observation points and
water flow data, [29]. J. Szpikowski [33], while in-
vestigating the Perznica basin, located in the north-
west of Poland, over the course of a number of years
of nature change has used such methods as the anal-
ysis of archival large-scale maps, digitization of
topographic maps, vectorization of spatial objects
and mapping the types of terrestrial surfaces and
their changes for the 200-year period.

At the same time, not all aspects of the problem
are studied with the same degree of detail. New op-
portunities are being opened using methods of re-
mote sensing to obtain high-quality information, as
well as technologies of geoinformation and carto-
graphic modeling of the respective processes. The
article highlights these aspects of the anthropogenic
transformation study of river-basin systems envi-
ronment.

Quantitative methods for evaluating the degree
of anthropogenic pressure that take into account the
structure of land use, natural and anthropogenic el-
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ements, are described in the works of I.P. Koval-
chuk, M.A. Petrovska, F.M. Milkov, P.G. Shy-
shchenko, A.M. Tretyak, P.P. Barshchevsky, N.M.
Ridey and D.L. Shofolov, M.V. Boyarin, Y.
Clementova and V. Heinige et al. [1-2; 5; 8-13; 15-
19; 21; 23; 25].

There are two main approaches to determining
the anthropogenic pressure by quantitative methods,
which follow from two different conceptual direc-
tions of the study. The first approach is based on
calculations of the ratio of areas under different
types of land use; the basis of the second approach
is the use of weighting factors that indicate the de-
gree of conversion of the environment by various
types of economic activity.

Among the methods based on the use of the
first approach the most commonly applied method is
that by F.M Milkov [16], which determines the ratio
of areas of natural and anthropogenically modified
territorial complexes. Landscape systems fall into
the categories by the ratio of anthropogenic and nat-
ural unaltered lands: antropogenic (natural land cov-
er occupies less than 25% of total area), natural-
anthropogenic (25-50%), anthropogenic-natural (50-
75%) and natural landscape systems (75%). Similar
in essence is the definition of the transformation
coefficient of the territory in the method proposed
by M.V. Boyarin [2]. This coefficient reflects the
proportion of anthropogenically altered areas in the
land use structure of the studied basins.

The relative proportion of arable lands to the
group of sustainably used lands like perennial
plants, hayfields, pastures, land for shelter belts,
defines the geoenvironmental condition of agricul-
tural landscapes (Table 1) (proposed by N.M. Ridey
and D. L. Shofolov [21]) and the level of ecological
balance of the territory, proposed by M.V. Boyarin
[2]. These two models are very similar. Their only
difference is in the approach to classification, since
the definition of the territory balance considers the
multiplicity of cultivated lands ratio, while the ge-
oenvironmental state determination of agricultural
landscapes is based on the percentage of arable land
and land of sustainable use. The disadvantage of
these two techniques is the fact that they take into
account only some types of land use, among those

present in the study area. This leads to an exclusion
of the study areas where no land use types included
in this calculation are present. It also complicates
automatic calculation when the area in the denomi-
nator equals zero.

Due to the fact that these models take into ac-
count only the ratio of arable land and lands of sus-
tainable use, we consider it appropriate to consider
all the types of land use represented in the study ar-
ea in the analysis of anthropogenic pressure indica-
tors.

This approach is used in the methodology for
determining the coefficient of environmental stabil-
ity of the territory, proposed by E. Clementova and
V. Heinigge [9] This coefficient is defined as the
ratio of areas of environmentally stable lands to are-
as of environmentally unstable lands. A higher coef-
ficient means a higher rate of stability of the territo-
ry. By the coefficient value of ecological stability
five states can be distinguished in the studied areas.
If the coefficient of ecological stability of the terri-
tory <0,5 - the territory is unstable with apparent
instability, 0,5-1,0 - unstable, 1,0-3,0 - conditionally
stable; 3,0-4,5 - stable; > 4.5 - stable with pro-
nounced stability.

Whilst being similar to the methodology by E.
Klementova and V. Heinige, the methodology for
calculating the environmental stability of the territo-
ry (1), proposed by P. P. Borschevsky [1] is based on
a different approach and takes into account the
weight coefficients of different types of land use:

Ef Sici

Tisi @
where Ces — coefficient of environmental stability of
the territory, C;i — coefficient of environmental prop-
erties of the land type of i kind (Table 2), S; — area
of land type of i kind, ha; n — number of indicators.
The values of the coefficient Ces are given in
Table 2.

If the obtained value of Cg is less than 0.33,
then land use is deemed environmentally unstable; if
Ces varies from 0.34 to 0.50, land use is considered
to be continiously unstable; if it is in the range of
0.51 to 0.66 then it falls into the category of medium
stability, and if Ces exceeds 0.67, then the land use is
environmentally sustainable.

Ces =

Table 1

Scale for assessing the environmental state of agrolandscapes by the ratio of land use types
(N. M. Ridey, D. L. Shofolov) [21]

The share of land % State
to the sum of the area of arable lands and the lands of sustainable use
Arable lands Lands of sustainable use
<20 >80 Optimal
20:35 65:80 Good
35:55 45:65 Adequate
55:70 30:45 Inadequate
>70 <30 Critical
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Table 2
The environmental properties coefficients value for the different types of lands [1]

Land type C
Built up area and roads 0
Arable land 0,14
Vineyards 0,29
Shelter belts 0,38
Perennial plantations, shrubs 0,43
Household plots 0,5
Hayfields 0,62
Pastures 0,68
Ponds and marshes of natural origin 0,79
Forests of natural origin 1

The methods by A.M Tretyak [24] and P.G.
Shyshchenko [26] are widely used to determine the
degree of anthropogenic transformation using
weight coefficients.

These techniques are distinguished by the fact
that in the first, which is calculated by the formula
(2), different weight coefficients for different types
of land use are used: 5

nSp

Ixs ! (2)
where Cap — coefficient of anthropogenic load; S:-
Sh — area of land with a certain level of anthropo-
genic loading; p:-pn — evaluation ranks of the corre-
sponding area (the 5-point scale is shown in Table
3); n — number of indicators.

On the other hand, in the method by P.G. Shy-
shchenko [26] simultaneously with the rank of
transformation another correctional coefficient is

Cap =

being taken into the equation — the depth of trans-
formation of the investigated area.

Cat=0,01Y ripiq;, 3
where Cat — coefficient of anthropogenic transfor-
mation; ri — the rank of anthropogenic transfor-
mation of the territory by the i-type of land use; qi—
index of the transformation depth of territory
(tab. 4.); pi — area of rank,%; n — number of land use
types within the studied territory.

The classification results also differ from one
method to the other.

According to the coefficients of anthropogenic
load, obtained by A.M.Tretyak’s method, the follow-
ing categories of territories by the degree of trans-
formation are distinguished: the least developed
(Cat up to 2,5); weakly transformed (Cat 2.6 - 3.0);
transformed (Cat 3.1-3.5); moderately transformed
(Cat 3.6 - 4.0); strongly transformed (Cat 4.1-4.5);

Table 3
Ranking assessment of the degree of anthropogenic pressure on land resources [24]
Lands Rank
Lands used by of industry, transport, built-up lands 5
Avrable lands, perennial plantations 4
Natural forage lands, grass-covered gulches 3
Shelter belts, shrubs, forests, swamps, submerged lands 2
Micro-reserves 1
Table 4

Weight ratios of the rank and depth indices of landscapes anthropogenic transformation [26]

Types of land use Qi ri
Protected areas 1 1
Forests 2 1,05
Swamps and wetlands 3 1,1
Meadows 4 1,15
Gardens and vineyards 5 1,2
Arable land 6 1,25
Rural built-up areas 7 1,3
Urban built-up areas 8 1,35
Water reservoirs, channels 9 1,4
Lands of industry 10 1,45
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very strongly transformed (Cat 4,6 and more).

The P.G. Shyshchenko’s method divides territo-
ries by their Cat: at Cat 2,00-3,80 the territory is
being referred as weakly converted; at Cat 3,81-5,30
- as converted; at Cat 5,31-6,50 - as moderatelycon-
verted; at Cat 6,51-7,40 - as highly converted; at Cat
7.41-8.00 - as excessively converted.

All these data indicate that these two methods
are different and, accordingly, geoinformation mod-
els created by them will look different. The analysis
of these two methods indicated [24; 26] that P.G.
Schyshchenko's method reflects the situation more
accurately, since it takes into account antropogenic
pressure, the state of agro-landscapes, the balance
and stability of land use.

In 1980s, P.G. Shyshchenko created a map of
landscape anthropogenic transformation on the na-
tional level [27]. Subsequently, his methodology
gained popularity and was used at the regional level,
in particular for the territorial analysis of anthropo-
genic transformation of the natural environment in
certain regions (Kherson, Lviv, lvano-Frankivsk,
\Volyn, etc.), owing to the use of official statistical
indicators that are collected by administrative-
territorial principle.

Identification of previously unresolved parts
of the general problem. In assessing the anthropo-
genic pressure on natural objects, a particular meth-
od is usually chosen, based on existing statistical
information in the context of administrative units.
Since the administrative division is not representa-
tive for the study of river-basin geosystems, it is
important to choose an optimal method among the
existing ones, to isolate the structural natural sub-
systems of the lower ranks, and to form within them
data on anthropogenic changes in the environment.
This approach is optimal and is implemented in our
study.

Formulating the purpose of the article. The
purpose of this work is to analyze the anthropogenic
transformation of Subcarpathian river-basin geosys-
tems by means of geoinformation modeling using
various methods of quantitative estimation of an-
thropogenic pressure, to compare the modeling re-
sults on the basis of administrative-territorial and
natural units, to select the optimal structural units
for the study of anthropogenic changes in basin ge-
osystems.

Exposition of the main research material.
Using F.M. Milkov’s method, based on the determi-
nation of the ratio of natural areas to anthropogeni-
cally-altered natural-territorial complexes, we have
analyzed the anthropogenic transformation of the
natural environment both for administrative divi-
sions (Stryi district of Lviv region) and natural ge-
osystems — the river basins (the basins of the Be-
rezhnytsia river (Lviv region) and Bystrytsia (Ivano-

Frankivsk region)). Both rivers are the right tributar-
ies of the Dniester, but with different areas of their
respective basins.

By comparing the results of the implemented
researches, it is possible to clearly state the expedi-
ence of using the basin approach to the study of nat-
ural complexes anthropogenic transformation.

Figure 1 shows the model of anthropogenic
transformation of the natural environment, created
for the same territory, but using different approach-
es. In this model, part of the Berezhnytsia river ba-
sin is located within the administrative-territorial
units of the Stryi district, which are a part of the
studied basin. In the first case, the calculation of
anthropogenic transformation is based on the data
which are provided by the administrative-territorial
principle and are contained in the form “6-zem”,
which contains the statistical information on the
availability of lands and their distribution by land
users. The analysis of anthropogenic transformation
in the other approach was carried out within the lim-
its of natural, not administrative, units, which were
sub-basins of the thalweg network. The choice of
such units is due to the specific feature of Berezhny-
tsia river basin structure: one third of the studied
basin surface is fully meliorated and is lacking any
natural watercourses. Therefore, anthropogenic
pressure analysis should be carried out on the basis
of pre-allocated (on a topographic map of a large
scale) water catchments of the natural watercourses
network, and in the reclaimed portion of the basin —
on the basis of delineated basins of reclamation
channels. This will, to a greater extent, ensure the
homogeneity of the studied units and the possibility
of comparative analysis of their conditions from the
standpoint of nature components anthropogenic
transformation.

However, analyzing anthropogenic transfor-
mation using natural units, one has to face the prob-
lems caused by the lack of statistical information
that reflects the economic activity within their
boundaries. It is possible to solve this problem using
remote sensing data, which allows to estimate the
land use structure of the study area. A model of Be-
rezhnytsia basin system anthropogenic transfor-
mation in terms of sub-basins created by us, was
thus based on remote sensing data.

The overlay analysis used to compare these two
approaches suggests a significant difference be-
tween the results obtained, since the use of the ad-
ministrative-territorial units even of the lowest level
did not allow to correctly assess the anthropogenic
transformation of natural objects, boundaries of
which for the most part do not coincide with the
boundaries of the administrative divisions. In par-
ticular, the indicator of anthropogenic transfor-
mation of the natural environment of the rural coun-
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cils indicates that there are no natural surfaces in
them, while in fact, they amount to 15% in the in-
vestigated part of the basin (according to the model
of anthropogenic transformation of sub-basins).

A similar situation has occurred on the model
of the basin system anthropogenic transition created
by us using the method by P.G. Shyshchenko (Fig.
2). The use of administrative-territorial units as an
estimated geospatial objects shows the excessive
transition of the natural environment in the basin
exclusively within town Morshyn. The model of
anthropogenic transformation in the context of sub-
basins allows us to visualize the over-transformed
parts of the basin, which are present on the right
bank throughout the length of the river, and cover
vast areas downstream of the town of Dashawa.
Sub-basins with excessively transformed natural
environment are present within the weakly trans-
formed natural landscapes of rural councils.

This approach should be utilized for the river
basins, where it is difficult to allocate equal struc-
tural units. In the case of studying a river basin with
large area and dense river network, this approach
will yield a mosaic picture, which complicates the
identification of the basic regularities in the analy-
sis. Therefore, in order to determine the anthropo-
genic transformation of the basin geosystem of the
Bystrytsia River, we have identified sub-basins with
homogeneous geomorphological and hydrological
features that allow us to trace the differences be-
tween the main parts of the basin.

A series of GIS models was created to interpret
the anthropogenic transformation of the basin ge-
osystems of Berezhnytsia and Bystrytsia rivers
(Figure 3); they show that the largest changes have
occurred in the basins of a higher ranks. Regarding
the spatial location, the upper part of the basins is
dominated by natural and natural-anthropogenic
sub-basins with man-made changes that consist of
the deforestation and the presence of small settle-
ments; and anthropogenic impact is rising down-
stream. In particular, on the left bank of the middle
reaches the share of anthropogenic sub-basins in-
creases from Berezhnytsia village in Stryj district to
the settlement Dashawa (by increasing the area of
agricultural land and due to the location of the set-
tlements exclusively on the left bank). The most
transformed is the lower, actively reclaimed part of
the basin, where anthropogenic sub-basins predomi-
nate. This situation has arisen due to the significant
plowing of the land, which was facilitated by the
drainage reclamation and the flat terrain of the
basin.

As for the basin of Bystrytsia, there are three
groups of sub-basins: natural-anthropogenic (the
highest part of the basin), anthropogenic-natural
(mountainous part) and anthropogenic (low-altitude

and plain parts of Bystrytsia river basin system -
RBS).

Models of the geoenvironmental state of agri-
cultural landscapes (Figure 4) indicate the domina-
tion of territories with a satisfactory, good and opti-
mal condition of agrolandscapes in the upper and
forested parts of the basins (due to low percentage
of arable land in mountain parts, domination of for-
ests, meadows, pastures and swampy areas), and an
increase in the share of territories with unsatisfacto-
ry and critical condition on plain areas. Here, among
the important factors influencing the environmental
state of agricultural landscapes are: the fairly high
level of agricultural land cultivation, low fertility of
background soils, high acidity, active manifestation
of degradation processes, contamination by mineral
fertilizers and remedies for protecting agricultural
crops from pests, diseases and weeds, etc. The worst
conditions of agro-landscapes are observed in the
reclaimed valleys of the main rivers and their tribu-
taries.

The model of geoenvironmental stability, based
on the ratio of stable and unstable lands (Figure 5),
shows contradictory results for the two basins, due
to the fact that considerable area in the basin of the
Berezhnytsia river appears to be an unstable territo-
ry with pronounced instability. This is explained by
the fact that in subbasins located in forest lands,
there are widespread forest cutting, as well as forest
clearings and roads building. Instead, such a model
for the Bystrytsia basin, in comparison with the
model created by P.P. Borshchevsky (Figure 6), in-
dicates the presence of stable territories in the most
upper and forested part of the basin, since they are
less developed than the forested territories in the
basin of Berezhnytsia.

Continuously unstable conditions are wide-
spread among subbasins located near the settlements
that border geoenvironmentally unstable areas.

Determination of the degree of the natural envi-
ronment anthropogenic transformation in sub-basins
was carried out using two methods — one of A.M.
Tretyak [24] (Fig. 7) and the other of P.G. Shy-
shchenko [26] (Fig. 8). In the method by
A.M. Tretyak weight coefficients for different types
of land use are used, and P.G. Shyshchenko's meth-
od takes into account the depth index and the rate of
conversion for each type of land use. Accordingly,
the results are different.

An analysis of the map compiled in accordance
with A.M. Tretyak's technique, shows that the an-
thropogenic transformation of the Bystrytsia river
basin grows downstream and changes from the
weak to the average type.

The Berezhnytsia river basin includes the least
transformed territories and highly transformed ones,
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the latter are represented by the most cultivated sub-
basins (in the middle part of the basin system).

The created models show that the method of
P.G. Shyshchenko allows to more accurately reflect
the situation with anthropogenic transformations of
the natural environment in the basin, since, apart
from the consideration of anthropogenic pressure,
the state of agrolandscapes, and the balance and sta-
bility of land use (reflected on other models we have
created), it also provides their ranking on the depth
of the transformation of their environment. There-
fore, in our opinion, this model is more accurate.

In the basin system of the Berezhnytsia River,
sub-basins of higher ranks, located in the lower part
of the basin are strongly over-transformed. This sit-
uation has arisen due to their much greater popula-
tion and the proportion of arable land. In particular,
the fourth part of the studied basin is occupied by
over-transformed sub-basins, which concentrate
along the middle course of the Berezhnytsia River
(mostly on the left bank).

In the lower part of the basin, they are repre-
sented by the most cultivated sub basins of the rec-
lamation network. Weakly transformed subbasins

-134

10 km
L

basin systems of Bystryts

erez

hnytsia

ial aﬁd B
(calculated by the authors according to P.G. Shyshchenko's method)

(aproximately 20% of total subbasin number) were
formed on forest lands that were cut down and in the
wetlands of the lower part of the basin, where the
share of arable lands (in particular, in the mouth ar-
ea) decreased and in the low populated areas of the
left bank. The smallest anthropogenic changes af-
fected subbasins which occupy 8% of the territory,
that are mostly located within forest lands.

Another distribution of anthropogenic trans-
formation indicators is observed in the basin of the
Bystrytsia river. In contrast to the Berezhnytsia river
basin, in the Bystrytsia basin industrial lands are
present where the environment is affected the most.
The presence of a significant number of built-up
land, land under transport and communication facili-
ties, technical infrastructure, in conjunction with the
lands of factories, quarries and areas for oil extrac-
tion, resulted in the location of the most transformed
sub-basins in the watersheds (in the northern part of
the basin) and above the town of Nadvirna and
Bykiv settlement. It is worth notion that a signifi-
cantly higher level of transformation is observed in
the basin of Bystrytsia Nadvirnianska river and after
its merging with Bystrytsia Solotvynska.
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Conclusions. 1. The features of quantitative
analysis methods of assessing the transformation
processes in basin systems, based on different con-
ceptual approaches are revealed. Particular attention
is paid to the verification of the most frequently
used methods by A.M. Tretyak and P.G. Shyshchen-
ko, their disadvantages and advantages being deter-
mined depending on the purpose of the study.

2. In the case study of the rivers and basins of
Bystrica and Berezhnytsia (right tributaries of the
Dniester river within the Lviv and Ivano-Frankivsk
regions), the choice of subbasins of the thalweg
network and lower rank subbasins as natural struc-
tural units, where it is expedient to determine the
level of anthropogenization of the natural environ-
ment, is substantiated. The utility of using remote
sensing data as the basis for analyzing the state and
scale of anthropogenic transformation of natural
geosystems in river basins of various ranks is em-
phasized.

3. A series of digital cartographic models that
display the anthropogenic pressure on the river-
basin systems of Berezhnytsia and Bystrytsia have
been created and analyzed. A number of common
traits have been identified due to the physical geog-
raphy features of river basins, in particular, the in-
crease in the level of anthropogenization of the natu-
ral environment from the headwaters to the river
mouth. The minimal amounts of such influence are
observed in the mountainous parts and they increase
in settlements and in the zones of reclamation chan-
nels functioning. The features of the subbasin ge-
osystems state due to different types and intensity of
economic influence on them in plain and mountain-
ous parts of the studied basins are determined. A set
of measures aimed at improving the geoenviron-
mental state of the sub-basins of the studied river
basin systems of Bystrytsia and Berezhnytsia and
ensuring the rational use of their natural resources
are proposed.
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GEOINFORMATION MODELING OF ANTROPOGENIC TRANSFORMATION
OF THE BASIN GEOSYSTEMS (CASE STUDY OF DNISTER RIGHT TRIBUTARIES)

The purpose of the article is to analyze anthropogenic transformation of river-basin geosystems of the
outer Subcarpathian region by geoinformational modeling tools using various methods of quantitative esti-
mation of anthropogenic pressure; comparison of modeling results on the basis of administrative-territorial
and natural units, selection of optimal structural units for the study of anthropogenic changes in basin ge-
osystems.

Research methods. The features of estimation methods of anthropogenic transformation level of territo-
rial complexes, based on various conceptual approaches to the study of anthropogenic changes in the com-
ponents of the environment were investigated. In particular, the article compares methods of F.M. Milkov,
P.G. Shyshchenko, E. Klementova and V. Geinige, P.P. Borschevsky, M.V. Boyarin, I.P. Kovalchuk, N.M.
Ridey and D.L. Shofolov, A.M. Tretyak and others and by the means of geoinformation modeling of river-
basin geosystems (namely, the case study of the outer Subcarpathian Dniester tributaries) shows the degree
of representativeness of the results produced by each of them. It is noted that the technique by P.G. Shy-
shchenko allows to more accurately reflect the state of anthropogenic transformation of the river-basin sys-
tem’s natural conditions

Results. A range of digital cartographic models was developed to evaluate and compare anthropogenic
transformation level of the two Carpathian basin systems and to identify similar and distinctive features of
the state and the transformation level of the basin systems’ natural environment andstability of agricultural
and forest landscapes in the studied basin geosystems. In particular, the study has revealed that the anthropo-
genic transformation of the outer Carpathian river basins is rising downstream. In the upper parts of the ba-
sins, it manifests itself in deforestation, while in the lower parts agricultural influence dominates. In addition,
the index of anthropogenic transformation is rising with an increase in the order of sub-basins. The worst
conditions of agro-landscapes are observed in the reclaimed valleys of the main rivers and their tributaries
(due to the considerable level of plowing in the plain parts of the basins due to low fertility of soils, high lev-
els of their acidity, degradation processes and chemical pollution). Stable territories are inherent exclusively
in sub-basins which remain in their natural state or bear only traces of human activity. Settlements, which
influence adjacent areas, are characterized by unsustainable land use. As for anthropogenic transformation, in
the basin geosystem of the Berezhnytsia river its indicators increase upwards due to an increase in the share
of arable land. On the contrary, in the basin of Bystrica much more land is occupied by industrial facilities,
which affect the components of the geosystem the hardest. In this regard, the largest values of nature anthro-
pogenic transformation indicators are found in the northern part of the basin and upstream of the city of
Nadvirna and the town of Bykiv.

Scientific significance. Case study of the administrative regions and the river basin located within them
reveals the advantages of studying the geoenvironmental state of the territories according to their natural ge-
ographic taxonomic units, which allows to determine the most strained areas in geosystems. Particular atten-
tion is paid to the choice of optimum sized geospatial objects during the study of diverse basin systems. Riv-
er sub-basins of the third order (according to the classification scheme of A. Strahler) were chosen to this
purpose. Their size corresponds to that of the combined territorial communities’ area. The importance of
formation a database that reflects on the state of the geospatial entities under study is emphasized. For this
purpose, it is appropriate to convey the structure of land use, represented by indices of different land cover
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and land use types (protected areas, forest covered areas, swamps and wetlands, meadows, gardens and vine-
yards), arable land, land under rural and urban development, natural objects modified by human activities
(reservoirs , ponds, channels), land utilized by industry and transport in each investigated object. The article
shows that the best solution to this problem is provided by the processing of high-resolution spatial (in pan-
chromatic and multispectral) remote sensing data. The most appropriate in this case are QuickBird satellite
imagery, designed to create and update topographic maps and plans, to make inventories of forests and agri-
cultural lands and to assess their condition, therefore allowing mapping of land use types that are not identi-
fied in statistical inventories.

Practical significance. The results of this work will be helpful in selecting the specific technique allow-
ing the most complete representation of anthropogenic transformation of natural objects; in choosing the
most optimal spatial units to carry out the analysis and, accordingly, to fill in the database. The developed
models reveal the most anthropogenically loaded parts of river-basin geosystems of the outer Subcarpathian
region, which is essential for the extrapolation of the obtained results to other right tributaries of the Dniester
River.

Keywords: river-basin geosystems, geoinformation modeling, land use structure, antipogenic transfor-
mation.
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INTEGRATION OF INTERNALLY DISPLACED PERSONS
OF UKRAINE: REALITIES, PROBLEMS, PERSPECTIVES

JI. M. Hemeuw, H. B. I'ycesa, T I. Iocpeocokuii, O. B. bapmow, M. O. Jlocéunoea. IHTEI'PAI[I1 BHYTPIIIIHbBO IIE-
PEMIIIIEHHUX OCIB YKPAIHH: PEAJIII, IPOBJTEMH, IIEPCITEKTHBH. [Ipobnema sumywienux eHympiuinix nepemiujens &
Yxpaini cmana naozeuuaiino cocmpoio 3 2014 p. Ha nowamox 6epesns 2019 p. na obnixy 6 depocasi nepedysano 1 man. 365 muc.
sHympiuHbo nepemiwenux ocié (BI10) 3 [Joneyvkoi ma Jlyeaucvkoi oonacmeil, Asmonomnoi Pecnyoniku Kpum ma m. Cesacmonons
(3,2 % 6i0 3acanvroi uucenvhocmi Hacenenns YKpainu). Bumyweni enympiwini nepemiujeHHs 6 makux mMacumadax i maxoi, esce
documb cepuo3Hoi mpusanocmi (5 pokie) UKIUKAIOMb CKAAOHI NUMAHHSA, NO8 S3aHI 3 COYIANbHOW a0anmayico ma iHmezpayicio
BIIO 6 micyesi coyiymu.

Camooyinka BI1O Yrpainu ceoei inmezposanocmi y micyesi epomaou Xapakmepu3yemucs HACMyYnHUMu ocobausocmamu: 1) na
kineyv 2018 p. cknadae 50 % (we 34 % esadcaioms cebe iHmeepo8aHUMU YACMKOB0); 2) NPOMs2OM OCMAHHIX 080X POKI6 MAE Heaa-
mueHi meHoenyii (Wo Mooice ceioUUmMuU NPO HAKONUYEHHS | 3a20CMPEHHS NPOOIeM nepeceienyis wepes 8iOCYMHICIb 00820CMPOKOBUX
plwiens wooo ix poss’szanns); 3) cymmeso nepesuuye oyinKy, HaA0auy haxisysmu (SKi 68axcaromv, Wo IHMe2POSAHUMU 8 MICYe6i
epomaou ¢ 24 % BIIO, we 63 % — yacmkogo inmezposanumu); 4) 30inbuyemoscs no mipi 8iooanenocmi 6io mepumopii Konguixmy
(Hatinudcuull pieensv inmeeposarocmi — 43 % — cnocmepicaemvbca y cyciOHix 3 mumMyaco8o OKynoganumu mepumopismu /Jonbacy
pecioHax).

Honimuxa Yxpainu wooo BIIO 6 nepuiy uepey noguHHa Oymu cnpsamo6aHa HA GUPIUIEHHS HA2ATbHUX NPOOLeM nepeceieHyis,
ane 8 moil Jce 4ac Mamu cepeOHbOCMPOKO8Y I 00820CcmpoKosy nepcnekmueu. Ilpu ybomy npu npuiinammi YnpaeuiHCoKux piietsb
HeoOXiOHO ei0dasamu npiopumem npPoOcPAMam, CHPIMOBAHUM HA 00820CMPOKosUll epekm eupiwenns npoorem BIIO, ix coyianiza-
yilo, adanmayiro ma iwmezpayiio 8 micyesi spomaou. Badxciusum Kpokom Ha wiisaxy 00 ybo2o € nputinamms 6 aucmonadi 2018 p.
«Cmpameeii inmeepayii BIIO ma enpogadoicents 00820CMpOKOGUX pilleHb w000 GHYMPIUHLO2O NEpemMilyenHsi Ha nepiod 00
2020 poky», memoio sikoi € coyianvro-exonomiuna inmeepayia BIIO ma enposadoicenis 0os2ocmpokosux piwens 0 peanizayii ma
3axucmy ix npas, c60000 i 3AKOHHUX [HMEPECi8, NIOBUWEHHS PIBHA IX CAMOOOCNAMHOCIT A HE3ALEHCHOCII 3 YPAXYBAHHAM [HMepe-
Ci8 NPUUMAIOUUX MEePUMOPIATLHUX 2POMAO, HANA200diceH s epexmugnoi 83aemooii BI1O 3 nputimaiouumu mepumopianbHumMu 2poma-
oamu, OpeaHamu OepiHCABHOL 61a0u Ma OP2aAHAMU MICYe8020 CaMOBPAOYEAHH HA 3Acadax NApmMHepCmed, pe3yibmamom K020 €
Q0Csi2HeH s COYIaNbHOL €OHOCMI.

Kniouosi cnoea: eumyweni snympiwini mizpayii, 6nympiunbo nepemiujeni ocoou, npuiimaiodi epomau, npoonemu, inmezpayis,
aoanmayisi.

JI. H. Hemeu, H. B. I'ycesa, T. I. Ilozpeockuii, O. B. bapmowt, M. A. Jlozeunoea. HHTEI'PAIIHA BHYTPEHHE IIEPE-
MEIIEHHBIX JINL] YKPAHHBI: PEA/IHHU, ITPOBJIEMBI, IIEPCITEKTHBBI. [Ipobnema binysicOeHHbIX 6HYMPEHHUX nepe-
Mewjenuii 6 Yxpaune cmana upesguiyaiino ocmpou ¢ 2014 o. Ha nauano mapma 2019 e. 6 eocyoapcmee nacuumeiganoco 1 mim.
365 muic. enympenne nepemewgennvix auy (BILII) us [oweyxoii u Jlyeaucxoii obrnacmei, Aemonomuoti Pecnybnuxu Kpvim u
2. Cesacmonona (3,2 % om obweii wuciennocmu Hacenenusi Yxpaunel). Boinyowcoennvle 6Hympentue nepemeujerus 8 makux mac-
wmabax u maxoi nPoOoANCUMeNbHOCMU (Oonee 5 em) Gbl3bI8arOm CNOJNCHbIE NPOOIEeMbl, CEA3AHHbIE C COYUATLHOU adanmayueti u
unmezpayueu BIIJI 6 mecmuvle coyuymoi.

Camooyenxa BIIJI Yxpaunvl ypoeHs ceoeli unmezpuposaHHocmu 8 mMecmmuvle oOWuHbl XAPAKMepu3yemcs cieoyiouumu oco-
bennocmamu: 1) na koney 2018 2. cocmaesnsiem 50 % (ewe 34 % nepecenenyes cuumarom cebs HaCMuyHO UHMESPUPOSAHHLIMU), 2) 6
meyenue NOCIeOHUX 08YX Jlem umeem He2amueHvle MeHOeHYUl (Ymo Moxcem CeUOemenbCcmeosams 0 HAKONJIeHUuu U 060cmpeHuy
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npo6nem BIIJT, m.x. 20cydapcmeo ve npUHUMANO O0N2OCPOUHBIX Mep NO UX peuleHuro) 3) cyuecmeeHHo npesbiuiaen OYeHKY, OAHHYIO
cneyuanucmamu (Komopwvle Cyumaiom, 4mo UHmMepUpoBAHHbLIMU 6 MecmHble 00wuHbl asnsomcs éceco 24 % BIIIL, ewe 63 % — ua-
CMUYHO UHMEeZPUPOBAHHBIMU), 4) yeenuuusaemcs no mepe yOaieHHOCIMU Om meppumopuu KOH@aukma (camviii HUSKUIL ypoeeHs uH-
mezpuposannocmu — 43 % — nabnodaemcst 6 cOCeOHUX ¢ BPEMEHHO OKKYNUPOSaHHbIMU meppumopusimu JJonbacca pecuonax).
Tonumuka Yxpaunvt omnocumenvro BIIJI 6 nepsyio ouepedb 0onxHcHa Obimb HANPABTIEHA HA PeeHie HACYUWHbIX npobiem ne-
pecernenyes, HO 8 MO Jce 8PemMs UMeMb CPEOHECPOUHYIO U 00N20CPOUHYIO nepcnekmugbl. TIpu smom npu npuHAmuY ynpasneH4ecKux
pewieHutl HeobXo00UMo 0moasamy NPUOPUMen NPOSPAMMAM, HANPABTIEHHBIM HA 00120CPOYHblL 3¢hpexm pewienus npobnem BILI, ux
coyuanuzayuo, a0anmayuio U UHMezpayuio 6 Mecmuvle 00WUHbl. Badichbim wazom Ha nymu K 5momy Aeliaemcs npuHamue 8 Hosaope
2018 2. «Cmpameeuu unmeepayuu BI1/I u énedpenuss 00120CPOUHBIX peuleHUl OMHOCUMETbHO 6HYMPEHHe20 nepemMeujeHus Ha nepu-
00 00 2020 200a», yenvro KOMopoul AGIAEMCA COYUANbHO-IKOHOMUYecKas unmeepayus BIIJI u enedpenue 00120cpoyHbix peuieHuil
0I5 peanu3ayuu U 3auumsl Ux npas, c60000 U 3aKOHHLIX UHMEPECO8, NOGbIUUEHUE YPOBHS UX CAMOOOCMAMOYHOCIU U HE3ABUCUMO-
CMu ¢ yuemom UHmMepeocs NPUHUMAOWUX MEPPUMOPUATLHBIX 00WUH, Halaxcusanue 3ghgexkmuenozo ezaumoodeticmeus BILT u npu-
HUMAIOWUX MeppumopuaibHblx 0OWUH, OP2AH08 20CYOapCMEEHHON 61ACMU U OP2AHO8 MECIMHO20 CAMOYNPASILEHUA HA NPUHYUNAX

napmuepcmed, pe3yibmamom Komopozo cmanen 00CmMudICeHue COyuanbHo20 eOUHCMad.
Kniouesvie cnosa: svinydicoennvie 8HympenHue muepayuu, HympeHnHe nepemeujertvle 1uyd, npuHumaiowue oowunbl, npoone-

Mbl, UHmezpayus, a0anmayus.

The research problem statement. The problem
of forced internal displacement in Ukraine has be-
come extremely acute since 2014. Thus, according
to the departments of social protection of the popu-
lation in the regional state administrations and Kyiv
state administration there were 1 million 365 thou-
sand immigrants [5] from Donetsk and Luhansk re-
gions, the Autonomous Republic of Crimea and the
city of Sevastopol (3.2% of the total population of
Ukraine at the beginning of March 2019) [28].
Forced internal displacement on such a scale and of
such serious duration (5 years) raises complex is-
sues related to social adaptation and integration of
internally displaced persons into local societies.
These issues relate to the availability of workplaces
for migrants, housing arrangements, access to health
facilities, education, etc. Local communities that
have received a significant number of internally dis-
placed persons get an additional burden on a limited
local infrastructure, as well as a significant rise in
house and food prices, which are compounded by
low wages and difficulty in finding employment
[22]. All of this impedes the successful integration
of forced migrants into local communities.

In this regard, one of the priority tasks of the
state is to identify the main problems of the integra-
tion of internally displaced persons and to make
long-term decisions on their solution. As a result,
individuals who are now internally displaced, will
be able to successfully integrate into local commu-
nities. This will increase the level of their self-
sufficiency and independence, taking into account
interests of host territorial communities. Internally
displaced persons will no longer require specific
assistance and protection measures in connection
with their movement, will be able to exercise their
rights without restrictions on the level with other
citizens. An effective interaction with host commu-
nities, state authorities and local self-government
bodies will be based on partnership principles.The
result of this will be achievement of social uni-

ty [22].

The aim of the paper is to analyze the realities,
prospects and possible ways of solving the problems
of integration of Ukrainian settlers in the local
communities based on the analysis of the real situa-
tion and international experience in the regulation of
the situation with the internally displaced persons,
numerous studies of the forced migrations of foreign
and Ukrainian scholars.

Analysis of previous research. Peculiarities of
migrants’ integration into host communities are
studied not only by scholars of different fields (so-
ciologists, political scientists, lawyers, economists,
social geographers, etc.), but also by international
organizations and public associations. Problems of
adaptation and integration of internally displaced
persons in different countries (especially in Somalia,
Yemen, Libya, Nigeria) are studied by international
organization UNHCR (Office of the United Nations
High Commissioner for Refugees) [26].

International Organization of Migration in its
research "Reasons to remain (part 2): determinants
of IDP integration into host communities in Irag"
(2019) is studying steady integration of internally
displaced persons in the governorates of Baghdad
and Sulaymaniyah. During the 2014-2018 period,
these governorates have hosted many internally dis-
placed persons, among which few have retur-
ned [42].

International ~ organization  "The  Global
Knowledge Partnership on Migration and Develop-
ment" (KNOMAD) in 2017 has conducted a study
on the impact of internally displaced persons on host
communities in Colombia [34].

Investigation of forced resettlement in Georgia,
internally displaced persons attitude towards con-
flict, return and justice was conducted by the Cauca-
sian Research Resource Center (CRRC) in conjunc-
tion with Reconciliation Resources (CR) with the
financial support of the European Commission's
Instrument for Stability. The survey was conducted
in June 2010 among the internally displaced persons
of Abkhazia, who now live in the country's tempo-
rary collective settlement centers [36].

- 141 -



Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

The geography of international research on the
integration of internally displaced persons is ex-
panding. J. Crisp, formulating the concept of inte-
gration, studied local integration and local refugee
settlements [33]. B. Otabor and J. Shodeinde have
studied the social integration of the internally dis-
placed persons of Nigeria and the role of civic or-
ganizations in these processes. The study consist in
investigation of the consequences of an uprising on
the lives of internally displaced persons, the prob-
lems encountered by non-governmental organiza-
tions in securing the social integration of internally
displaced persons in local communities [44].

M. Aysa-Lastra has made a comparative analy-
sis of labor adaptation of internally displaced per-
sons on official and informal labor markets, using
data from an experimental census carried out in the
metropolitan area of Bogota (Colombia). It is con-
firmed that internally displaced persons are more
often unemployed or working in the informal sector
of the economy [31].

H. Young and K. Jacobsen have investigated
the adaptation of internally displaced persons in ur-
ban areas, on example of the province of Darfur
(Sudan) [46]. S. Fransen and O. Bilgili have drawn
attention to the insufficient research of the internally
displaced persons integration. They investigated
how various factors, such as the experience of repat-
riation and return conditions, affect the reintegration
of Burundi [35].

O. Arowolo proposed a programmatic approach
to achieving social and economic reintegration for
all categories of returning migrants. A clear list of
key elements for an effective reintegration program
is required, and governments should focus on the
institutional mechanism of integration, including the
establishment of a responsible authority or agency-
es [30].

N. Vrecer examines the processes of integration
of forced migrants from Bosnia and Herzegovina in
Slovenia. Due to spatial constraints special attention
is paid to economic, political and psychological in-
tegration [45].

Daniel V. Perrucci, Bianca A. Vazquez, Can B.
Aktas have studied how internally displaced persons
adapt to local climatic conditions at a new place of
residence, noting that assistance and temporary
housing should take into account the real needs and
desires of settlers to adapt to local climatic condi-
tions [40].

A sociological research of the peculiarities of
social adaptation and integration of internally dis-
placed persons in local communities of Ukraine was
conducted by "The Ukrainian Office of IFAK Insti-
tute International Research Agency" [41].

Problems of integration of migrants in Ukraine
were highlighted in the study "Internally Displaced

Persons: Social and Economic Integration in Host
Communities Based on Materials of Vinnytsia, Za-
porizhzhia, Ivano-Frankivsk and Poltava Regions"
in 2016 [24].

NGO "Youth Alternative" conducted a study
"Assessment of Problems of Psychological, Socio-
Economic Adaptation and Integration of Women
from Internally Displaced Persons into New Com-
munities (Vinnytsia, Lviv and Kyiv regions)", as-
sessing the problems of adaptation of migrant wom-
en to new living conditions, opportunities for inter-
action between internally displaced persons and lo-
cal authorities and host communities, suggestions
for power, etc. [3].

The CEDOS Analytical Center presents the in-
dex of integration of internally displaced persons in
20 Ukrainian cities, which was valued according to
three criteria; access to urban infrastructure, the
ability of authorities to respond quickly to migra-
tion, the interaction of local communities and mi-
grants [18].

In 2014-2015, scientific institutions of Ukraine
began to explore the problems of internally dis-
placed persons. In autumn 2014, the State Institution
"Institute of Economics and Forecasting of the Na-
tional Academy of Sciences of Ukraine", the
M. V. Ptukha Institute of Demography and Social
Studies of the National Academy of Sciences of
Ukraine, the Institute of Economic and Legal Stud-
ies of the National Academy of Sciences of Ukraine
and the Institute of Industrial Economics of the Na-
tional Academy of Sciences of Ukraine in coopera-
tion with non-governmental organizations of the
internally displaced persons (in particular, "Con-
gress of the East of Ukraine") have created a perma-
nent Forum on the resolution of internally displaced
persons problems. On the basis of the Forum in
2014-2015 two scientific conferences and a series of
"round tables" were held. Interim results of scien-
tific research were summarized in the National re-
port "Policy of Integration of Ukrainian Society in
the Context of Challenges and Threats of Events in
the Donbass" [21]. Scientific researches aimed at
solving the problems of internally displaced persons
were conducted simultaneously by scientists at uni-
versities, central and local government services and
authorities, as well as state (National Institute for
Strategic Studies) and non-governmental (for exam-
ple, Crimea-SOS, CEDQS), think tanks [25].

From the point of view of sociology, the prob-
lems of adaptation and integration of internally dis-
placed persons were handled by M. Sobolevska,
considering these problems in the context of the
processes that influenced Ukrainian society during
the last three years [43]. I. Titar explored the possi-
bility of interpreting the concepts of "adaptation of
internally displaced persons” and "integration of
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internally displaced persons" within the framework
of socio-cultural and resource-based approaches. He
reviewed the theoretical and practical dimensions
associated with the conditions for the abolition of
the immigrant's status [25].

From the standpoint of political science,
V. Antonyuk studied the problem of adaptation and
integration of internally displaced persons. The au-
thor identified the areas for improvement of socio-
economic policy regarding the more effective use of
the potential of the internally displaced persons for
solving their own problems and the development of
territorial communities [1].

N. Krakhmalova has proved that the over-
whelming part of the problems faced by internally
displaced persons in the process of adaptation re-
mains unresolved (among them the problem of
housing, employment, financial position, dissolution
of family ties, the problem of adaptation) [19].

M. Filak and Y. Zavadovska have analyzed the
state of socio-economic adaptation of settlers in host
communities, comparing the main intermediate fac-
tors of the integration of forced migrants [27]. In
addition, studies by S. Zadorozhna and I. Karpova,
which analyzed the state of integration ofinternally
displaced persons in local communities in the socio-
logical aspect, investigated the factors of integration
of internally displaced persons into local communi-
ties, identified the main problems of settlers and
their level of awareness of themselves as part of the
local community, intentions after the end of the con-
flict on the Donbass [8].

T. Dlugopolska investigated the role of interna-
tional and public organizations in the social adapta-
tion and integration of internally displaced persons
in host communities in Ukraine. Based on surveys
conducted in several regions of Ukraine (448 re-
spondents from six regions), the perception of the
majority of the population of migration as a chal-
lenge for social security was substantiated. Howev-
er, in general, tolerant attitude of local residents to
the internally displaced persons was recorded [6].

A. Dyachenko studied the ways to ensure the
integration of internally displaced persons in
Ukraine, considering its directions and possible re-
lief measures, in particular, housing and employ-
ment [7]. Expert of the Institute of Democracy by P.
Orlik V. Kipen points out that internally displaced
persons for the country, the state and local commu-
nities should not be an annoying problem but an
additional resource for development. The migrants
themselves are able to adapt in their host communi-
ties and be full citizens, overcoming the pain of loss
and the difficulties of living in new conditions. In
order to successfully integrate internally displaced
persons into local communities, the scientist pro-

poses to consolidate the efforts of the state and civil
society [29].

M. Zakirov emphasizes, that in view of the ex-
tent of resettlement and difficult economic and polit-
ical circumstances, lack of practical experience,
Ukraine is gradually moving towards the solution to
the problems of internally displaced persons due to
their successful integration into new communities
and creation of a social protection system for this
category of population [9,10].

At the end of 2018 in Ukraine the " Strategy for
the integration of internally displaced persons and
the implementation of long-term decisions on inter-
nal movement for the period up to 2020" was adopt-
ed at the legislative level. It is aimed at solving the
problem of the internal displacement of Ukrainian
citizens and their consequences, creation of effective
tools of state administration, meeting the urgent and
permanent needs of internally displaced per-
sons [23].

Consequently, the problems of socialization,
adaptation and integration of internally displaced
persons into host communities are extremely topical
and of concern to the international community. At
the same time, they remain insufficiently re-
searched, especially from the standpoint of human
geographers. Further research needs to improve the
concept and terminology of the study of the integra-
tion of internally displaced persons, in particular, the
clear delineation of the concepts of "integration™ and
"adaptation”, the development of integration criteria,
research on the integration of migrants in regions
and large cities, ways of successful integration of
internally displaced persons into host communities,
etc. The question remains as to who should be asso-
ciated with the internally displaced persons to inte-
grate into the local community: who considers him-
self integrated and does not intend to return to his
place of residence even after the end of the conflict,
that is, based on subjective criteria? Are those who
are considered integrated professionals (representa-
tives of non-governmental organizations, social
workers, local authorities, etc.), that is, taking into
account an objective assessment of integration?
Those who bought their own accommodation at the
place of movement? Those who have a sense of be-
longing to the community in their current place of
residence, that is, according to the criterion of iden-
tity? Or must all these criteria be taken into account
at the same time? There is no single answer to this
question.

Adaptation and integration of internally dis-
placed persons. An important task for any state
faced with the problem of internal forced displace-
ment is to ensure the adaptation and integration of
internally displaced persons.
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Adaptation is understood as the process of
adapting a migrant to new living conditions. Geo-
graphic, social, cultural, medical-biological, psycho-
logical and other types of adaptation are allocated
[20]. The notion of "adaptation” to forced migrants
means a process that lasts for a short period after
moving to a new location and involves the need to
survive the change in the place of residence and
adapt their lifestyles to new conditions [25].

Integration is the final stage of the migration
process. This is the process of deep embedding of
the migrant into the host society by the state-

established integration model: multiculturalism, in-
tegration, assimilation or segregation [20].

In general, two theoretical and methodological
approaches to understanding of the adaptation and
integration of the internally displaced persons — so-
cio-cultural and resources (Table 1) can be distin-
guished. The socio-cultural approach pays more at-
tention to the inner world of internally displaced
persons, subjective dimensions of adaptation and
integration, resources approach — to the external at-
tributes of internally displaced persons and, accord-
ingly, the objective parameters.

Table 1

Theoretical and methodological approaches to understanding of the adaptation
and integration of internally displaced persons (compiled by [25])

and the need to adapt to another
culture, including finding a way to
coexist the identity of the internal-
ly displaced persons with the iden-
tities of the surrounding groups.
The measure of adaptation of the
internally displaced persons is to
overcome the psychological stress
caused by the fact of moving to a
new place of residence.

Approach Adaptation Integration
Socio-cultural  ap- | overcoming shock from changing | the convergence of identities of internally
proach the habitual cultural environment | displaced persons and communities, among

whom live internally displaced persons, the
establishment of communication and the
formation of harmonious cultural forms be-
tween forced migrants and all other members
of society. The process of such convergence
can be both one-sided (assimilation) and two-
way (multiculturalism). Signs of integration
in this approach are the convergence of cul-
tural and social distances between the inter-
nally displaced persons and the rest of the
groups. The success of integration is evi-
denced by the number of conflicts and ten-
sions between the internally displaced per-
sons and the host community, the importance
of the social distance.

Resources approach
(in the broad sense
it can also be called
"economic")

adapting to the loss of a significant
part of the resources that had inter-
nally displaced persons before to
move, as well as access to re-
sources in a new location. For the
first time, the approach was clearly
presented by anthropologist B.
Harrell-Bond [37].

The measure of adaptation of the
internally displaced persons is to
obtain information on the availabil-
ity and location in the new place of
residence of the resources neces-
sary to maintain "life" (housing,
food, sources of income (wages,
business income, social benefits),
health care, educational institu-
tions, transport and communica-
tions, etc.).

setting up and harmonizing the sharing of
resources between the internally displaced
persons and the host community. According
to the widely used study of migrants (refu-
gees) by B. Harrell-Bond, integration is de-
fined as "... a situation in which receiving
communities and refugees can co-exist, shar-
ing the same resources (both economic and
social) without more mutual conflicts than
those that exist in the host community" [37].
In measuring the success of integration, at-
tention will be drawn to the socio-
demographic and economic well-being of
individuals and families who have migrated.
In addition, an indirect but important indica-
tor may be the percentage of internally dis-
placed persons that did not remain at the ap-
propriate place to which they moved [32].

In Ukrainian conditions, taking into account the
fact that there are in fact no significant differences
in culture and identities between the internally dis-

placed persons and the communities that host them,
the socio-cultural approach is less relevant. The
same as in the world, the resources approach may be
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more relevant. At the same time, the socio-cultural
approach will be more relevant for some groups that
really differ significantly in their culture and identity
(for example, Roma from the Donetsk region or tra-
ditionalist-minded Muslim communities in the AR
Crimea). Therefore, it is advisable to use synthesis
of both approaches and to check which ones are
more appropriate for specific groups and conditi-
ons [25].

Full integration will take 5-10 years [18]. The
Office of the United Nations High Commissioner
for Refugees identifies three forms of integration:

1) local integration at the place of displace-
ment;

2) integration in a new location;

3) return and reintegration [26].

These are three possible ways of migrating
from a temporary vulnerable state to a state where
the needs caused by its forced displacement are gen-
erally satisfied. The choice of this path is not made
by the state, but by every person respecting freedom
of movement, private and family life, the prohibi-
tion of discrimination, and taking into account other
rights and freedoms. In order to ensure the proper

implementation of such an election of internally

displaced persons, the state must create the right

conditions [23].

Regarding the interaction between forced mi-
grants and the local population, three categories can
be distinguished:

e integration and interaction (the result; internally
displaced persons is the driving force of re-
gional development);

e partial interaction (internally displaced persons
are successfully integrated, but practically do
not affect on the development of host commu-
nities);

o disintegration (the local population is negative-
ly related to the internally displaced persons,
which leads to conflicts and discrimination, the
emergence of new geopolitical faults).

Level of integration of internally displaced
persons of Ukraine into the local communities. As
of the end of 2018, 50% of Ukrainian internally dis-
placed persons reported that they were integrated
into local communities, 34% — partly integrated, and
14% — that they were not integrated (Figure 1).

B Yes
Partly
B No

B No response

Fig. 1. IDPs’ self-assessment of their integration in the local community by December 2018,
% of respondents (compiled by [16])

With regard to regional features in general, it
can be noted that the level of integration increases
with the distance from the territory of the conflict.
Accordingly, the lowest level (43%) is observed on
Donbas territories controlled by Ukrainian authori-
ties (Figure 2). This can be explained by the fact
that the internally displaced persons who from the
very beginning intended to return to their places of
residence after the end of the conflict and have not
changed it to this day migrated to the adjacent tem-
porarily occupied territories of Donbas region.

Despite the fact that 5 years have already
passed, such migrants consider their current place of
residence as temporary and do not take any action to
integrate into the local community.

Self-assessment of the internally displaced per-
sons as to integration into local communities has
had negative tendencies over the last one and a half
years (Figure 3). While in mid-2017 about 11% of
immigrants reported on non-integration into local
communities, at the end of 2018 there were already
14%. Accordingly, the level of integration of mi-
grants has decreased from 56% to 50%. This may
indicate an accumulation and exacerbation of inter-
nally displaced persons problems due to the lack of
long-term solutions to their problems, which im-
pedes the successful integration of forced migrants
into local communities.

The self-assessment of internally displaced per-
sons integration is subjective and substantially ex-

- 145 -



Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

porty I 37
o [ 22

No response I 3

Mo response I 3

ves I 7
Partly 20
Mo 10

Mo responsa g

ves | +:
Partly [ =7
No [ 17

Mo response I 3

ves | -
parey [ 5
Mo .T

Mo response |1

Fig. 2. IDPs’ self-assessment of their integration in the local community by regions of Ukraine
by December 2018, % of respondents [16])
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Fig. 3. Dynamics of IDPs’ self-assessment of their integration in the local community
during March 2017 — December 2018, % of respondents (compiled by [16])

ceeds the objective assessment provided by compe-
tent persons (representatives of non-governmental
organizations, social security workers, local authori-
ties, educational institutions, healthcare facilities,
etc.) who work closely with forced migrants (Fig-
ure 4-5).

Conditions for the successful integration of
internally displaced persons into local communi-

ties. Main conditions for the successful integration
of internally displaced persons are housing (87%),
permanent income (77%) and employment (48%).
Other commonly mentioned conditions were family
and friends in the same place (44%), access to social
services (38%), community support (29%), easy
access to documents (18%) and the possibility to
vote on local elections (13%) [16] (Figure 6). But
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Fig. 4.

Objective assessment of IDPs’ integration in the local community by December 2018,

% of respondents (compiled by [16])
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Fig. 5. Dynamics of objective assessment of IDPs’ integration in the local community
during June 2017 — December 2018, % of respondents (compiled by [16])

these are only formal indicators of successful inte-
gration. Deep factors include, in particular, the iden-
tity, mental characteristics of the receiving society.
But this issue, due to its complexity, requires a much
longer and more detailed study.

Self-assessment of internally displaced persons
integration into local communities most closely cor-
relates with a sense of trust in the local population,
with the frequency with which they turn to local
people for help in everyday affairs, as well as with a
sense of belonging to people at their present place of
residence (Figure 7-9).

Problems of integration of the internally dis-
placed persons in Ukraine. According to the "Strat-
egy for the integration of internally displaced per-
sons and the implementation of long-term decisions
on internal movement for the period up to 2020"
[22], the most common problems of internally dis-
placed persons integration into local communities
are:
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social uncertainty of the internally displaced
persons because of the continuation of the in-
ternational armed conflict, lack of opportunities
to find decent housing and to equip their every-
day life in a new place;

preserved risks of social exclusion of internally
displaced persons in the workplace due to the
inadequacy of qualifications for local labor
markets, lack of jobs in the specialties on which
the migrants have the appropriate qualifications
and professional experience;

limited financial resources of territorial com-
munities to address the issues of access of in-
ternally displaced persons for quality living
conditions, medicine and education, vocational
training (retraining);

risk of poverty for able-bodied migrants due to
problems with access to local labor markets
and/or lack or low incomes, in particular from
entrepreneurial and individual activities;
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o ineffectiveness of legal mechanisms for the
protection of rights, including the mechanism
for confirmation of acts of civil status, and the
lack of an effective network of assistance to in-
ternally displaced persons in the regions [22].
The greatest obstacle to the involvement of in-

ternally displaced persons in the life of a territorial
community is lack of their own housing, the prob-
lem of obtaining social services and the problem of

employment. These issues were discussed in detail
in the articles "Forced internal displacement in
Ukraine: realities, socio-economic problems, per-
spectives” [38] and "Migration Challenges of the
21st Century: The Experience of Ukraine" [39]. In-
terestingly, some ways to address these problems
create additional barriers to the integration and so-
cial adaptation of internally displaced persons in
host communities. This applies, in particular, to
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Fig. 6. IDPs’ conditions for integration in the local community
during March 2017 — December 2018, % (compiled by [16])
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Fig. 7. IDPs’ level of trust towards the local population in their current place of residence, %
(compiled by [16])

-148 -



BicHuk Xapkiecbk020 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

22

21

20

December 2018
14
September
2018
13
June 2018
{4
March 2018
0%

20%

40%

L2

80%

60%

100%

W Always

B Frequently

m Occasionally
Rarely
Never

M Do not know / No
response

Fig. 8. Frequency of IDPs’ reliance on locals for everyday favours, in the past six months
(compiled by [8,12,16,17])

) a W Very strong
December 2018 M Strong
15 5
m Moderate
September 2018 4
| 5 m Weak
June 2018 4 Very weak
i 2
W No sense of belonging
March 2018 4
. . . ./ . M Do not know / No
0% 20% 40% 60% 80% 100% response
A. Community in your current place of residence
) 3 W Very strong
December 2018 3 B Strong
i 5
® Moderate
September 2018 3
111 3 = Weak
June 2018 3 Very weak
1 |15 3
B No sense of
March 2018 belonging
. . . ./ . B Do not know / No
0% 20% 40% 60% 80% 100% response

B. Community in your former place of residence

Fig. 9. Strength of IDPs’ sense of belonging to community in current/former place of residence, %

(compiled by [16])

-149 -




Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

creation of places of compact residence of settlers,
that is, specially created settlements, modular towns
for internally displaced persons. Living in them
through an isolated situation and perceptions by mi-
grants as a temporary residence is an additional in-
tegration barrier. We should also pay attention to the
problems that arise because of the continued receipt
of social assistance benefits. The experience of the

countries has shown that receiving more than 10

years of social assistance has made of settlers the

inert people [2].

One of the issues in the integration of the inter-
nally displaced persons into the territorial communi-
ties is to enable them to exercise their electoral
rights at local elections held in the territorial com-
munities of their permanent residence [22].

Major obstacle for successful integration of in-
ternally displaced persons into local communities is
the manifestation of discrimination. According to a
regional research "Problems of adaptation and em-
ployment of internally displaced persons in Luhansk
region", conducted by the Institute of development
and social initiatives in January-February 2015, one
third respondent noted that they personally encoun-
tered with "manifestations of discrimination in em-
ployment, rent or other households situations" [41].
In December 2018, 5% of the internally displaced
persons reported about discrimination or unfair
treatment in relation to their status. This was mainly
related to housing (31%), health (31%), employment
(30%), interaction with the local population (26%)
and receiving administrative services (21%) [16].

Measures of successful integration of inter-
nally displaced persons into host communities. To
integrate immigrants into host communities, it is
necessary to carry out the following measures:

e formation and implementation of organization-
al and managerial principles of effective inte-
gration of internally displaced persons, devel-
opment of social cohesion, strengthening of so-
cioeconomic security and sustainability of host
communities and internally displaced persons;

e ensuring the development of regional (local)
programs and plans taking into account the
needs of the internally displaced persons;

e monitoring the state of integration of the inter-
nally displaced persons in the host communities
and assessing their needs;

e creation of favorable conditions for the devel-
opment of youth from internally displaced per-
sons in host communities;

e providing support from the state budget to local
budgets of host communities, taking into ac-
count the actual number and needs of internally
displaced persons living in these communities;

e establishment and continuous functioning of
the mechanism of inter-sectoral interaction

(health, psychological and social support, pub-
lic order protection, legal assistance) and inter-
action with the public in order to further
strengthen capacity and coordinate activities on
responding to gender-based and other forms of
violence;

¢ making changes to the legislation in order to
include the internally displaced persons in the
registers of the host communities to which they
have moved;

e developing a mechanism for the implementa-
tion of electoral rights of the internally dis-
placed persons at local elections held in host
communities of their permanent residence;

e conducting an information campaign to high-
light the positive experience of the integration
of internally displaced persons;

o development of a system of psychological and
social assistance for solving common issues of
host communities and internally displaced per-
sons;

e development of advisory mechanisms to in-
volve local governments and local self-
government bodies in decision-making pro-
cesses, dialogue between them and the internal-
ly displaced persons, as well as between the lo-
cal population and internally displaced persons;

e conducting training in host communities to es-
tablish an effective dialogue between internally
displaced persons and local executive authori-
ties and local self-government bodies;

e implementation of decentralization projects
taking into account the interests of internally
displaced persons in host communities to
strengthen trust between the state and host
communities by strengthening collegial, inclu-
sive and accountable governance processes;

e attracting international technical assistance to
increase the capacity of host communities to re-
spond to internal displacement;

e introduction of effective financial and credit
mechanisms for supporting the business of in-
ternally displaced persons, which will positive-
ly influence the economic development of host
communities [22].

An important component of the social integra-
tion of migrants is their interpersonal communica-
tion with local residents of host communities, their
inclusion in local customs and traditions, joint cul-
tural and artistic activities, etc. There is a necessity
to implement social projects such as the social ini-
tiative "New neighbors™ to integrate migrants into a
new social environment, open points of psychologi-
cal help, etc. [24].

According to the report of National Monitoring
System by socio-economic characteristics of inter-
nally displaced persons, their households and the
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challenges they faced on, 22% of internally dis-
placed persons are planing to return to their previous
residence after conflict, another 21% allows for this
opportunity in the future, and 36% do not intend to
return. However, only 1% of internally displaced
persons surveyed said that they intended to return in
the near future, 19% were unable to answer. Among
the internally displaced persons who do not plan to
return to their places of residence are those who cur-
rently reside beyond the territories of Ukraine. Al-
most half of the displaced persons visited the territo-
ry not controlled by Ukraine after their displace-
ment. The reasons by which displaced persons visit
uncontrolled territories after moving are visiting and
maintaining housing, visiting friends or family,
moving property, special events such as weddings
and funerals, exploring return, property transactions
—sale, rent [14].

Implementation of reintegration measures and
the return of internally displaced persons to their
places of residence is only possible if the temporari-
ly occupied territories are returned to the control of
Ukraine. To do this, the following measures are re-
quired: ceasefire, establishment of "regime of si-
lence"; de-occupation; restoration of work of admin-
istrations, action of the Ukrainian legislation, return
to circulation of the national currency, social protec-
tion of the population; activation of information
support resources in Donbass; measures for infor-
mation and psychological orientation among the
population, internally displaced persons, service-
men, etc. [4]. In the face of such events and activi-
ties the number of internally displaced persons will
decline rapidly.

Conclusions. Nowadays, Ukraine, with its 5-
year experience of forced internal displacement of
huge masses of people, has faced the necessity of
making long-term decisions related to social adapta-
tion and integration of internally displaced persons
into local societies.

Adaptation and integration of internally dis-
placed persons is a complex process. It combines
many aspects that are studied by scientists from dif-
ferent fields — psychologists, sociologists, anthro-
pologists, economists, political scientists, social ge-
ographers, and others like that. In this regard, there
are many approaches to defining the concepts of
"adaptation of internally displaced persons" and "in-
tegration of internally displaced persons”. At the
same time, the main scientific problem is the lack of
established criteria for the integration of immigrants
into local communities. The socio-geographical ap-
proach to the definition of the specifics of the inte-
gration of the internally displaced persons is based
on statistical data and sociological surveys, takes
into account the basic needs and problems of mi-
grants and their families, labor and intellectual po-

tential, which in the end allows developing the di-
rections of the regional migration policy aimed at
the consideration of the internally displaced persons
as a potential of the development of host commu-
nities.

Due to the discussion of the issue the data on
the success of the integration of Ukraine's internally
displaced persons is very different. Research has
shown that the main problems faced by most inter-
nally displaced persons are the lack of sufficient
livelihoods and the uncertainty of housing pro-
spects. To this should be added difficulties in the
implementation and protection of their rights, in-
cluding property rights, access to normal housing,
the restoration of lost documents on the citizenship
of Ukraine and the special status of a person, the
restoration of livelihoods, the impossibility in many
cases to exercise their electoral rights, etc.

Most of the measures taken up to now were
immediate response measures that were unsystemat-
ic and did not aim to provide long-term solutions for
internal displacement. At the same time, long-term
solutions aimed at providing housing, employment,
social integration of forced migrants, realization of
the positive potential of forced domestic migration,
taking into account the particularities of individual
regions and international experience that will ensure
adaptation and socio-economic development, will be
a priority area in the policy on internally displaced
persons for the near future [22].

We believe that local authorities should consol-
idate their efforts with government agencies and
civic organizations for successful integration of mi-
grants. This concerns identification of the immediate
needs of internally displaced persons, search for op-
portunities for their legal support, attraction of atten-
tion to the psychological problems of immigrants,
appropriate assistance, the search for a compromise
between the internally displaced persons and the
local population, creation of opportunities for hous-
ing and work. Host communities need to perceive
migrants as a resource for their socio-economic de-
velopment, and internally displaced persons, in turn,
should want to become members of a new com-
munity.

With the return of temporarily occupied territo-
ries under the control of Ukraine, restoration and
peacebuilding in the eastern regions, some of the
migrants will return to their places of residence, so
their numbers will reduce by the displacement of
those immigrants who have not been able to inte-
grate successfully in the host communities.

We emphasize the need for further integrated
studies of adaptation of internally displaced persons
on an interdisciplinary basis. An important task is to
identify migrants’ problems and ensure their imme-
diate needs. For further research it is necessary to
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establish a common terminology base, the concepts Factors, influencing their successful inte-
of "integration™ and "adaptation", as well as integra-  gration.
tion criteria for immigrants and to identify
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INTEGRATION OF INTERNALLY DISPLACED PERSONS
OF UKRAINE: REALITIES, PROBLEMS, PERSPECTIVES

Purpose. The article discusses the realities, problems and perspectives of internally displaced persons in
Ukraine. The aim of the study is to justify the realities, problems and possible solutions to the problems of
integration of Ukrainian IDPs into local communities.

Scientific novelty. The article discusses theoretical and methodological approaches to understanding the
adaptation and integration of IDPs, forms of integration, the category of interaction between forced migrants
and the local population. The level of integration of IDPs into local communities in Ukraine has been inves-
tigated.

Results. Self-assessment of IDPs for their full integration into local communities as of December 2018
is 50%. The self-assessment of IDPs of their integration into local societies by regions of Ukraine has been
analyzed. The most integrated are the migrants of the southern, central and northern regions (Mykolaiv,
Kherson, Kirovohrad, Poltava, Cherkasy, Sumy) — 70%, the least integrated IDPs in the eastern regions
(Luhansk, Donetsk) — 43%.
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The dynamics of self-assessment of IDPs of their integration into local societies was analyzed during
March 2017 — December in 2018 and it is certain that during 2018 the self-assessment of full integration of
IDPs tended to increase (increased from 38% to 50%). An objective assessment of the integration of IDPs
into local societies, where the majority of IDPs (63%) are partially integrated, is presented. The dynamics of
assessing the integration of IDPs into local societies during 2017-2018 has been studied. and it was found
that the level of full integration in 2018 was almost 2 times less than in 2017 (24-27% versus 45-58%).

The conditions for successful adaptation of IDPs are defined, the main ones being housing (87%), per-
manent income (77%) and employment (48%). The level of trust of IDPs to the local population in the cur-
rent places of residence of IDPs, the frequency of IDPs' requests to local residents for help in everyday life,
the level of belonging of IDPs to the society in their current and past place of residence.

Problems of integration of IDPs are identified. The biggest obstacle to attracting IDPs into the life of the
territorial community is the lack of own housing, the problem of obtaining social services and the problem of
employment. For successful integration of IDPs into host communities, a number of activities are proposed,
among which are the formation and implementation of organizational and management principles for the
effective integration of IDPs, the restructuring of social cohesion, the strengthening of socio-economic secu-
rity and resilience of host societies to IDPs, the development of regional (local) programs and plans, taking
into account the needs of IDPs and others.

Practical significance. The results of this study can be used by the Ukrainian authorities at the state and
regional levels to solve the problems of IDPs in Ukraine.

Keywords: forced internal migrations, internally displaced persons, host communities, problems, inte-
gration, adaptation, reintegration.
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Y3ATAJIBHEHHSI CEPEJHHLOI'O PIYHOI'O CTOKY BOJU PIYOK
BIAMOBIJHO JO T'IPOI PA@IYHOIO PATOHYBAHHSI YKPATHU

IIposedena oyinka ma y3a2anbHeHHs CePeOHbO20 PIUHO20 CMOKY 600U PIUOK VKpainu, OCHOBHUX CIAMUCMUYHUX NAPAMEMPIE
11020 OazamopiuHOTi MIHAUBOCMI, OOCHIONCEHO 3ANEHCHOCIE HOPM CePeOHIX PIUHUX eumpam 800U PIHOK 6i0 niowi ix 6000360pie 6
Medncax piukogux bacetinie ma cyboacetinie 8ionogiono 00 I iopoepapiunoeo pationysanus Yxpainu.

Jocniosicenns tpyHmyeanocs Ha oopooyi cepeOHbopiuHux sumpam 600u 3 294 ciopomempuynux nocmis Ha piukax Ykpainu 3
nouamky cnocmepexcenv 00 2015 poky exniouno. 83 % nocmie maioms nepioou cnocmepedicennsi > 50 poxis, i minexu 17 % marome
< 50 poxis. Ananiz 8iOHOCHUX 3HAUEHb cepeOHell K8aOPAMUYHOT NOXUOKU Y BUSHAYEHHI HOPM CepeOHbOPIUHO20 CIMOKY PItoK Yrpainu
nokasae, wo 8oHu 8 noHad 50% eunaoxie sminromsca 6i0 2,5% 0o 5%, npubnusmno 6 43% eunaokie — 6i0 5% oo 10%, modomo, &
nepesaoicuiti dinouwocmi (93%) ne nepesuwyye meoici 5-10%. Lle cgiouums, wo paou cnocmepedsicensb 88axdCarOMbCs penpe3eHmamis-
HUMU MA PO3PAXOBAHI 3HAYEHHS HOPM OOCMAMbO CMABIIbHI 0N NPAKMUYHUX PO3PAXYHKIG.

AHaniz npocmoposux 3miH HOpM CepeoHix PIYHUX MOOYIIE CHOKY 600U PINOK YKpaiHu nokazas, wo HA PIGHUHI IX 3HAYEHHS 8a-
pitoroms 6id 12,6 1 - ¢ 1 - xm "2 6 6aceiini piuku Bicau 00 0,1-0,2 1 - ¢ =1 - xm ™ 2 6 6aceiini pivox Yopnozo mops, modbmo chocmepiza-
emuvcsa ix aMeHuents 3 RiGHIYHO20 3aX00y Ha nisdennull cxio i nigdens. Haiibinowiuti 3uavenns (34-39 1 - ¢~ - ku ~ 2) gixcyromocsa na
Hesenuxux 2ipcokux 8000360pax Kapnamcokux i Kpumcokux 2ip. Koeghiyienmu éapiayii cepednboeo piunozo cmoxky 600u 0iis pivox
bacetinie ma cyobacelinie Ha pigHUHHOL Yacmunu Yxpainu 6 nepesasicroi 0invuwocmi snaxoosmuvcs 6 medcax 0,23+0,65, 0na cipcokux
obacetinis 0,20+0,45. Koegiyicumu acumempii maromo, 6 0CHOBHOMY, 015 6ciei mepumopii Yxpainu Hegucoxi 000amHi 3HaUeHHs, o
C8IOUUMb NPO NOMIPHO-ACUMEMPUYHULL PO3NOOLN Y HOCTIOOBHOCMAX CEPEOHO2O PIUHO20 CMOKY 800U OOCTIONCYBAHUX PIUOK.

Knrwuoei cnosa: piuku Yrpainu, ciopoepaghiune pationysanns Ykpainu, cepeoniii piynuti cmix 600u pivox, CMamucmuyti na-
pamempu po3nooiny.

A. I Oo0o0oeckuii, O. H. Jlykvaney, C. A. Mockanenko, B. A. Kopnuenxo. OBOBIEHUE CPE/JHEIO I'O/0BOIO
CTOKA BOJbI PEK COOTBETCTBEHHO C THPOTPA®HYECKHM PAHOHHPOBAHHEM YKPAHHBI. IIposeoena
oyenka u 0606wenue cpedneco 20006020 CMOKA 800bl PeK VKpauHvl, OCHOBHIX CIMAMUCMUYECKUX NAPAMEMPO8 €20 MHO20NemHell
UBMEHYUBOCTNU, UCCTEO08AHBL 3ABUCUMOCIIU HOPM CPEOHUX 20008bIX PACX0008 800bl PeK OM NIOWAOU UX 8000COOPO8 8 npedenax
peunvix baccelinog u cyboaccelinog 8 coomeemcmauu ¢ I uopoepaguyeckum pationuposanuem Yxpaunoi.

Hccnedosanue ocnogvieanoc Ha obpabomre CpeoHe20008uUxX pacxo0o8 800bi ¢ 294 eudpomempuueckux nocmos Ha pexax
Yxpaunei ¢ navana nabniooenuii 0o 2015 200a sxaouumensvho. 83% nocmos umeiom nepuodst Habmooenus > 50 nem, u monvko 17%
umeiom < 50 nem. Ananuz omHoCUmMeNnbHbIX 3HAUCHUT Cepednell K8AOPAMUYHOU OUUOKU 8 ONPedelleHUU HOPM CPEOHE20008020 CMOKA
pex Yrpaunwvl noxaszan, umo onu 6 6onee 50% cuyuaes uzsmensiiomes om 2,5% oo 5%, npumepno 6 43% cayuaes - om 5% 0o 10%, mo
ecmo, 6 6onvuwuncmee (93%) ne npesvruaem npedena 5-10%. Omo ceudemenvcmayem, umo psadsl HAOAIOOEHUT CYUMAIOMCSL penpe-
3EeHMAMUEHBIMU U PACCHUMAHHbLE 3HAYEHUSL HOPM 0OCMAMOYHO CMAOUNbHbL OJisl NPAKMUYECKUX PACYEmos.

AHanuz npoCcmpancmeeHHbIX USMEHEHUL HOPM CPEOHUX 20008bIX MOOYIEl CIMOKA 800bl peK YKpauHvl NOKA3AJ, YMo HA PAGHUHE
ux snauenus eapvupyiom om 12,6 1-c" - xm -2 ¢ bacceiine pexu Bucnvl 0o 0,1-02 1 - ¢t - xm " ? 6 bacceiine pex Yepnozo mops,
m.e. HAbIIOOAEMCA UX YMEHbULEHUe C ce6epo-3anadd Ha 1020-60cmok u 102. Hatibonvwuue snavenus (34-391 - ¢~ - km ~ %) guxcyrom-
cs1 Ha Hebobuwux 20pHulX 8000cbopax Kapnamckux u Kpvimckux cop. Kosghgpuyuenmol eapuayuu cpeore2o 20008020 CnoKa 600bl
o0na pek bacceiinog u cybbaccelino8 Ha pasHuHHOU Hacmu YKpaunvl y nooagisioujem OOIbUWUHCINGE HAXOOAMCA 8 npeoenax
0,23+0,65, onsa copuvix b6acceiinos 0,20+0,45. Koaghpuyuenmor acummempuu umerom, 6 0OCHOBHOM, OJisl 6Cell meppumopuu YkpauHol
HeBbLCOKUE NONOJCUMETIbHbBLE 3HAUEHUS], YMO CBUOemeNbCmayem 06 yMepeHHO-ACUMMEMPULHOM PACAPeOeeHUU 8 NOCIe008aMeNbHO-
CMAX CpeoHe2o 20008020 CMOKA 600bl UCCIE0YEMbIX DEK.

Knioueswie cnosa: pexu Yxpaunul, cuopoepapuueckoe pationuposanue YKpaunvt, cpeoHuti 200060t CMOK 800bl peK, CIamu-
cmuieckue napamempbl pacnpeoeieHusl.

IocTanoBka nmpo6Giaemu. [[iist TiAPOJIOTIYHOTO  KUM, KM BU3HAYAE PUTMIKY HAJXO/PKEHHS BOIU B
PEXHUMY DIYOK BaroMe 3HAYEHHS Ma€ BOIHUM De-  DIUKK 3 IOBEPXHI IX OaceiiHiB. BomHwuii pexum pi-

© Oboooscvruii O. I, Jlyk aueys O. 1., Mockanenxo C. O., Kopnienxo B. O.
https://doi.org/10.26565/2410-7360-2019-51-11
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BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

YOK HE 3aJIMIIAIOTHCS NOCTIMHHUMH, BiH CXWJIbLHHH
JI0 TIOMITHUX 3MiH K B MEXaxX OKPEMHX POKIB, Tak
1 OaratopiuHoMy po3pisi. CepenHiii GaraTopiuHuit
CTiK (HOpMa PIYHOTO CTOKY) BOJIHU PIYOK € OCHOBHOIO
1 CTIMKOIO XapaKTEPHCTHKOIO, 10 BU3HAYAE 3araiib-
Hy BOJIOHOCHICTH PIYOK Ta TOTEHIIIHI BOAHI pecyp-
CH JaHOTrO OaceifHy YW MeBHOro perioHy. B sxocti
OCHOBHOI CTOKOBOi XapakTEPUCTUKH MNPUUMAETHCA
sutpara Bomd (M°- ¢ 1). Jlna KimbKicHOI OLiHKH
PIYKOBOTO CTOKY BOIH, KpiM BHTpAT BOAU B 3aJICK-
HOCTI BiJf TIOCTaBJICHHUX 3aBJaHb 3aCTOCOBYIOThCS U
iHIII CTOKOBI XapakTepucTHKU — 00’em (M3, kM1),
momyab (11 - ¢ 1+ kM ~2), map (Mm) croky. Cepenniii
0araTopiyHUI CTIK BOIU PIYOK € CBOEPIIHUM «Tif-
POJIOTIYHUM €TaJIOHOM», BITHOCHO SIKOTO PO3pPaxo-
BYIOThCSI CTaTHCTHYHI IapaMeTpH, WMOBIpHICHUI
PO3MOMIN CTOKOBUX TOKa3HHKIB pi3HOI 3abe3meue-
HOCTI 1 Ma€ Ba)XXJIMBE MPaKTHYHE 3HAYCHHS TIPU Pi3-
HUX BHJAaX BOJOTOCIIOAAPCHKOTO IMPOEKTYBaHHS:
cTparerii pamioHaJTbHOrO BUKOPHCTAHHS W OXOpOHU
BOJIHHMX pECypciB, TUIaHYBaHHI Ta peasizaiii Boxo-
TOCIOAAPCHKUX 3aXOAiB BON03a0€3MEYCHHS, OINTH-
MaJIEHOTO PETYTIOBaHHS PIYKOBOTO CTOKY, MPOTHIIA-
BOJIKOBHUX 3aXOIB TOLLO.

AHaJi3 monepeaHix J0CTiIKeHb Ta my0JiKa-
niii. 3 BWINE3a3HAYEHOTO BUILIMBAE, MO CEPEAHIN
pivHUI CTIK BOJM € OHIEIO 3 OCHOBHUX XapaKTepH-
CTHK PIYKOBOTO CTOKY, TOMY IOCIiIKEHHIO TIPOCTO-
POBHX 3aKOHOMIPHOCTEI BOJHOTO CTOKY PIdOK 3aB-
XKW TIPUIISUIACH yBara, 0COOJIMBO, B Mipy HaKOIH-
YeHHS! JaHUX TiAPOMETPUYHHUX CIOCTEPEKEHb, IO
CHPUSTIO OUTBII PETENFHUM WOTO JTOCIIKEHHSM,
OOTPYHTOBAaHMM pO3paxyHKaM Ta BHCHOBKaM. [lep-
i€ y3arajlbHEHHS CEPEeHbOTO PIYHOTO CTOKY JUIS
E€spornelicekoi yactuan PagsgHcbkoro Coro3y BHKO-
Hato /1. I. Kouepiaum y 1927 p. B pobori [1]. ¥V 30-
70-x pokax MHUHYJIOTO CTOJITTS 0araro HayKOBHX
PO3pOOOK MPHUCBSIYCHO HE TINBKH MPOCTOPOBUM 3a-
KOHOMIPHOCTSIM CEpEeIHBOTO PIYHOTO BOJHOTO CTO-
Ky, a i kiacudikaiii pidok, TipoJoriyHOMYy paiio-
nyBanHio CPCP, a Takox MeTOaM BHUBYCHHSI CKJIa-
JIOBUX  BomHOro Oamancy. lLlum  3aiimanmcs
M. L. JIsBoBHu [2, 13], B. JI. 3aiikoB B.A. [3], B. A.
Tpoiupkuii [4], I1. C. Ky3in [5] Ta in. Pazom 3 Tum,
YKPaiHCBhKI TigPOJIOTH BHUKOHYBAJM JOCIHIIKEHHS
OKpeMo i 1iist Teputopii Ykpainu —y 1962 p. 3a pe-
nakiiero I 1. IIsers Buiinmia kaura «ligposoriyti
pO3paxyHKu Juis pidok Ykpaium» [7]. ImaBa i€l
KHUTH «P0O3paxyHOK pi4HOrO CTOKY i pO3MOofis Horo
B polli» Oylia MiJIrOTOBJICHA BIJOMHUMH YKPaiHCHKH-
Mmu rigponoramu A. b. Kpmxkaniscskoro, I O. Yin-
minr [6], M. A. Xenesusxkom. Y 1eii xe mepion
(mpotsirom  1966-1971 pp.) BWAAIOTBECS  BUITYCKH
«PecypciB nosepxaeBux Bog CPCPy», B skux HaBe-
JICHO JIeTallbHI XapaKTepUCTUKU CEPEeHhOr0 PiYHO-
TO CTOKY piduok Ykpainu [8-12].

B cydacHwmii mepion moA0 TOCTiKEHHS Cepel-
HBOTO PIYHOTO CTOKY BOTU PIYOK YKpaiHH MOKHA
BiMITUTH HaykoBi nparii B. | BumaeBckkoro., O. O.
Kocosiu [14, 15], monorpadito B. B. I'pedens [18].
OcTaHHi TPYHTOBHI JOCIIIKEHHS XapaKTEPUCTHK
CepeqHBOr0 PIYHOTO CTOKY CTOKY pi4OK YKpaiHu Ta
ix OaraTopiuHOi MIHJIMBOCTI HABEICHO Yy JUCEPTa-
miHIE podoTi JI. O. I'opbavosoi [23], ne npoanami-
30BaHa BigmoBigHa iH(MOpMamiiHa 0a3a maHWX BiX
noyarky crocrepexxers 10 2010 p. Bkmtouno. Posr-
JSAAI0ThCA  XapaKTEPUCTUKU CEPEAHBOrO PIiYHOrO
CTOKY BOAM OKPEMHX PIYOK UM OKPEMHX PIYKOBUX
OaceiiHiB YkpaiHu B HU3I NyOJiKalildi OCTaHHIX
pokis H. C. Jlobomgu, €. /1. [onuenka, C. B. Menb-
muka, 0. B. Boxok, [17, 19, 20], O.T. O6omoBCh-
koro [28, 32, 33], O. I. JIyk’siweus [22, 24, 29, 30,
33, 34], 10. O. Yopuomopein [24], O. C. Konogsa-
nenko [28, 29], B. O. Kopwuienko [28, 30, 32], C.O.
Mockanenko [31], E. P. Paxmarysninoi [32] Ta iH.

MeTo10 1aHOTO J0CJiKEeHHs — OIiHKa cepe/-
HBOTO 0araTopivHOrO CTOKY BOAM PidOK YKpaiHu B
MeXxax piukoBuX OaceiiHiB BimmoBimHo ['igporpadi-
YHOMY paiioHyBaHHIO Ykpaiuu [25-27].

JlJ1s OIIHKU CEepeHbOro 0araTopiyHOro CTOKY
BOJIU PIYOK YKpaiHU 3a MaTepiajaMy CIIOCTEPEKESHb
HepxaBHoi rigpomereoponoriunoi ciayx6u JJCHC
CTBOpEHO 0a3y cepefHiX PiuHHX BUTpPAT BOAM 3 294
T1IPOMETPUYHHX TIOCTIB BiJ MOYATKY CIIOCTEPEKEHb
no 2015 p. Bxmouno. Ha maiixe 20% rimponoriu-
HUX MOCTIB B ME@XaX YKpaiHH MepioJ] CIIOCTEPEIKEHb
3a CTOKOM Bonu ckianae > 70 pokis, 63% — 50+70
POKiB, ToOTO 83% TiIPOJIOTIYHUX MTOCTIB MAOTh Tie-
pioau cnocrepesxeHb > 50 pokis, a numie 17% ma-
I0Th TIepiofl criocTepexeHb < 50 pokKiB.

B ocHOBy jmocCIHiPKEHHS POCTOPOBUX 3aKOHO-
MipHOCTEH 3MIiHH CEpEeIHROTO PIYHOTO CTOKY BOJAHM
pidok Ykpainm B3ata «Cxema ['imporpadiunoro pa-
HoHyBaHHS TepuTOpii Ykpainu» (po3pobieHa y
2013 p.) [27]. BiamoBimHO 10 1€l CXeMH TEPUTOPIst
VYkpaiHu MOJISIeThCs HA TimporpadivyHi OTUHUIN —
JIEB'ATh PaliOHIB pPIYKOBHX OAaceiiHiB Ta JeB'SITh
cy0ObaceitHiB. ['inporpadivune pailoHyBaHHS TEpUTO-
pii YkpaiHu BUKOHAHO BiATOBIIHO 10 BUMOT BomHol
pamMKoBOi JupekTuBH €Bponelicbkoro Coro3y 3 Me-
TOI0 PO3POOKH TUIAHIB 1HTETPOBAHOTO YIIPABIIHHS
piukoBuMH OaceiiHamu [25, 26].

Metonm Ta BUKJIaJ MaTepiady J0CTiIKeHHs.
3MiHa 0araTopiyHOTO CTOKY BOAM PiYOK MO TEPHUTO-
pii miIKOpSETHCS MEBHUM 3aKOHOMIPDHOCTSIM, B OC-
HOBHOMY reorpadiuHoi 30HabHOCTI (IITUPOTHOI YH
BucoTHoi). IIpu mpomy cepeani OararopiuHi 3Ha-
YeHHS CTOKY BOAM, IO OOWPAIOTHCSA Ul aHATi3y
(BHOIpKOBI CYKYITHOCTI), TIOBHHHI OyTH penpe3eHTa-
TUBHUMHU, TOOTO BiJNIOBIJaTH XapaKTEPUCTUKAM Te-
HepanbHOI CyKymHOCTi. Takow BETHMYHMHOI0 MOXE
OyTH HOpMa CTOKY BOJIH, SIKa BU3HAYAETHCS SIK:
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Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

n
= Q+Q,+..+Q, -
Qn — - . Qi ' (1)
n i1
ne Q+Q,+...+Q, — piuni 3Ha4eHHs CTOKY
BOJIH PiUKH;
N - KiIBKICTH POKIB CIIOCTEPEIKEHb.
Miporo GararopigHOi MIiHJIUBOCTI CTOKOBOi Xa-
PAKTEpUCTUKN PIYOK € TapameTpu ii po3mominy —
xoedinientn Bapiauii C, i acumerpii Cg, sixi pos-

PaxoBYIOThCS 32 HACTYITHUMHU (OPMYIaMU:

C, = \/n‘l -i(ki -7, 2)

Co=n"-C, 2> (k-1 ()
i=1

e ki = Qi / (5 — MOAyJbHI KOoeQillieHTH 3Ha-

YeHb 3MIHHOI BEJIMYNHH.
JJisl OpiBHSHHA TOYHOCTI BU3HAYECHHS HOPMH
CTOKY BOJIU PiYOK Pi3HOi BOMHOCTI BUKOPUCTOBYETh-

Cs BITHOCHE 3HAYCHHS CEPEIHBOI KBAaIPATHIHOI IO~
XUOKU O, , BAPaKEHE y BIICOTKaX:

o, =+100-C,-(Jn) . @

Ps criocTepexeHb 3a cepeIHbOPIYHUM CTOKOM
BOJIM BBAXKAETHCS PEMPE3CHTATUBHUM JUISI BH3HA-
YeHHS HOT0 HOPMH, TOOTO JOCTAaTHBO CTIHKHM IS

MPAKTUIHUX pOSanYHKiB, SKINO BEJIUMYUHA O n HE

nepesuirye 5-10% (mo 5% - ans 30HA TOCTATHHOTO
3BOJIOKEHHS, A0 10% - 171 30HM HEIOCTAaTHHOTO
3BONIO’KEHHS). 3 dopmynu (4) 6aurmo, uuM OitbIie
koe(imieHT Bapiamii C,, TUM JOBLIE MOBUHEH OyTH

P CIIOCTEPEXEHb Ui BU3HAUYCHHS HOPMHU CTOKY
3a7aH01 TOYHOCTI.

B tabmumi 1 momaHo fiama3oHu KidbKOCTI POKiB
T1IPOMETPUYHIX CIIOCTEPEkKEHb, IUIONI BOJ0300DiB
Ta BIJIHOCHMX 3Ha4YCHb CEPEIHLOKBAJPATUYHOI MO-
xubku 0, (%), sfKa pospaxoBaHa 3a GopMmyIow (4),

B MEXax piuKoBHX OacelHIB Ta cyOOaceiiHiB BiAmo-
BimHO 10 [imporpadiyHoro paiioHyBaHHS YKpaiHU
[27].

Tabnuys 1

XapaKTepUCTHKH KIIBKOCT1 POKIB TiJPOMETPUIHUX CIIOCTEPEKEHB, IO BOA0300PiB Ta BITHOCHOTO
3HAYEHHS CepeIHbOT KBaAPATHYHOT MOXNOKH BU3HAUYCHHS CEPEIHBOTO PIYHOTO CTOKY BOJIM PidOK YKpaiHH
(Bim ix mouatky mo 2015 p. BKJIIOYHO)

Hianazonu
PiukoBi Oaceiinu Ta cybOaceiHu Bi/IHOCHOT KBAZPATHIHOI
BignoBiaHo [iaporpadiunomy pa- KUIBKOCTI POKIB L1011 BO/10300- HOXMOKH BA3HAYCHHS
HOHyBaHHIO YKpaiHu [27] CIIOCTEPEIKEHD pis F, km? HOPMH CTOKY T, , %
I. PiukoBuii 6aceiin Bicau (3axigHoro byry ta Csny)
36+70 | 98,6+6740 | 3,0:6,0
I1. PiukoBuii 6aceiin lyHnaio
Cy60aceiin Tucu 53+70 25,4+9140 2,5+5,0
Cy60aceiin Ilpyty i Cipety 28+71 18,1+6890 3,2+8,1
II1. PiukoBuii baceiin InicTpa
JIBOOEPEIOKSI 44-+71 70,0+-3240 2,7+8,1
IPaBOOCPEHIKS 32+71 76,3+43000 2,7+10,4
IV. PiukoBuii 0aceiin IliBnennoro byry
31+73 | 92,5+46200 | 3,8+7,7
V. PiukoBnii 6aceiin lninpa
cy0bacetin [Tpun'sTi 29+76 9013300 2,7+8,8
cybbacetin JlecHu 43+120 29,5+88500 2,6+4,2
cy0bacetin Cepennboro JIHinpa 31=74 126-+21800 3,4+15.2
cy6baceiin Hmwxuporo IHinpa 49+70 309+19800 5,4+11,0
VI. Bbaceiin Piuok Ilpuyopaomop's
| 3063 | 1840+3170 | 16,3
VII. PiukoBuii 6aceiin /lony
| 45+90 | 189:73200 | 3,5+8,0
VIII. Baceiin pivok Ilpua3os's
| 33+69 | 142+3700 | 3,4+9.4
IX. baceiin piyok Kpumy
| 32+66 | 0,32+3540 | 5,3+17,8
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AHami3 psAay BIIHOCHHX 3HAUYeHb CEpeIHIX
KBaJJpaTHYHUX TOXUOOK pPO3PaXyHKy HOPM CTOKY

BOOU O, IJA pi‘IOK YKpalHI/I IIOKa3aB, IO BOHU B

noHaz 50% BunankiB 3MiHIOIOTECH Bif 2,5% 10 5%,
npu6bnu3Ho B 43% Bumankis — Bixg 5% mo 10%, T06-

TO, B epeBaxkHil Oinbmocti (93%) O, He nepeBu-

mrye mexi 5-10%, oTxe, psau criocTepekeHb 3a ce-
PEIHBOPIYHUM CTOKOM BOAM HA PiYKaX BBAXKAIOTHCS
penpe3eHTaTUBHIMH TSI BU3HAYCHHS HOPMHU CTOKY
Ta iX BETMYMHU JTOCTaTHHO CTIHKUMU JJISI TIPAKTHY-
HUX pO3paxyHKiB (Tadm. 1).

3HAYCHHS BIJIHOCHUX CEPEIHIX KBaJIpaTHYHUX
HOXUOOK PO3paxyHKy HOpPM CTOKYy Bogu 0, < 10%

XapaKTepHO s piukoBUX OaceiniB Bicmu (3axin-
Horo byry Tta Csany), [ynato (cyObaceiiniB Tucw,
Mpyty i Cipery), Huictpa (S aist TiBOOEPEIKKS,
Tak ¥ st mpaBoOepexokst), [lisnernoro byry, JHin-
pa (cy06aceiinip [Ipun'ari Ta Jlecun), dony, [Ipua-
30B'a (Tabn. 1). 3nadennsa o, > 10% npuramanHi

JUIsL TiAPOJIOTIYHMX TOCTIB Ha piukax, siki abo ma-
I0Th JIOCUTh KOPOTKHU PsiJ] CIOCTEPEKEHb 32 CTOKOM
BOmHM, ab0, HABITh MPH JOCTATHHOI IX KITBKOCTI —
BHCOKI 3Ha4€HHs KoedilieHTa Bapiarii. HaiiOinbima
KIJIBKICTB TiAPONOTIYHMUX TMOCTIB, /Ie 3HAYCHHS 3Ha4-
HO mepeBuILyoTh Mexi 10% posramoBaHo B 0Oa-
ceitni pivok Kpumy i Bij 3aranbHOi KiIBKOCTI Tigpo-
JIOT1YHUX TOCTIB B I[bOMY Oaceiini mpuoau3Ho 45%
MOYKHa BBa)YKAaTH HEPENPE3CHTATUBHUMU JIJIsl BU3HA-
YEeHHS! HOPMH CTOKY BOJIH.

CepenHe 3HaueHHs BiJIHOCHOI CepeTHbOKBA]I-
paTuvHOl MOXMOKU PO3PaxyHKY HOPM CepeIHbOPiY-
HOTO CTOKY O, i Beiei Teputopii Ykpainu cTaHo-
BUTH 5,9%.

AHaJIi3 CTOKOBUX XapaKTEPUCTHK PIUOK B Me-
JKax JIOCIIHKYBaHOI TEPUTOPIi, 10 MOJaHUi Y Ta0JI.
2, BUSIBUB BiJIOMi 3aKOHOMIPHOCTI MPO T€, 10 MOY-
ai croky (M | - ¢ =1+ kM ~2) MaroTh TeHAEHIIO 10
3MEHIICHHS 31 301JIbIIECHHSIM IUIOIII BOIO300piB, a
sutpatu Bomu (Q, m3®-c"1) B crBOpax piukm 3a
TEYi€0 30UIBIIYIOTHCS 31 301IBIICHHM IO BOJO-
300piB.

Haii0inpmi HOpMHU cepelHiX PiYHHUX BUTpPATH
BOJI B MEXax PiBHUHHOI TepuTopii YKpaiHu croc-
TepiraroThcs B Oaceiini Jlninpa B cy00aceiinax Jlec-
au (p. Jecna — c. Posmeorn, Q= 173 m3- ¢!
(mmoma Bomo36opy F =36300 km?); m. Yepniris,
Q=327 M3 ¢! (81400 km?); c. Jlitku, Q= 345

3.,-1 2y. u A —
m3- ¢! (88500 km?); p. Ceiim — c. Mytun, Q =
94,8 m 3 ¢ "1 (25600 xm?) Ta IIpun’sri (p. Crup - c.
Mmunok, Q=429 m3- ¢~ (10900 km?); p. Topuns

- ¢. Jlepaxne, Q= 40,7 m*- ¢! (9160 xm?); p.

Ciyu — m. Caprn, Q= 53,0 m3- ¢ "1 (13300 km?)),
Jie 31 3HaYHUX Tionl ix OaceiiHiB QOpMyIOThCS ce-
penni piuni BuTpatH Boau Bim 53 mo 345 M- ¢!
(Tabm. 2). Benuki BuTparu Bogm (POpPMYIOTHCS i B
piBHUHHIN yacTuHi Oaceitny JlHicTpa, B OCHOBHOMY,
3aBISIKM TPUILUIMBY BOOM 3 HOro TipchKoi mpaBoOe-
pexHoi yactuau — p. Juicrep — m. Samimuku, Q =
222 M3 ¢! (mnoma Bono36opy F=24600 km?); M.
Morwunis-Tloginscexuii, Q= 256 m3- ¢~ (43000
KM2).

AJe BKe Ha MIBACHD Ta Ha MIBJCHHUNA CXiJ IPU
THX JXK€ TUTOIIaxX OaceiHiB HOPMH CEpPEeIHIX PIYHUX
BUTpAT BOAM 3MEHINYIOThCsA. Tak, Ha p. Poch - m.
KopcyHsb-llleBueHkiBcbkuii  BoHa ckmamae 21,3
m2- ¢~ npu mnomi Bogo36opy 10300 km?, a Ha p.
Iarynens — m. Kpuswuit Pir npu mumomi 6aceitay 8600
KM? cepelHs piuHa BMTpaTa BOAW CTAHOBUTH JIMIIE
6,95 m ®- ¢ 1. 3HauHO MeHIE HOPMH CepeHiX pid-
HUX BUTPAT BOAM U B 3aMHUKAJBbHHUX CTBOPAX PivKoO-
Bux Oaceiinis IliBnennoro byry (p. IliBgennuii byr

- M. Iepsomaiicek, Q = 69,7 M - ¢ ! (moma Boso-

360py F = 44000 xm?); cmt Onexcanzpiska, Q =
88,4 m 3 ¢ 1 (46200 xm?)) Ta CiBepchkoro JliHns B
Mexax Ykpainu (p. CiBepcekuii Jonens - M. Jlucu-

gancek, Q=97,1 m3- ¢ ! (mnoma Bomozbopy F =

52400 xm?); c. Kpyxumeka, Q= 130 m®- ¢!

(73200 km?)) (tabm. 2).

Just TipcbkuX BOg0300piB YKpaiHH HaWOUIbIII
HOPMU CEpeNHIX PIYHMUX BHTpaT BOIAM — B OaceiiHi
Hynato B cyobacetini Tucu (p. Tuca - cmt Buiok,

Q=204 m3 ¢! (mmoma BomozGopy F = 9140
km?); cybaceiini Ipyty ta Cipery (p. IIpyT - M. Ye-
puisui, Q= 67,2 M3 ¢! (mwioma Bogosdopy F =
6890 km?), a Takox B Gaceiini Jnictpa (p. Juicrep -

cmt XKypasno, Q= 95,1 m*: ¢ ! (oma Bomo360-

py F= 9910 xm?); m. Tammy, Q= 160 m3- ¢!

(14700 km?)) (Tabm. 2).

3a3HaueHi TEHJEHIi crocTepiraeTbes I
PIYOK 3 IHIIMMH Jiarna3oHaMHu PO3MipiB IJIOMI BOIO-
300piB, 10 100pe MPOCIHIIKOBYEThCS 3a Tpadikamu
3aJIe)KHOCTI HOPM CEpe/IHIX DPIYHHX BUTpPAT BOJAHM
pidoK B Bij myomi iX Boxo300piB, moOyJOBaHUX OK-
peMo i piuKOBUX OacelHiB BiAMoBiaHO 10 [1apo-
rpadiuHoro paiionyBanHs Ykpainu (puc. 1-3).

Taki 3a1eKHOCTI BUSBIIIUCS 3 IOCUTH BUCOKOIO
anpOKCUMALI€I0, KOPEeNALidHI BIAHOWIEHHS IHX
3B’SI3KIB 3MIHIOIOTBCSI B IEPEBaXKHOT OUTBIIOCTI BiJl
0,76 mo 0,99, mo nae mijcTaBu A BUKOPUCTAHHS
iX B IpaKTMYHHMX pO3paxyHKax B MeKaxX PiuKOBUX
OaceliHiB Ta cydacernis (Tadi. 3).

Tpeba BIAMITHUTH, IO 3AJIEKHOCTI HOPM Cepejl-
HiX pIYHUX BHTPAT BOIU PIYOK B BiJl IJIOMII iX BOJO-
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Tabnuys 2

XapaKTepUCTUKN CEPETHBOTO PITHOTO CTOKY BOAM PIUOK YKpaiHU Ta mapaMeTpiB HOTro MiHJIUBOCTI
3a JaHWMH T1APOMETPHYHIX CIIOCTEPEX eHb (Bif iX moyarky mo 2015 p. BKIFOYHO)

PiukoBi Gaceiinu Ta cy6Gaceii JianazoHu HOpM cepenHiX piyHHX [Jianazonu koedilieHTiB
BiamoBigHo ['iaporpadiuaom BUTpar BOAU MOIYJIB CTOKY C
paI\/‘IOHyBaHHIOPYI(]I))ag—)II/I [27]}’ Q, 3o M oo-co b2 Bapiauii Cv | acumerpii Cs
1. PiukoBuii 6aceiin Biciiu (3axignoro byry ta Csany)
| 04336 | 3,5+12,6 | 023045 | 031+1,67
I1. PiukoBuii 6aceiin /lynaio
Cyb66aceiin Tucu 0,6+204 9,8+37,5 0,21+0,40 0,01+0,88
Cy66aceiin Ilpyty i Cipery 0,35+67,2 4,8+39,4 0,26+0,43 -0,26+1,14
I11. PiukoBuii baceiin {nicTpa
Jisobepencics 0,2+143 2,6+6,2 0,22-+0,59 0,15+2,19
npasobepencics 1,8+256 5,4+33,5 0,19+0,87 -0,16+1,91
V. PiukoBuii 6aceiin IliBnennoro byry
| 026:884 | 0,8+4,4 | 026+0,65 | -0,08+1,89
V. PiukoBnuii 6aceiin {ninpa
cy0Obaceiin [lpun'ari 0,6+53 2,1+6,0 0,23+0,65 -1,28+2,39
cy0baceiin [lecan 3,8+345 3,2+4,8 0,23+0,34 -0,09+1,09
cybbaceiin Cepeganoro Jnaimpa 0,3+49,4 1,2+3,6 0,28+1,11 0,13+3,61
cybbaceitn Hmxanroro ainmpa 0,6+15,6 0,4+2,6 0,42-+0,8 0,83+1,96
VI. Baceiin Piuok IIpuuopHomop's
0107 | 0,1-0,2 | 1,3:29 | 23+46
VII. PiukoBuii 6aceiin lony
| 06+130 | 1,2-4,9 | 0,28+058 | -0,24+2,07
VIII. Bbaceiin piuok Ilpua3os's
| 04+110 | 1,1-6,5 | 0,26+0,66 | -0,73+1,49
IX. Baceiin piuok Kpumy
| 00321 | 0,6-34,0 | 0,29+2,26 | 0,52+547
300piB JuIst piukoBoro Gaceiiny JlHiCTpa pO3IISAd-  HajiGimbry (C,=0,30+0,52) — 3i cTokoM Bix

IOTBCSI OKPEMO ISl MPaBoOEpekHOT TIPChKOI Ta Jii-
BOOepexHOI piBHUHHOI Horo dacTuH (puc. 1, Taodm.
3) — npu OHMX | THX XK IUIOIIAX BOJ0300PiB HOPMH
CEepe/IHIX PIYHUX BUTPAT BOAW PiUOK MPABOOEPEHTKS
Huictpa Mmaiibke B 2 pa3u Oinmble iX 3HAYEHb, SIKi
CIIOCTEPITratoThCS Ha PivKax JIiBOOESPEIKKSI.

Jlume ans Gaceliny pidok Kpumy xopensiiiine
BITHOIICHHS 3B’SI3Ky HOPM CEPEIHBOrO PIYHOrO
CTOKY BOIM PIYOK Bija TUIomii ix Bomo300piB AOpiB-
mroe 0,59, TOOTO, I 3aJEKHICTH ITOSCHIOC JIMIIIE
35% pos3kuay BigHOCHO HOpMH (Tadmn. 3). [ns Oa-
ceifny pidok IIpuuopHOMOp's 3aJeKHICTh HE OTPH-
MaHa 4yepe3 HeJOCTATHIO KUTbKICTh CITIOCTEPEKEHb.

AHaJi3 IPOCTOPOBUX 3MiH CEPEIHBOTO Oararo-
PIYHOTO MOIYNS CTOKY Pi4OK IO TepUTOpii YKpaiHu
MOKa3aB, 110 HaAWOiaeIN X 3HaueHHsT 34-39 - ¢~
1. kM “2 (hiKCYIOTBCS Ha HEBENMKUX TiPCHKHX BOJIO-
30opax Kapnarcekux pidok — cyOOaceitniB Tucw,
[Ipyty i Cipery, npaBoOepexHO1 YacTHHI PiYKOBOTO
Oacelin [Inictpa ta Oaceliny piuok Kpumy. Haiime-
HIIy MIHJIUBICTE CEPEHbOPIYHOTO CTOKY BOJAU
(C,=0,18+0,30) TyT MarOTh piUKH 3 BHCOKHMH MO-

-1. -2

IyisiMA CTOKY Boau — Bixm 20 mo 39 1 - ¢ KM 4,

5nm-c t-km %10 20 1-¢c kM2 (puc. 4). Taki
MPOCTOPOBI 3MiHM i MOJYJIB CTOKY BOAH, i Koedi-
LIEHTIB 1X Bapiamii MMOB’s3aHO 3 BHUCOTHUM IIOJIO-
JKEHHSIM BO10300piB, X moxuiom [29, 34].

3anexHOCTI HOPM CEpeAHIX PIYHMX MOIYIB
CTOKY BOAM Kapmarchbkux pidok Bij cepeaHboi BU-
COTH iX BOA0300piB Ta MiX CEpPEeIHHOI BHCOTOIO i
CepemHiM IX MOXWIOM [IETalli30BaHO — JJSI PidOK
cybOaceitniB Tucwh, [Ipyty i1 Cipery B Mexax Ykpai-
HU, a TaKOX MPaBOOEPEKHUX TiPCHKUX TPUTOK Oa-
ceitny J{nictpa (puc. 5-6).

Koedimientn anpokcumaliii 38°s13KiB BUCOKI Ta
BITHOCATBCS 70 3HAYMMOI obsacTi (puc. 5-6). Bin-
MOBITHO KOE(IIiEHTH KOPENsAIii 3MIHIOIOThCS I =
0,78+0,92. 3aranom crocTepiraeTscsi YiTKe 3poc-
TaHHsI MOJYJIIB CEPEJIHLOPIYHOIO CTOKY BOJAU PiYOK
31 3pOCTaHHIM CEPeIHIX BHCOT iX BOm0300piB (pHC.
5) i, yMM BHIIE PO3TAIIOBaHI BOJ0300pU, TUM OLTb-
1ie ix cepeHi moxuiu (puc. 6).

Koxuuit Oaceiin (cyobaceitnn Tucu, Ilpyty i
Cipery, npaBoOepeKHa YacTHHA PIYKOBOTO OaceiHy
Huictpa) mae cBoi ocoomuBocrti [28, 29, 34]. Ilpu
ONmHIM 1 TIM e cepemHili BHCOTI BOMO300piB B
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cyO0acetini TUCH YTBOPIOIOTBhCS HAMOLIBIIT MOIYJI
CTOKYy Boau, a B cyOOaceiini Ilpyry Ta Cipery —
HalimeHmni. Bonoz0opu mpaBoOepexcks JHicTpa
3aiiMalOTh CEpPEIMHHE IMOJIOKEHHS Ha 3aJeKHOCTI
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(puc. 5). PizauIii Mi>k MOIyIIMH CTOKY BOJIH Ha IIe-
BHIM BHCOTI JUIsI AOCIIHKYBaHUX OacelHIB CTAaHOB-
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® m3-c-1QceppiuH . Piukoeuii GaceitH Bucawn (3axigHoro byry Ta CaHy)
® m3-c-1QceppiuH Il. Piukoeunia 6aceriH QyHato. 1) Cy6baceiH Tucu
m3-c-1 QceppiuH II.PiukoBuia 6aceiH JyHato. 2) Cy66aceiH MpyTy Ta Cipety
® m3-c-1QceppiuH lll. Piukoeuit bacenH OHicTpa. Mpasobepexous
m3-c-1 QceppiuH lll. Piukosuii GacerH [AHicTpa. NliBo6Gepewma
m3-c-1 QceppiuH IV. Piukoeuii 6aceiiH MisaeHHoro byry
= = = CteneHHana (m3-c-1 QceppiyH . Piukoewnii 6aceiH Bucan (3axigHoro byry Ta Cany))
----- CreneHHan (m3-c-1 QceppiuH |l. Piukosun 6aceiH AyHato. 1) Cy66aceitH Tucu)
— —CrenexHan (m3-c-1 QceppiuH Il.Piukosmit Gacein QyHato. 2) Cyb6acein Mpyty Ta CipeTy)
-+ = CreneHHan (m3-c-1 QceppiuH lIl. Piukosuir baceiH [lHicTpa. Mpasobepexixn)

CTeneHHan (m3-c-1 QceppiuH lll. PiukoBWid GaceidH AHicTpa. fliBobeperkska)

seeeee CTENEHHAA (M3-c-1 QceppiuH V. PiukoBuid 6aceliH MisaeHHoro byry )

Puc. 1. 3anexHicTh HOPM CepeHiX PIYHUX BUTPAT BOAM PiUOK B BiJ IJIOMII iX BOAO300pPiB
piuxoBux Oaceiinax Bucnu, [lynato (cy66aceiinu Tucw, [1pyty i Cipery), Anictpa, [liBaennoro byry
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e m3:-c-1QceppiuH V. Piukosui 6aceiH [Hinpa. Cy66aceiH Mpun'ati
® m3-c-1QceppiyH V. Piukosuii baceitH JHinpa. Cy66aceiH decHun
m3-c-1 QceppiuH V. Piukosuii 6acerH OHinpa. Cy66aceiiH CepegHboro JHinpa

® m3-c-1QceppiyH V. Piukosuii 6aceitH JHinpa. Cy66aceitH HuxkHboro JHinpa
----- CreneHHaa (m3-c-1 QceppiuH V. Piukosuii 6acerH OHinpa. Cy66aceiiH Mpun'ati)
— - =CreneHHan (m3-c-1 QceppiyH V. Piukosuii 6aceiH JHinpa. Cy66acein JecHn)
— —CreneHHan (M3-c-1 QceppiuH V. Piukosuid 6aceidH [Hinpa. Cy66aceitH CepeaHboro [Hinpa)
------ CreneHHana (m3-c-1 QceppiyH V. Piukosuii 6aceitH JHinpa. Cyb6aceiiH HuxHboro [Hinpa)

Puc. 2. 3anexxHicTh HOPM CepeNiHIX PIYHUX BUTPAT BOIU PIYOK BiJI TUIOMII TX BOIO300PIB B PIUKOBHX
Oaceitnax [lainpa (cy066aceiinu [punsti, Jecuu, Cepeanporo Ta Huwkaboro [Hinpa)
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® m3-c-1Qceppiun VII. Piukosuii 6aceiH JoHy
® m3-c-1QceppiyH VIll.BacelH pivok Mpuaszos'sa
m3-c-1 QceppiuH IX.baceitH piyok Kpumy
— - —CrenenHan (m3-c-1 QceppiuH VIl. Piukoeuii 6aceiH JoHy )
— — — CreneHHan (m3-c-1 Qceppiun Vill.bacerH pivok NMpraszos's)
seeese CTENEHHan (M3-c-1 QceppiyH IX.baceiH pidok Kpumy)

Puc. 3. 3anexHicTh HOPM CepelHiX PiYHUX BUTPAT BOJM PIUOK BiJ TUIOMIi iX BOm0300piB
B piukoBux Oaceiinax Jlony, [Ipuazos’s ra Kpumy

[omo 3B'I3Ky MiX CepemHbOI0 BUCOTOIO BOJO-
300piB Kapmarcbkux pidok Ta cepegHiM X MOXH-
JIoM, TO B cy00acelini Trcn Ha BCiX BHCOTax CIOC-
TepiraloThCsl HAHOUIBIN CEpe/IHI MOXWIH BOI0300-
piB y mopiBHsHHI 3 cyObaceiinamu [Ipyty 1 Cipery
Ta TpaBoOepeKHUX MPHUTOK J[HicTpa.

Ha piBuunHIN VYkpaini cepenHi piuni Momymi
CTOKY BOAM PIYOK 3MiHIOIOTBCS Bin 12,6 - ¢~
1. km "2 piukoBomy Gaceiini Bicnu (p. 3axignmit
Byr - cmt Caci) no 0,1-0,2 n-ct'km? y Gacelini
pidok IlpudopHomop's (Tabin. 2). 3araipHa TEH/CH-
i TAKUX 3MIH — 1X 3MEHIIEHHS 3 IMBHIYHOIO 3aX0-
Iy Ha TIBIACHHUHU CXiJ Ta miBaeHb. Lle o0ymoBiIeHO
(hizuKo-reorpadiyHIM pO3TANIyBaHHS PIYKOBHX Oa-
CeifHiB Ta cyO0aceiHiB, e B 3a3HAYCHOMY HaIpsiMy
3MEHIIYETHCS 3BOJIOKEHHS TEPUTOPIH, 301IBIIY€ETh-
Csl BUIIAPOBYBAHHS, IO i BU3HAYA€ BOJHICTH iX pi-
qok [30-32].

Koedimientn Bapiamii cepemqHboro pivHOro
CTOKY BOJM Ul PiYOK OacelHiB Ha piBHHUHHIHN yac-
THHI YKpaiHu B MepeBaXHOI OLTBIIOCTI 3HAXOISATHCS

B mexax Cy, = 0,23 + 0,65 (puc. 7). Cepenne 3Ha-
YCHHS CKJIaJac Cv = 0,40+0,42, mo nokazye MiHJIH-

BICTh 3 POKY B PiK CEPEJIHLOTO PIYHOTO CTOKY BOJAU
Ha JIOCHI/DKYBaHUX piuKax B MeXax MPHOIU3HO =+
40-42% Big HOpMH BOAHOTO CTOKY.

Haiimenmni 3HaueHHS Cv Bix 0,2 mo 0,4 xapak-

TEPHO ISl PIYOK 3 CEPEAHIMU PIYHUMH MOAYISIMH
CTOKy BOJM Oinbmumu 3a 2-3 o1 - ¢ 1+ kM 2, a Haii-
OiJpIlia MIHJIMBICTh IPUTAMaHHa JIs PIY0K 3 cepel-

HIMU pi‘lHI/IMI/I MOOYyJIAMU CTOKY BOAW MCHIIMMHU 3a

1. -2

2 1-Cc KM 4, 1O J00pe MpPOCHiIKOBYEThCS Ha

puc. 7.
Koediuientu acumerpii C; MaroTh, B 0OCHOB-

HOMY, JUIsl BCi€l TepUTOpii YKpaiHU HEBUCOKI J0AaT-
Hi 3HaYEHHS, TOOTO, /U CEPEAHBOTO PIYHOTO CTOKY
BO/IM XapaKTepHa HE3HaYHa AaCHMETPHYHICTh y iX
OaraTopiyHOMY PO3IOJII 3 TIEPEBAKAHHSAM 3HAYCHD
B ps/Iax CTOKOBHX XapaKTEPHUCTHK PiYOK MEHIIe iX

Hopmu. s CS XapaKTEPHUM € CXOXKHUU 3 Cv po3-

TIOJILT TTO TEPUTOPIi, OMHAK 3MIHIOETHCS BiH B 3HAYHO
OUIBIINX MEXaxX. Y3arajbHEHE CIIIBBIHOIICHHS

C,/C, 3naxomutbes B Mexax 2+2,5, M0 CBiAUMTH

PO TOMipHO-aCHMETPUYHUIN PO3MOILI y TTOCHiIOB-
HOCTSIX CEPEe/IHIX PIYHUX BUTPAT BOAM JOCITIKYBa-
HUX PIYOK.

BucHoBKH. AHami3 BiJHOCHUX 3HAUYEHb CEepe.l-
HIX KBaJpaTUYHHUX MMOXMOOK PO3PAaXyHKY HOPM CTO-
Ky BOJM PiYOK YKpaiHM MOKa3aB, IO PSIA CIOCTe-
PEKEHb 3a CEpeIHBOPIYHUM CTOKOM BOIM BBaXKa-
IOTBCSI PEPE3CHTAaTUBHUMU Ta PO3PaxOBaHi BeEJH-
YHHU HOPM € JIOCTaTHBO CTIMKMMH JJIsl TPAKTUIHUX
po3paxyHKiB. 3MiHa OaraTOpiYHOro CTOKY BOIH pi-
YOK YKpaiHW HiAKOPSETHCS 3aKOHOMIPHOCTSIM T'eor-
padiuHOi 30HANBHOCTI — Ha PIBHMHHIM TepuTOpii
NIMPOTHOT, B TIPCHKUX perioHax BHUCOTHOI. B mMexax
VYKpaiHu IpoCITiAKOBYIOTBCS HiTKi 3aKOHOMIPHOCTI —
MOZYJi CEPEAHBOrO PIYHOrO CTOKY BOAU PidOK Ma-
IOTh TEHIEHIII0 10 3MEHIIEHHS 31 30LIbIIEHHAM
IO BOJ0300piB, @ BUTPATH BOAU 301IBIIYHOTHCS
31 30UIBIIEHHSM IUIOLII BOXO300piB. 3asieXKHOCTI
HOPM CEpe/IHIX PIYHUX BHUTpAT BOAW PIYOK B BiX
IO X BOJO300PIB A1 PIYKOBHX OACCHHIB Ta Cy-
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Tabnuys 3

PiBHSIHHS 3a71€:KHOCTI HOPM CEpPEHIX PIYHUX BUTPAT BOAM PiUOK Q BiJ myiomii ix Bogo3oopis F

B piukoBHUX OaceiiHax Ta cyOOaceiiHiB BinnosigHo 1o ['igporpadivnoro paiionyBanHs Ykpainu

. . o o 1 2
Piukosi Gacefinn Ta cy66aceEIH1/1 PiBHSIHHSI 3aJI€)KHOCTI Anp(;l;gg;\;{(a;lm K Kopensuiiiue
srigno [aporpadiunoro paiio- O=f (F) 3 BTHOLICHES
HyBaHHs YKpaiHu B Q=f(F) A
I. PiukoBwuii 6aceiin Bicau (3axigaoro byry Ta Csny)
Q =0,0106- F 0067 0,9306 0,96
I1. PiukoBuii 6aceiin /lyHaio
Cy60aceiin Tucu Q =0,0495- F 0864 0,9313 0,97
Cy66aceiin IIpyTty 1 Cipety Q =0,0349- F 0865 0,8883 0,94
I11. PiuxoBuii baceiin /InicTpa
JBOOEPERIKS Q =0,0019- F L1068 0,9243 0,96
IPaBOOEPEKIKS (3 =0,0538- F 08087 0,8776 0,94
IV. PiuxkoBwuii 6aceiin IliBgennoro byry
Q =0,007- F 08112 0,7973 0,89
V. PiukoBuii 6aceiin /{ninpa
cyb0aceiin ITpun'sari Q =0,0047- F 09708 0,9606 0,98
cy66aceﬁH Hecuu (5 =0,0029- F 10841 0,9945 0,99
cy0baceiin Cepennboro Jlnimpa Q =0,0022- F L0007 0,9637 0,98
cy6baceitn Huxnporo JlHinpa Q =0,0056- F 07872 0,8392 0,92
VI. Baceiin Piuok IlpuuopHomop's
VII. PiukoBuii 6aceiin [lony
Q =0,0029- F 0738 0,9398 0,97
VIII. Baceiin piuox Ilpua3zos's
Q =0,0105- F 07837 0,5848 0,76
IX. Baceiin pivok Kpumy
Q =0,0407- F 05183 0,3464 0,59
0,6
0,5
R*=0,3003
0,4 %:u—o.—..
S 03 o S Tev e .
, ]
e ©® ® o “ -&_ o——
0,1 ‘
0
0,0 10,0 20,0 30,0 40,0 50,0

Hopmu cepegHix piuHMX moaynis CTOKY Bogu, N-C-Km-2

Puc. 4. 3anexnicts koedimnienTa Bapiamii C, Bix HOpM cepeHix pidHUX MOTYJIIB CTOKY Bou KapraTchkux

pidok (cy6baceitnn Tucu, [Ipyty i Cipery, npaBoOepeskHa yacTuHa piukoBoro Oaceiiny JlHicTpa)
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® CybaceiiH Tucu
A Cy66aceitH MNpyty Ta Cipety
B Piukosuit baceitH OHicTpa (Nnpasobepeska)
—— /luHeHana (CybaceiH Tucu)
— — JluHeltHana (Cyb6baceitn MpyTy Ta CipeTy)
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JUISL pIYKOBUX OaceliHiB pIBHHHHOI TEPUTOPil YKpaiHu
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06aceitaiB BignoBigHo no [igporpadiunoro paiio-
HyBaHHS YKpaiHM BHUSIBWJIMCS 3 JOCHUTb BHCOKOIO
aNPOKCHUMAIII€I0, KOPEJNAIIiMHI BiJIHOIICHHS ITUX
3B’S3KIB 3MIHIOIOTBCS B IEPEBAXKHOI OUIBIIOCTI Bix
0,76 mo 0,99, mo mae MmiaCTaBH I BUKOPHUCTAHHS
iX B MpaKkTHYHHX PO3paxyHKax B Mexax JOCHiKY-
BaHUX PIUKOBHX OaceliHiB Ta cyOOacelHiB. AHami3
MIPOCTOPOBUX 3MIH CEPENHHOTO 0araTopiyHOro MoO-

epeayMOBH IS iX kKapTyBaHHA. KoedimienTn Bapi-
artii cepeHpOro PIYHOTO CTOKY BOIH IS PidOK Oa-
ceifHiB Ta cyO0aceifHiB pIBHUHHOI YacTUHH YKpaiHu
B IEPeBaKHI OIUNBIIOCTI 3HAXOOATHCA B MeEXax
0,23+0,65, mns ripcekux OaceriniB 0,20+0,45. Koe-
¢imieHTH acuMeTpii MarOTh, B OCHOBHOMY, JJISI BCi€l
TepuTopii YKpaiHU HEBHCOKI JOJaTHI 3HAYCHHSI.

V3aramsrene crisiguomenns Cg /C, 3maxomurecs

YISl CTOKY PIYOK IO TepuUTOpii YKpaiHU CTBOPIOE
B MeKax 2+2,5.
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GENERALIZATION OF THE AVERAGE ANNUAL WATER RUNOFF OF THE RIVERS
ACCORDING TO THE HYDROGRAPHIC ZONING OF UKRAINE

Aim of the research is to estimate average annual water runoff of rivers of Ukraine within river basins
and sub-basins respectively to the Hydrographic zoning of Ukraine. The territory of Ukraine is divided into
hydrographic units - nine areas of river basins and nine sub-basins.
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Methods of the research - methods of mathematical statistics and statistical analysis of the relations
between hydrological variables.

Scientific novelty of the research is to process the base of mean annual water discharge of rivers of
Ukraine from 294 hydrometric posts from the beginning of observations until 2015 inclusive. 83 % of the
posts have observation periods > 50 years, and only 17 % have < 50 years. Also, for the first time, the gener-
alization of the mean annual water runoff in the rivers was carried out according to the scheme of Hydro-
graphic zoning of Ukraine.

Practical value is determined by further development of studies of the average annual runoff of the
rivers in Ukraine and its generalization according to modern observation data.

Research results. Analysis of the relative values of the mean standard deviation in the calculations of
the mean annual runoff of the rivers of Ukraine has shown that the series of its observations are considered
representative.

Dependences of the average annual discharges of water in the rivers from the area of their catchments
for river basins and sub-basins proved to be of rather high approximation. Correlations is from 0,76 to 0,99,
which gives grounds for using them in practical calculations within the studied river basins and sub-basins.

Analysis of the spatial changes of the specific discharge of rivers in the territory of Ukraine showed
that their largest values are (34-39 | - s -1 - km - 2) fixed on small mountain catchments of the Carpathian and
Crimea. In plains they vary from 12,6 1 - s~ - km -2 in the river basin of the Vistula River to 0,1-0,2 | - s-
1. km -2 in the rivers basin of the Black Sea. The general tendency is their decrease from the northwest to
the southeast and south.

The variation coefficients of the the mean annual runoff for rivers in the flat part of Ukraine are within
the range of 0,23+0,65, for the mountain basins 0,20+0,45. Coefficients of asymmetry have a low positive
value for the entire territory of Ukraine. The generalized ratio between coefficients of asymmetry and varia-
tion is 2+2,5.

Keywords: rivers of Ukraine; hydrographic zoning of Ukraine; mean annual runoff for rivers; statisti-
cal parameters of distribution.
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THE REGIONALIZATION OF TERRITORIAL COMBINATIONS
OF MINERAL DEPOSITS AND MINING TERRITORIES OF UKRAINE

M. A. Cusuir, H. O. Jlicosa, b. b. I'aspuwiox. IIPO PEI'TOHAII3ALIIO TEPUTOPIAIbHUX IIO€/JTHAHb PO/JOBUII]
KOPHCHHX KOIIAJTHH TA I''PHHYOIIPOMHC/IOBHX TEPHTOPIH YKPAIHH. B cmammi 3po6reno cnpoby e3acmo-
V68 SA3KU 2e0N02IUHOT, eKOHOMIKO-2e02papiunol ma npoMuciosoi pecionanizayiti NOEOHaHb PO3GIOAHUX POOOSULY KOPUCHUX KONATUH
Yrpainu ma cghopmosanux na ix ocnosi mepumopianbHo-8UpOOHUUUX KOMNIEKCI8 3 MIHEPATbHO-CUPOBUHHOIO opienmayieto. 3anpo-
NIOHOBAHO GACHUIL 8APIAHM eKOHOMIKO-2e02paghiunoi pecionanizayii mepumopianoHux NOEOHAHb POOOSULY KOPUCHUX KONAIUH, KA
epyHmyemuca Ha 0anux I eoinghopm npo cyuacuuti cman MiHeparbHO- cuposunHoOi 6asu Kpainu. /lna pationyeanna mepumopii Ykpai-
HU 30 MIHEPATbHO-CUPOBUHHUMU PECYPCAMU 835MO 3d OCHOBY eKOHOMIKo-2eoepadiuni ghopmu 30cepeoicents pooosuLy KOPUCHUX KONa-
JIUH, 5K UOLTSUIUCH 3 O0NOMO2010 Memoois Kapmozpaii i 2enepanizayii, a markoxc gopmu ipHuHonpomuciosoi pecionanizayii. CmocosHo
OCMAHHIX, uepe3 po30IdCHOCMI 8 O3HAUEHHAX OKPEMUX MEPMIHIE Ceped HAYKOB020 3a2ally, 3anponoOHOSAHO GIACHY KAACUDIKAYIO IPHUYON-
POMUCTIOBUX Mepumopiti 3a Macumabamu 8UupooHUYmMea ma niowamu, Ha sSKUX 60HO 30cepeodicene. Poskpumo 3axonomipnocmi mepu-
MopianbHOT N0KANI3aYil Yepynoans pooosully KOPUCHUX KONAUH MA CHOPMOBAHUX HA IX OCHOBL MIHEPATbHO-CUPOSUHHUX KOMNIIEKCIE
Vxpainu. B mepumopianvuiu cmpykmypi MiHepaIbHO-CUPOSUHHUX pecypcie YKpainu 6U0iieno 4omupu eKOHOMIKO-2e02papiuti 301U
Ipuoninposcvro-Ilpuasoscoky, Cxiono-Yxpaincoky, /Joneyvko-Cnos ’aucoky ma Ilpuxapnamcoky, akum 6i0nogioaroms 0OHOUMEHHI
2IPHUYONPOMUCTOBE 30HU. YV Mencax eKOHOMIKO-2e0epaghiuHux 30H GUOKPEMIIEHO Ui 0XapaKmepusoearo OpIOHIuE MaKcoHu: MaKpo-
Paiionu, patioHu, MAKpoxKyuwi ma Kyuwji; 8i0N0GIOHO, Y MeXCax SIPHUYONPOMUCTIOBUX 30H BUOLTAIOMbCA SIPHUYONPOMUCIO8] PALOHU,
eyznu i yenmpu. Oxapaxmepu3o8ano minepanviy cneyu@iky 3a3HaueHux yepynoeans ma ix cKiaoosux yacmun, 3a3HaieHo ix exoHo-
MiKo-eeozpadiuni 0cobnUB0OCMI, CyuacHuii Cman 0C60EHOCMI Pecypcie MiHEPANbHO-CUPOBUHHOL 6A3U, WO 003601A€ GUSHAYAMU NepC-
NeKmugu noOAIbUO20 PO3GUMKY CHOPMOBAHUX MEPUMOPIATbHO-GUPODHUYUX KOMNILEKCI8 MIHEPANIbHO-CUPOBUHHOI CHPAMOBAHOCMI,
onmumizyeamu ix Cmpykmypy ma nponowysamu 06 €kmu 05 NEPULOYeP208020 iHBECIYBANHSL.

Knrouosi cnosa: minepanvho-cupounHi pecypcu, eKOHOMIKO-2e02papiuna pe2ionanizayis, 2IpHUYORPOMUCTIO8A PecioHANI3ayis,
2IPHUYONPOMUCTOBT YeHMPU, 8Y3IU, PAIOHU.

M. A. Cwuewuii, H. O. Jlucosa, b. b. I'aépumox. O PETHOHA/IU3AI[HH TEPPPUTOPHA/IbHBIX I'PYITIIHPOBOK
MECTOPOKJEHHH ITOJE3HBIX HCKOIAEMBIX H TI'OPHOIIPOMBIIIIIEHHBIX TEPPHTOPHH YKPAHHBIL B
cmamuve cOenana NoNbIMKA 83AUMOYBA3KU 2e0I02UHECKOl, IKOHOMUKO-2e02papuiecKoli u nPOMbIUIEHHOU pecuoHanu3ayuy oobeou-
HeHUll pa3ee0aHHbIX MeCmOPONCOeHUll NONE3HbIX UCKONAeMblX YKpaunvl u cOPMUPOBAHHbIX Ha ux 0Oaze meppumopudibHo-
NPOU3BOOCMEEHHBIX KOMNILEKCO8 ¢ MUHEPATIbHO-CHIPbeBOl OpUeHmuposannocmoio. /s pationuposanus meppumopuu Ykpaunl 3a
MUHEPATLHO-CHIPbEBbIMU PECYPCaMU 838Mbl 3d OCHOBAHUE IKOHOMUKO-2eozpaguiecKue Gopmbl cOCPeOOMOYeHUsi MeCmopoICcOeHuUll
NONIE3HBIX UCKONAEMbIX, BbIOEISIeMbLE C NOMOUbIO MenO0008 Kapmocpauu u 2eHepanu3ayui, a maxdice Qopmvl 20pHONPOMbIULIEHHOU
pecuonanuzayuu. H3-3a pacxosxcoenuti 8 onpeoeneHusx omoenbHblX MmepMuto8, Npeonodicena co6CmeeHHds KAaccuurayus 20pHo-
NPOMbIULIEHHBIX MepPUMOpuUil 3a Macumabamuy npou3eoocmea u niowjaoamu e2o pasgumus. Onpeoenervl 3aKOHOMEPHOCIU mep-
PUMOPUATILHOTL TOKAU3AYUU SDYRNUPOBOK MECOPOANCOCHUN NONE3HbIX UCKONAEeMbIX U CHOPMUPOBAHNBIX HA UX 6A3e MUHEPATbLHO-
CbIPLEBLIX KOMNIEKCO8 YKpaunel. B meppumopuanshou cmpykmype MuHepantbHo-Cblpbedblx pecypcos Yipaunul svloenensl yemovipe
2KOHOMUKO-2eoepaguueckue 30mbl. [Ipuonenposcrko-Ilpuaszoeckas, Bocmouno-Ykpaunckas, [Joneyko-Cnassnckas u Ilpuxapnam-
CKast, KOMOPbIM COOMBEMCmEYIon 00HOUMEHHblEe 2OPHONPOMbIUIEHHbLE 30HbL. B npedenax sxonomuro-eeoepaguueckux 301 vioene-
HbL U 0XapaxmepusoeaHvl Ooiee MelKue makcoHubl: MAKpOpAalonvl, patioHvl, MAKpOKYCMbl, KYCMbl, COOMBEMCMEEHHO, & Npedenax
20PHONPOMbBIUTIEHHBIX MEPPUMOPULL GbIOETAIONCS 20PHONPOMbILUTIEHHbLE PALIONbL, V3Tbl, Yenmpbl. Oxapakmepuzoeana MUHepanbHas
cheyughuka 03HaA4eHHbIX SPYNNUPOBOK U UX COCIABHBIX Yacmell, OnpeoeneHbl UX SKOHOMUKO-2eozpaguieckue 0coOeHHOCMU, cospe-
MeHHOoe COCMOsHUE 0C80CHHOCMU PECypPCO8 MUHEPAIbHO-CLIPbEBOLl 6aA3bl, YMO NO380AEM ONpedensinb Nepcnekmugbl 0aIbHeuume20
pazeumus chopmuposanHbix MeppumopUaIbHO-NPOU3E00CMEEHHBIX KOMNIEKCO8 MUHEPATLHO-CHIPbEGOL HANPAGIEeHHOCHU, ONMUMU-
3UpOBAMb UX CIPYKMYPY U npeonazams 00bekmol 05l Nep8oo4epeoHo20 UHBECMUPOBAHUAL.

Knrouesvie cnosa: munepansho-coipbegvie pecypcol, IKOHOMUKO-2e0PAPUYECKAsl PeSUOHANUZAYUSL, 2OPHONDOMBIULLEHHAS pe-
2UOHATUZAYUS, 20PHONPOMBIULTEHHbLE YEHMPYL, V3Tbl, PAIOHbL.

Problem formulation. Our studies conducted  properly developed problem as geography of
over the past two decades have made an attempt to ~ Ukraine’s mineral resources [21, 22, 23, 24, 25].
combine geological and geographical approaches to ~ The research has investigated the constructive and
define and characterise an extensive and still not  geographical basis for the mineral resource study,
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the historical peculiarities of the exploration and
development of Ukrainian mineral and resource po-
tential, the conditions of the mineral resources for-
mation. In addition, it provides the description of the
main groups of mineral raw materials, sets the prob-
lem of their efficient use and environmental protec-
tion in mining regions. In this context, it is neces-
sary to summarize the information about the princi-
ples of mineral deposit distribution, about the for-
mation of industrial raw material complexes based
on their combination in order to optimize the struc-
ture of such associations and to resolve the issues of
the efficient use of mineral raw resources.

The aim of the study is to zone the country’s
area on the basis of combining explored mineral
deposits with industrial complexes of mineral re-
source orientation, to characterize the peculiarities
of the mineral specialization of the defined econom-
ic and geographic structures where mineral raw ma-
terial are situated; to determine their potential and
industrial prospects.

Analysis of the latest research and publica-
tions. Researches concerning the geography of min-
eral resources are conducted mainly in several inter-
related and interdependent directions: natural geog-
raphy, economic geography, and geoecology. The
natural geography direction is represented mainly by
works where paleogeomorphological and paleoland-
scape criteria for search and exploration of mineral
deposits [3, 16] and landscape research of mining
areas are considered [6, 17, 18, 20, 27, 28]. The
economic direction is represented by the following
works [2, 4, 5, 7, 8, 10, 11, 12, 13, 14, 15, 23, 24,
25, 26, 29, 30, 31]. The geoecological (environmen-
tally oriented) direction has developed mainly due
to the needs to study the processes accompanying
the exploration, extraction and primary processing
of minerals [1, 6, 17, 18, 19, 20, 27, 28]. We have
been developing the constructively geographical
approach to the study of mineral resources focused
on a comprehensive analysis and synthesis of the
state and development of the mineral and raw mate-
rial potential of the regions. Zoning of the territory
of Ukraine basing on mineral resources was carried
out by I. Horlenko [4] and other researchers [13,
15], however, since then, there have been significant
changes in the area and component structure of the
country's mineral resources, dozens of new deposits
have been explored, priorities in the use of mineral
resources have changed, etc. Consequently, we sug-
gest zoning the territory of Ukraine on the basis of
the combination of mineral deposits according to the
latest data of Ukraine State Geological Information
Fund (Geoinform) concerning the state of its miner-
al resources base [9] which will enable us to opti-
mize the structure of the mining industry, will en-
sure the effective use of mineral raw materials and

will determine the prospects and directions of
Ukrainian mineral resource complex development.

Presenting main material. Economic, geo-
graphical and mining regionalization of the compex
mineral deposits is laid on the basis of mineral re-
source zoning of Ukraine territory (Fig. 1). The fig-
ure shows their corelation with geological regionali-
zation.

Economic and geographical forms of the min-
eral deposit concentration are distinguished by
means of cartography and generalization methods in
order to create scientific foundation for efficient lo-
cation and territorial organization of the industial
production. They are characterized in following
works [4, 15, 21, 24]. Such forms may coincide with
geostructural elements of different scales, but this is
not a prerequisite for their selection.

In order to determine the role of deposit loca-
tion in industry development, industrial complexes
of mineral resource orientation which include cen-
ters, hubs, agglomerations, regions, zones (mining
regionalization) are defined. Though there is a cer-
tain consensus among the scientific community on
the geological, economic and geographical regional-
ization of complex mineral deposits, industrial or
mining regionalization causes continuous disagree-
ments in the interpretation of certain terms [25]. For
example, the terms "mining territiry”, "ore mining
territory", "mining region", "ore mining region" and
others are found. Their interpretation is ambiguous
in both geographic and geological literature.

In our opinion, the term “mining territory”
means territories of different size where mining,
enrichment and processing of minerals of any status
- international, state or local - is done. These may be
areas where only large-scale mining is carried out
without enriching or processing them, though these
processes almost always accompany each other. For
instance, brick factories produce bricks from the
materials extracted from the deposits nearby; in
quarries with limestone, sandstone or granite extrac-
tion, crushed stones are produced; sand quarries are
used to enrich sands; in the quarries of the facing
stone, the process of cutting blocks and grinding
them is done. At the same time, the term “ore min-
ing territories” is a synonym, it can either be aban-
doned or used in parallel.

On the one hand, "mining regions” may mean
various territories in the Ukrainian geological and
geographic literature. Y. lvanov [6] considers “a
mining region” as a part of a mining basin (for ex-
ample, in Lviv-Volyn basin there are Chervonograd
and Volyn mining regions) and mining areas of the
local level (Rozdil sulfur deposit, Stebnyk salt de-
posit).

On the other hand, the “mining region” has a
completely different content, for example, there are
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well-known names of the mining regions such as
Krivyi Rih Mining Region, Donetsk Mining Region,
Nikopol Mining Region, Africa's largest mining re-
gions (Zimbabwe, Botswana and South Africa),
large mining regions: Silesia, Kuzbass; mining areas
of Donbas and others. Thus, mining regions mean
areas different in size, in density of industrial (min-
ing) distribution and in mineral resources. There-

fore, mining regions may mean both areas small in
size and with small amount of mining enterprises
(Boryslav, Stebnyk mining regions) and the whole
industrial agglomerations such as Krivyi Rih Basin,
Kursk Magnetic Anomaly, etc. In addition, geolo-
gists use the term "ore mining area", meaning, in
fact, "mining region " or "mining area" (for exam-
ple: Irshansk titanium-apatite ore mining area).

Geological
regionalization

Economic and geographical
regionalization

Industrial
regionalization

Ir _____________________________ F ==
| Pc_)int_ Separate deposit Solitary deposit Mlnln% Sétne-' rﬂlmpngecenter,
territorial || pen-pit ming, |
I binati underground mine, strip
| combinations mine
T I —
S N —
I |
| Bunch - Bunch Mining .
I territorial Ore field, cluster | :|7 hub ]
I combinations Macrobunch I %
U R e U D ) I -
QD
e _______________I §
| Ore district District o _ I ?
| — Mining region,
: | | regional cluster 1|
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I Province Zone Mining zone T
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Fig. 1. Territorial combinations of mineral resources

As a result, we suggest distinguishing all min-
ing areas by the scale of mining production and the
size of area on which it is situated, and, accordingly,
they should be defined as mining sites, mining cen-
ters, mining hubs, mining regions, and mining zones
(Fig.1). Mining agglomerations should be consid-
ered as specific mining areas.

A typical mining site can be considered a sepa-
rate mining enterprise (open-pit mine, underground
mine, strip mine) which exploits the mineral depos-
it, the slope mine. Mining centers are usually places
with several quarries or mines developing a single
deposit and compactly situated in a small area.

Mining hubs are formed on the basis of the con-
tiguous mineral deposits that make up a bunch or
macrobunch. An example of such formations can be
Hlukhivtsi-Turbiv mining hub the basis of which is
kaolin deposits and the facing granite deposits of
Koziatyn-Illintsi macrobunch which are exploited

and enriched by Hlukhivtsi mining and processing
plant, Turbiv kaolin factory, Zhezheliv quarry. The
The term ‘mining hubs’ (and not regions, despite the
traditionally established name), in our opinion,
should be used to define the concentration of several
mining companies (mines) that develop individual
slope mines within one coal deposit (coal deposits,
unlike ore deposits, occupy comparatively signifi-
cant areas). The examples of these are Chervo-
nograd mining hub, within which the coal deposits
of Mezhyrichia and, partly, of Zabuzhia are exploit-
ed, and Novovolynsk mining hub mines of which
develop Volyn deposit. Consequently, a mining area
of about 180 square kilometres (Chervonograd min-
ing hub) where the mines develop virtually only one
deposit, cannot be called a ‘mining region’ as the
region occupies more than 3000 square kilometres,
according to the generally accepted economic and
geographical regionalization [25]. It would be quite
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logical to correlate the mining regionalization with
the economic and geographical one (Fig.1) what is
suggested by our research.

Mining regions are regarded to be formed on
the basis of mining of mineral deposits combined
into regions and macroregions (or basins, areas, ac-
cording to geological regionalization). The exam-
ples of these can be Kryvyi Rih mining region
formed on the basis of iron-ore deposits of Kryvyi
Rih macroregion (Kryvyi Rih basin) and Sloviansk-
Artemivsk mining region where deposits of rock
salt, coal, refractory materials, etc. are developed.

The mining zones are considered to be vast
mining areas which coincide with zones, the largest
taxon of economic-geographical regionalization.
They can cover several industrially developed min-
eral basins (coal, brown coal, salt, sulfur, etc.) or
mining regions. In Ukraine, the mining zones are
Donetsk-Sloviansk, Pre-Carpathian (Prykarpaty),
Eastern Ukrainian, and Pre-Dnieper-Pre-Azov
(Prydniprovsk-Pryazovsk).

Mining agglomerations are part of the mining
regions or coincide with them and represent the ter-
ritorial concentration of industrial mining centers
and bunches in a relatively small area [7, 10, 14].
According to M. Enright [26], regional cluster is
close to the agglomeration and means a spatial clus-
ter of interrelated enterprises that are similar in their
specialization (“geographical agglomeration of
firms engaged in one or several related industries”).
Basically, the examples of such mining agglomera-
tions can be Horlivka-Yenakiieve, Lysychansk-
Rubizhne, Torez-Snizhne [10] and others in Donetsk
and Sloviansk-Artemivsk mining regions. Kryvyi
Rih agglomeration is formed in Kryvyi Rih mining
region.

Therefore, the structure of mineral resources of
Ukraine has been defined to include four economic
and geographical zones: Donetsk-Sloviansk, Pre-
Carpathian (Prykarpaty), Eastern Ukrainian, and
Pre-Dnieper-Pre-Azov  (Prydniprovsk-Pryazovsk)
(Fig. 2, 3). The location of zones, a brief description
of their mineral specialization and formed on their
basis mineral complexes is provided below.

Pre-Dnieper-Pre-Azov polycomponent zone.
The zone stretches along the right bank of the Dnie-
per River, near Zaporizhia city, continues on the left
bank and reaches the Azov coast. It is located within
Ukrainian Shield, this fact determined the peculiari-
ties of the mineral deposits explored here. Accord-
ing to the predominance and significance of the
leading mineral resources, the zone can be consid-
ered the ore one. It is located on the territory of four
oblasts: Cherkasy, Kirovograd, Dnipropetrovsk and
Zaporizhia and is characterized by a combination of
numerous mineral raw materials the leading of
which are iron and manganese ores. Their deposits

are of state importance occupying the first places by
the level of industrial development. In the compo-
nent structure of the zone, the following deposits are
of great importance: brown coal, rare and non-
ferrous metals, graphite, kaolin, non-metallic raw
materials for metallurgy, and building materials.

We have singled out Kryvyi Rih, Nikopol-
Tokmak, Zvenyhorodka-Dnieper macroregions and
Pre-Azov region in the area of Pre-Dnieper-Pre-
Azov zone (Fig. 2, 3).

Kryvyi Rih macroregion (over 450 square kil-
ometres) covers Kryvyi Rih iron ore basin and Kre-
menchuh iron-ore region (according to geological
regionalization) and is the main region of iron ore
stock and mining in Ukraine. The macroregion is
multicomponent with the significant predominance
of iron deposits. Ore mining and processing is done
at 5 mining and processing plants: Central, Inhulets,
Southern, Novokryvorizh, Northern and two mine
groups. In terms of mine concentration, quarries and
mining and processing plants, no other mining area
of the world can compete with this region. Kryvyi
Rih mining agglomeration was formed on the basis
of the mining enterprises of Kryvyi Rih basin (Fig.
3). The industrial complex of Kryvyi Rih basin can
extract more than 190 million tons of raw ore per
year and produce about 70 million tons of marketa-
ble mineral products.

In the area of the macroregion there are also
deposits of uranium (Zhovtorichensk deposit), nick-
el (Devladove deposit) and aluminum (\Vysokopillia
deposit), non-metallic raw materials: indurated talc
(Valiavkynske, Inhulets deposits), mineral pigments
(saturnine red, sienna, colcothar), decorative stone
(jaspilites, crocodilite, dolomite marbles), refractory
clay (Saksahan deposit), dolomite for metallurgy
(Frunze deposit), graphite, building and glass sand,
granite, etc. The development of non-metallic raw
materials is regarded as insufficient.

Kremenchuh monocomponent bunch is located
within Poltava oblast and is the northern extension
of Kryvyi Rih iron ore basin. In the bunch area, six
iron ore deposits are compactly located (from south
to north): Horishni Plavni, Lavrykiv, Yerystovo, Bi-
lanovo, Nova Haleshchyna and Manuilivka. There
are Poltava mining and processing plant and Kre-
menchuh mining hub which operate on the basis of
the first two deposits (Fig. 4).

Nikopol-Tokmak monocomponent macrore-
gion covers Nikopol manganese ore basin located in
Dnipropetrovsk and Zaporizhzhia oblasts in the area
of more than 5 thousand square kilometres. The ore
area is divided into separate reserves combined into
deposits:  Zelenodolsk, Nikopol, Ordzhonikidze,
Marhanets, Velykyi Tokmak. Only Nikopol deposit
is being developed. The eastern part of the deposit is
developed by Marganets mining-and-processing
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Fig. 2. Economic and geographical mineral resources zoning scheme of Ukraine territory
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Legend for Fig. 2:

Structures of the East European Platform:

Ukrainian Shield

Volyn-Podilsk plate

Lviv deflection

Dnieper-Donetsk depression

Black Sea depression

pre-Dobrudzhyn deflection

Scythian platform

Folded areas:

Donetsk

Mountain-Crimean

Carpathian

Pre-Carpathian deflection

Folding Carpathians

Transcarpathian deflection

The numbers on the map indicate:
| — Pre-Carpathian zone, II — Pre-Dnieper-Pre-Azov zone: 1- Kryvyi Rih macroregion, 2- Nikopol-Tokmak
macroregion, 3- Zvenyhorodka-Dnieper macroregion, 4- Oleksandriia region, 5- Pry-Azov region; 111 —
Eastern Ukrainian zone: 6- Shebelynka-Okhtyrka macroregion, 7- Romny-Pryluky macroregion; IV — Do-
netsk-Sloviansk zone: 8- Donetsk macroregion, 9- Sloviansk-Bakhmut macroregion; separate territorial
combinations: 10. Trans-Carpathian macroregion, 11- Lviv-Volyn macroregion, 12- Podillia macroregion,
13- Crimea macroregion, 14- Kerch macroregion, 15- Zhytomyr region, 16- Pobuzhia region

plant, the western part is done by Ordzhonikidze
plant. Generally, mining is carried out at 7 mines
and 8 strip mines. Ore beneficiation is carried out at
four concentration mills, namely at Hrushivka I, II,
Chkalovske, Oleksandrivka.

Manganese ore reserves of this macroregion are
internationally significant as raw materials are ex-
ported to Russia, Czech Republic and Slovakia. On
the basis of manganese deposits, Nikopol mining
hub was formed. The macroregion future belongs to
further development of the world's largest manga-
nese reserves in Velykyi Tokmak deposit. Other
mineral resources of the macroregion (constrution
materials) are of local importance.

Zvenyhorodka-Dnieper polycomponent ma-
croregion covers the main area of distribution of
brown coal deposits of the Dnieper basin within
Cherkasy, Kirovograd and Dnipropetrovsk oblasts.
The leading minerals of the macroregion are brown
coal, titanium, nickel-cobalt, uranium, gold, terres
rares, graphite, bentonite clays, kaolins, nonmetallic
raw materials for metallurgy, building materials.

Within the macroregion, Oleksandriia poly-
component region, Verkhniy (Upper) Dnieper and
Synelnykove macrobunches have been singled out.

Brown coal deposits, not being developed cur-
rently, dominate in the Oleksandriia region. The
Eastern Mining and Processing Plant exploits four
uranium deposits, namely Vatutine (Smolinska
mine), Michurine and Central (Inhulsk mine) and
Novokostiantynivka (Novokostiantynivka mine);
Dashukivka Bentonite Company “Dashukivka Ben-
tonity” develops a large Cherkasy bentonite clay
deposit of state importance; Vatutine refractory clay

plant develops Murzynske deposit; numerous depos-
its of building materials are exploited, in particular,
facing granites (Kapustyn, Bohuslav ), silicious raw
materials (Konoplianske, etc.). Balakhivka graphite
deposit has been prepared for exploitation. On the
basis of the deposits of the economic and geograph-
ical region, mining region of the same name has
been singled out. In its area, there is Kropyvnytskyi
mining hub where uranium, secondary kaolin, marl,
granite, sand and loam deposits are developed
(Fig. 4).

Verhnii (Upper) Dnieper macrobunch unites a
group of brown coal deposits (not developed), tita-
nium, nickel, talc-magnesite, refractory clays,
moulding sand, etc. Vilnohirsk mining and metallur-
gical combine operates on the basis of the unique by
its reserves Malyshivske compound deposit of tita-
nium-zirconium ores. The plant supplies raw mate-
rials for Zaporizhia Titanium Magnesium Combine
and, in addition, it develops high-alumina raw mate-
rials (disthen-sillimanite ore) and moulding sands.
Explored within the macrobunch industrial deposits
of nickel-cobalt ores (Sukhyi Khutir, Devladove
deposits), talc-magnesite (Pravdyne deposit) are cur-
rently not developed. Deposits of facing granites
such as Kudashivka, Bovtyshka are being devel-
oped. The industrial development of the deposits of
macrobunch became the base for the development of
the mining hub with the same name.

Synelnykove macrobunch is located to the
south-east of the city Dnipro within Middle-Dnieper
megablock of Ukrainian Shield and has more than a
dozen mineral deposits, three of which are gold de-
posits (Serhiivka, Balka Zolota, Pivdenne), uranium
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(Surske), brown coal (Pavlivske, Synelnykove),
primary kaolin (Biliaiivka), fluxing limestone
(Dnipropetrovsk), refractory clay (Pervozvanivka),
moulding sand (Khoroshe, Sukhachivka, Taromske
deposits), facing granites (Yantsivske), etc. Almost
all the deposits listed above are not currently devel-
oped, except for the deposits of facing stone and
kaolin (Biliaiivka Mineral Beneficiation Plant de-
velops reserves of Biliaiivka kaolin deposit).

Pre-Azov region genetically belongs to Pre-
Azov megablock of Ukrainian Shield which deter-
mined the specificity of the mineral deposits formed
here. The leading minerals are ores of iron, uranium,
terres rares, graphite, kaolin, refractory clays. With-
in the region, Polohy-Huliaipole macrobunch and
Bilozerske hub are relatively clear distinguished
(Fig. 3).

Polohy-Huliaipole macrobunch, located to the
south-east of Zaporizhia city, has more than a dozen
deposits of the main minerals such as iron (Vasyn-
ivske, Huliaipole deposit), secondary kaolins (Polo-
hy-2), molding sand (Polohy, Orikhiv), refractory
clay (Polohy-1), brown coal (Orikhiv-1), apatite and
rare-earth metals (Novopoltavka), feldspar (Balka
Velykoho Taboru), gaize (Novosemenivka), glass
sand. Mining company “Polohy chemical plant Co-
agulant” develops deposits of kaolin, refractory
clays and molding sands and provides metallurgical
enterprises of Pre-Dnieper and Donbas regions with
raw materials. Orikhiv open-pit mine develops a
deposit of molding sands.

Bilozerske monocomponent bunch is situated to
the south, a little apart from the rest of the region.
The main mineral raw materials of the bunch are
iron ores of three deposits, namely North Bilozerske
(Pivnichnobilozerske), South Bilozerske (Pivdenno-
bilozerske) and Pereverzivske only the second of
which is developed. Zaporizhia Iron Ore Plant,
which operates on the basis of the deposit, annually
extracts up to 3 million tons of high-grade iron ores
that do not require beneficiation. Bilozerske bunch
is one of the most promising areas in Ukraine (after
Kryvyi Rih basin) by its industrial potential. Depos-
its of other minerals explored within the bunch in-
clude the deposits of building sand and brick-tiled
raw materials.

Donetsk-Sloviansk polycomponent zone is
located within Donetsk, Luhansk and, partially,
Dnipropetrovsk oblasts and belongs to the hercyni-
des of Donetsk folding structures and sediments of
the Dnieper-Donetsk depression. We have divided
the zone into two macroregions: Donetsk and Slovi-
ansk-Bakhmut (Fig. 2, 3).

In general, a large number of complex forming
mineral deposits of international and national im-
portance are very densely concentrated within the
zone, some minerals (coal, rock salt) are character-

ized by a basin type of distribution. The unique
combination of various types of raw materials (fuel,
chemical, technological, non-metallic for metallurgy
and building) has resulted in setting up a complex of
mining, concentration and processing enterprises for
fuel, energetic, metallurgical, chemical and con-
struction industries. As a result, industrial agglomer-
ations and industrial hubs were formed within Don-
bas (Fig. 4).

Donetsk macroregion. The deposits of the
macroregion are concentrated within Donetsk and
Dnipropetrovsk oblasts. The main minerals of inter-
national and national importance are coal, refractory
materials, flux and cement raw materials.

Pavlohrad-Petropavlivka monocomponent
bunch, located in the western part of the macrore-
gion, includes coal deposits of Western Donbas and
the hub with the same name of national importance
formed on its base.

In the southern part of Donetsk macroregion,
Dokuchaievsk multicomponent macrobunch is clear-
ly defined. It includes compactly located deposits
(except for coal) of fluxing limestone, dolomites and
refractory materials. In the area, Illich Iron and Steel
Works (Mariupol Metallurgical Plant) develops rich
deposits of fluxed limestone (four deposits),
Dokuchaievsk Flux and Dolomite Plant develops
dolomites from Olenivka, Stylske and Novotroitske
deposits, Velykoanadolsky Refractory Materials
Plant and Donbaskeramika Company develop de-
posits of primary and secondary kaolin. In addition,
within the macrochunch there are deposits of refrac-
tory clays (Zatyshok), alumina raw materials
(Kalinino-Shevchenkivske), rare metals (Mazur-
ivske), all of which currently are not developed, and
numerous deposits of building materials (glass
sands, gaize etc.).

The small monocomponent Amvrosiivka bunch
includes mainly compactly located deposits of ce-
ment raw materials (totally, 5 deposits of marl,
chalk, clay), which are developed by the open joint-
stock company “Doncement”. On the basis of the
deposits of Dokuchaievsk macrochunch and
Amvrosiivka bunch, the corresponding mining hubs
have been formed.

Sloviansk-Bakhmut macroregion is located in
the north-western part of Donbas within Donetsk
(partly), Luhansk and Kharkiv oblasts. The
macroregion is characterized by a unique combina-
tion of many complex minerals of international and
national importance. Most of them serve as the
foundation for forming various combinations of in-
dustrial enterprises: mining, processing, mining and
chemical, industrial complexes of mineral resource
orientation. First of all, these are deposits of coal,
rock salt, refractory materials, cement raw materials,
the level of development of which is quite high. In
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addition, rich deposits of mercury, uranium, gyp-
sum, phosphorites, molding sands, dolomites, chalk,
ochre, brown coal (all deposits are not fully devel-
oped) are compactly located here.

A number of mining enterprises such as Vesco
private joint-stock company, Chasovyi Yar Refracto-
ry Materials Plant, Kurdiumivka Acid Product Fac-
tory, Druzhkivka Mine Group, Companies:
“Vohnetryvnerud”, “Pivdenno-Oktiabrsk Clays”,
“Donbas Clays”, Krasnohorivka and Kindrativka
Refractories Plants function on the basis of the re-
fractory clays of Chasovyi Yar macrobunch (14 de-
posits, 10 of which are developed). Raw materials
are supplied to the enterprises of Ukraine, Great
Britain, Italy and others.

Raw materials (chalk, clay) of Kramatorsk
complex deposit are used by Kramatorsk Cement
Plant-Pushka.

Deposits of molding sands (totally 5 deposits,
for example, Husarivka, Bantyshivske, Chasovyi-
Yar) are developed by Husarivka Mining and Pro-
cessing Plant, Chasovyi Yar Refractory Materials
Plant, Druzhkivka Mine Goup.

Gypsum deposits (11 deposits) are mainly de-
veloped by the German construction company
“Knauf” and the French company “Lafarge” which
produce construction mix, gypsum crushed stone,
packaged gypsum and other products, as well as
provide Ukrainian construction, ceramic, porcelain,
slate and cement plants with raw materials. The fur-
ther improvement includes investment projects of
the development of mining and industrial complexes
which means industrial exploitation of East-
Vidradne and Zaitseve-2 gypsum deposits. The large
Artemivsk rock salt deposit is developed by 5 mines
of the State Enterprise “Artemsil”.

Mykytivka mercury field (7 deposits) was in-
tensively developed until 1995 by Mykytivka mer-
cury plant. The field is now suspended.

The deposits of uranium (Krasnooskolske de-
posit), brown coal (large Novodmytrivka deposit),
phosphorites, dolomites, ochre and some others can
be regarded as insufficiently developed. Rubizhne
polycomponent macrobunch and Rovenky mono-
component bunch [19] are singled out in the area.
The first one includes deposits of coal, natural gas
and building materials of local importance while the
second one contains deposits of coal.

On the basis of the characterized territorial
combinations of mineral raw materials, the follow-
ing mining hubs have been formed: Kramatorsk-
Kostiantynivka, Bakhmut, Lysychansk-Rubizhne,
Rovenky (Fig. 4).

We also distinguish Luhansk polycomponent
bunch stretching straight to the north of Luhansk,
along the Russian Federation border to the north-

west almost to Lysychansk. It is comprised of coal
deposits, explored gas and gas condensate deposits
(15 deposits).

Eastern Ukrainian polycomponent zone is
located on the left bank of the Dnieper River and
extends over the territory of five oblasts: Chernihiv,
Sumy, Poltava, Kharkiv and partly Dnipropetrovsk.
The zone belongs to Dnieper-Donetsk depression
and is characterized by the predominance of oil and
gas deposits over non-metallic mineral deposits. Its
area is 78 thousand square kilometres, the total
number of oil and gas deposits includes more than
430. Still, there are certain principles of their territo-
rial concentration, particularly, in the northern part
of the zone (Chernihiv oblast) a significant amount
of oil deposits with a high content of dissolved gas
has been investigated, in the south-east, oil deposits
are replaced by gas condensate and gas deposits.
The development of oil and gas deposits in the zone
is very high as they have been exploited for a long
time and many of them have already exhausted their
reserves. Public joint-stock company ‘“Ukrnafta”
processes gas at Hnidyntsi and Kachanivka gas pro-
cessing plants. JSC “UkrGasVydobuvannia exploits
Shebelynka gas processing plant, Yabluniv gas pro-
cessing department, process shop of condensate sta-
bilization “Bazylivshchyna”. Qil refining is carried
out at Kremenchuh oil refinery of Transnational fi-
nancial and industrial oil company “Ukrtatnafta”.

Within the zone, we distinguish two macrore-
gions: Shebelynka-Okhtyrka and Romny-Pryluky,
the latter one includes several bunches (Fig. 2, 3).

Shebelynka-Okhtyrka polycomponent macro-
region is located in the south of the zone within
Kharkiv, Dnipropetrovsk, Poltava and, partly, Sumy
oblasts. The bunches that form it are predominantly
monocomponent and are represented by gas and gas
condensate deposits and by small amount of oil de-
posits in the north. Thus, in Kharkiv oblast 45 oil
deposits and 45 gas deposits are explored, in Poltava
oblast 30 oil deposits and 70 gas deposits are ex-
plored. The main gas deposits are Shebelynka, Ye-
fremivka, Western-Khrestyshche, = Medvedivka,
Melykhivka etc. Other minerals found in the
macroregion are rich deposits of rock salt (Yefrem-
ivka), chalk (Shebelynka deposit), glass sands
(Berestovenka, Novoselkivske deposit), bischofite
(Poltava), mineral pigments, building materials
(construction sand, brick and tile, expanded clay raw
materials, etc.). On the basis of the bunch exploita-
tion, the oil and gas industrial hubs are formed (Fig.
4). Myrhorod resort of the national level functions
on the basis of mineral waters of Myrhorod deposit.

Pereshchepyno bunch, located at somewhat iso-
lated position, occupies Novomoskovsk district of
Dnepropetrovsk oblast and is composed mainly of
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gas and gas condensate deposits (totally, above 2
dozen deposits) the development of which will have
an impact on the fuel balance in Pre-Dnieper area.
Deposits of refractory raw materials, currently not
developed, also belong to the bunch.

Romny-Pryluky macroregion occupies the
northern part of the zone (the territory of Chernihiv,
Sumy and Poltava oblasts) and has 30 oil and con-
densate deposits and 40 gas deposits in Chernihiv
oblast alone. A significant amount of deposits is
concentrated in the south-western part of Sumy ob-
last and north-western Poltava oblast (Romny and
Hlynsk-Rozbyshivka bunches). The most significant
oil extraction is done at Leliaky, Hnidyntsi, Anasta-
sivka, Hlynsk-Rozbyshivka, Kachanivka deposits
which form the foundation for the oil industry de-
velopment in Ukraine. In the northern bunches
(Pryluky, Ichnia), oil and oil and gas condensate
deposits strongly predominate.

In addition to oil and gas deposits, the
macroregion contains deposits of brown coal (Sula-
Udai deposit), rock salt (Romny), bischofite (Novo-
podilske), and building materials.

The development of oil and gas deposits has
entailed the formation of Pryluky and HIlynsk-
Rozbyshivka mining hubs, which specializes mainly
in oil extaction.

Pre-Carpathian zone is located within Lviv
and lvano-Frankivsk oblasts and is geographically
connected with Pre-Carpathian foredeep and nearby
areas of East European Platform. The zone contains
several large territorial mineral deposit concentra-
tions (according to the geological regionalization):
the Pre-Carpathian oil and gas region, the Pre-
Carpathian sulfur-bearing basin, the Pre-Carpathian
salt-bearing basin, the Dniester gypsum-bearing ar-
ea, etc. Thus, the zone is multicomponent with a
high level of deposit concentration and development
of mainly international and national importance. A
bunch form of deposit distribution is typical of this
zone (Fig. 2, 3).

As a result of intensive mining and processing
activities, the following mining hubs are formed on
the basis of the bunches: Yavoriv sulfurous, Rozdil
sulfurous, Boryslav oil industrial, Mykolaiv cement,
Stebnyk salt-bearing

Dolyna-Kalush polycomponent macrobunch in-
cludes rock salt and oil deposits (more than 14),
most of which have already been exhausted and are
not developed now. Currently, the production is sus-
pended. The development of two groups of contigu-
ous deposits of potassium and potassium-
magnesium salts has also been suspended: Kalush-
Holyn and Markova-Rosilna. The deposits of ozoke-
rite (2 deposits) are singled out, but they are not de-
veloped either.

On the basis of the macrobunch deposits, a

powerful industrial complexes of mineral resource
orientation used to work. Now Dolyna gas pro-
cessing plant, Dolyna salt plant, “Karpatnaftokhim”
LTD in Kalush are supplied with local raw ma-
terials.

Boryslav-Stebnyk macrobunch is similar in
mineral raw materials component composition and
the specialization of the mining industry to the pre-
vious one. The macrobunch is located on the territo-
ry of Lviv oblast. The area contains oil and gas con-
densate deposits such as Boryslav, Skhidnytsia (both
are developed), Oriv-Ulychne, Yankivske (totally 14
deposits) which have formed Boryslav oil industrial
hub. At the turn of the nineteenth and twentieth cen-
turies, there were plenty of different oil refineries, as
well as ozokerite deposits. Since 1996, ozokerite
extraction has been stopped, oil extraction continues
today.

Most oil and gas deposits are associated with
salt-bearing deposits which overlap oil-bearing
rocks. Stebnyk salt-bearing hub with Stebnyk, Do-
brohostiv, Drohobych deposits of potassium and
sodium salts was formed on the basis of 15 salt de-
posits in Lviv oblast, as a result Stebnyk mining and
chemical enterprise “Polymineral” functioned here
(mines, mineries, benificiation plants). Now the
production in Stebnyk have been suspended.

A number of mineral water deposits have been
explored within the area of the macrobunch (Trus-
kavets, Skhidnytsia), on the basis of which some
well-known resorts and even Truskavets-Skhidny-
tsia recreation hub have been formed.

Two bunches of mineral deposits - Rozdil and
Yavoriv — are located within Pre-Carpathian sulfur-
bearing basin. Rozdil bunch includes Rozdil,
Podorozhnie, Liubyni and Teisariv sulfur deposits.
Until recently, State Enterprise Rozdil Mining and
Chemical Enterprise “Sirka” functioned on the basis
of the first two deposits (mining operations were
ceased in 2000), consequently, Rozdil sulfur hub
was formed here. Yavoriv bunch located in the
north-west of the basin includs Yazivske and Ne-
myriv sulfur deposits, oil deposits (Kokhanivske),
natural gas (Svydnytsia, Retychynske, Kokhanivske,
Wyshnia), construction materials. Until 2001, State
Enterprise Yavoriv Mining and Chemical Enterprise
“Sirka” and the corresponding sulfur mining hub
functioned on the basis of sulfur deposits. Both hubs
are part of the Pre-Carpathian sulfur region.

Mykolaiv-Pustomyty macrobunch with the area
of more than 1000 square kilometres is located on
the territory of the corresponding districts of Lviv
oblast. Here there is a dense concentration of con-
struction raw material deposits: cement (Dobriany,
Rozvadiv, Kahuiv, Piskiv which have limestone,
gaize, clay), sand (Melyki Hlibovychi), gypsum
(Dniester gypsum region), brick and tile, quar-
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rystone and rubbly, limestone, peat (totally, more
than 2 dozen deposits). On the basis of these depos-
its, Mykolaivcement PAT (CRH Ukraine) functions.
There are numerous quarries of construction materi-
als. Mining and processing enterprises of the bunch
can be included into Mykolaiv cement hub (Fig. 4).

Bilche-Volytsia bunch belongs to Bilche-
\olytsia oil and gas region and is located in Lviv
oblast. It contains mainly gas and gas condensate
deposits (about 3 dozens) some of which are devel-
oped. It also includes deposits of peat, brick and tile
raw materials.

Staryi Sambir bunch (Lviv oblast) contains oil
deposits: Strilbychi, Staryi Sambir, South Monas-
tyrets etc. (totally 5 deposits) and deposits of con-
struction raw material.

Nadvirna bunch is located in Ivano-Frankivsk
oblast. It is based on oil, oil and gas condensate, gas
condensate deposits which occupy the southern part
of Boryslav-Pokuty oil and gas region with 10 de-
posits totally: Pniv, Hvizdets, Monastyrchany,
Bytkiv-Babchynske. In the territory of the bunch,
there are deposits of ozokerite (Starunia and
Dzvyniach) and menilitic shale. Nadvirna oil and
gas production division works on the raw materials
of the mentioned deposits.

The development of mineral deposits of Pre-
Carpathian zone resulted in the formation of a large
industrial complexes of mineral resource orientation
called Pre-carpathian mining zone.

The description of the other areas of Ukraine
with mineral resource, which are not included in the
characterized zones and which occupy a little isolat-
ed position, is not provided here due to the limited
size of the article. It is described in [24].

Conclusions. 1. Three approaches to zoning
areas with combined mineral deposits are analyzed

and applied: geological, economic and geographical,
and industrial which enables us to correlate them for
defining the structure of mineral resource complexes
of certain regions.

2. We have suggested the variants of economic-
geographical and mining regionalization of industri-
al complexes of mineral resource orientation basing
on the data of the Ukraine State Geological Infor-
mation Fund (Geoinform) concerning the current
state of mineral resources in Ukraine.

3. Our own interpretation of the main defini-
tions of mining regionalization is provided what
serves as clarifying the existing differences in their
understanding.

4. The principles of Ukrainian localization of
mineral deposit combination and the mineral re-
source complexes formed on their basis are singled
out. Four mineral resource zones are identified: Pre-
Dnieper—Pre-Azov, Eastern Ukrainian, Donetsk-
Sloviansk and Pre-Carpathian which correspond to
four mining zones and several territorially separated
structures: Trans-Carpathian, Lviv-Volyn, Podillia,
Kerch, Zhytomyr, Crimea macroregion, and
Pobuzhia region. Within the zones, economic-
geographical  substructures are  distinguished:
macroregions, regions, macrobunches, bunches,
centers and mining structures — regions, hubs, cen-
ters.

5. The mineral peculiarities of the mentioned
zones and their constituent parts are characterized,
their economic and geographical features and the
current state of resource development are indicated,
which enables us to determine the prospects for fur-
ther development of the existing mineral resource
complexes, optimize their structure and suggest ob-
jects of prior investment.
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THE REGIONALIZATION OF TERRITORIAL COMBINATIONS
OF MINERAL DEPOSITS AND MINING TERRITORIES OF UKRAINE

The purpose of the article is using the data of Geoinform of Ukraine on the current state of the mineral
resource base of the country, to regionalize its territory by combining explored mineral deposits and produc-
tion-territorial complexes formed on their basis with a mineral raw material orientation.

Research results. The article is written in the context of the constructive-geographical direction of
studying the geography of mineral resources, which has been developing in the last decades in Ukraine. In
particular, three approaches to regionalization of territorial combinations of mineral deposits are compared
and analyzed: geological, economic-geographical and mining, which will contribute to their interconnection
in characterizing the mineral-raw materials complexes of individual regions. The authors’ own interpretations
of discussion definitions of mining terminology are proposed.

Based on the results of previous studies and taking into account the current state of the mineral resource
base, economic-geographical and mining zoning of the territory of Ukraine has been carried out for groups of
explored mineral deposits. Within Ukraine, four mineral resource zones are allocated: Prydniprovsko-
Pryazovska, Eastern Ukrainian, Donetsko-Slovianska and Prykarpatska, as well as several territorially sepa-
rate structures: Zakarpatskyi, Lvivsko-Volynskyi, Podilskyi, Kerchenskyi, Krymskyi macrodistricts, Zhyto-
myrskyi and Pobuzkyi districts.

A detailed description of the mineral and raw material specifications of these structures and their con-
stituent parts, the features and prospects of their exploitation, the formation of territorial-production com-
plexes of mineral and raw materials orientation are submitted.

Scientific novelty. For the first time, various approaches to the regionalization of territorial groupings
of mineral deposits and mining territories are compared, the basic definitions of mining regionalization are
presented, and on this basis their own variant of zoning the territory of Ukraine on mineral resources is pro-
posed.

Practical value. The economic, geographical and mining zoning of the territory of Ukraine according to
the forms of concentration of mineral deposits and mining areas will help create the scientific basis for opti-
mizing the structure of the mining industry, ensuring the effective use of mineral raw materials, and develop-
ing the country's raw material complex.

Keywords: mineral resources, economic and geographical regionalization, mining regionalization, min-
ing centers, hubs, districts.
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SIMULATION OF THE THERMAL COMFORT CONDITIONS OF URBAN AREAS:
A CASE STUDY IN KY1V

O. I Illesuenko, C. I. Cnixncxo, M. O. Mamsienxo. MO/IEJTFOBAHHA BIOKJIIMATHYHHX YMOB YPbAHI3OBAHO-
TI'O CEPE/]IOBHIIIA (HA IIPHKJIA/II MICTA KHEBA). /[ocnioscenns GIOKAMAmMuuHUX yMos ypOaHizo8anux mepumopiti @ men-
ULl nepiod € Oysce aKmyaibHUMU, adxce, OOCMOBIPHI Pe3yIbmamu OYiHKU IHIMEHCUBHOCTI MEN08020 Cmpecy € NIOIPYHMAM Ol
PO3POOKU Ma 8npoBaAdNHCeHHA 3ax00ie adanmayii 0o cheku. Kpim moeo, mooeniosanus OIOKIiMAMy 6aXCIUB0 3ACMOCO8Y8AMU HA
emani NPoeKmy8anHs Micbkoi 3a0y008u 01 ni06opy ONMUMATLHOT CIMPYKIYPU, O OONOMOdCe NIOBUUMU KOMPOPMHICMb MICOKUX
paiionie. Memoio 0aH020 00CHIONHCEHHA € MOOENIOBAHHA OIOKAIMamy YPOAHi308aH020 cepedosunya 0 6USHAUEHHS MeNI08020 HA8A-
HMAXCEHHA HA THOOCLKUL OP2aHi3M 8 TIMHI Nepiod 3 BUKOPUCTNAHHAM CYYACHUX OIOKMIMAMUYHUX THOEKCI8 ma NPoSPaAMHUX NPOOYK-
mis. J{ns peanizayii memu 0ocniodcenns Oyno oobpano uacmuny mepumopii scumnogoeo macugy Ocokopxu (m. Kuig). 3nauenns ocro-
BHUX MEMeOPONIO2IUHUX NAPAMEMPI8 HA OOCTIONCYBAHIL OLISHYL OMPUMAHT 3 GUKOPUCMAHHAM NPOSHOCMUYHOI MPUusuMiproi mooeni
«ENVI-mety, a ¢izionoziuno-exsieanenmmnoi memnepamypu (PET) — 3a donomozcoro moodeni «RayMany. Ananiz pezynomamie mooe-
JM0BAHHA CEIOUUMb, WO 3HAUEHHA MeMNepamypu ma 801020cmi nogimps, xapakmepucmux simpy ma PET xapaxmepuzyemucs 3nau-
HOI NPOCMPOBO-4ACOB0I0 MIHIUBICMIO HABIMb HA HE3HAUHUX 3d POIMIpAMU OUIAHKAX 8 MelCcax MicbKoi 3a0y008u. Amnaimyou 3Ha-
yenv QET 6ynu maxcumanvHumu 8 0enni 200unu i cmanosunu 12°—15°C. HalicunbHiuozo menioeozo cmpecy mMewKanyi ypoanizosa-
HUX Mepumopiil 3a3Haoms nepedysaroyu Ha GIOKpUMUX 3Aachanbmo8aHux OiIAHKAX 6 OeHHI 200UHU. 3MeHUeH s aMNIinyou mem-
nepamypu nogimps Ha O0CAIONCYBAHUX OLIAHKAX Y GeUiPHI Ma HIYHI 200UHU NPU3EENO 00 NOMIMHO20 3HUMNCeHHA amnaimyou PET na
obpaniii mepumopii — 0o 2°-3°C. Ilopisnanus smooenvosanux 3uavenv @ET ona 0ocnioocysanoi mepumopii ma ona AMCL] «Kuig»
nokazano, wo snavennsi OET, amodenvosani 3a 0aHUMU MemeoporoSiuHOTi CmaHyii, He 8I006PaNCAIOMb PeaibHUX OLOKAIMAMUYHUX
VMO8 8 MENCAX CKIAOHOI MiCbKOI 3a6Y008U.

Knrouosi cnosa: ypbanizosane cepedosuuje, 6ioknimam, mennosuii Kom@popm, Qizionoziuno-ekeisaienmua memnepamypa, mo-
denv «ENVI-mety, moodens «RayMany.

O. I Illeguenxo, C. H. Cuusncko, M. 0. Mameuenxo. MOAEJIHPOBAHHUE BFHOK/JIHMATHYECKHX YC/IOBHH YP-
BAHHU3HPOBAHHOHM CPEJBI (HA ITPHUMEPE I'OPOJA KHEBA). Hccnedosanue GUoKTUMAMUYeckux yenosuii ypoanusupo-
6AHHOUL cpedbl 8 Menblil Nepuood AGIAEMC O4elb AKMYAIbHbIMU, 8e0b, 00CMOBEPHbIE Pe3YIbMamyl OYeHKU UHMEHCUBHOCIU Menio-
6020 cmpecca ABNAIOMCA OCHOBOU OJid pa3spabomxu u eHeopeHus meponpusmuil aoanmayuu K sscape. Kpome mozo, mooenuposanue
OUOKTIUMAMA BANCHO NPUMEHAMb HA dMane NPOeKmMupo8ans 20pOOCKOU 3aCmpoliKu ¢ Yenvlo noddopa ONMUMANILHOU CIPYKMYpb,
KOMOPAsl NOMOJ4cem NOBbICUMb KOMBOPMHOCb 20pOOCKUX pationos. Llenvio dannozo uccrnedosanus agsemcs Mooenuposanue ouo-
KaumMama ypoanusuposantoll cpeobl 0nis onpeoeienis menioeoll Hazpy3Ku Ha OP2aHU3M Yelo8eKda 6 1emHULl Nepuoo ¢ UCNONb308AHU-
eM COBPEMEHHbIX OUOKTUMAMUYECKUX UHOEKCO8 U NPOSPAMMHBIX NPoOyKmos. [l peanusayuu nocmasienHol yeau oviia ebiopana
uacms meppumopuu dicunozo maccusa Ocoxopku (2. Kues). 3nauenus ocnogHbIx Memeopoio2uieckux napamempos Ha ucciedyemom
yuacmie NOAYUeHbl ¢ UCNONb308aHUEM NpocHOCmuUuYeckol mpexmepnou modenu «ENVI-met», a gusuonozuuecku-sxeusaienmmoil
memnepamypul (PIT) — ¢ nomowwio modenu «RayMany. Ananuz pe3yrbmamos mMoOeruposanus noKasvleaem, 4mo 3HaveHue memne-
pamypel u enadcHocmu 6030yxa, xapakmepucmuk gempa u POT xapakmepusyemcs 3HAUUMENbHOU NPOCMPAHCINEEHHO-BDEMEHHOU
UIMEHUUBOCBIO Oadice HA He3HAYUMENbHBIX N0 PA3ZMepam Y4acmKax 20poo0ckoil 3acmpotiku. Amnaunmyowr snavenu ©IT Ovinu mak-
cumanbublmu 8 OHeghuvle yacwel u cocmasunu 12°—15°C. Camblil CunbHblli Meniosou cmpecc Jcument ypoaHu3upoSaHHbIX meppumo-
Ui UCNBLIMBIBAIOM HAXOO0SCH HA OMKPBIMBIX 3AACHATLMUPOSAHHBIX YUACIKAX 6 OHeBHOe 6peMs. YMeHbuleHue amMnaumyobl memne-
pamypul 6030yXa HA UCCIE0YeMOM YYACHKe 6 GeuepHue U HOYHble YaACbl NPUGOOUM K 3amemuomy crudicenuio amnaunyovt @IT na
sviOpannoli meppumopuu — 0o 2°-3°C. Cpasnenue cmodenuposannvix 3uavenuti @IT ons uccrnedyemoii meppumopuu u ona AMCI”
«Kues» nokasano, umo 3nauenue @IT, paccuumannvie no OaHHLIM MEMEOPOIOSUYECKOU CIMAHYUU, HEe OMPAdICAIOM PealbHblX OUo-
KAUMAMUYECKUX YCI08ULL 8 NPedenax CJLONHCHOU 20pOOCKOU 3ACMPOUKU.

Knrouesvie cnosa: ypbanusuposannas cpeoa, buokaumam, meniogou KoMpopm, Qu3uonocutecku-sKk6UsaileHmHuds memnepa-
mypa, mooenv « ENVI-met», mooenv «RayMany.

Introduction. The climatic conditions of a ter-  the environment. Studies of bioclimate of a territory
ritory affect human health and well-being, recrea-  are aimed at determining the favourable and adverse
tional activity and rest. This influence is caused by  impacts of various climatic factors and their aggre-
the effects of weather and climate on the human  gates on the human body.
body and the conditions of its heat exchanae with
© Shevchenko O. G., Snizhko S. 1., Matviienko M. O. https://doi.org/10.26565/2410-7360-2019-51-13
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According to the United Nations Department of
Economic and Social Affairs, more than half of the
world’s population lives in cities today, and by 2050
the share of urban residents will increase and exceed
66%. Rapid urbanization will exacerbate urban envi-
ronmental problems.

Complex urban morphology has a significant
impact on microclimate and, accordingly, on ther-
mal comfort conditions. Housing development pa-
rameters such as the height of buildings, street ori-
entation, and distance between buildings alter the
solar energy inlet, affect thermal conditions, have
distinct modifying effects on wind speed and direc-
tion at the street level. Central parts of cities are
normally characterized by higher air temperature —
occurrence of an urban heat island (UHI) phenome-
non is their characteristic feature. An impact the
high intensity of UHI on the human is especially
dangerous during summertime. The adverse effects
of this urban phenomenon have been documented in
many studies — they are associated with increased
blood circulation and cause higher mortality rates in
the cities [1, 2]. Most notable is the adverse impact
of UHI on urban ecosystem and urban residents dur-
ing heat wave cases in summer. Such a complex im-
pact can significantly increase the heat load on ur-
ban residents and reduce the human comfort in
the city.

Studies of the bioclimatic conditions of urban
areas during the warm season are highly relevant as
they provide an opportunity to evaluate human
thermal sensations in the city, as well as the poten-
tial effectiveness of adaptation measures to heat
stress  (especially, architectural measures and
measures based on the use of green areas and water
bodies).

Analysis of recent research and publications.
In recent years, increasing attention has been paid to
the study of heat stress, as it can pose a significant
health risk [3-4]. Over the last decade, a series of
studies at bioclimatic assessment of urban areas has
been carried out: K.S. Ahmed [5] explored the bio-
climate of the tropical city of Dhaka, Bangladesh;
R. Emmanuel and E. Johansson conducted research
for the city of Colombo, Sri Lanka [6]; N. Gaitan et
al. [7] studied outdoor thermal comfort of the Ath-
ens region. M. Fahmy and S. Sharples [8] investi-
gated the effect of city morphology on thermal com-
fort with the case of Cairo, Egypt, [9-10] analyzed
the effect of green spaces and street orientation on
air temperature and wind speed decrease. A. Carfan,
E. Galvani, and J. Nery compared thermal comfort
in two areas varying in building densities and in
number of green spaces in the city of
Sao Paulo [11]. Studies conducted in Freiburg,
Germany focused on the study of street parameters
effect of on thermal comfort conditions [12-13]. In

their work, F. Ali-Toudert and H. Mayer studied the
influence of street design, i.e. aspect ratio (or height-
width ratio) and axis orientation, towards the devel-
opment of a comfortable microclimate at street level
for pedestrians in the city of Ghardaia, Algeria [14].

Bioclimatic studies conducted by Ukrainian
scientists, although initiated relatively long ago (for
example, the assessment of Kyiv bioclimate was
carried out by B.A. Ayzenshtat and L.I. Sakali back
in the late 1970s — in the 1980s), unfortunately, they
have not developed to the same level as in the Euro-
pean countries and the United States of America.
The simplest bioclimatic indices (Bl) (effective
temperature, equivalent and effective temperature,
radiation equivalent and effective temperature, nor-
mal equivalent and effective temperature, biologi-
cally active temperature, etc.) are used for the bio-
climate assessment in Ukraine nowadays. Most of
these indices are quite old, some of them were de-
veloped over fifty years ago. These indices are very
simple to calculate, but mainly take into account the
impact on human thermal sensation of meteorologi-
cal parameters only, while the indices based on hu-
man energy balance have been used globally for
bioclimatic assessment throughout the last decades.
In addition, bioclimatic studies in Ukraine are most-
ly limited to the use of data obtained at meteorolog-
ical stations (i.e., in open space areas with natural
vegetation). It is natural that the Bl obtained with
the use of such input data can not reflect objective
thermal sensation of a person within a complex ur-
ban environment.

Formulating the purpose of the article. The
aim of this research is to simulate the bioclimate of
an urban environment to determine the human ther-
mal load in summer months based on modern bio-
climatic indices and software.

Materials and methods of the research. For
the purpose of this study, a part of the territory of
the Osokorky residential area of Kyiv was selected.
Osokorky residential area is located in Darnytskyi
district, between the Dnipro river, Mykoly Bazhana
avenue and lake Wrlytsya. This paper studies the
9th residential district located in the north of this
area, between the streets of Larysy Rudenko, Solo-
miyi Krushelnytskoyi, Oleksandra Mishugy and the
avenue of Petra Hryhorenka. The simulation area
includes the territory of the residential area near the
Poznyaky metro station. The site selected for the
simulation is located in the “dormitory area” of the
city, characterized by developed infrastructure, high-
rise buildings and relatively small areas of green
space.

To get values of the main meteorological pa-
rameters of the researched area, a three-dimensional,
prognostic, microscale model ENVI-met (version
4.3.2 Summer 18) was used. The model was down-
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loaded (following the sign-up, free of charge) from
the official site: https://www.envi-met.com/. ENVI-
met, which is a CFD model (computation fluid dy-
namics model), was developed by M. Bruce at Ruhr-
University Bochum, Germany, and is one of the few
microscale models that meet the criteria for an accu-
rate simulation of physical processes and resulting
micro-meteorological phenomena within the urban
canopy and boundary layer [15-17].

The model is widely used to address scientific
and practical issues in countries with various cli-
mates — from tropics to polar regions (Egypt [8], Sri
Lanka [6], Brazil [11], England [18], Italy [19],
Germany [20], the Netherlands [21]). In total, over
three thousand studies have been carried out to date
in more than 145 countries. ENVI-Met is designed
for microscales with a horizontal resolution from 0.5
to 10 m and a time step of 10 seconds maximum.
Physical basis of the model is explained in detail in
[14, 17, 22-23]. Maximum simulation period is 48
hours.

Simulations in ENVI-met require two sets of
input data: IN-file (input file) and CF-file (main
configuration file). The IN-file contains information
on dimensional properties of the area, such as geo-
graphical location, construction materials of the
buildings, height of the buildings and types of vege-
tation. For this study, the dimensions of the research
area were set to be 370400 m.

The CF file contains meteorological inputs — air
temperature and humidity, wind speed, as well as
the measurement date and time. Data obtained from
the Civil Aviation Weather Station “Kyiv” (CAWS
Kyiv) located at Kyiv Sikorsky International Air-
port, 8 km southwest of the city center, were used to
create the CF file.

The PET calculation was performed using the
RayMan model [24], which was downloaded (fol-
lowing the sign-up, free of charge) from
https://www.urbanclimate.net/rayman/index.htm.

This model uses the following data groups to obtain
PET values: date and time for which the calculation
will be made; geographical data (geographical coor-
dinates, time zone and altitude); meteorological data
(air temperature (°C), water vapour pressure (hPa)
or relative humidity (%), wind speed (m/s) and de-
gree of cloud cover); human personal data and pa-
rameters that can affect the thermal sensation (cloth-
ing and activity). In this study the simulations were
referred to a standard parameters of the person
which use for such type of the researches: 35-year-
old man, 1.75 m high, 75 kg weight, wearing cloth-
ing with a heat resistance of 0.9 clo, sedentary, with
heat producing is equivalent to 80 W.

Research results. In the context of considering
the impact of climate on the human body, the key
term is “bioclimate”, which is a set of climate char-
acteristics that determine its complex impact on the
human body in a certain territory [25]. To evaluate
the bioclimatic features of a territory, comprehen-
sive indicators called bioclimatic indices are used
most often. Among European scientists, one of the
most popular Bl is currently the Physiologically
Equivalent Temperature (PET), which is based on
the energy balance of the human body. PET is de-
fined as the air temperature at which, in a typical
indoor setting (without wind and solar radiation),
the heat budget of the human body is balanced with
the same core and skin temperature as under the
complex outdoor conditions to be assessed. The typ-
ical indoor setting is an indoor room, with wind
speed is 0.1 m/s, vapour pressure is 12 hPa (approx-
imately equal to 50% relative humidity at 20.0°C)
and mean radiant temperature equal to the air tem-
perature [13, 26]. The basis for the PET calculation
is «The Munich energy balance model for individu-
alsy (MEMI). The PET units are °C, which makes
this index very easy to use. Comfortable conditions
correspond to PET values within the range of 18.1-
23.0°C (Table 1).

Table 1

Ranges of the physiologically equivalent temperature (PET) for different grades
of thermal perception by human beings and physiological stress on human beings [27]

PET, °C Thermal perception Grade of physiological stress

<4 \ery cold Extreme cold stress

4.1-8.0 Cold Strong cold stress

8.1-13.0 Cool Moderate cold stress
13.1-18.0 Slightly cool Slight cold stress

18.1-23.0 Comfortable No thermal stress

23.1-29.0 Slightly warm Slight heat stress

29.1-35.0 Warm Moderate heat stress
35.1-41.0 Hot Strong heat stress

>41.1 \ery hot Extreme heat stress

H. Lee et al. [13] note that bioclimate in differ-
ent parts of our planet has been assessed using PET.
Having carried out an analytical review of BlI,

S. Tkachuk [28] also came to the conclusion that
PET is a very appropriate universal bioclimatic in-
dex, because it takes into account the complete en-
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ergy balance equation, core temperature, sweat rate,
skin wetness and meteorological parameters. In our
previous studies [25], we presented the results of a
comparative analysis of the Bl most used in the
former Soviet Union (equivalent and effective tem-
perature, normal equivalent and effective tempera-
ture, radiation equivalent and effective temperature,
biologically active temperature) and the PET and
showed the significant advantages of the latter for
bioclimatic assessment of the urban environment
during the warm period.

Human thermal perception in a complex urban
environment is determined by the combined influ-
ence of weather conditions at the regional level and
the microclimatic features that are formed under the
influence of a number of factors [29]. Characteris-
tics of urban geometry (street direction, height of
buildings and width of streets) do not only contrib-
ute to the formation of UHI, but also directly affect
the thermal perceptions of city residents. F. Ali-
Toudert and H. Mayer [14] note that urban canyon
geometry affects strongly magnitude of energy re-
gime of its individual surfaces. The main descriptors
of the canyon include the height/width ratio, the
canyon axis orientation and the sky view factor
(SVF), which is a proportion of the sky dome that is
“seen” by a surface, either from an observation point
on that surface or integrated over its area [31]. The
above descriptors can be in fact applied not only to
the canyon, but also to other types of urban space.
Increased shading through change in the ratio be-
tween the height of the buildings and the distance

between them leads to a significant decrease in PET
(or other bioclimatic indices) values, which, accord-
ingly, reflects an increase in thermal comfort [32].
A. Matzarakis and H. Mayer [33] note that the clo-
sure of the horizon within an urban structure (which
in urban meteorology is expressed through the SVF)
is the most important factor that determines the for-
mation of differences in the bioclimate within a
complex urban environment. The lower the SVF
value for a certain point, the lower the thermal stress
for a person there, since the main effect from the
tree crowns or tall buildings during the daytime is
the reduction of direct solar radiation. In addition to
urban geometry, thermal comfort conditions are in-
fluenced by facing materials of the walls, and the
type and characteristics of the underlying surface
[34-35].

The complex urban geometry and the multitude
of factors that can influence the values of air tem-
perature and PET define the significant differences
in thermal comfort conditions, even within small
sites of the urban environment [5, 7-14, 29-35].

To assess the heat load on a human in an urban
environment, 7 points were selected within the re-
searched area. The points were selected in a manner
that they differed in microclimatic conditions, the
parameters of the surrounding buildings and the un-
derlying surface. For instance, point number 1 is
located on an open paved area (on the parking lot),
point number 4 — in the area covered in lawn grass,
point number 5 — inside the well courtyard of High
School for International Affairs, etc. (Fig. 1).

Legend

buildings
grass, 0.1m

medium trees, 10-15m

mature trees (large),
20m

research points

‘Nl

Fig. 1. Simulation domain and locations of research points
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Most studies of the microclimate and thermal
comfort conditions of an urban areas are based on
simulations for short time periods of 56 to 24
hours. Since cloudiness significantly affects the
formation of a temperature field in the city, and the
maximum differences in meteorological parameter
and thermal indexes values across the area are ob-
served during clear hot weather, for the simulation
purpose, most often selection is a summer day with
high air temperature and the simulation hours are
selected in a manner to capture the period with the
highest daily air temperature, as well as several
hours before and after the maximum [14, 36]. Thus,
the simulation results enable setting both maximum
amplitudes within the territory, and the maximum
thermal load on the human body within the re-
searched area.

C.S.Gusson and D.H.S. Duarte [37], and
F. Ali-Toudert [38] indicate that simulations using
ENVI-met is best started at predawn hours, around 6
am, because at that time the earth’s surface receives
a much smaller amount of solar radiation and the
intensity of some atmospheric processes in the ur-
ban canopy layer is lower than in the afternoon. This
helps to reduce the inaccuracy of the obtained re-
sults that can occur if the simulation starts at high
Sun altitudes. Therefore, a lot of simulations start at
5amto 7 am [17, 38-39].

In this study, a clear hot day was chosen for the
simulation (04 August 2017). According to the

CAWS Kyiv, the maximum air temperature of
+34.0°C was recorded at 16:00 EEST this day. Dur-
ing the day, the wind speed ranged from 2 m/s to
7m/s. The simulation was carried out from
6:00 Eastern European Summer Time (EEST)
(EEST=UTC+3) on 4 August till 6:00 EEST the
next day (interval of the results output — 1 hour).

The results of the air temperature simulation for
the selected area showed that the daytime tempera-
ture within the urban areas may vary significantly
on a clear summer day. For example, at 12:00 EEST
the value of the amplitude was 5.0°C. The highest
air temperature was over the open asphalt-paved
sections of the researched area. The results of the
microclimate studies in other cities also show that
there are major differences in air temperature over
small areas during daytime. For example, the air
temperature amplitude in the central part of the city
of Teramo, Italy can reach 8.0°C in the daytime,
4.0°C in the night [40]. For Colombo, the air tem-
perature difference recorded between the areas of
the city having complex geometry made 7.0°C [6],
for Sao Paulo (Brazil) — 6.0°C [41].

In the evening and night hours (Fig. 2), the am-
plitude of temperature values within the researched
area decreased and at midnight the temperature dif-
ferences did not exceed 3.0°C. The highest air tem-
peratures were naturally recorded above the asphalt-
ed parking areas and in the well courtyard, the low-
est — above the areas with dense vegetation.

Y (m)

180.00.

90,00

Abbildung 1: Simulation
Poznyaki2 00:00:00 05.08.2017
Ny SR Del k4 (2e1 3000 m)

Air Tempersture

uter 2033 °C
2033 b= 2097 °C
2087 b= 2035 °C
2135 5= 2184 °C
2184 5= 233 °C
2335 2R C
2282 5= 2331 °C
2331 5= 2330 °C
2330 b= 2428 °C
der 2428 °C

EENOOCONN

Min: 1989 °C
Max: 2477 °C

Q.00

<Right foot>

Fig. 2. The results of air temperature simulation at 00:00 EEST of 5 August 2017
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Changing the properties of the underlying sur-
face in cities (prevalence of roofs and asphalt roads,
which are waterproof and facilitate the most rapid
removal of runoff and discharge of precipitation into
sewers) is one of the reasons for the change in the
relative humidity in the city and the transformation
of the humidity field across its territory [38-39].
The simulation results show that notable differences
in relative humidity are observed even over a small
part of urban area on a clear day. The lowest values
are observed over the paved territories, the highest —
over the areas with vegetation, i.e. the influence of
the underlying surface on the formation of the hu-
midity field within the urban development is ob-
served, as well as a clear inverse relationship be-
tween air temperature and humidity.

The results of the wind field simulation
showed that low wind speed are observed in en-
closed courts and tall vegetation areas, while the
space between some buildings are characterized by a
local increase in wind speed (Fig.3), which is
caused by the Venturi effect.

Thus, the analysis of the simulation results has
confirmed once again that the values of the main
meteorological parameters (air temperature and hu-
midity, wind characteristics) differ significantly
within the complex urban structures, even in small
areas.

In this study, a bioclimatic index of physiologi-
cally equivalent temperature is used to evaluate the
thermal load on the human. Simulation of PET val-

ues was performed utilizing the RayMan model with
1-hour interval (Table 2).

The simulation results show that on 4 August,
residents of the researched area experienced slight
heat stress at all research points already since 6:00
EEST (at the air temperature of 21.5°C, measured
on the meteorological station). At 9:00 EEST, points
1, 3, 4, 5 record intense heat stress, while at other
points it is moderate because they are still in the
shade. Extreme heat stress was observed at points
2-6 from 10:00 EEST to 15:00 EEST, however, the
highest PET values were recorded at 11:00 EEST at
points 4 and 5 (48.7° and 49.9°C). Before noon, the
open paved areas are exposed to more heat than the
rest of the territory. In the afternoon, the decrease in
PET values is observed first in points 4 and 3, and
after 15:00 EEST — in the rest of the territory. From
18:00 EEST, the residents experience slight heat
stress. Comfortable conditions across the area last
from 22:00 EEST through midnight. At night, a per-
son in the area would experience slight cold stress
and moderate cold stress. Starting as early as at
5:00 EEST the following day, comfortable condi-
tions were observed for points 1-2 and 6-7, and
from 6:00 EEST (for points 2 and 6) such conditions
would change to moderate heat stress. The highest
amplitude of PET values in the researched area was
recorded at 11:00 EEST and made 15.6°C. At night,
when comfortable conditions and cold stress are
observed, the amplitudes are much lower — from
1.8°C (at 23:00 EEST) to 4.5°C (4:00 EEST on 5

Y (m)

Abbildung 1: Simulation
Poznyaki2 00:00:00 05.08.2017

x/y Schnitt bei k=4 (z=1.8000 m)

Wind Speed

unter 0.54 m/s
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1.08 bis 1.62 m/s
1.62 bis 2.16 m/s
2.16 bis 2.70 m/s
2.70 bis 3.24 m/s
3.24 bis 3.78 m/s
3.78 bis 4.32 m/s
4.32 bis 4.86 m/s
lber 4.86 m/s

L

Min: 0.00 m/s
Max: 5.40 m/s

X (m)

A

ENVI_met

<Right foot>

Fig. 3. The results of wind regime simulation for 00:00 EEST on 5 August 2017
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Table 2
PET values (°C) in different research points for 4-5 August 2017
Number Amplitude
ofstudy | 1 2 3 4 5 6 7| of the terri CKAV.VS
point tory yiv
Time PET PET PET PET PET | PET | PET PET PET

(EEST)
6:00 24,8 24,2 25,5 26,9 26,9 27,4 (241 |33 27,0
7:00 24,9 28,4 28,0 30,4 29,0 321 (276 |72 31,2
8:00 32,4 28,4 32,0 34,4 34,2 335 [314 |60 31,0
9:00 35,5 33,5 36,5 39,6 39,0 379 329 |67 30,9
10:00 36,3 34,7 38,8 42,6 42,6 376 (322 |104 324
11:00 38,9 37,9 44,0 48,7 49,9 41,8 [343 | 156 34,2
12:00 36,6 42,8 41,9 38,5 41,8 435 314 |121 34,1
13:00 34,6 44,8 45,0 38,6 40,8 40,7 30,6 | 14,4 37,8
14:00 37,1 44,9 40,7 38,1 41,5 406 |334 |115 37,6
15:00 30,4 42,8 39,3 37,9 40,2 40,3 333 | 124 36,8
16:00 32,1 37,9 35,3 33,7 35,3 36,5 | 296 |83 36,7
17:00 30,1 32,7 31,1 30,4 31,5 321 (278 |49 34,6
18:00 26,0 26,3 25,8 25,7 26,0 26,5 | 246 |19 30,4
19:00 25,4 25,5 25,4 25,5 25,7 258 | 248 |10 28,5
20:00 25,0 25,1 25,0 25,1 25,1 252 |(244 |08 25,5
21:00 24,5 24,8 24,5 24,7 24,7 249 |238 |11 23,2
22:00 18,0 20,2 19,6 19,2 19,2 20,2 (174 |28 20,6
23:00 18,0 20,2 19,6 19,1 19,2 201 | 174 |18 18,5
0:00 17,9 20,1 19,6 18,9 19,4 200 | 17,4 |27 17,4
1:00 14,8 15,7 14,3 14,8 14,5 16,8 | 16,5 2,5 16,4
2:00 14,1 14,1 13,6 14,1 13,7 16,7 | 158 |31 16,4
3:00 13,7 15,5 13,1 13,6 13,3 16,7 | 14,9 | 3.6 18,5
4:00 13,7 15,6 12,7 13,2 13,0 17,2 | 157 |45 18,7
5:00 17,0 19,7 12,7 13,1 12,8 229 |[19,7 |10,2 20,9
6:00 21,4 23,5 13,7 14,6 14,1 28,3 (22,8 |146 24,3

*the red color corresponds to the values of heat stress of different grades; green — to comfortable condi-

tions; blue — cold stress of different grades.

August). This is obviously due to the decrease in the
air temperature amplitude in the evening and night
hours, which is defined by the decrease (evening
hours) and the absence (night time) of the solar radi-
ation (due to which temperature contrasts are
formed within the complex geometry of urban
areas).

In order to study the differences in thermal
comfort conditions within the complex urban struc-
tures and meteorological station (in an open area
with natural vegetation), PET values for CAWS Ky-
iv were also simulated using the RayMan model.
This weather station was chosen for comparison
because of the appropriate time of the observations.
Meteorological elements measured hourly on this
station, whereas the Joint Hydrometeorological Sta-

tion “Kyiv” located at Nauky avenue the observa-
tions are carried out once every three hours, at air
pollution observation posts (which also measure
meteorological parameters) — once every 6 hours.
On the CAWS Kyiv air temperature and relative
humidity are measured using Viasala HUMICAP
HMP 155 sensor, wind speed — using Vaisala
WAAZ252 sensor. This make possible to get the val-
ues of meteorological parameters with the required
frequency.

The analysis of the simulated PET values for
the weather station shows that from 6:00 EEST until
20:00 EEST the values of this Bl at the weather sta-
tion also correspond to the heat stress. Starting at
22:00 EEST, the PET values at the weather station
correspond to comfortable conditions, same as in the
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researched urban area. However, cold stress at the
weather station occurs an hour earlier than in the
researched area, which confirms the well-known
fact that the natural surfaces after the sunset cool
down faster and the air temperature above them de-
creases also, while the artificial ones (asphalt, con-

crete) continue to emit heat (Fig. 4).

The amplitude of the time course of PET values
at the CAWS Kyiv was 21.4°C, at different points of
the researched area it ranged from 19.4° (at point
No. 7) to 37.1°C (at point No. 5, located in the well
courtyard).

60,0 o

50,0

=== point 1
i POINt 2

40,0

g poINt 3
i poINt 4
i point 5

g Point 6

point 7

= CAWS Kyiv

10,0

heat stress
no thermal stress|

cold stress

0,0 +—+ +—+

® 0 & N ® o
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© & 08 8 NS RS
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Fig. 4. Time course of PET values (°C) within the researched area and at the CAWS Kyiv

Conclusions. Thus, the article shows modern
methods and approaches of bioclimatic studies of an
urbanized environment. On the example of an area
located within the Osokorky residential area, Kyiv,
it is shown that the values of the basic meteorologi-
cal parameters (air temperature and humidity, wind
characteristics) and physiologically equivalent tem-
perature differ significantly within the urban spaces,
even across small areas. The amplitudes of PET val-
ue were maximum in the daytime and made 12°-
15°C. The decrease in the amplitude of the air tem-
perature in the researched areas in the evening and
night hours led to a notable decrease in the PET am-
plitude at the selected area — up to 2°-3°C. Analysis
of the simulated PET values for the researched area
confirmed that residents of urban areas face the
most severe heat stress while staying in the open
asphalt-paved areas during the daytime. The dura-
tion of the period with comfortable conditions dur-
ing the day was very short — from 22:00 EEST
through midnight.

Based on the PET values simulated for the re-
searched area and for CAWS Kyiv was found the

significant differences between thermal comfort
conditions within the complex urban spaces and at
the weather station. The PET values at different
times of the day at different points of the researched
area significantly exceeded the value of this Bl for
the weather station (maximum — by 15.7°C) or was
significantly lower (maximum — by 10.6°C). There-
fore, the values of bioclimatic indices simulated
based on the weather station data can not be applied
with any approximation to solve scientific and ap-
plied tasks that require information on the biocli-
mate at particular points in the urbanized environ-
ment. To solve such tasks, it is recommended to ap-
ply modern methods — ENVI-met and RayMan
models.
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SIMULATION OF THE THERMAL COMFORT CONDITIONS OF URBAN AREAS:
A CASE STUDY IN KY1V

Formulation of the problem. Studies of bioclimate of a territory are aimed at determining the favora-
ble and adverse impacts of various climatic factors and their combinations on the human body. Complex ur-
ban morphology has a significant impact on microclimate and, accordingly, on thermal comfort of a person
in such an environment. The height of buildings, street orientation, and distance between buildings alter the
solar energy inlet, affect thermal regime, transform the wind speed and direction at the street level. Studies of
the bioclimatic conditions of urban areas during the warm season are highly relevant as they provide an op-
portunity to evaluate human thermal sensations in the city, as well as the potential effectiveness of adaptation
measures to heat stress (architectural measures and measures based on the use of green areas and water
bodies).

The purpose of the article. The aim of this research is to simulate the bioclimate of an urban environ-
ment to determine the human thermal load in summer months based on modern bioclimatic indices and soft-
ware.

Methods. For the purpose of this study, a part of the territory of the Osokorky residential area of Kyiv
was selected. To get values of the main meteorological parameters of the researched area, a three-
dimensional, prognostic, microscale model ENVI-met was used. ENVI-met pertains to the CFD-models
(computation fluid dynamics model) and is designed for microscales with a horizontal resolution from 0.5 to
10 m and with a time step of 10 seconds as maximum. The PET calculation was performed using the Ray-
Man model.

Results. A clear hot summer day (04 August 2017) was chosen for the simulation. The simulation was
performed from 6:00 EEST on 4 August till 6:00 EEST the next day (output interval — 1 hour). The simula-
tion results show that the values of the main meteorological parameters (air temperature and humidity, wind
characteristics) and physiologically equivalent temperature differ significantly within urban spaces, even
across small areas. The amplitudes of PET value were maximum in the daytime and made 12°-15°C. The
decrease in the amplitude of the air temperature within the researched area in the evening and night hours led
to a notable decrease in the PET amplitude to 2°-3°C. The analysis of the simulated PET values for the re-
searched area confirmed that the residents of the urban areas experience the most intense heat stress while
staying in the open asphalted areas during the daytime. The duration of the period with comfortable condi-
tions during the researched day was very short — from 22:00 EEST through midnight. The range of the daily
course of PET values at different points of the researched area varied from 19.4° (at point No. 7) to 37.1°C
(at point No. 5 located in the well courtyard).

Based on the PET values simulated for the researched area and for CAWS Kyiv was found the signifi-
cant differences between thermal comfort conditions within the complex urban spaces and at the weather
station. Therefore, the values of bioclimatic indices simulated based on the weather station data can not be
applied with any approximation to solve scientific and applied tasks that require information on the biocli-
mate at particular points in the urbanized environment. To solve such tasks, it is recommended to apply mod-
ern methods — ENVI-met and RayMan models.

Scientific novelty and practical significance. For the first time in Ukraine, microclimate and thermal com-
fort conditions within the complex urban environment has been simulated using ENVI-met and RayMan models.
The results of such simulation can be used to choose heat adaptation measures which would help to increase the
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comfort of the urban areas. The simulation of microclimate and thermal comfort conditions of some parts of the
city territory is important stage of design of the buildings, in order to choose the optimal location for buildings and
trees and to create the most comfortable conditions for people.

Keywords: urban area, thermal bioclimate, thermal comfort, physiologically equivalent temperature,
«ENVI-met» model, «<RayMan» model.
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JOCIIKEHHA MOXKXJIUMBOCTI BUKOPUCTAHHSA CERIODAPHNIAAFFINIS LILLIEBORG
(CRUSTACEA) Y KOPOTKOCTPOKOBOMY BUITPOBYBAHHI NP BCTAHOBJIEHHI
EKOJIOI'TYHUX CTAHIAPTIB AKOCTI BOAU B YKPAIHI

Ananiz ynxyionyrouux 8 pisHux Kpainax cucmem HOpMY8AHHs AKOCMI NOBEPXHEBUX 800 NOKA3AB, WO ICHYE MeHOEeHYiA BUKOPU-
CMAHH MAKUX HOPMAMUGIs, OOMPUMAHHS AKUX O0360/I51€ 3AXUUAMU BOOHY eKOCUCIEMY Ma 3a0060IbHAMU HOMpPedU CYCRinbemea i
eanyseli eKOHOMIKU. B OCHO8Y maxux HOpMamueie NOKAAOeHO OMPUMAHHS eKOMOKCUKONO2IYHOT IHghopmayii nebe3neunoi XiMiuHoi
peyvosunu Ha npedcmagnurax 800Hoi exocucmemu. Ceped HUX OOHUMU i3 HAUOLTbUL YYMAUBUX MECM-0P2AHI3MI8 € paKONoOiOHi 3 po-
ounu Daphniidae, siki suxopucmogyromucsi He minbKu 05l 6CMAHOBNEHHST HOPM SKOCIME 600U XIMIYHUX PeuO6UH, a Ul 01 OYIHKU SKOC-
mi CMIYHUX Ma NOBEPXHEBUX 600 3A MOKCUKONOSTUHUM NOKAZHUKOM. [N 6CIAHOBIEHHA eKONOSIYHUX CMAHOApmie AKOCcmi 800U 6
Kkpainax €C pexomeHOyembCs BUKOPUCIOBYBAMU CIMAHOAPMU308AHY MIJDICHAPOOHY MEMOOUKY 3 GUIHAYCHHS MOKCUYHOCTNI XIMIUHUX
peuosurn na Daphnia magna Straus (OECP Ne202), odnax ¢ Ykpaini y 60000x0ponniti npakmuyi HauOitbi NONYIAPHUM Mecm-
opeanizmom € Ceriodaphnia affinis Lilljeborg (Daphnia sp.).

Poboma cnpsamosana na docniosxcentns moscaueocmi eukopucmannus Ceriodaphnia affinis Lilljeborg (Daphnia sp.) y kopomxo-
CMPOKOBOMY 8UNPOOYEAHHI NPU BCIMAHOBNIEHHI eKONOSIYHUX CIAaHOapmie 600u 6 YKpaiui. Y pesynsmami npoeedeHux ekcnepumenma-
JIBHUX  QOCNIOJNCEeHb HA  KYIbMYpi pakonooiOHUX 3 KONeKyii KyIbmyp JAabopamopii  eKono20-moKCUKONOSIUHUX —OOCHIOANCEHD
XHY imeni B. H. Kapaszina 3a ymos suxopucmatns memoouxku OECP Ne2(02 Oyno 6cmanoéieHo Mempono2iyHi Xapakmepucmuxis:
Oianaszon peazyeéanns mecm-opzanizvie Ceriodaphnia affinis nacmynuuii — 1,45 < ECso-24 < 2,91 (m2/0m®); noxubxa pesyibmamie
suUsHAYeHHs mokcuyHocmi Ximiunoi pewosunu - 0,34 me/om® (31,6 %), eiomeopiosanicme pe3yibmamic 6U3HAUEHHS MOKCUYHOCHIE
ximiunoi pewosunu — 0,18 m2/om® (16,1 %), nopmamue onepamusiozo konmponio — 0,49 me/om®. Koeghiyicnum eapiayii eusnauenux na
Ceriodaphnia affinis ECs0-24 ma ECso-48 onst K2Cr207 cxnas 16,8 % ma 15,9 % sionosiono. Ompumani pe3yiomamu c8i0uams npo
MOdHCTUBICIb BUKOpUCIAHHA Kynbmypu pakonodionux Ceriodaphnia affinis y kopomxocmpoxosomy sunpobysanui npu 6CmMano81eHHI
EKONIOIUHUX CIAHOAPmMi6 IKoCmi 600U 8 YKpaiHi.

Kniouosi cnosa: nosepxmesi 600u, moxcuunicmo, Ximiuni pewosunu, egpexmuena xonyenmpayis, Ceriodaphnia affinis
Lilljeborg, memponociuni xapaxmepucmuxu.

A. H. Kpaaniokos, A. B. Axywesa. HCCIE/JOBAHHUE BO3MOXHOCTH HCIIOIbB3OBAHHA CERIODAPHNIA
AFFINIS LILLJEBORG (CRUSTACEA) B KPATKOCPOYHOM EKCIIEPUMEHTE IIPH YCTAHOBJIEHHH 3KOJIOT' H-
YECKHX CTAH/JJAPTOB KAYECTBA BO/JIbI B YKPAHHE. Ananu3 (yyHKyuoHupyowux 6 pasHolX CMpaHax cucmem HOpMupo-
BAHUSL KAYeCmBa NOBEPXHOCMHBIX 800 NOKA3A, YMO CYWecmsyem meHOeHYus UCHOIb3068aHUS MAKUX HOPMAMUBO8, Npu cOOM0OeHUU
KOMOpbIX 0becneyusaemcs 3auuma 600HOU SKOCUCEMbL U YOO8IEMBOPAIONC NOMPEOHOCMU 00Wecmea u ompacietl IKOHOMuKU. B
OCHOBY MAKUX HOPMAMUBOS NOLOJCEHO NONYYEHUEe IKOMOKCUKONIOSUYECKOU UHDOPpMAYUU ONACHBIX XUMUYECKUX 8eWeCmE HA npeo-
cmasumensax 600Hotu skocucmemvl. Cpedu HUX OOHUMU U3 HAUOOIee YY8CMEUMENbHBIX MECN-0P2AHUIMO8 ABTAIOMCA PAKOOOPA3HbIe
u3 cemeiicmsa Daphniidae, komopuie ucnonvsyiomes ne moavko 0 YCMAHOBACHUS HOPM KA4ecmed 800bl XUMUYECKUX 6EULeCE, d U
O OYEHKU Kauyecmeda CMOYHLIX U NOBEPXHOCHHBIX 600 NO MOKCUKOLOSUYECKUM NoKazamensm. s YCmaHo61ieHus dKON0UYECKUX
cmanoapmos kavecmsa 600uvl 6 cmpanax EC pexomendyemcs ucnonwv3osame cmanoapmusupO8aHHyI0 MelcOYHapOOHYI0 MEmOoOUKy
onpeoenenust mokcuuHocmu xumuyeckux eeujecme na Daphnia magna Straus (OOCP Ne 202). Oounaxo 6 Ykpaumne 6 60000XpanHoii
npaxkmuxe naubonee nonyispueim mecm-opzanuzmom siensiemes Ceriodaphnia affinis Lilljeborg (Daphnia sp.).

Paboma nanpaenena na ucciedosauue gosmoodicnocmu ucnoivzoganusi Ceriodaphnia affinis 6 kxpamxocpounom ucnvimanuu npu
YCMAHOBNIEHUL IKONOSUHECKUX CIAHOAPMO8 Kauecmea 600bl 6 YxkpauHe. B pe3ynvmame npo8e0eHHblx IKCHEePUMEHMATbHbIX UCCTe-
008aHUl HA KYIbMYpe PAKOOOPAZHbIX U3 KOLEKYUU KYIbMyp 1a60pamopuu 5K01020-MOKCUKoIo2udeckux ucciedosanutt XHY umenu
B. H. Kapasuna npu ucnonvsoganuu memoouxu OOCP Ne 202 6vino ycmanosneno memponocuieckie Xapakmepucmuku.: OUanason
peazuposanus. mecm-opaanuzmoé Ceriodaphnia affinis credyiowuii — 1,45 < ECso-24 < 2,91 (m2/0m%); nozpewnocmo onpedenenus
moxkcuunocmu xumuyeckozo eewjecmea - 0,34 me/om® (31,6 %); 6ocnpouseodumocms pesynbmamos onpedenenus mokKCULHOCHU Xu-

© Kpartinwokoe O. M., Axywesa A. B. https://doi.org/10.26565/2410-7360-2019-51-14
-199 -



mailto:alkraynukov@gmail.com
https://orcid.org/0000-0002-5264-3118
mailto:yakusheva.nastasya@gmail.com
https://orcid.org/0000-0002-1950-735X

Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

muyeckozo seujecmea — 0,18 mz/om® (16,1 %), nopmamue onepamusnozo xonmpons — 0,49 me/om3. Kosgppuyuenm eapuayuu onpe-

denennvix na Ceriodaphnia affinis ECs0-24 u ECs0-48 0na K2Cr207 cocmasun 16,8 % u 15,9 % coomsemcmeenno. Ilonyyennvie pe-

3YILMamvl C8UOEMENbCMEYIOM 0 803MONCHOCHIU UCNONb308AHUSL Kybnmypsl pakoobpasuvix Ceriodaphnia affinis e kpamxocpounom

UCHBIMAHUYU NPU YCIAHOBTEHUU IKOLO2UHECKUX CIAHOAPMOo8 Kayecmsd 800ul 8 Ykpaute.
Kniouesvle cnosa: nosepxnocmuvie 800bl, MOKCUYHOCMb, XUMUYecKue geujecmea, sgpekmuenas konyenmpayusi, Ceriodaphnia

affinis Lilljeborg, memponocuueckue xapaxmepucmuxu.

IHoctanoBka nmpodiaemu. Ha choroneHHs ta y
Haiibmmokui gecsrumitts 3a manmmu IOHECKO [1]
ICHYIOTh TeHJCHIII{ ITiABUIEHHS MOMUTY Ha BOIY Ta
3HIDKEHHSI ii SIKOCTI B CBiTi. 30UIBIICHHS MOMUTY Ha
BOJY IPOTHO3YETHCS B MPOMHUCIIOBOCTI Ta €HEpre-
THUIIl, B CUTBCHKOMY Ta JKUTIOBO-KOMYHaJIbHOMY TO-
crionapcTBax. ¥ CBOIO 4Yepry, e CTaHe MPUYUHOIO
301IBLICHHS] aHTPOTIOIEHHOTO HABaHTAKEHHSI, 30K-
pema XiMigYHOTO 3a0pyIHEHHS Ha TIOBEPXHEBI BOIH,
10 3HU3UTH IXHIO SKICTh Ta OOMEXUTH IXHIO MpUIa-
THICTB JJIS1 33JIOBOJICHHS Pi3HUX MOTPEO CYCIHLIbCT-
Ba B TIOAAJIBIIIOMY.

[Ipobmema 30epexeHHs SKOCTI TOBEPXHEBUX
BOJl BijJ 3a0pyJAHCHHS HEOE3NCUYHUMH XiMIYHUMHU
peuoBHMHAMM € akTyaJdbHOIO ans Ykpainu. Cepen
MiIPUEMCTB, 110 (PYHKITIOHYIOTh Ha TEPUTOPil Kpa-
1HM, HAHOIIbII HEOE3NMEYHHUMH IS BOIHOI €KOCHC-
TEMH € TiANPUEMCTBA XIMIYHOI, TIPHUYOPYIHOI Ta
HadTorrepepoOHOI MPOMHUCIOBOCTI, BEIHKI TBapHH-
HUIBKI KOMIUIEKCH Ta IIeIFOIO3HO-TIANepOBi KOMOi-
Haru. [Ipy HagXomKeHH1 10 TOBEpPXHEBUX BOJ HEOe-
3MEYHUX XIMIYHHX PEUOBHH Pa3oM 31 CTIYHUMH BO-
JaMH [UX MIIPUEMCTB TMOPYIIYIOTBCS MPOIECH
JKUTTEIISUIBHOCTI Ta BiJITBOPEHHS BOJHUX OpPraHi3-
MiB, KPyroo0ir pe4yoBHH, MPOIECH CaMOOYHIICHHS
Ta O10MPOMYKTUBHOCTI, IO MPU3BOIUTH JI0 3MiH Y
CTPYKTYPHO-(YHKIIOHANbHINA oOpranizaifii BOIHOL
exocucteMu [2]. TakuM YMHOM OOMEXKYETHCS TPH-
JATHICTh TIOBEPXHEBUX BOJI JJIS 33J]0BOJICHHS PiI3HUX
moTped CyCIiIbCTBA Ta Taly3eld eKOHOMIKH B ITOJa-
JIBILIOMY.

AHaJi3 cydyacHHMX JOCTiTKeHb i myOsikamii.

OpmHHUM 13 METOJIIB OIIIHKK ¥ KOHTPOITIO 32 HAJI-
XOJ/DKCHHSIM XIMIYHHX PEYOBUH JIO BOJHOI €KOCHC-
TeMHU € TXHE HOPMYBaHHS BIJIOBIJHO JIO BCTaHOB-
JIEHUX HOPM SIKOCTi BOAM. AHami3 (hyHKIIOHYIOUHX
B Pi3HUX KpaiHax CHCTEM HOPMYBAaHHS SKOCTI IOBe-
PXHEBUX BOJI TIOKa3aB, IO ICHY€E TEHJICHIIisI BUKOPH-
CTaHHS TaKUX HOPMATHUBIB, AOTPUMAHHS SKUX JO-
3BOJISIE 3aXMIIATH BOJHY €KOCHCTEMY Ta 3a/0BOJIb-
HATH MOTPeOW CYCHINILCTBA U raily3eldl eKOHOMIKH.
OCKUTbKH TXHS OCOOJMBICTH TIOJNATAE B KOMILICKC-
HOMY €KOCHUCTEMHOMY IiAXO/1 10 HOPMYBaHHS SIKO-
CT1 IOBEPXHEBUX BOJ Ta 3aXHCTi 3JJ0POB’sl JIIOJUHH,
Taki HopMaTuBU B kpaiHax €C Ta KaHani MaroTh
cTaryc exojoriunux [3-8].

B ocHOBY Takux HOpMaTHBIB MOKJIaJEHO OTPH-
MaHHSl €KOTOKCHKOJIOTYHOI iH(popMmalii Hebe3meu-
HOi XIMIYHOI PEYOBUHHM Ha IMPEJICTaBHUKAX BOJIHOI
exocucteMu. CTaHAapTU30BaHUMH TeCT-OpraHizma-

MU JJIs1 BCTAHOBJICHHSI €KOJOTIYHHX HOPMATHBIB €
mikpoBomopocti (Pseudokirchneriella subcapitata
(Korshikov) Hindak, Scenedesmus subspicatus
Chodat, Chlorella vulgaris Beyerinck (Beijerinck)),
miano6akrepii (Anabaena flos-aquae Brébisson ex
Bornet & Flauhault), pakomoxioni (Daphnia magna
Straus, Ceriodaphnia dubia Richard, Hyalella
azteca Saussure), puobum (Danio rerio Hamilton-
Buchanan, Oncorhynchus mykiss Walbaum) [3-9].

[IuTanHIO BCTAaHOBIIEHHS HOPM SIKOCTI BOJH Xi-
MIYHHX PEe4OBHH mpucBsyeHa podora [10]. ABropa-
MU PO3TIISTHYTO TPH MiJXOIH JIJIsl BCTAHOBICHHS HO-
pMaTHBiB: Koe(imieHT Oe3neku, po3MoiT BUIIB 3a
Yy TIIUBICTIO, MOJIEITIOBAHHS EKOCHUCTEMU
AQUATOX. VY pesynbTaTi HPOBEACHOrO JOCIi-
JOKeHHST OyJI0O BH3HAUYEHO, IO HAWOIIBIINN 3aXHCT
EKOCHCTeMHU 3a0e3MeuyeThCsl HOPMATHUBOM, SKHN
BCTAHOBJICHO Ha OCHOBI KoedirieHTy Oe3neku. Ta-
KOX 3a3HAYa€ThCS, IO MPU BUKOPUCTAHHI TLTBKH
pe3yNbTaTiB BU3HAYCHHA XPOHIYHOT TOKCHYHOCTI
JUTsl BCTAHOBJICHHS HOPM SIKOCTi BOJU HEJIOOIIIHIO-
€ThCs HEOE3MEYHICTh KOPOTKOCTPOKOBOT'O TOCTPOTO
TOKCHYHOTO BIUTMBY XIMIYHOI PEYOBHHH, IO HOP-
MYETBCHL.

HeoOximHicTh YIOCKOHAICHHS OLIHKH BILIUBY
XIMIYHMX PEYOBHH HA HABKOJMIIHE CEPEIOBHIIIE,
30KpeMa Ha BOJHY CGKOCHUCTEMY, TPU TPOBEICHHI
€KOTOKCHKOJIOTIYHUX JIOCII/PKEHb XIMIUHOI pedo-
BUHH, [II0 HOPMYETHCSI, TIpeCTaBieHa B poboTi [11].
ABTOpaMH pO3TISHYTO OCTaHHI TEHMEHII1 IHTEpII-
peTaiii  €KOTOKCHUKOJIOTIYHMX  JOCIIKEHb  JIJIS
BCTAQHOBJICHHS  HOPMATHBIB 1  3alpOIIOHOBAHO
JIeB’ITh PEKOMEH/IAIlIN, 3aBISKH SKUM PE3yJIbTaTH
BUTNIpOoOYBaHb OyIyTh OB OOIPYHTOBAHUMM i ITY-
OJIIYHO BU3HAHUMH.

VY pobori [12] migiiiMaeTbCsi MUTaHHS HOPMY-
BaHHs HaJXOKEHHS (apMalleBTUUHUX MpernapariB
JI0 HaBKOJIMIIHLOT'O CEPEOBHINA, 30KpeEMa JI0 BOJI-
HOI EKOCHCTeMH, Ta aKTYaJIbHICTh BCTaHOBJIEHHX
HOpPMAaTHUBiB. 3a pe3ylbTaTaMu MPOBEICHOTO I1OCi-
JDKEHHST 0yJI0 BCTaHOBIEHO, 110 st 88 % (975 pe-
YOBUH) (hapMaleBTUYHUX MpPEnapaTiB eKOTOKCHKO-
JoriyHa iHopMartis 1Moo HeOe3MeyHOCTI peYOBUH
JUIS HaBKOJIMIIHBOT'O CEPEIOBHIIA Ta 3A0POB’S JIIO-
JIIMHA HEIOCTAaTHHO BHCBITIICHA. ABTOpaMH 3armpo-
MOHOBAHO MPOBECTH JIOJATKOBI BUIIPOOYBaHHS LUX
PEUOBHH 3 BHMKOPHUCTAHHSIM OKpIM CTaHAApPTHUX
TecT-peakiiii  (iMMOOLTi3allisl, PenpoIyKTHBHICTb
TOILIO), TECT-PEaKilif0 3MIHH B IOBEHIHIN TECT-
Oprasi3mis.
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CydacHa MIBHAKICTH TPOMHCIOBOTO BHPOOHH-
IITBAa HaHOMAaTEpialliB BHIIEPEIHKAE MOXKIUBICTh
MPOBENCHHS IUPOKOTO CIEKTPY TOKCHKOJIOTIYHUX
JIOCHIDKEHb Ul OLIHIOBAHHS IXHBOI O€3MEYHOCTI
JUIsS. HABKOJIMIIIHLOTO CEPEIOBUINA. Y 3B’SI3KY 3 IIHM
aBTopamu podotu [13] 3amponoHOBaHO BHKOPHUCTO-
ByBaTu Habip KOPOTKOCTPOKOBHX BUIPOOYBaHb 3a
JIOTIOMOT'0F0 METO/IIB IN Vitro ta in Vivo Ha KITiTHHAX
pub, reMoIUTaxX Mimiii, Ha PaKOMOMiOHUX Ta MIKpO-
BOJIOPOCTSIX.

Buninennss HeBMpimieHMX paHille 4YacTHH
3arajbHoi mpooJiemMu.

Cepen MpeiCcTaBHUKIB BOJHOI €KOCUCTEMHU OJ1-
HUMH i3 HaOLTBII YYTIMBUX TECT-OPraHi3MiB [0
HeOe3MeUYHNX XIMIYHHX PEUOBHH € pakomnmomiOHI 3
pomuuu Daphniidae, ski BHKOPHUCTOBYIOTBCS HE
TUTBKY JIJIS BCTAHOBJICHHS HOPM SIKOCTI BOJHM XiMid-
HUX PEYOBWH, a W Ul OLIHKH SIKOCTI CTIYHHX Ta
MOBEPXHEBUX BOJ 332 TOKCHKOJOTIYHHM IOKa3-
HUKOM.

Jnisi MOKIIMBOCTI OTPHMaHHS BiJTBOPIOBaHUX
pPe3yNbTATIB TPH TPOBENEHHI MpOIEeAyp 3 BHU3HA-
YEeHHS EKOTOKCHKOJOTiYHOI iH(opMmarii ximiuHOT
PEUOBHHH, IO HOPMYETHCA, B 1a0OPATOPisSX PI3HUX
KpaiH cBiTy, B kpaiHax €C kepiBHUNTBOM [6] TIpo-
MOHYEThCS  BUKOPUCTOBYBATH  CTaHJapTU30BaHi
MikHapoaHi meroaukun OECP s BcTaHOBICHHS
€KOJIOTTYHUX CTAHAAPTIB SKOCTI.

OnHi€r 3 PEKOMEHIOBAHUX METOMK JIJISl BCTA-
HOBJICHHSI €KOJIOTIYHUX CTAaHJApTIiB SKOCTI € METO-
JIMKa BU3HAYEHHS TOKCHYHOCTI XIMIYHHUX DPEYOBHH
3a TIOKa3HUKOM IMMOOimi3ariii pakornomioHux 3 po-
muan Daphniidae 3a 48 rogun [14]. baxanum Bu-
nom € Daphnia magna, ommak 3a3HadaeThcst MPo
MOJIMBICTh BUKOPUCTAHHS 1HIIUX BHJIB 32 YMOB
JTOTPUMAaHHSL KPUTEPIiB BIPOTiTHOCTI, BKa3aHUX Yy
Metoauili. B Ykpaini juist 6ioTecTyBaHHS XIMIYHUX
PEUYOBHH, CTIYHHX Ta MOBEPXHEBHX BOJl Ha PaKOIO-
TIOHMX BUKOPHCTOBYIOTHCS HAIIOHAIBHI METOIMKHU
JCTY 4173-2003 [15], ACTY 4174:2003 [16] Ta
KHA 211.1.4.055-97 [17], KHA 211.1.4.046-95
[18]. CrangapTHUMH TeCT-OpraHi3MamH, siKi porno-
HYETHCS BUKOPHCTOBYBaTH OKkpiM Daphnia magna, €
Ceriodaphnia affinis Lilljeborg.

®opmy/ioBaHHs MeTH podoTH. MeToro pobo-
i € ampobaris meroquku [14] Ha TecT-opraHizMi
Ceriodaphnia affinis 3i BcranoBmenssm st Hel Me-
TPOJIOTIYHUX XapaKTEPUCTHK, IO JO3BOJIUTH OTPH-
MyBaTH JIOCTOBIpHY €KOTOKCHKOJIOTiuHY iH(opma-
1i}0 Ha BIJIIMOBIHOMY TE€CT-OPIaHi3Mi IIPH BCTAHOB-
JICHHI €KOJIOTIYHMX CTaHIApTIB SIKOCTI BOAM XiMid-
HUX PEUYOBHH B YKpaiHi.

BukJiiax ocHOBHOI0O MaTepianxy q0CJTiIKeHHS.
s ipoBenieHHsT TOCipKeHHs OylI0 BUKOPHUCTAHO
KyneTypy pakononionux Ceriodaphnia affinis 3 ko-
neKuii KynbTyp Jlaboparopii eKoJIOro-TOKCHKOJIO-

TIYHUX JOCTIIKeHb XapKiBCHKOTO HaIliOHAJIHLHOTO
yHiBepcuteTy iMeHi B. H. Kapasina.

ABTOpamMu OyJ0 34iHiCHEHO BCTAaHOBJICHHS MET-
POJIOTIYHHUX XapaKTEPUCTHK I METOAMKH 3 BH3HA-
JeHHsS €()EeKTHBHOI KOHIICHTpAIil, 10 MPHU3BOAHTH
10 50 % immobimizanii pakononionux Ceriodaphnia
affinis (ECso) 3a 24 Ta 48 roguu [14] BiamoBiaHo 10
kepiBHOro mokymenta [19, 20]. Ilpu mposeneHsi
MpoIeAyp 3 BU3HAUEHHS €(PeKTHBHOI KOHIICHTpAIIii
ECso eranonnoi ximiunoi pedoBuHu KoCr;O; Ha
TECT-opraHizMax OyJau BHUTpHMaHi YMOBH, SIKi CBif-
4aTh PO JOCTOBIPHICTH OTPUMAHUX HAHHUX: KOHIIE-
HTpAaLisl pO3YMHEHOTO KHCHIO HAIPUKiHII BUIPOOY-
BaHHs Oyna > 3 Mr/am%; y KOHTpOJI BiZICOTOK iMMO-
011i30BaHUX TECT-OpPTaHi3MiB HAIPHUKIHII BHIIPOOY-
BaHHS CTaHOBUB He Oinbiie Hixk 10 % [14].

Jlo oTpuMaHuX eKCIepUMEHTAILHUX JaHUX TO-
KCHYHOCTI JUIsI 3HAXO/DKEHHS KOHIICHTpAIii, IImo
npu3zBoguth A0 50 % immoOinmizamii TecT-oprasiz-
MIB, 3aCTOCOBYBAJIM METOJ] HelliHiHHOT perpecii. Jlis
BOTO BUKOPHCTOBYBJIM NporpaMHe 3a0e3MeyeHHs
Graph Pad Prism 8 [20].

Pesynbrati ekcrepuMEHTaNbHUX JTOCIIIKCHb
i3 BusHaueHHs ECso24 K2Cr20; ma Ceriodaphnia
affinis npencrasneni Ha puc. 1.

Otpumani 3HadueHHsT ECso eTamoHHOT XiMigHOL
pedoBunu K>Cr,O7 mis recr-opranizmiB Ceriodaph-
nia affinis 3a 24 ronuau HaBeaeHi B Tadmumi 1.

Yci monmanpiri po3paxyHKH, SKi HEOOXimHI TS
BCTAHOBIICHHSI ~ METPOJIOTIYHUX  XapaKTEPUCTHK,
3IIMCHIOBANHN 3a JIOTIOMOTO0 TIPOTPaMHOTO 3a0e3re-
uyennst Microsoft Office 2016 B cepenosuii Excel.
Otpumani 3nauensst ECso-24 mi1st Ceriodaphnia affin-
iS (tabm. 1) mepeBipsiM Ha HAABHICTH HaJMIpPHOI
MOXUOKH 3a J-KpuTepieM:

| &n—X

p="",
Je S — cepeTHbO KBaJIpaTHYHE BiXUIICHHS,
Xn— pesynbrat gociiny 3 BuzHadeHHs ECso-24;

1)

X — cepenne apupMETHUHE 3HAYCHHSI.

PesynbraTté ekciepuMeHTaNbHUX JOCHTIHKEHb 3
susHaueHHs ECso.24 K2Cr,07 na Ceriodaphnia affinis
BUKOPHCTOBYBAJIM IIPY BCTAHOBJICHHI JTiala3oHy 4y-
TIIMBOCTI KYyJBTYPH, SIKHH pO3paxoBylOTh 3a ¢op-
MYJIOIO:

X —1,96 x6< X, <X +1,96 x5, (2)

e X. — KOHIICHTpAIlisS, 3a SIKOi JOCATAETHCS
kpurepiit TokenaHocTi (ECso.-24);

X - cepenHe apuMeTHIHE 3HAYCHHS;

0 — 3HaYE€HHHS BHYTPILIHb0IA00paTOpHOI BiIT-
BOPIOBAHOCTI.

i 3HaXOmKEeHHS 3HaY€HHs BHYTPILIHBOJIA00-
paTropHOi BiATBOPIOBAHOCTI ¢ pE3yNbTaTiB BH3HA-
YEeHHS! TOKCHYHOCT] XIMIYHOI PEYOBHHU BHKOPHUCTO-
BYBaJId HACTYMHY (GOpMyJIy:

=5 xy(f), @)
ne S — cepeqHbO KBaIpaTHYHE BiXUIICHHS;
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Puc. 1. Pe3ynsraTsl eKCIEpUMEHTATBHUX TOCTikeHs 3 Bu3HaueHHs ECso-24 KoCr,O7 ma Ceriodaphnia affinis

Tabnuys 1

Otpumani 3HaueHHs ECsp eranonnoi ximiunoi pedoBuan KoCr.0O73a 24 rog.
Ha pakornoniouux Ceriodaphnia affinis

HOMF:p EC50.243, Cep. apudm KOC.(bi]_.[.i‘eHT Cepez[.HLo-KBa,upaT_Hqu
JOCTITY MI/IM Bapiarii, % BiaxwieHHs Si
1 2,306
2 2,404
3 2,745
4 2,395
5 1,505
6 1,736
7 2,181
8 2,623
9 1,964
10 2,235
11 2,062
12 2711 2,19 16,8 % 0,37
13 2,849
14 2,279
15 1,907
16 1,582
17 1,835
18 2,289
19 2,142
20 1,786
21 2,204
22 2,377

y (f) — xoedimieHT, sIKHMi BpaXxoBYy€ 3MIIIECHICTh
3HAYCHHS CEPEeIHbOKBAPATUYHOIO BiJAXHUJICHHS, )
(f) s =21 cranosurs 1,013.

CepenHe KBaJipaTHYHE BiXHUICHHS PO3PAXOBY-
BaJK 3a (POPMYIIOIO:

N v _¥y3
S= =R @
N-1

ne Xo— pe3ynbrat gociiny 3 BuzHadeHHs: ECso.o4;

X - cepenne apuMeTHUHE 3HAYCHHS;

N — KUTBKiCTh TIPOBEIEHUX JOCIiIiB.

BceraHoBiieHuit  jgiama3oH 4y TIHMBOCTI
oprani3miB Ceriodaphnia affinis nactymnamii:

2,19- 1,96 x 0,18 < ECsp.24 < 2,19+ 1,96 x 0,18;

1,46 < ECs0.24 < 2,92 (MF/)IMS).

JIJis1 BCTaHOBJIEHHS 3HAYEHHS BiJITBOPIOBAHOCTI
METOAMKH 3 BU3HAYCHHS €(PEeKTHBHOI KOHIEHTpAIlil,
o npu3BoauTh 10 50% iMmoOimizamii pakomomio-

TECT-
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uux Ceriodaphnia affinis (ECso) 3a 48 romuH, BHKO-
pucroByBanu ¢opmymu (5), (6):

0=5 57 (). ©)

o (%) = —£Lx100, (6)

1e S — cepeiHbO KBapaTUYHE BiAXHUIICHHS;

y (f) — xoediwieHT, sIKMI BpaxoBye 3MIIICHICTD

3HAYEHHS CEPEeIHBbOKBAIPATUYHOTO  BiJXHJICHHS,
y (f) mns f=21 cranosuts 1,013;

X — cepenHe apupMeTHYHE 3HAUCHHS.

Pe3ynbTati eKCepuMEHTATBHUX JO0CHTIHKEHD 3
BusHaueHHs ECso.4g K2Cr207 ma Ceriodaphnia affinis
MpEeJICTaBIICHI Ha puUC. 2 Ta B Ta0Omwili 2.

Ilepen BukopucranasaMm ¢opmya (5) Tta (6)
orpumani 3nadeHHs ECso.4s mis Ceriodaphnia affin-
is (Tabm. 2) mepeBipsuM Ha HAABHICTH HAIMIpPHOI
MOXUOKH 3a -kpurepiem 3a dpopmynoro (1).

e 100
=
«
&
=
o=
B ECea aqdccervereeeanieennnnnn.
2 50-4
=
=
=
o

0 | I

0 1

3 4

Jlorapu¢m konuentpanii K,Cr,04

Puc. 2. Pe3ynbraty eKCIepUMEHTAIBHUX JOCIIKEHD 3 BU3HAYCHHS
ECso.48 K.Cr,07 na Ceriodaphnia affinis

Tabnuys 2

Otpumani 3naueHHst ECso etanonnoi ximiunoi peuosuau KoCroO73a 48 rog.
Ha pakonoziouux Ceriodaphnia affinis

HOMED e Copapugy, oSO  Copemnmo-tmatparire
y Bapiaill, 7o BIAXHWJICHHA
1 1,318

2 1,057

3 1,011

4 0,957

5 1,033

6 0,896

7 0,887

8 1,33

9 0,89

10 1,16

11 1,004

12 1413 1,086 15,9 % 0,17
13 1,413

14 1,178

15 11

16 1,043

17 1,033

18 0,853

19 1,236

20 0,849

21 11

22 1,123
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Takum YWHOM, BIATBOPIOBAHICTH PE3YILTATIB
BH3HAUEHHS TOKCHUYHOCTI XIMIYHOI PEUYOBHHHU BH-
poOyBaHOI METOJMKH:

o =0,18 (mr/am®) Ta o (%) = 16,1 %;

Jia po3paxyHKy TOXHOKH pe3ylbTaTiB BH3HA-
YeHHSI TOKCHYHOCTI XiMIYHOI PEYOBHHHU BHUIPOOyBa-
HOT METOJIMKHU BUKOpHCTOBYBam hopmy:iu (7), (8):

A=1,96 X g, (7)

A (%) = 1,96 x o (%), (8)

ne o ta o (%) — BiATBOPIOBAHICTh PE3yINIbTATIB

BU3HAYCHHS TOKCUYHOCTI XIMIYHOI pPCUOBHHH BH-
poOyBaHOi METOAUKH.

OTxe moxuOKa pe3ylnbTaTiB BU3HAYCHHS edek-
tuBHOI KoHHeHTpauii KoCr,O7, mo npusBoauTh 10
50% immoGimizarii pakononionux Ceriodaphnia
affinis (ECso) 3a 48 romuH, 3a yMOB BHKOPHUCTAHHS
MeTonukd [ 14] HacTymHa:

A=1,96 x 0,18 = 0,34 (mr/oqm°)

A (%) = 1,96 x 14,19 (%) = 31,6 (%).

3 METO0 OmepaTHBHOI MEpeBipKH 3HAYCHHS
ECs0.48, OTprIMaHOTO 32 BIJIOBITHOK METOIMKOIO,
OyJ7I0 BCTaHOBICHO HOPMATHB OIEPATUBHOTO KOHT-
POJIIO 33 HACTYIHOIO (hopmyIoro (9):

D =277 x g, 9)

€ ¢ — BIATBOPIOBAHICTH PE3YyIbTaTiB BU3HA-

YeHHSI TOKCHYHOCTI XiMiYHOi peYOBHHU BUTIPOOyBa-
HOI METOIUKH.

3BiicK HOPMAaTHB ONEPATUBHOTO KOHTPOIIIO pe-
3yABTATIB BHU3HAYCHHA €QEKTUBHOI KOHIICHTpAIlil
K2Cr207, mo npusBoauth 10 50% iMMo0iizalii pa-
koromionux Ceriodaphnia affinis (ECso) 3a 48 ro-

IIWH, I Bu3HadeHoi meromukw [14] ckiamae 0,49
Mr/IM°,

BucHoBkn. Omxe y pe3yiabTaTi IPOBEACHUX
EKCIIePHUMEHTALHUX JOCTIKeHb Ha KYIBTYpi pa-
xononiouux Ceriodaphnia affinis 3 xomekiii Ky:ib-
Typ J1abopaTopii €KOJIOTO-TOKCHKOJOTIYHUX IOCHi-
mxenb XHY imeni B. H. Kapaszina aBropamu 0yno
anpobosano meronuky OECP Ne 202 [14], siky pe-
KOMEHJIOBAHO JI0 BUKOPHCTAHHS MPH BCTAHOBIICHHI
EKOJIOTIYHMX CTaHAapTiB sKocTi Boxu. KoedimieHT
Bapiarrii Bu3HaueHux Ha Ceriodaphnia affinis ECsp-24
ta ECs04s mra KoCr,07 ckmaB 16,8 % ta 15,9 %,
BimoBiiHO. Ha OCHOBI OTpuMaHMX JaHUX OyJIo
BCTAHOBJICHO METPOJIOTIYHI XapaKTePUCTUKH BU-
MpoOyBaHOi METOAWKH: Jiama3oH IyTIUBOCTI TECT-
oprauismiB Ceriodaphnia affinis macrymuuii — 1,45
< ECs0-24 < 2,91 (mr/nm%); nmoxubka pesyibTaTiB BU-
3HA4YEeHHSI TOKCHMYHOCTiI XimiuHOi pedoBmHH — 0,34
mr/am® (31,6 %); BiATBOPIOBAHICTh PE3yNILTATIB BH-
3HAQUEHHS TOKCHYHOCTI XIMIYHOI pPEYOBUHH —
0,18 mr/mm® (16,1 %), HOpMATHB ONEPaTHBHOTO KO-
arpomo — 0,49 mr/am®.

TakuM YMHOM, Y KOPOTKOCTPOKOBOMY BHIIPO-
OyBaHHI IMPU BCTAHOBJICHHI SKOJIOTIYHUX CTaHIAPTIiB
SIKOCTI BOIU B YKpaiHi MOXKIIHBO BUKOPHCTOBYBATH
KyneTypy pakornomnionux Ceriodaphnia affinis 3 ko-
JICKITIT KYJBTYD naboparopii €KOJIOTO-
TOKCHUKOIOTIYHUX pociimkenr XHY imeni B.H.
Kapasina. BcTaHoBieHI METpONOTiIUHI XapakTepuc-
THKH 1I€ TIATBEPIKYIOTh.
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RESEARCH OF THE POSSIBILITY OF USING CERIODAPHNIA AFFINIS
LILLJEBORG (CRUSTACEA) INASHORT-TERM TEST WHILE SETTING
EOLOGICAL QUALITY STANDARDS IN UKRAINE

Formulation of the problem. Regulation of hazardous chemicals admission to surface water is carried
out by means of appropriate water quality standards. Researching the systems of surface water quality regu-
lation in different countries, it has been determined that there is a tendency to use standards for the protection
of the aquatic ecosystem and for meeting the needs of society and industries - environmental quality stand-
ards. Such standards are based on obtaining ecotoxicological information of a dangerous chemical substance
on the representatives of the aquatic ecosystem. Among them, some of the most sensitive test organisms are
crustaceans from the Daphniidae family. They are used to establish water quality standards for chemicals, to
assess the quality of wastewater and surface water using a toxicological indicator. It is recommended to use a
standardized international methodology to assess effects of chemicals on Daphnia magna Straus (OECD No.
202) to establish environmental water quality standards in EU countries. However, in Ukraine, in water pro-
tection practice, the most popular test organism is Ceriodaphnia affinis Lilljeborg (Daphnia sp.).

The purpose of the article. In order to set ecological standards for water quality of chemicals in Ukraine,
the authors proposed to test the OECD No. 202 methodology using Ceriodaphnia affinis test organisms and
to establish metrological characteristics for it.

Presentation of the main research material. The authors tested the OECD methodology No. 202 [21] on
the crustacean culture Ceriodaphnia affinis from the culture collection of the Laboratory of Ecological and

- 205 -


https://dx.doi.org/10.1787/9789264085275-en
mailto:alkraynukov@gmail.com
https://orcid.org/0000-0002-5264-3118
mailto:yakusheva.nastasya@gmail.com
https://orcid.org/0000-0002-1950-735X

Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

Toxicological Research, the V. N. Karazin KhNU. The coefficient of variation of EC50-24 and EC50-48
K>Cr,07 was 16,8 % and 15,9 % respectively. Based on the data obtained, the metrological characteristics of
the tested method were established: the response range of the test organisms Ceriodaphnia affinis is the fol-
lowing — 1,45<EC50-24 <2,91 (mg/dm?®); reproducibility of the results of determining the toxicity of a chem-
ical substance — 0,18 mg/dm3 (16,1%); the error in the results of determining the toxicity of a chemical sub-
stance — 0,34 mg/dm? (31.6 %); standard of operational control — 0,49 mg/dm?3.

Scientific novelty and practical significance. The findings confirm the possibility of using Ceriodaphnia
affinis in a short-term test in setting environmental water quality standards in Ukraine.

Keywords: surface water, toxicity, chemicals, effective concentration, Ceriodaphnia affinis Lilljeborg,
metrological characteristics.

References

1. UNESCO (2018). The United Nations World Water Development Report 2018: Nature-Based Solutions for Water.
Paris. UNESCO. http://unesdoc.unesco.org/images/0026/002614/261424e.pdf

2. Brahinskyi L. P., Oleksiv I. T. (1995). Hidroekolohichna toksykometriia ta bioindykatsiia zabrudnen: Teoriia,
metody, praktyka vykorystannia. Lviv, Svit, 440.

3. Directive 2000/60/EC of the European Parliament and of the Council of establishing a framework for Community
action in the field of water policy (2000). https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32000L0060

4. Vodnyi Kodeks Ukrainy vid 06.06.1985 r. MNe 213/95-VR. http://zakon3.rada.gov.ua/laws/show/213/95-
%D0%B2%D1%80

5. Filenko O. F., Sokolova S. A. (1998). Metodicheskie ukazanija po ustanovleniju jekologo — rybohozjajstvennyh
normativov (PDK i OBUV) zagrjaznjajushhih veshhestv dlja vody vodnyh ob"ektov, imejushhih rybohozjajstvennoe
znachenie. M., VNIRO, 145.

6. Guidance Document Ne 27:Technical guidance for deriving environmental quality standards (2011).
https://circabc.europa.eu/sd/a/Occ3581b-5f65-4b6f-91¢6-433a1€947838/TGD-EQS%20CIS-
WFD%2027%20EC%202011.pdf.

7. A protocol for the derivation of water quality guidelines for the protection of aquatic life (2007). Canadian Council
of Ministers of the Environment, Winnipeg. http://ceqg-rcge.ccme.ca/download/en/220.

8. Guidelines for Deriving Numerical National Water Quality Criteria for the Protection Of Aquatic Organisms and
Their Uses. U.S. Environmental Protection Agency. https://www.epa.gov/sites/production/files/2016-
02/documents/guidelines-water-quality-criteria.pdf.

9. Ob utverzhdenii normativov kachestva vody vodnyh ob"ektov rybohozjajstvennogo znachenija, v tom chisle
normativov predel'no dopustimyh koncentracij vrednyh veshhestv v vodah vodnyh ob"ektov rybohozjajstvennogo
znachenija, ot 13.01.2017 g. Ne 45203. https://minjust.consultant.ru/documents/22231?items=1&page=1.

10. Gredelj A., Barausse A., Grechi L., Palmeri L. (2018). Deriving predicted no-effect concentrations (PNECs) for
emerging contaminants in the river Po, Italy, using three approaches: Assessment factor, species sensitivity distri-
bution and AQUATOX ecosystem modelling. Environment International. 119, 66-78
[https://doi.org/10.1016/j.envint.2018.06.017].

11. Martin O. V., Adams J., Beasley A., Belangers S and other (2019). Improving environmental risk assessments of
chemicals: Steps towards evidence-based ecotoxicology. Environment International. 128, 210-217
[https://doi.org/10.1016/j.envint.2019.04.053].

12. Gunnarsson L., Snape J. R., Verbruggen B.,Owen S. F. and other (2019) Pharmacology beyond the patient — The
environmental risks of human drugs. Environment International. 129, 320-332
[https://doi.org/10.1016/j.envint.2019.04.075].

13.Barrick A., Chdtel A., Manier N., Kalman J. and other (2019) Investigating the Impact of Manufacturing Processes
on the Ecotoxicity of Carbon Nanofibers: A Multi-Aquatic Species Comparison. Environmental toxicology and
chemistry. [https://doi.org/10.1002/etc.4537].

14. OECD (2004). Daphnia sp. Acute Immobilisation Test, OECD Guideline for the testing of chemicals,Guideline 202
[https://doi.org/10.1787/9789264069947-en].

15.DSTU 4173 (2003). Jakistj vody. Vyznachannja ghostroji letaljnoji toksychnosti na Daphnia magna Straus ta Ceri-
odaphnia affinis Lilljeborg (Cladocera, Crustacea) (1SO 6341:1996, MOD).

16.DSTU 4174 (2003). Jakistj vody. Vyznachannja subletaljnoji ta khronichnoji toksychnosti khimichnykh rechovyn ta
vody na Daphnia magna Straus i Ceriodaphnia affinis Lilljeborg (Cladocera, Crustacea) (ISO 1076:2000, MOD).

17.KND 211.1.4.055-97 (1997). Metodyka vyznachennja ghostroji letaljnoji toksychnosti vody na rakopodibnykh Ceri-
odaphnia affinis Lilljeborg. Zatv. nakazom Minpryrody Ukrajiny vid 21.05.97 Mo 68.

18.KND 211.1.4.046-95 (1995). Biotestuvannja ta vyznachennja rivniv ghostroji letaljnoji toksychnosti zvorotnykh vod,
jaki vidvodjatjsja u vodni ob'jekty. Metodyka. Zatv. nakazom Minekobezpeky Ukrajiny vid 30.05.95 Ne 47.

19.KND 211.1.0.051-96 (1996). Atestacija metodyk biotestuvannja. Zatv. nakazom Minekobezpeky Ukrajiny vid
22.01.97r.9, 33.

20.0ECD (2014). Current Approaches in the Statistical Analysis of Ecotoxicity Data. 114
[https://dx.doi.org/10.1787/9789264085275-en].

- 206 -


https://dx.doi.org/10.1787/9789264085275-en

BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

UDC 504.064:556.314
Serhii Mikhailovich Levoniuk,
Researcher, Ukrainian Scientific Research Institute for Natural Gases,
20 Himnasiyna Emb., Kharkiv, 61010, Ukraine,
e-mail: sergii.levonyuk@gmail.com, https://orcid.org/0000-0002-4073-8152;
Vitaliy Viktorovich Samoilov,
PhD (Geology), Head of the Department, Ukrainian Scientific Research Institute for Natural Gases,
e-mail: samoilov_gas@ukr.net, https://orcid.org/0000-0002-0650-2808;
Igor Valerijovich Udalov,
Doctor of Sciences (Geology), Associate Professor, Head of the Department of Hydrogeology,
V. N. Karazin Kharkiv National University, 4 Svobody Sq., Kharkiv, 61022, Ukraine,

e-mail: igorudalov8@gmail.com, https://orcid.org/0000-0003-3844-6481;

Viacheslav Oleksijovich Petik,
PhD (Technics), Senior Lecturer , Department of Hydrogeology,
V.N. Karazin Kharkiv National University,
e-mail: nemuk1310@gmail.com, https://orcid.org/0000-0002-4055-0926

ECOLOGICAL AND HYDROGEOLOGICAL FACTORS OF QUALITATIVE COMPOSITION
DESTABILIZATION OF DRINKING GROUNDWATER WITHIN THE CENTRAL PART OF DDAB

C. M. Jlesonwk, B.B. Camoiinos, I. B. Yoanos, B. O. Ilemix. EKOJIOI'O-I'I/IPOI'EOJIOI'TYHI ®AKTOPH JIE-
CTABLII3ALIII AKICHOT O CKJIAJY IIHTHHX IIJI3EMHHX BOJ IIEHTPAJIbHOI YACTHHH JI/IAB. Potoma npuces-
YYEMbCA AKMYANbHIL eKONOSTUHIL meMi — 00CAIOHCeHHIO decmabinizayii AKOCMi NUMHUX NiO3eMHUX 800 8 YMOBAX CYHACHO20 IHMEH-
CUBHO20 MeXHO2eHe3y 2e0l0ciuHo20 cepedosuuia. Aemopamu 06IpyHmMoeaui 2 cknadogi 0aHoi npobremu. 6CIMAHOBIEHHA eKOL020-
2I0p02eonoiuHUX (hakmopie 6Nauy Ha AKICHUIL CKIA0 600 Ma 0OTPYHMYEAHHSL eKOJI02IUHO OE3NeUH020 GUKOPUCAHHS YUX 600.

Ha 6a3i payionanbHo2o KOMNIEKCYBAHHA 2€0NI0SIUHUX, €KON020-2I0P02eON02IUHUX | HEOMEKMOHIUHUX YMO8 mepumopii pooim
BUAGLEH] (DaKMOpPU 6NIUBY HA AKICHULL CKLAO NIO3EMHUX 600 HA OYUAYLKO-KAHIBCLKUX 80003a00pax. 3a80saKu yboMy — 3anponoHO8aHi
npiopumemHi NOKAZHUKU SKOCME YUX 600 05l 2i0PO2eOXIMIYHO20 MOHIMOPUH2Y 8 YMOBAX THpIIbmpayii 3a6pyOHIOIUUX PEUOGUH 3
Nno8epxHi ma ix niOomoKy 3HU3y 6 30Hax 6NIUGy MeKMOHIUHUX cmpyKmyp. Bemanosnenuil 36 ’a30x gpakmopis eniugy i3 AKICHUM CKAa-
0oM 0036071UB PO3POOUMU €KO020-2I0P02e0N02iuHULL NIOXI0 00 eKONO2IUHO Oe3NeUH020 GUKOPUCMAHHA 800 YiTb0B020 KOMNIEKCY V
meacax Cxionoi Yxpainu. Becv komniexc 6UKOHaHux 00CaiodiceHb anpobosano Ha mepedxci 60003abopis Ilonmascvkoi micvkoi azio-
Mepayii. Bcmanoeneno pieHi 3a0pyOHeH s NiO3eMHUX 800 ma O0OTPYHMOBAHO ONMUMATbHULL 3a2albHULL 80008i00ip HA 60003a60PaAX
Mmicma. Busieneno i KilbKiCHO OYiHEeHO NPSAMULl NOZUMUSHUL 36 SI30K 3MIHU 6MICIY XaPaKmMepHUuX e1eMeHmi6-iHOUKamopie 6niugy Ha
eKON020-2I0P02eoN0ciNHULL CMAH NIO3EMHUX 600 6i0 8eIUUUNHU 80008I000PY 6 30HI DEe3N0CEPEOHbOCO BNIUEY MEKMOHIYHUX NOPYUIEHb
Cxiono-Ilonmascokoi mekmoniuHoi cmpykmypu.

Knrwwuoei cnosa: s00ozabopu, 6yuaybko-KaHIECoKULL B000HOCHUT KOMILEKC, MPAHCHOPMAYiss AKOCHI NIO3eMHUX 800, 2l0po2eo-
XIMIYHULL MOHIMOPUHE, NPOSHO3HI PeCypCu.

C. M. Jlesoniok, B. B. Camoiinos, H. B. Yoanos, B. A. llemux. 3KOJIOIO-T H/[POI'EOJIOTHYECKHE ®AKTOPBI J[E-
CTABHITH3ALIHH KAYECTBEHHOI'O COCTABA ITHTHEBBIX IMMOJ3EMHBIX BOJ HEHTPATLHOH YACTH JIJIAP.
Paboma noceawaemes akmyanvbHoll 3K0I02UYECKOT meme — UCCIe008aAHUI0 0eCmadUIU3aYUY Ka4ecmed Numbebix NOO3eMHbIX 800 8
VCIIO0BUSX COBPEMEHHO20 UHMEHCUBHO20 MEXHO2EHEe3a 2C0N0SUYECKOU cpedbl. Aemopamu 060choganvl 2 cocmasasiowue OaHHOU npo-
6rembl: onpeoenenue IKOI020-2UOPOLEOIOCULECKUX (PAKMOPOS GNUSHUSL HA KAYECMBEHHbLIL COCMAB 800 U 000CHOBAHUE IKOLOSUHECKU
6e30nacHo20 UCNONb306AHUSL DMUX 600.

Ha 6asze payuonanbhoco KOMNIEKCUPOBAHUSI 2€0N0SUYECKUX, IKOL020-2UOPO2CONOSUYECKUX U HEOMEKMOHUYECKUX YCI08Ul
meppumopuu pabom GulssieHbl PaAKMOPbl GAUSHUL HA KAYECMBEHHbIN COCMAG NOO3EMHbBIX 800 HA OYUAKCKO-KAHEBCKUX 80003A00PAX.
bnazooaps smomy — npeonoosicervl npuopumemuvle NOKA3AMeENU Ka4yecmea 3Mmux 800 Os 2UOPOLeOXUMULECKO20 MOHUMOPUH2A 8
VCL08UAX UHDUIGMPAYUU 3ASPASHAIOWUX eUjeCE C NOBEPXHOCMU U UX NOOMOKA CHU3Y 6 30HAX 6IUAHUAL MEKMOHUYECKUX CINPYKMYD.
Vemanoenennas céasv pakmopos enuanusa ¢ KauecmeenHbiM COCMABOM NO3BONUNA PAPAOOMAMb IKON020-2UOPO2e0N0SUYECK ULl NOO-
X00 K 3Kon02U4ecKU Oe30nacHOMY UCTONb30BAHUIO 800 Yele8020 KoMNeKkca 8 npedenax Bocmounoil Yikpaunvi. Beco xomniexc 6vi-
NONHEHHBIX UCCIe008aHUll anpobuposan Ha cemu 80003ab0pog Ilonmasckoii 20poOcKoll aziomepayuu. Ycmanogienvl yposHu 3a2pss-
HEHUsT NOO3eMHBIX 800 U OBOCHOBAH ONMUMATbHBII 00WULL 60000MOOP HA 60003a6OPaAX 2opoda. Bulssiena u KOIUuecmeeHHo oyeHe-
Ha NpaAMas NO3UMUBHASA C6A3b USMEHEHUsl COOePHCAHUs XAPAKMEPHbIX INeMEeHmMO8-UHOUKAMOPO8 GIUAHUSA HA  IKOJLO020-
2uodpo2eonocuteckoe CoCmosiHue noO3emMHbliX 600 Om GelUYUHbL 80000MOOPA 8 30He HENOCPeOCMEEHHO20 GIUAHUA MEKMOHUYECKUX
Hapywenuii Bocmouno-Ilonmagckoi mekmoHu4ueckot cmpyKmypbl.

Knroueswie cnosa: 60003a60pul, 6y4aKcKko-KaHe8CKU 6000OHOCHbIL KOMNIEKC, MPAHCHOPMAYUsL KAYecmea NOO3EMHBIX 800, 2U0-
PO2EOXUMUYECKULL MOHUMOPUHE, NPOSHO3HbBLE PECYPCbL.

Introduction. As it is known, the problem of
supplying the population with high-quality drinking
groundwater is urgent for Ukraine. It is particularly
acute within Eastern Ukraine, as there is a signifi-
cant man-made pressure on the geological environ-
ment (GE) and, in particular, the drinking ground-
water.

Buchak-kaniv aquifer (BKA) is one of the main
sources of drinking groundwater in the studied area.
The water from this aquifer has historically been
characterized by high quality and a stable chemical
composition. But recently the composition of these
waters has undergone significant transformational
chanages. There are the local elevated values of ele-
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ments of both technogenic (surface) and natural (ne-
otectonic) characters [5].

The current measures to control these changes,
based on existing methodological recommendations
[3, 7, etc.], are: - significantly expensive and re-
source-intensive; - requiring considerable time to
collect, analyze data and develop appropriate rec-
ommendations. It is unacceptable in today’s eco-
nomic and environmental context.

Therefore, one of the key tasks of ecologists
and hydrogeologists is to develop two components
of a methodological approach for solving this prob-
lem. First, establishment of the ecological-
hydrogeological factors of influence on the qualita-
tive composition of groundwater. Due to improved
recommended measures to changes in groundwater
quality at the strategically important existing water
intakes in the region will be controlled. In compari-
son with the existing measures, it is necessary to
increase their efficiency by reducing costs and time
for researches and analysis of the results. This will
allow us to increase the speed of management deci-
sion- making to stabilize the composition of these
waters.

Secondly, a justification of the ecologically safe
use of BKA groundwater within the region of work.
It is necessary to create a reserve of the high quality
waters of target aquifer within the studied area. This
problem has not been solved at all, but in the condi-
tions of constant deterioration of these waters’ quali-
ty it is very relevant.

Literature review. Many scientists have ad-
dressed the issues related to a study of the factors of
groundwater quality deterioration and, on its basis, a
development of measures to control changes in wa-
ter composition and stabilization of water quality. It
was papers both for the existing facilities (an im-
provement of ecological and geological researches
of GE and, in particular, hydrogeochemical monitor-
ing of groundwater), and for perspective ones (justi-
fication of areas determination for ecologically safe
use of groundwater, creation of new water intake
networks, etc.).

The main domestic and foreign studies, which
are of great scientific interest to the authors, are giv-
en below.

One of the founders of modern methodology of
ecological and geological researches of GE of
Ukraine is Yakovlev Y. O. In the papers [1, 12], the
scientist recommended, among other things, to in-
clude the GE zone of initial preservation as the
boundaries of research territories. The hydrogeolog-
ical substantiation of these boundaries was proposed
on the basis of two levels of influence on GE -
hydrogeofiltration and the hydrogeochemical (hy-
drogeomigration) levels. Also a study of the pollu-
tion levels (including groundwater) on the basis of

chemical elements background values has been fur-
ther developed.

In the papers of Udalov I. V., Reshetov I. K.,
Amdzadi A. and others [10, 14] the use of the com-
prehensive approach in the ecological-geological
studies of geological environment on the example of
Eastern Donbas were described. It was recommend-
ed when assessing the level of GE components con-
tamination (including groundwater) instead of the
imperfect and outdated current norms, standards,
etc. to use the indicators of geological background
of area, which must be determined from the relevant
values within the sites, which are distant from the
centers of pollution and with minimal technogenic
influence. The 4-degree levels of GE contamination
have also been developed, from the satisfactory lev-
el to the threatening level.

Kononenko A. V., Lurie A. |. and Udalov I. V.
in the article [17] developed the criteria to estimate
the contamination levels of drinking groundwater
for cretaceous water intakes of Eastern Ukraine with
systematic hydrogeochemical monitoring at the lo-
cal level. The basis is the priority indicators of water
chemical composition, for which we observe an ex-
cess of maximum permissible concentrations (MPC)
according to the current norms within the region of
work. The authors have determined the following
levels of contamination: within acceptable limits —
up to 1 MPC, relatively polluted — within 1-2 MPC,
contaminated — 2-3 MPC, heavily contaminated —
more than 3 MPC.

In the papers of Yakovlev V. V. and Kononenko
A. V. [4, 11], a scheme of rational placement of new
cretaceous water intakes in the undeveloped areas of
sandy river terraces along the Siversky Donets river
and its tributaries with a possibility of further trans-
portation of drinking high-quality water to the con-
sumers was proposed within some territories of
Eastern Ukraine. According to the articles, the active
water exchange within the sandy river terraces caus-
es a formation of large reserves of groundwater of
high drinking quality. To justify this hypothesis, the
prospective groundwater resources within the se-
lected sites were calculated.

Modern papers of foreign scientists on an issue
of quality control of drinking groundwater differ in
breadth of coverage.

The articles by Molinari A., Guadagnini L.,
Marcaccio M. [18], Preziosi E., Parrone D., Del Bon
A. [20], Dalla Libera N., Fabbri P., Mason L. [16]
and others were aimed at developing a methodologi-
cal approach to determine the most accurate geolog-
ical background values of elements-indicators of
groundwater gqualitative composition. It is generally
believed that a determination of the geological base
content of components is one of the key factors in
modeling the changes in the hydrochemical charac-
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teristics of groundwater and identifying the causes
of these changes. Thus, foreign scientists, when de-
termining the real state of qualitative composition of
waters, consider it more appropriate to compare the
current content of component with the local geolog-
ical background instead of the different norms,
standards, etc.

The researchers, such as Weiwu Yan, Jialong
Li, Xiaohui Bai [22], Abtahi M., Golchinpour N.,
Yaghmaeian K. [13] and some others developed a
methodological approach to the assessment of water
quality for standardization of these processes and to
increase the efficiency when making management
decisions to stabilize the composition of these wa-
ters. This was achieved by selecting only the locally
important water quality indicators and establishing
the relevant weighting factors for each of them.

The problem of operation modes optimization
at the water intakes against the background of
groundwater quality deterioration in them is urgent
for scientists from different territories of the world.
A special attention is given to this problem in the
large and environmentally unstable agglomerations:
Y. Chen, D. Han, J. Szabo, J. Hall in the USA cities
[15, 21], S. Nurani Zulkifli, H. Abdul Rahim, W.-J.
Lau in Kuala-Lumpur (Malaysia) [19], Y. Weiwu, L.
Jialong, B. Xiaohui in Shanghai (China) [22] and
others.

At present, the main disadvantage of foreign
studies in this area is a lack of the comprehensive
approach to solving the problem of assessing the
drinking groundwater quality at the operational wa-
ter intakes and developing the appropriate prompt
measures to identify its quality deterioration.

Identification of previous unsolved parts of
the general problem. The ecological and hydrogeo-
logical conditions that have led to the gradual dete-
rioration of drinking groundwater quality are now
present in the central part of DDAB. But the prob-
lem of stabilization of its chemical composition is
still unresolved. The existing measures are not effec-
tive enough against the background of the current
economic and environmental realities. According to
the authors, it is necessary to solve this problem
based on 2 components:

- identification of the destabilization factors of
groundwater quality in the existing water intakes;

- development of the  ecological-
hydrogeological approach to ecologically safe use of
drinking groundwater according to the identified
factors.

Within the studied area, one of the strategic
groundwater reserves is BKA. Therefore, the au-
thors solved the above-mentioned problem by test-
ing the performed researches on the waters of this
aquifer.

The purpose of the paper is 2 components of
a study of the BKA groundwater quality deteriora-
tion: - identification of the ecological and hydrogeo-
logical factors of influence on the water qualitative
composition; - ensuring environmentally safe use of
groundwater.

Tasks of the research: 1) to identify factors of
influence on the qualitative composition of ground-
water at the existing networks of Buchak-Kaniv wa-
ter intakes of the investigated area and, on the basis
of this, to propose the measures for hydrogeochemi-
cal monitoring of this water;

2) to justify a methodological approach for en-
suring environmentally safe use of groundwater for
the long term;

3) to carry out an approbation of the performed
researches on the example of network of water in-
takes of Poltava city agglomeration.

Research novelty of the obtained results: -
the factors of influence on the qualitative composi-
tion of groundwater at the Buchak-Kaniv water in-
takes were revealed for the first time on the basis of
the analysis of geological, ecological-hydrogeo-
logical and neotectonic conditions of region;

- on the basis of these factors — the priority in-
dicators of BKA water quality for its systematic hy-
drogeochemical monitoring under the infiltration of
pollutants from the surface and their inflow from
below in the zones of influence of tectonic struc-
tures have been proposed,;

- for the first time a direct positive correlation
between a change of the content of characteristic
indicator elements of influence on the ecological-
hydrogeological state of groundwater (mineraliza-
tion, CI, F, Fewa, Br, B**, J) and the value of total
water withdrawal in the zone of direct influence of
tectonic faults of East-Poltava tectonic structure has
been found;

- an approach for the ecologically safe use of
target aquifer waters within the Buchak-Kaniv water
intakes of Eastern Ukraine, based on the established
correlation between the factors of influence and the
qualitative composition of waters, has been devel-
oped.

Practical significance. Due to an approbation
of the proposed water quality control system at Pol-
tava water intakes network, which is strategically
important within the region of research, an optimi-
zation of the total water withdrawal at the water in-
takes has been justified (the recommended limit is
50-60 thousand m®/day).

The perspective areas for location of new water
intakes within a 40 km radius around Poltava city
have been identified (a total area — 750 km?). The
estimated resources of drinking groundwater (54.5
thousand md3/day) have been calculated. As these
resources are in use, it is possible to gradually re-
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place the current water supply of urban agglomera-
tion with high-quality groundwater.

Materials and methods of research. The au-
thors’ research is based on an analysis of the results
of over 700 groundwater chemical analyses of the
target aquifer within the region of work. Chemical
researches have been carried out during the period
of active man-made pressure on the GE of studied
territory (1960-2015).

Geological and ecological information has been
also used — data about the technogenic pressure on
the groundwater of territory (a water withdrawal at
the high power water intakes, the level regime of
exploited aquifers, a presence of the existing and
potential sources of depletion and pollution of
groundwater and a character of their location, etc.).
The available current data of neotectonic conditions
of studied area have been also used. The basis has
been tectonic structure along the reflection horizon
IVb (T) [2], the tectonic faults can affect the hydro-
geological conditions of zone of active water ex-
change within it.

The following methods of obtaining, pro-
cessing and interpretation of necessary ecological-
hydrogeological data have been used in the work:
field, chemical-analytical, comparative and graph-
ical methods. In addition, a number of the common
research methods have been used for the infor-
mation processing — an analysis, a synthesis, a sys-
tematization, a classification, a modelling. Mathe-
matical and statistical methods have been also used
in the processing of received large data set. The in-
terpolation and analogy methods have been used to
simulate changes in the groundwater hydrochemical
features using Maplnfo Professional 10.0.

Results and discussion. The authors have
found that the dominant factors in the formation of
groundwater composition of buchak-kaniv aquifer at
the present time are natural phenomena, which have
been activated by deep hydrogeomigration processes
and the anthropogenic component. This is indicated
by the transformation of water quality during the
period of active man-made pressure on GE of region
(1960-2015) towards an increase in the content of
characteristic components (CI, F, Feww, Br, B%,
J). But also, the increased values of surface pollu-
tants are occasionally found in waters (NO>, NH4*
and some others).

According to these influencing factors the qual-
ity of groundwater composition, it was necessary to
develop the appropriate measures to control changes
in the quality of these waters. In doing so, they
should: - include these characteristics and reasons
for changes in the water composition; - be effective,
operative and economically advisable when making
the appropriate management decisions.

The recommendations are given for both exist-
ing water intakes networks and new ones. To im-
prove the system of hydrogeochemical monitoring
was the most advisable for the existing ones. For
new ones — a justification of determination of per-
spective areas for the location of new water intakes
networks to solve the problem of shortage of drink-
ing groundwater of acceptable quality within the
works territory.

In the paper, the authors have tested the per-
formed research on the example of water intakes
network of Poltava city agglomeration that is strate-
gically important within this region. A large number
of the evenly located water intakes and the good
ecological and hydrogeological study of area indi-
cate a possibility of organizing these works without
additional economic cost.

Recommendations for the existing water in-
takes networks. The authors have identified 2 levels
of the required monitoring work — general and
special.

1) General level. The works are carried out
within the area of influence of investigated water
intakes network on GE. The boundaries of influence
can be determined in 3 options, depending on the
available actual data.

First, the hydrogeofiltration level of water in-
takes impact on GE. In view of the fact that the eco-
logical changes occur with a stable disturbance of
the dynamic equilibrium of GE, ecologically signifi-
cant boundaries of changes in hydrogeofiltration
conditions can be attributed to the area of depression
funnels with a lowering of the water level that ex-
ceeds the natural average long-term fluctuations of
groundwater level [1]. That is, the boundaries of
local depression funnel that appeared because of the
operation of investigated water intakes may be these
limits.

Secondly, the hydrogeochemical level of influ-
ence on GE. In this case, the boundaries may be the
limits of groundwater zone with changed (compared
with geological base values) composition.

In the third case, in the absence of other data, it
is possible to use the territory of the third zone of
sanitary protection that would be calculated for the
investigated water intake. The boundaries of this
zone are determined according to the hydrodynamic
calculations [9]. The initial conditions are if the mi-
crobial (unstable) and/or the chemical (stable) pollu-
tants fall into the aquifer outside this zone, they will
not reach the water intake or reach the estimated
time (at least 25 years).

The recommendations developed by the authors
for hydrogeochemical monitoring are based on the
following:

- priority groundwater quality indicators with
the established elevated values in the waters of tar-
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get aquifer have been identified. This significantly
reduces time and cost of work in comparison with
the full range of hydrogeochemical studies;

- criteria for assessing groundwater pollution
levels for these indicators have been proposed. This
allows increasing the efficiency when making man-
agement decisions to stabilize groundwater quality.

It is known that one of the main characteristics
of technogenic geochemical anomaly is its intensity,
determined by the degree of chemical elements ac-
cumulation in comparison with the geological base
content (GBC). Therefore, the proposed criteria for
assessing groundwater pollution levels are based on
the use of average elements GBC that has been de-
fined by the authors for the waters of the territory.

GBC has been determined from the relevant values
within the territories that are far from the sources of
pollution and with minimal technogenic influence.
In the case of absence of these data, MPC of an el-
ement has been used according to the current stand-
ards [3].

3 levels of water pollution have been identified
(Table 1). The unpolluted water: the content of re-
searched component — if the data of average geolog-
ical base content are available — up to 1 GBC inclu-
sive, if this data are missing — up to 1 MPC inclu-
sive. The relatively polluted water: from 1 to 1.5-2
GBC or from 1 to 3 MPC respectively. The contam-
inated water: 1.5-2 GBC and more or 3 MPC and
more respectively.

Table 1
The proposed levels of groundwater pollution during general monitoring work
Groundwater pollution levels
unpolluted water relatively polluted
Name of the indicator, - water .
units Within the aver- Vr\é';?'sr,:;gga%; (a time of making Tnha?[ec do\r/]\}:?;rl_
age GBC 3] management deci-
sions)
physical and chemical indicators
Mineralization, mg/dm?® <1150 <1000 1150-2300 >2300
pH <76 6,5-8,5 7,6-114 >11,4
Cl', mg/dm?® <275 <250 275-550 > 550
Fetotal, mg/dm?® <025 <02 0,25-0,5 >0,5
sanitary and toxicological indicators
Na*+K*, mg/dm?® <300 <200 300-600 > 600
F, mg/dm?® <2,0 <15 2,0-4,0 >4,0
NH4*, mg/dm? <03 <0,5 0,3-0,6 >0,6
NO,, mg/dm?® <0,1 <0,1 0,1-0,2 >0,2
Si, mg/dm? no data available <10 10-30 >30
physical and chemical+Sanitary and toxicological indicators
BrB>+J (total), <0,5 <0,55 0,5-1,0 >1,0
mg/dm

It is also necessary to carry out the hydrogeo-
logical observations (control of water withdrawal
and level regime) within the whole established terri-
tory of influence of the studied water intakes net-
work on GE. The most relevant is information about
the edge areas. It allows us to quickly monitor
changes in the boundaries of this zone.

General monitoring level in the water intakes
network of Poltava city. The territory of distribution
of BKA modern local depression funnel, which ap-
peared due to the operation of investigated water
intakes, has been proposed as the boundaries of
works territory (Figure 1). The boundaries of territo-
ry against the background of active technogenesis of
area are constantly changing, so the role of hydro-
geological data of edge water intakes is increasing.

It is also important to control the depth of depres-
sion funnel within the city.

An analysis of the groundwater chemical com-
position of target aquifer within the researched terri-
tory has showed that the waters composition at the
water intakes of Poltava city is diverse enough ac-
cording to the local ecological and hydrogeological
conditions (Table 2). Unpolluted, relatively polluted
water and even contaminated water is observed (in
terms of Feww, F-, Br+B*+J and periodic increase
of NH4* and NO; content).

2) Special level. The monitoring studies should
be conducted within the areas with the greatest
transformational changes in the groundwater quality.
As a result of active influence of neotectonic pro-
cesses, the processes of deep mineralized groundwa-
ter discharge into the drinking waters of a zone of
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Fig. 1. The map-scheme of territories of proposed general and special levels of ecological-hydrogeological
(first of all, hydrogeochemical) monitoring studies for the water intakes of Poltava city
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Table 2

The levels of groundwater pollution at the water intakes of Poltava city

Name of the indicator,

Groundwater state in Poltava water intakes,
pollution level (indicator content)

units
territory

water intakes in the eastern part of

other water intakes

physical and chemical indicators

. N 3 Relatively polluted Unpolluted
Mineralization, mg/dm (1352-1400) (700-1100)
. Relatively polluted+
pH Relatz\éeBIYng)lluted Unpolluted
T (6,3-8,9)
. Relatively polluted+
Cl', mg/dm?® Rel?':glsz gg(l)l)uted Unpolluted
(199-348)

3
Fetorl, mg/dm (about 1,2)

Contaminated

Contaminated+
Relatively polluted+
Unpolluted
(0,1-2,2)

sanitary and toxicological indicators

Na*+K*, mg/dm?®

Relatively polluted (368-449)

Relatively polluted (295-371)

Contaminated+

- 3 -
F, mg/dm Contaminated (about 7,0) Relatively polluted (2,4-4,2)
NH,*, mg/dm?® Contaminated+Relatively polluted+Unpolluted (0,0-0,8)
NO,, mg/dm?® Contaminated+Relatively polluted+Unpolluted (0,0-1,0)
Si, mg/dm? Relatively polluted (12,8-15,4)

The physical and chemical+Sanitary and toxicological indicators

Br+B%+J (total),
mg/dm?

Contaminated (about 1,25)

Contaminated+
Relatively polluted (0,55-1,2)

active water exchange are characteristic within the
researched region. Numerous faults within the tec-
tonic structures serve as migration zones. As estab-
lished by the authors [5], gradual change in the
chemical composition of waters to the chloride-
sodium type and the increase in salt content occur
under the influence of neotectonic factor. The
groundwater concentration of some macro- and mi-
cro-components is also increasing to non-GBC.

The boundaries of a special level of monitoring
studies are the territories where the maximum influ-
ence of described above natural processes on the
guality of groundwater is possible. The authors
found that these are the areas of intersection of in-

fluence zones of powerful water intakes and the ter-
ritories within a 5 km radius around the hydrody-
namically active tectonic faults.

Studying hydrogeochemical component in the
operational modes of powerful water intakes in the
region, the authors determined critical values of
specific elements-indicators that revealed the above-
mentioned transformation processes. The stages of
groundwater quality change were also defined. They
formed the basis for the proposed hydrogeochemical
monitoring system (Table 3).

Also, at the special research level, the hydroge-
ological part of monitoring (the observation of water
withdrawal and level regime) is important for con-

Table 3

Determined stages of groundwater quality change in the areas of special monitoring researches

Stages of groundwater quality change
- . - IT stage — indicator
Name of the indicator, units | I stage — mini- (atime %f making man- | III stage — critical
mum L
agement decisions)
Mineralization, mg/dm?® <1400 1400-1600 > 1600
CI-, mg/dm®/ % equivalent <350/30 350-450 / 30-35 >450/35
F, mg/dm?® <35 3,5-4,0 >4,0
Br+B®+J (total), mg/dm?® <1,0 1,0-1,5 >1,5
Fetotal, mg/dm?® <0,5 0,5-1,0 >1,0
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trolling possible influence of technogenic compo-
nent on the activation of changes in water composi-
tion. The result of these works is to obtain regulari-
ties that optimize the operational modes of studied
water intakes.

The special level of monitoring in the water in-
takes network of Poltava city. The area of research is
a 5 km radius around the tectonic faults within the
East Poltava tectonic structure (Figure 1).

The developed recommendations were tested
on the example of water intakes No. 1-5. The inte-
grated studies of hydrogeological and hydrogeo-
chemical components of monitoring were conducted
(Figure 2). The results of chemical analyses at the
Buchak-Kaniv water intakes and general data of
water withdrawal by 2 major operational aquifers of
region, which have a close hydraulic connection
here (buchak-kaniv and cenomanian-lower creta-
ceous aquifers), were taken into account.

According to the results of a correlation analy-
sis, data on the water intake No. 1 shows a direct
positive correlation between a change of the content
of characteristic indicator elements and the value of
total water withdrawal in the area of direct influence
of tectonic faults (a distance less than 0.5 km). The
Pearson correlation coefficients r = 0.70-0.90 were
calculated. At the same time, for the other water in-
takes (a distance is about 3.2-5 km) r = 0.43-0.68.

As a result, regularities that allowed substanti-
ating optimization of total water withdrawal within
the water intake network of Poltava city were ob-
tained. For the content of the studied components
within the whole zone of special monitoring not to
exceed the established critical values (Table 3), it is
necessary to extract r up to 100 thousand m3/day
water. And for the gradual restoration of disturbed
constant ecological balance in the solution-rock sys-
tem and a return of the hydrogeochemical parame-
ters to the geological base content, it is necessary
not to increase the modern pressure on the ground-
water. That is, the total water withdrawal should be
up to 50-60 thousand m%/day.

Recommendations for new water intakes net-
works. Determination of perspective areas for the
location of new water intakes of different capacity,
with a possibility of further transportation of high
quality drinking water to the consumers to solve the
problem of drinking groundwater shortage of ac-
ceptable quality within the territory was justified.

A methodological approach to the allocation of
sites is based on a complex system of ranking the
territory by the degree of risk of groundwater con-
tamination [6], developed by the authors.

The promising areas are considered according
to 3 parameters.

1) The indicator of groundwater protection
from technogenic pollution, which comes during the

process of downward vertical filtration and migra-
tion from the earth’s surface. It was calculated as the
sum of 5 indexes that are multiplied by rating
(weighting) coefficients:

- index of lithology of the upper (near-surface)
part of cross-section (the weighting factor 1.5);

- index of own geological protection of the first
inter-layer aquifer (the weighting factor 5);

- sediments permeability index of the first inter-
layer aquifer (the weighting factor 1.5);

- permeability index of a separate layer (the
weighting factor 10);

- rate index of vertical flow through the sepa-
rate layer (the weighting factor 10).

2) The indicator of groundwater protection
from the possible transformation of composition as a
result of the active influence of neotectonic process-
es. It depends on 2 indexes: the distance to the near-
est established tectonic faults; the total amplitudes
of neogene-quaternary movements of the Earth’s
crust as a parameter that maximally influences on
the activity of hydrogeomigration processes within
these faults.

3) A thickness of the reservoir rocks of target
aquifer. This indicator is correlated with the value of
water enrichment of aquifer. An use this index
makes it possible to design forward-looking water
intakes with varied capacity.

In terms of a result of GIS calculations, the
perspective areas for location of new water intakes
within a 40 km radius around Poltava city were
identified (Figure 3). The territories are divided into
2 categories:

- perspective for the location of new low and
medium power water intakes (an area of about 470
km?). Concentrated in the southern, western and
northwestern parts of region. They are characterized
by high and conditional groundwater protection
from the possible surface contamination. Also these
areas are favorable in view of the neotectonic condi-
tions — a distance to the territories with established
tectonic faults and with significant amplitudes of
neogene-quaternary movements of the Earth’s crust
(150 m and more) is more than 5 km;

- perspective for the location of new high pow-
er water intakes (about 280 km?). Located to the
south and northwest of city. In addition to the eco-
logical-hydrogeological advantages of previous are-
as, there are the reservoir sands of Buchak-kaniv
aquifer with the highest thickness — more than 30 m.
That is, the potential volume of exploitation re-
sources of aquifer within these territories is the max-
imum.

According to the method of areal differentiation
of underground flow module in terms of the papers
[4, 11], the authors calculated the projected re-
sources of BKA drinking groundwater within the
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perspective sites by the formulas:

1) Mus = MoFo / [Fs+(Fo-Fs)(Cy/CH)],

where Myt — the underground flow module for
the established sites, dm3/s*km?; M, — the average
value of underground flow module for the target
aquifer of region (0,74 — according to Rudenko, F.
A. (1971). Hydrogeology of the USSR, vol. V),
dm®/s*km?; F, — a total area of the territory within a
40 km radius around Poltava city, km?; Fs — an area
of the researched sites, km?; Cs — the indicator of
mineralization of target groundwater within the
studied sites, mg/dm?; C, — the indicator of minerali-
zation of target groundwater within another part of
the territory with a 40 km radius around Poltava
city, mg/dms3;

2) Qprs = Mut * Fs.

The obtained perspective resources (Qprs)
amounted to 630 dm?®s or 54.5 thousand m?/day,
which is approximately equal to the current total
water withdrawal of drinking groundwater at the
water intakes of Poltava city (50-60 thousand
m?/day). That is, due to the using of these resources
it is possible to gradually replace the current water
supply of urban agglomeration with high-quality
groundwater.

Conclusions. There are 2 science-based com-
ponents of the research of groundwater quality dete-
rioration of BKA within the central part of DDAB in
the paper: - a determination of the ecological-hydro-
geological factors of influence on the qualitative
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composition of these waters; - a justification of the
ecologically safe groundwater use.

Based on the analysis of geological, ecological-
hydrogeological and neotectonic conditions of the
region, the factors of influence on the groundwater
gualitative composition at the Buchak-Kaniv water
intakes, which are grouped into the factors of tech-
nogenic (surface) and natural (neotectonic) charac-
ter, have been identified.

The priority indicators of BKA water quality
for its systematic hydrogeochemical monitoring un-
der the infiltration of pollutants from the surface and
their inflow from below in the zones of influence of
tectonic structures have been proposed. It is recom-
mended to control their contents on the basis of 2
levels — general (a control of the whole complex of
actual pollutants in the areas of water intakes influ-
ence) and special (a control of mineralization, CI-,
F, Feww, Br, B%, J in the areas of intersection of
influence zones of powerful water intakes and the
territories within a 5 km radius around the hydrody-
namically active tectonic faults).

An approach for the ecologically safe use of
target aquifer waters within Eastern Ukraine, based
on the established correlation between the factors of
influence and the qualitative composition of waters,
has been developed. The high-quality groundwater
sites for further transportation of these waters to the
consumers have been justified.

The whole complex of performed researches
was tested on the network of water intakes of Polta-
va city agglomeration, which is strategically im-
portant within the region. The levels of groundwater
contamination at the water intakes have been estab-
lished. The unpolluted, relatively polluted water and
even contaminated water were observed (in terms of
Fewta, F-, Br+B3*+J- and periodic increase of NH4*
and NO;™ content).

According to the results of correlation analysis,
a direct positive correlation (the Pearson correlation
coefficients r = 0.70-0.90) between a change of the
content of characteristic indicator elements and the
value of total water withdrawal in the area of direct
influence of tectonic faults of East-Poltava tectonic
structure has been found. As a result, the regularities
that allowed substantiating the optimization of total
water withdrawal within the water intake network of
Poltava city were obtained (the limit of 50-60 thou-
sand m*/day).

The perspective areas for location of new water
intakes within a 40 km radius around Poltava city
were identified (total area — 750 km?). The estimated
resources of drinking groundwater (54.5 thousand
m3/day) have been calculated. Due to the using of
these resources it is possible to gradually replace the
current water supply of urban agglomeration with
high-quality groundwater.

~
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THE ECOLOGICAL AND HYDROGEOLOGICAL FACTORS OF QUALITATIVE COMPOSITION
DESTABILIZATION OF DRINKING GROUNDWATER WITHIN THE CENTRAL PART OF DDAB

Formulation of the problem. The paper is devoted to a topical environmental theme — a study of the
destabilization of drinking groundwater quality in the conditions of modern intensive technogenesis of geo-
logical environment.

The purpose of the article is 2 components of a study of the groundwater quality deterioration of
buchak-kaniv aquifer: - an identification of the ecological and hydrogeological factors of influence on the
water qualitative composition; - an ensuring of the environmentally safe use of groundwater.

Materials and methods. The research is based on an analysis of the results of over 700 groundwater
chemical analyses of the target aquifer within the region. The chemical researches have been carried out dur-
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ing the period of active man-made pressure on the geological environment of studied territory (1960-2015).
The available current data of geological, ecological and neotectonic conditions of studied area have been also
used.

The following methods of obtaining, processing and interpretation of necessary ecological-
hydrogeological data have been used in the paper: field, chemical-analytical, comparative and graphical
methods. A number of the common research methods have been used for the information processing — an
analysis, a synthesis, a systematization, a classification, a modeling. The mathematical and statistical meth-
ods have been also used in the processing of received large data set. The interpolation and analogy methods
have been used to simulate changes in the groundwater hydrochemical features using Mapinfo Professional
10.0.

Results and scientific novelty. For the first time on the basis of analysis of geological, ecological-
hydrogeological and neotectonic conditions of region, the factors of influence on the qualitative composition
of groundwater at the buchak-kaniv water intakes were revealed.

On the basis of these factors — the priority indicators of buchak-kaniv aquifer water quality for its sys-
tematic hydrogeochemical monitoring under the infiltration of pollutants from the surface and their inflow
from below in the zones of influence of tectonic structures have been proposed.

For the first time a direct positive correlation between a change of the content of characteristic indicator
elements of influence on the ecological-hydrogeological state of groundwater (mineralization, Cl', F, Fetal,
Br, B*, J) and the value of total water withdrawal in the zone of direct influence of tectonic faults of East-
Poltava tectonic structure has been found.

An approach for the ecologically safe use of target aquifer waters within the buchak-kaniv water intakes
of Eastern Ukraine, which is based on the established correlation between the factors of influence and the
gualitative composition of waters, has been developed.

Practical significance. Due to an approbation of the proposed water quality control system at the Polta-
va water intakes network, which is strategically important within the region of research, an optimization of
the total water withdrawal at the water intakes has been justified (the recommended limit is 50-60 thousand
mé/day).

The perspective areas for location of new water intakes within a 40 km radius around Poltava city have
been identified (a total area — 750 km?). The estimated resources of drinking groundwater (54.5 thousand
m3/day) have been calculated. Due to the using of these resources it is possible to gradually replace the cur-
rent water supply of urban agglomeration with high-quality groundwater.

Keywords: water intakes, buchak-kaniv aquifer, transformation of drinking groundwater quality, hy-
drogeochemical monitoring, perspective resources.
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CYYACHHMM CTAH 3ABPYJIHEHHSI ATMOC®EPHOTI'O ITOBITPS B YKPATHI
3A JAHUMHU CYITYTHUKA SENTINEL-5P

Poboma npucesuena ananisy npocmopogo-4acosux 3aKOHOMIpHOCIel po3nooity OIOKCUJY a3omy, OIOKCUOY CIpKi, MOHOKCUOY
gyaneyto ma gopmanvoe2ioy Hao mepumopieto Ykpainu ma akeamopismu 9oprozo i A308cbKo20 mopie 3a OaHumu cynymuuka Sen-
tinel-5P. ITepioo oocnioocensy oxonnoe munens 2018 — uepsens 2019 pp., wo 003601U10 RPOAHANIZYEAMU CYYACHUL CMAH 3a0PYOHEH-
H ma akmyanizyeamu iHgopmayio wooo Hatbitbw 3abpyonenux micm mepumopii Yrpainu. B cepeonvomy sacanvruii émicm NO2
sminioemoes 6 meacax 6i0 4-10° monv/m? 0o 7-10° monv/m?; y Kuesi ma padi npomucnosux micm na Jonbaci nepesuugye 1107
mone/m%. Busieneno cnanaxu eucoxozo emicny NO2 63umKy 6 uucmux pationax, nid 4ac AKux KOHYeHmpayii 3HAYHO nepesutyyioms
CEPeOHi NOKA3ZHUKU, WO 3YMOGILEHO HAOXOONCEHHAM 3a0pyOHeH020 nogimps 3 éenuxux micm. Ocobrueocmi cezonnozo x00y NO2 3a-
Jexcamv 8i0 PiGHA AHMPONOSEHHOT eMICii: Yy NPOMUCTIOBUX MICAX MAKCUMYMU CROCMEPIeamvbCs 83UMKY, V' 8i00aieHux 6i0 micm
pationax — 6 menauil ce30H. Bemanosneno, wo CO xapaxmepuzyemscsi 00HOPIOHUM NPOCMOposum po3nodiiom (6 cepednvomy 0.033—
0.035 monv/m?) y 36 43Ky i3 KinbKamicsuHum yacom icnyeéanus 6 ammocepepi. Haiibinvui nepesuwyenns xapaxmepni ons Mapiynons,
3anopixcocs, /uinpa, Kam saucokoeo ma 6epecosoi ninii Yoprozo ti A306cbkoeo mopis. 3a nepiod 00cuioxdcenb GUABIEHO YOmupu
cnanaxu nomyscnoi emicii CO: mpu 3 skux cnocmepizanucs y mMicmax, 0OHa nog si3ana i3 aicogumu nodxycexcamu Ha mepumopii Bino-
pyci ma nisnoui Pisnencokoi obnacmi. B Vipaini 3asuwenuti emicm SO2 cnocmepicacmoca 6 [Joneywkiil, 3anopisvkit ma [ninpone-
MPOBCHKILL 0O1ACMAX, A MAKONC HAO MOPCObKUMU akeamopismu. Buseneno nokanizayiio 3 naubineworo emicicio SOz i3 3azanvHum
emicmom birvwe 5107 moru/m?, wo cnocmepizacmuca 6 pationi Hoeozo Ceimy Joneywkoi obnacmi. JJna HCHO cnocmepizacmoca
piznuysa y Konyenmpayiax misxe mepumopiamu Ilpasobepesicnoi ma Jlisobepescnoi Yipainu. Bemarnosneno ocoonusocmi 3a0pyoHen-
HSL MOPCbKUX aKeamopitl. Y nepexioni ce3onu 3asuujeni KOHYeHmpayii 3a0pyOHIOINUX PeuosUl CnOCMEPIeaiombCsi 34 OCHOGHUMU
MOPCOKUMU WUISIXAMU, Y MENaull nepiod PoKy — 63008xc bepe2osoi Ninii. 3a ocepeoHeHuUMU 3HAYEHHAMU YCb0o20 Nepiody HAubinbul
3a6pyoHeHuMU € came bepe208a JiHis, Wo CEI0UUMb NPO 3HAYHY eMICito 8i0 Kabomaxchux peticie ma pubaybKux 406Hie nio yac Ky-
POpMHO2O Ce30MY.

Kniouogi cnosa: 3a6pyonenns ammocgepnozo nogimpsi, cynymnux, OOMIiuKu, aHmpono2eHHd emicis, npocmoposuti po3nooil,
NpoMUCO8i Micma, akeamopis.

M. B. Caseneu, H. B. /leopeukasn, J1. M. Haomouuii. COBPEMEHHOE COCTOAHHE 3ATI'PA3ZHEHHA ATMOC®EP-
HOI'O BO3/1YXA B YKPAHHE I10 JIAHHBIM CITYTHHKA SENTINEL-5P. B pabome paccmompen ananus npocmpancmeeH-
HO-8DEMEHHBIX 3AKOHOMEPHOCmell pacnpedeienus OUOKCUOd a30md, OUOKCUOA Cepbl, MOHOKCUOA yanepooa u (opmanboecudda Hao
meppumopueti Yxkpaunvl u axkeamopusmu Yeproeo u A306ckozo mopeii 3a Oannvimu cnymuuxa Sentinel-5P. Ilepuoo nabnioodenuii
oxeamvisaem uionb 2018 — utonv 2019 2e., umo no3601uUn0 NPOAHATUIUPOBAMb COBPEMEHHOE COCTNOAHUE 3A2PAIHEHUS U AKINYATU3U-
posamu ungopmayuto o naubonee 3azpsazHentbix 20podax meppumopuu Ykpaunsl. B cpeonem obwgee codepoicanue NO2 usmensemcs
om 4-10°° monv/m? 00 7-10°° monv/m?; 6 Kuege u psde npomviuinennvix 20podos Jonbacca npesviaem 110 yonv/m?. Buvisenenvi
8CNbIUKY 8bICOK020 cooepoicanuss NO2 3umoil 8 YUCMbIX pAlloHAX, 80 8peMs KOMOPLIX KOHYEHMPAayuu 3HAYUMETbHO NPesbiluaiom
cpedHue nokazamenu, ymo 06YCI06IEHO NOCMYNIEHUEM 3A2PS3HEHH020 6030yXa U3 6oabuux 20podos. OcobeHHocmu Ce30HHOU U3-
menuusocmu NO2 3agucum om ypoeHs aHmpono2eHHO dMUCCUU. 8 NPOMBIUTEHHBIX 20PO0AX MAKCUMYMbL HAONI00AIOMCS 3UMOlL, 6
YOaneHHbIX om 20p0008 pationax — 6 menaviii ce3on. Iloxaszano, umo oasn CO xapaxmepno 0OHOpoOHOe pachnpedenetue (8 cpeonem
0.033-0.035 monb/M?) € c6531 ¢ HECKOTbKO MECAUHBIM 6peMeHeM cyuecmeosanus 6 ammocgepe. Haubonvuie npesviuienus xapax-
mepnul 01 Mapuynons, 3anopooices, [nenpa, Kamernckoeo u 6epezosoil munuu Yepnozo u A306ckoeo mopeil. 3a nepuod ucciedosa-
Hull 8bsigIeHbl Yembipe ecnviuiky mowgnou smuccuu CO: mpu u3 HUX HABIIOOANUCH 8 20POOAX, OOHA CEA3AHA C IECHBIMU NONCAPAMU
na meppumopuu Benapycu u ceeepe Pogenckoti obracmu. B Yipaune svicoxoe cooepocanue SO2 nabniooaemes 6 Joneyxoui, 3ano-
pooicckoll u [{nenponemposckoli 061acmsax, a makoice Ha0 MOPCKuMU akeamopusmu. Buisenena nokanuzayusn ¢ Haubonwbuiell dSMuccu-
el ¢ obugum codepaicanuem euiuie 510 monv/m?, komopas nabmooaemcs ¢ Hosom Ceeme Joneyxoii obnacmu. [na HCHO xapax-
mepHa pasuuya 6 Konyenmpayuax medxcoy meppumopuamu Ilpasobepeosicnoii u Jlesobepescroti Ykpaunvt. Onpedenensvt ocobenno-
Ccmu 3a2pA3HeHUs MOPCKUX akeamopuil. B nepexoonvie ce30Hbl 3a6bluientble KOHYeHMPayul 3a2pasHAIOuuUx geujecms Habniooaomces
N0 OCHOBHBIM MOPCKUM NYMSM, 8 MENioe 8pems 200d — 6001b bepe2o6otl unuu. Ha ocnose ocpednennvix 3uavenuil 6ce2o nepuooa
uccnedosanuti Haubonee 3a2psA3HEHHbIMU ABTAEMCS UMEHHO Depe208as TUHUS, YMO CEUOEMeNbCMBYem 0 3HAYUMETbHOU dIMUCCUU OM
KabOmMadicHuIX pelicos u puloayxkux kopaobieil 60 8pems KyPOPMHO20 Ce30Hd.

Knioueswvie cnosa: 3acpasnenue ammocghepnozo 6030yxa, cnymHuk, npumect, aHmMpONno2eHHAs IMUCCUSL, NPOCPAHCIBEHHOE
pacnpeoenenue, npomvluLieHHble 20p00d, aK6amopus.

© Cageneyv M. B., /leopeyvka 1. B., Haomouiii JI. M. https://doi.org/10.26565/2410-7360-2019-51-16
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Beryn. B yMoBax po3BUTKY HPOMHCIOBOCTI Ta
MOCTIHHOTO 301UIbIICHHS aBTOTPAHCIIOPTY, SIKICTh
arMocQepHOro noBiTpa B YKpaiHi, K 1 y OiipmocTi
KpaiH CBITy, BUKIIMKAE€ BEJIHMKE 3aHEMOKOEHHA. 3a
OCTaHHI POKH 3’ IBHJIACS BeNINKa KUTbKICTh HAyKOBUX
mpanb, B SKUX MPOBOAWUTHCA Pi3HOOIYHWE aHami3
CTaHy aTMOC(EpPHOTO MOBITPS Ta YaCOBUX 3MiH BMi-
CTy 3a0pyIHIOIOYMX PEYOBHH Ha TEPHUTOpPii YKpaiHH
[1-7]. OcobnuBa yBara mpHIiIsS€THCS OCHOBHUM Ta
HalWHEOC3MEUHIUM  CHEIU(IYHAM  JTOMIIIKaM,
BMICT SIKUX Yy arMocdepi, 6arato y 4omy, 3aJeKnuTh
BiJl 301IBIIEHHS AaHTPOIIOTEHHOTO HABAHTAXEHHS Y
MiCTax Ta MPOMHCIOBUX paliOHax: MU, OKCHIH a30-
Ty, MOHOKCH/I BYTJIEITIO, HIOKCHJ CIpKH, (popMalbie-
TiJI, BaKK1 METaIu, TOIIO.

CucTeMr Ha3eMHOTO MOHITOPHHTY 3a0pyaHEH-
HSl aTMOC(EpPHOTO TOBITPS, HA OCHOBI SIKUX TPOBE-
JIEHO OLUTBIY YacTUHY CYYacHUX OCIIKEHb B YK-
paiHi, XapaKTepU3yIThCS HAIINHICTIO Ta BHUCOKOIO
SKICTIO OTpUMaHMX JaaHuX. [IpoTe, HEMOXIIUBICTbH
3HAYHOTO IPOCTOPOBOTO OXOIUIEHHS HAa3eMHHMU
MIYHKTaMH CIIOCTEPEXEHb YaCTO CTA€ BU3HAYAILHUM
HEJIOJIIKOM ITiJ] Yac aHaji3y Ta OI[IHKU SKOCTI aTMO-
ctheproro moBiTps. Brucoka mpocTopoBo-dacoBa He-
BH3HAYEHICTH PO3MOALTY 3a0pyIHIOIOUYNX PEUOBHH B
arMocdepi, 0COOIUBO B yMOBaX 3HAYHOTO aHTPOIIO-
TCHHOTO HABAaHTAXCHHS, MPAKTHYHO YHEMOKIIUB-
JIIO€ TIPOBEACHHS CTAaTHCTUYHOTO aHallizy 3a0pya-
HEHHS aTMOC(EepHOro MOBITPs Ha JesKid BiacTaHi
Bix Touku BuMiproBanus [8]. Lle#t Hemomik 3maTHi
MOJIONIATH  XIMIKO-METEOpOJIOTiUHI Ta JucHepciiiHi
mofenm [9-11], mpoTe TOYHICTH MOJENIOBAHHS CYT-
TEBO 3aJISKHUTD Bijl AKOCTI BX1IHOT iH(OpMAIlii, 30K-
peMa, i yac onucy JpKepen emicii. SIkio B Mexax
HE3HAYHUX 32 MacIITaboM TepuTOpiil (Hamp. MicTo,
paiioH, TOIIO) MOJEIIOBAHHS CTAa€ HE3aMiHHUM 1H-
CTPYMEHTOM aHaJi3y SKOCTi aTMOC(HEPHOTO OBITPA,
TO Ha 3HAYHHUX MPOCTOPOBUX MACIITA0aX 3 BUCOKOIO
PO3MITBPHOI0 3JATHICTIO CTPIMKO 3pOCTa€ 3aJekK-
HICTH BiJi KOMIT'IOTEPHOI MOTY>KHOCTI, IO € JIMITY-
oYUM (aKTOpOM [UIs MPOBEOCHHS TAaKUX OCIIi-
TDKEHb.

CTpiMKHIl PO3BUTOK CYIMYTHHKOBUX METOIIB
BUMIPIOBaHHS BMICTY XIMIYHHX CKIIQJIOBUX aTMOC-
(epu Oararo y doMmy Bupillye npoOnemy asHaiizy
3a0pyaHEHHS] Ha 3HAYHUX MPOCTOPOBHX MacmTabax
[12,13]. V cBiTOBIl NpaKTHIli JJIs TOCII/PKEHD BMicC-
Ty XIMIYHHX CKJIaJOBUX aTMOC(epu BHUKOPUCTOBY-
10ThCs pi3Hi cynmyTHukoBi npunagn: SCIAMACHY
(ma cynyramky Envisat), OMI (Aura), VSSC
(Venus), MODIS ta MOPITT (Terra), VIIRS (Suo-
mi-NPP), SAGE (ERBS), GOME-2 (Metop) Ta psx
iHmmMX. YacTuHa CYMyTHUKIB JIO3BOJISIE aHATI3yBaTH
0e3rmocepeIHL0 BMICT 3a0pYIHIOIOUUX pPEYOBHH 3
BU3HAYEHOIO IPOCTOPOBOIO PO3IINBHOIO 3IATHICTIO.
CyIyTHUKOBI TEXHOJIOTI] y 3ralaHuX CYIMyTHHKaxX HE
JTO3BOJISTIOTh OTPUMATH JaHi XIMIYHUX CKJIQJIOBHUX 3

BHCOKOIO JIEeTali3alIli€ro, a po3MipH IIKCEIIB OXOIl-
JIOIOTh AECATKU KBaIpaTHHUX KiJloMeTpiB. [HIIoIO
MOXIIMBICTIO aHAJi3yBaTH CTaH 3a0pyIHEHHS, OLIbII
TOTO 3 BUCOKOIO IIPOCTOPOBOIO PO3IIIHLHOIO 3aTHIC-
TIO, € BUKOPUCTAHHSI CYIyTHHUKIB, 0 30HAYIOTH ITi-
JCTUIIBHY TOBEpXHIO, 30kpeMa Sentinel-2 uu Land-
sat. Y Takomy pasi AiarHOCTYEThCS JIMIIE TepeHe-
CeHHS 3a0pyIHIOIOYMX PEYOBHH, HANPHKIAL 32
«CIigamMu» JUMY, B TOM Yac SK BU3HAYUTH XiMIYHUHN
CKJIaJ, HeMOXJInBO. 13 >xoBTHs 2017 p. 3amyiieHO
HOBHWIT cymytHHK Sentinel-5P 3 iHcTpymeHTOM
TROPOMI (TROPOsperic Monitoring Instrument)
Ha OOpTy, 10 3MIHCHUB PEBONIOLII0 ¥ cdepi moda-
JIFHOTO MOHITOPHHTY SKOCTI aTMOC(HhEpHOTo MOBITPS
Ta CYTTEBO MOKPAIIMB JaHI XIMIYHHUX CKJIaJOBHX
norepeanix  cynytHukoBux Miciii  (SCIAMA-
CHY/Envisat ta OMI/Aura) [14]. 3 mpocTopoBOIO
po3miipHOI0 3matHicTIO 7x3.5 kM Sentinel-5P mo-
3BOJISIE BiJICTEXKYBaTH 3a0pyIHEHHS HaJ IMPOMHUCIIO-
BUMHU MicTamu Ta pabtionamu [15]. ChoromHi BuMi-
pIOBaHHS Ha § CIIEKTPaJbHUX Iiana30Hax JO3BOJISE
orpumaru ngaHi miokcuny aszoty (NOz), miokcumy
cipku (SO2), monokcuay Byremio (CO), o3ony (Os),
dopmansaeriny (HCHO), metany (CHa), aepo3osns-
HOTO iHJIEKCY Ta TOTOKIB YNbTpadioneToBoro Bu-
npomintoBanus [16]. Jdani cymytauka Sentinel-5P,
K ¥ iHmmx wmiciii COpernicus, € BiZKPUTHMH IS
KOPHUCTYBadiB Ta IMpeJCcTaBlieHi Ha odimiitHOMy Xxabi
Ui moniepeanboi 00podku [17]. HesBaxkaioun Ha
yci nepeBaru Sentinel-5P, BukopucroByBatu iHpop-
MaIlito MoTpiOHO 3 00EPEKHICTIO, TaK SIK HASBHICTH
IIyMy, TIOXMOKH BUMIpPIOBAJIbHUX CHCTEM Ta IpOBe-
JeHHsT atMoc(epHol KOpeKIii MOXYTh MPU3BOJUTH
JI0 3HAYHHX MTOXHOOK Y JIaHHX.

BukopucranHs geTanbHOI CYIyTHHKOBOI iH(]O-
pMaiiii Hazalo0 MOXIJIMBICTh MPOBEACHHS JIOCII-
JOKEHb Ta aHajli3 CydYaCHOTO CTaHy 3a0pyJIHEHHS
aTMOC(EepHOTo TOBITPS HAJl YCI€I0 TEPUTOPIEI0 YK-
painu 3a 2018-2019 pp., BKIFOUAIOYX MiCTa Ta peri-
OHH, JIe HE TPOBOISATHCS XKOMHUX HA3eMHUX BUMi-
PIOBaHB; a TaKOXK aKTyalli3yBaTH 1H(QOPMAIIilO MI0I0
HaiOIbII 3a0pyIHEHHX MICT TEpUTOpii YKpaiHu.
MeTo10 1aHOI POOOTH € BCTAHOBJICHHS IIPOCTOPO-
BO-4aCOBUX 3akoHOMipHOCTEH posnoaity NO, SO,
CO ta HCHO Han Tepurtopiero Ykpainu Ta akBaro-
pisimu HopHOTro i A30BCBKOTO MOPIB.

MeToauka gocjisKeHb Ta BUXiaHI gani. J{ns
JochikeHb o0paHo 4 3a0pynHIOOUI  JTOMIIIKH
(NO2, SO, CO ta HCHO), BwmicT sikux y armocdepi
CBOTONIHI CYTTEBO 3alIeKUTh BiJl AHTPOMOTCHHUX
mxepen emicii. [lepion mocmimkens mis NO» oxor-
moe auneHb 2018 — ugepBens 2019 pp. BKIIOYHO;
st SOz, CO, HCHO — 3 nucronana 2018 p. 1o de-
pBHs 2019 p. IlouaTok mepiogy oOMeXeHHH HE Ja-
TOI0 3aIlyCKy CYNyTHHKAa, a JaTaMH BiJIOBiAHUX
peiziB JaHMUX, MICHs SKUX CTaJI0 MOXIIMBE iX BUKO-
puctanns. Bunstkom € nani CO, amke penis BifOy-
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Bes y numHI 2018 p., TpoTe MOKITUBICTD 1X OIpaIIio-
BaHHS 3’ sBUiacs y auctonazni 2018 p. [lani koHICH-
Tpaniid XiMiYHHX CKJIaJOBUX IMpPEACTaBICHI K Mpo-
ayktu apyroro piBHs Sentinel-5P Level 2 (L2) [16].
Ili mami mpwB’s3aHi 3a YacoM, a HE 3a IMHPOTOIO/
JOBTOTOI0, TOMY BHUIPIIIEHO BHUXIAHY iH(OpMAIIifO
oparu 3 mardpopmu Google Earth Engine, ne Bona
MIpeJICTaBIICHA Y BUIVISI MIPOAYKTIB TPETHOTO PiBHS
(L3) [18], a xouBepraris 3 L2 mo L3 3miticHena 3
BUKOPHUCTaHHAM iHCTpymeHTy ‘“harpconvert” [19],
110 MicTUTH omepaitito “bin_spatial”.

OnuHUYHE 3HAYEHHS KOHIICHTpAIii XiMidHOT
ckinagoBoi B arMocdepi 3a HECTIPHATIMBUX YMOB
MOXE XapaKTepU3yBaTUCS 3HAYHUMHU MOXHOKaMH
[16]. Tomy, B maHuxX HIOCTIPKEHHSX HAIIHICTH
OTPUMAaHUX PE3yJIbTaTiB 3a0€3[1eYeH0 TBOMA IpPHH-
nunoBuMHu mporenypamu. Ilo-nepmie, xani L3 Bin-
¢binpTpoBaHO 32 T.3. IHAEKCOM TapaHTii AKOCTI
(quality assurance index) 3 mokasumkoM Menie 0.5.
[lo-gpyre, MiABUIIUTH HAAIHHICTE MOXKIIMBO 3 BUKO-
pUCTaHH]IM oOcepeqHeHHs iHdopMalii y mpocTopi
abo y waci. OcepennenHs iHbopmarii y mpocTopi
MOTIpIIYE TPOCTOPOBY PO3NIIBHY 3AaTHICTH, MPOTE
30epirae AMCKpPETHICTH y yaci. YacoBe ocepeHeHHs
MOTIPIITye TUCKPETHICTh, MPOTE 30epirae mpocTopo-
By neTamizamiro. [Jis JaHOTO MOCIIIKEHHS MPOCTO-
poBa Aeranmizaii€ € OiUTbII Ba)KJIMBOIO, aJXKE T03BO-
JIsi€ TIPOBEJICHHS aHANi3y HAJ KOHKPETHUMH TPOMHU-
cioBuMHU Mictamu. Tomy naHi 3a0pygHIOIOUHX pe-
YOBHMH OCEPEIHIOBAIMCS 3a Pi3HI MPOMIXKKH 4acy 3
MaKCHMAJIBHO MOXKIIUBOIO TIPOCTOPOBOIO  JeTali-
3aIli€10.

st oOpoOKM naHWX, MPOBEACHHS OOYHMCIIEHBb
Ta Bizyali3allii pe3yibTariB BUKOPUCTAHO MOBY IPO-
rpamyBanHs JavaScript y Be6-cepemosumi The
Earth Engine Code Editor. TTonepeanss 00poOka
BKITIOUasa y cebe BUBaHTAKEHHS BiJTOBIIHUX IPO-
IYKTiB TpeThoro piBHs L3 mis obunciens Ha Binga-
neni cepepu Google. Ile 3a6e3meYnio MOKIUBICTD
MIBUAKUX OOUYHCIIEHb BEJIMKUX MACHUBIB JaHUX 0O€3
3aydeHHs] BJIACHUX KOMIT FOTEPHUX PECYpCiB, fKi,
3a3BU4ai, € oOMexeHi. Pesympraramu oOUYMCIIEHB,
Ha OCHOBI SKUX TIPOBEJCHO JaHi JOCIIDKEHHS, €
CepeaHi Ta MaKCHMaJIbHI KOHIIEHTPAIlii JOMIIIOK 3a
3araJlbHUM Mepiof], OKpeMi Micsii Ta mepionu 3 BU-
SIBJICHUM HETHIIOBUM IPOCTOPOBUM PO3MOALIOM.
OOuKCIIeHHS TMPOBEJACH] JUIsl KOKHOI TOYKU 3€MHOT
Kynl 3 BHKOPHCTaHHSIM BOyIOBaHHMX Yy BeO-
cepenoBunie (Qynkmii JavaScript. Bisyamizamis
BKJIIOYaJia B cebe moOya0By rpadikiB 4acOBOTO XOmy
JIOMIIIIOK y TIONEpEeHbO 3aJ[aHUX KOOpJAWHATaX Ta
KapTorpadyBaHHS HPOCTOPOBOTO PO3MOILITY Cepel-
HIX 3HaA4YeHb JUIS 3amaHol oOnacTl gociimpkeHsb. Ko-
OpJIMHATH, BIACTUBOCTI IIKAJIM Ta KOJIHOPOBA raMMa
3amaBanucs Oesmocepennbo y The Earth Engine
Code Editor.

Pesynbratu gochaimkenb. Jioxcuo azomy
(NO,). CymicHuit anami3 TpomocgepHOro, CTparoc-
¢epHoro Ta 3aranpHoro Bmicty NO; B armocdepi
MOKa3aB BU3HAYAJIBHUH BHECOK TPOMOC(HEpHUX
KOHIICHTpAI, a TOMY Ja€ YiTKe YSABJICHHS OO
pOJIi aHTPOMOTEHHUX JuKepen emicii. s BUsABICH-
HSl HAHOLIbII 3a0pyAHEHWX MICT Ta HaMeHII 3a-
OpymHEHUX perioHiB TepuTopii YKpaiHH HiOKCHIOM
a30Ty OOYHMCIIEHO Ta MPOAHATI30BaHO CEpeAHi 3Ha-
4yeHHs 3a nepion ymneHs 2018 — ueprens 2019 pp.,
IO JO03BOJWIIO YiTKO JIOKAJIi3yBaTH TEpPHUTOpil 3i
3HAYHOIO aHTPOIIOTeHHO eMmiciero (puc. 1). B Toi
qac, sIK MOKa3HUKH JAJIsl OUIBIIOT YaCTUHH TepUTOpii
Vkpainu 3HaxonaThca B Mexax Bif 4'10° mons/m?
1o 7-10° mons/M?%, y Hali3a0pyAHEHIIMX paioHax
BMmicT nepeumrye 1-10™ mons/m2,

Hatisumii konnentpariiii NO; croctepiratoThest
y Kuesi ta y psaai nmpomucinoBux mict Ha JoHOaci:
Hosomy CaiTi (CtapobenriBcbkuii paiion, JloHenpka
obnactp), CnoB’sHCbKY, Kpamaropcbky, KoctsanTu-
HiBui, KypaxoBomy Ta Xapuuseky. [leski i3 Ha3Ba-
HUX MICT mepeOyBaloTh 3a JIHIEI0 PO3MEXyBaHHS B
30Hi OOC, MmO CyTTEBO YCKJIAIHIOE MPOBEICHHS
aHai3y 4yepe3 HEJOCTaTHIO KIJIBKICTh JOCTOBIPHOT
iHQopMarii Tpo MiSIBHICTH MPOMHUCIOBUX IMiAIpPH-
€MCTB Ta 0OCATH BHKHIIB. BHCOKI KOHIIEHTparlil
NO, y CnoB’siHckKy, Kpamatopcebky, KocTsHTHHIBII
ta KypaxoBomy, 1o nepeOyBatoTh Ha IiIKOHTPOIb-
Hill YkpaiHi TepuTopii, HalliMOBipHimIe 00yMOBIEHI
BUKUAMH 3 mignpueMcts?34® ta temmoenekrpoc-
tannii (TEC)®', MisyIbHICTE SKUX MiATBEPIKYETHCS
3BeJleHHAME 3 OdiliiiHuX pkepen. B cBoio yepry,
Xapuusbk Ta HoBuit CBIT XapakTepu3ylOTbCs BHCO-
KHMH 3HaueHHsMU 3arajbHoro Bmicty NOy, mo go-
3BOJISIE TIPUITYCTUTH TIPO HASIBHICTH MOTYXKHOI eMicii
3 MICIIEBHX MiANIPUEMCTB, 0co0mmBO CTapoOemriBCh-
koi TEC, mo po3ramosana y Hosomy Cairi. [Ipore,
Ha/IIHHOTO MiATBEP/HKEHHS PO 00’ MU BUPOOHUIIT-

! Micbka paga m. Cnios’sacbk. Exonomika. URL:
http://www.slavrada.gov.ua/?view=econom

2 TTacniopt micta CJ1oB’sHCBK, JloHenbKa 061acTh. CTa-
HoM Ha 1 xxoBTHs 2018 p. URL:
http://www.slavrada.gov.ua/uploads/File/pasport.pdf

3 Kpamaropcek. Iusectuuiiinnii nacnopr. URL:
http://www.krm.gov.ua/UserFiles/Image/invest/invest ov
erview_ua.pdf

4 3BiT PO BUKOHAHHSA POrPaMK EKOHOMIYHOTO i collia-
JBHOTO PO3BUTKY MicTa Kpamaropcerka 3a 2018 pik.
URL: http://www.krm.gov.ua/article/view/776

% KocrsuTuHiBChKa MichbKa pajga. EKoHoMIKa i TopriBis.
URL.: http://konstrada.gov.ua/sotsialno-ekonomichnij-
rozvitok/ekonomika-ta-torgivlya

6 Cxinenepro. Kypaxiscska TEC. URL:
https://energo.dtek.com/business/generation/vostokenerg
o/

7 lon6acenepro. Cios’stncbka TEC. URL:
https://de.com.ua/uk/structure-units
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Puc. 1. IIpocTopoBuii po3noin cepeanix 3nadeHs 3aranbHoro smicty NO2 (Monb/m?)
3a nuneHb 2018 — uepeens 2019 pp.

Ba BigcyTHi®%10,

TakuM 4YMHOM, Ha BiJMiHY BiJl €BPOMEHCHKUX
mict, ae HaiBummi BMicT NO2 cnocrepiraerbest y
3aBaHTKEHUX aBTOTpaHcmoproM Mictax [20,21], B
VYkpaiHi HaiiOLIbII TEpeBHIIICHHS, 32 BUHATKOM Ku-
€Ba, JIOCI CIIOCTEPITalOThCSA y PErioHax 3 IOTYXKHU-
MH IPOMHUCJIOBUMHU BUKHIaMu. Y pani mict Ykpai-
HU, cepell SKUX SIK 3aBaHTAXKCHI aBTOTPAHCIIOPTOM,
Tak 1 MPOMUCIIOBI, CepeqHi KOHIEHTpallii 3Haxo-
naTbest Ha piBHi 9:10°-1-10* mons/M?, 30kpema y:
Xapkosi, JIbBoBi, [lonenpky, JlHinpi, 3amopixxi,
Opneci, Yepkacax, Enepronapi, Kpusomy Posi, To-
pimmnix IlnaBHax, Mapiymoni, Kam’sacekomy, Jla-
DKHHI Ta BypmiTusi.

BusiBieHo perioHu 3 MiHIManbHHMH KOHIICHT-
pamissmu NO.: Kpumcrki Ta KapriaTceki ropu, Tepu-
topist [lomiccs Ha miBHOYI YKutomupchkoi, PiBHEH-
cbkoi, KuiBchkoi Ta UepniriBcbkoi obnmacteid. Haii-
OlnpIla 3a IUIONICI TEPHUTOPIS i3 3arallbHUM BMic-
tom Hwkue 4°10° monb/mM? oxomnena Kapnaramum
(puc. 1).

ITepion cnocrepexxens 3a NO. ckiamae omuH
piK, TaKMM YHHOM CTa€ MOXKJIUBHM IPOBEICHHS

8 Ton6acenepro. Crapoberiscska TEC. URL:
https://de.com.ua/uk/structure-units

% Dueprus Jlonbacca. Crapobemesckas TOC. URL:
https://don.energy/starobeshevskaya-tes

10 MerinBect. URL:
https://pipe.metinvestholding.com/ua/press/news/show/73
94

aHaJi3y CE30HHOTO Ta pIYHOr0 XOAy 3a mepion
2018-2019 pp. Ans ycix perioHiB Teputopii Ykpai-
HU B TEIUTHH CE30H POKY CIIOCTEPIraroThCsl HE3HAYHI
Bapiatii BMicty NO,, Toai sIK y XOJOIHUI CE30H Bi-
NOyBa€TbCsl pi3Ke 301UMbIICHHS PO3KHUIY 3HAYCHb
(puc. 2).

[lepiox 3HauHOTO po3maxy 3HaueHb NO, y paii-
OHaX BiJIaJICHUX BiJ] aHTPOIIOTEHHUX JDKEPEN eMicil
CIoCTepiraBcs BUKIIIOUYHO y 3UMOBI MicCAIll 3 TPYIHS
2018 p. mo mrotoro 2019 p., KOMM TMOKA3HUKH 3Mi-
HroBayucs B Mexkax Bim 1°10° moms/M2 mo 3-107°
Mosib/M? (puc.2a). Y NPOMHCIOBUX MiCTax 30ib-
IeHHs Bapiarliit 3aranpHoro BMicty NO; movanocs 3
skoBTHS 2018 p. Ta TpuBaNO M0 TOYATKy Oepe3Hs
2019 p., mpu LOMY PO3KH]I 3HAUYCHb 3HAYHO TEpe-
BUIIyBaB YHCTI PailOHM 3MIiHIOIOYUCH B MeEXaX Bif
810 monb/m? 10 1107 monbs/M? (puc.26).

Oco0MBOCTI PIYHOrO Ta CE30HHOTO XOAY 3a-
JISKATh BiJ PIBHS aHTPOMOreHHOI emicii. [{mst dwmc-
TUX pailoHIB XapakTepHi MiHIMyMH Yy 3UMOBI Micsii
Ta MAKCUMyMH Y JIITHIA CE30H. Y MPOMHUCIOBUX Mi-
CTax, MO-TepIle, Pi3HUI MiX CE30HAMH BHPaXKEHA
cnabKo, Mmo-Apyre, MakCUMalbHI 3HAU€HHS CIOCTe-
piraloTbcs y XOJIOOHHMH CE30H POKY, IIO TOBHICTIO
Y3rOMKYEThCS 13 pe3yibTaraMy MOMEPEIHIX TOCITi-
JDKEHb 33 JaHMMH Ha3eMHHUX crioctepexkeHsb [7]. Le
TIOSICHIOETHCST B32€EMOJIEI0 METEOPOJIOTTUHIX YMOB,
30KpeMa BHCOKOK) YaCTOTOI 1HBEPCil Ta HU3bKUMH
TeMIIeparypaMu, 3 OCOOJIMBOCTSAMH eMicii ImiJi 4ac
OMAJIOBAJILHOIO CE30HY Ta BUKOPHUCTAHHSIM TpPaHC-
HOPTY 3a HU3bKUX TeMIieparyp. CaMe Taka B3aeMo-
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Puc. 2. 3mina cepeanix 3HadeHb 3aranbHoro sMicty NO2 (Monb/M?) 3a nunens 2018 — uepsens 2019 pp.
B Ykpaincekux Kapnarax (a) Ta Kuesi (0)

nisi 00yMOBMIIa 3HAYHE PO3MOBCIO/PKEHHS HeXapak-
TEPHUX BHCOKHX 3Ha4yeHb 3arayiibHOro Bmicty NO;
HaJ yciero Teputopiero Ykpainu. Crnianaxu 3aBHIIe-
HUX 3Hau€Hb y 3WMOBI MICHIll B YMCTHUX palOHAX
(puc. 2a) moB’s3aHi i3 HAIXOMKEHHSAM 3a0pYTHEHOTO
NO; noBiTps 13 npoMuciIoBux paionis. OauH i3 Ta-
KHX BHUINAJKIB 300paxkeHo Ha puc. 3, xonu NOz mo-
IIMPUBCS BiJI palioHIB aHTpororeHHoi emicii no Ka-
pnar B riepion 3 1 1o 12 rpynns 2018 p.

Monoxkcuo eyeneyro (CO). 3arambHuil BMiCT
CO B arMocdepi XapakTepU3YETbCS OTHOPITHUM
[IPOCTOPOBHM PO3MOALIOM (pHC. 4), 1110 TIOB’A3aHO 13
KUTbKaMiCIYHMM 4YacoM ICHyBaHHSI B arMmocdepi.
TakuM YMHOM, JTOMIIIKa BCTHTa€ PO3MOBCIONUTHCS
Ha 3HAYHY BIJCTaHb BiJ] [DKEPEJ eMiCii, 1110 YCKIaI-
HIO€ ineHTH(DIKALI0 HAWOLIBII 3a0pyIHEHUX pPerio-
HIB Ha OCHOBI ocepenHeHoi iHpopmarlii. B Toit xe
Yac, HasBHICTh TOYKOBHX MaKCHUMYMIB y TIOJISIX KOH-
nentparnid CO CBIAYUTH PO MOTY)KHY aHTPOIIOICH-

HY €MICII0 JOMIIIIKH, 1[0 CYTTEBO NepeBuUIlye HOHO-
BUH BMICT.

B minomy Ha Teputopii YkpaiHu 3araibHUiA
BMicT CO B cToBmi arMocdepu 3HAXOAUTHCA B Me-
xax 0.033-0.035 mons/M? (puc. 4). Cepesn HaliMeHII
3a0pyIHEHHUX PaiiOHIB BUPI3HSAIOTHCS TUIBKU TiPChKi
MacuBU YkpaiHcbkux Kapmar ta Kpumceki ropu 3
KOHIIEHTpalisMu B Mexkax Big 0.025 moms/mM? 10
0.031 mosn/M?.

HaiiGinpm 3abpynnennmu CO B YkpaiHi € Mic-
ta: Mapiynons, Kpusuit Pir, 3anopixoks, dninpo,
Kam’siHCBKe; a TakoK MPakTHYHO BCsi Oeperosa Ji-
His YopHOro i A30BCHKOrO MOpiB, Jie¢ 3arajbHHUI
sumict CO B armocdepi nepeuntye 0.037 monb/m?.
3a mucronay 2018 — wepBens 2019 p. Haliripma cu-
Tyallis ckjanacs y Mapiymoiii, Je 3arajibHUiA BMICT
CO B armocdepi cTaB ofHUM i3 HAaUBUIIUX Y €BpO-
mi. [IpocTopoBe OXOIUIEHHST Ta PO3JiJIbHA 37aTHICTh
cynytauka Sentinel-5P mo3Boise mpoanaizyBaru
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3a0pyqHEHHS HaJA MOPCHKMMH aKBaTOPIIMH Ta
OTPUMATH YSBJICHHS MPO POJb BHKHIIB BiJl MOPCh-
Koro TpaHcropTy. CIpUUMHEHE TaKUMH BUKHIAMU
arMocdepre 3abpyanenHss CO moOnu3y mopriB Ta
B3IIOBXK O€peroBoi JiHii, 3a3BUYail, TepeBUIIyE 3a-
OpyIHEHHs HaJ MaTepPUKOBOIO YAaCTHHOIO YKpaiHM
npu6susHo Ha 0.01-0.02 Monb/M2,

AHayi3 MakCHMallbHUX 3HaueHb 3arajbHOro
BMicty CO 3a po3DIsiHyTHIA TIEpioJT TOCTIKSHb JI0-
3BOJIUB BHSIBUTH UYOTHUPU OCEPEIKM HaI3BUYAHHO
BHCOKOTO HAJIXO/DKEHHS IOMIMIKH B arMmocdepy,
OJIMH 3 SIKUX Ma€ TPUPOJIHE TIOXO/KeHHs. B mepion 3
Oepesnst 1o kBiTHs 2019 p. cocTepiranucst KOPOTKi
y 4aci, npote notyxHi emicii CO y Kpusomy Po3i,
Mapiymoni Ta 3anopiKi, 0 MarOTh AHTPOIIOTEHHE
noxomkeHHsl. [Ipore, HalOLIBIIOr0 po3Maxy HaOyIu
emicii CO, cnpHyMHEHI JICOBUMHU MOXKESKAMU Ha
Tepuropii binopyci mobmau3y KopaoHy 3 YKpaiHOIo,
SIKi TIEpEeKUHYJMCS Ha MBHIYHY TepuTopito PiBHEH-
cbKoi ob6macti y 20-x uncnax kBitHs 2019 p.

Hns qacoBoro xomy CO xapakrtepHi Bapiallii 3
posmaxom Big 0.015 Monb/M? y UMCTHX paiioHax 10
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0.035 Monb/M? y HalibinbI 3a0pyIHEHUX MicTax. Y
OepesHi, kBiTHI Ta TpaBHi 2019 p. 3aranpHUN BMIiCT
CO 06yB BumMM HiX y iHII Micsi (puc. 5), mpote
PI3HMIII € HECYTTEBOIO Ta HE JO3BOJISIE HA TaKUX
KOPOTKHX DPSAIaX CHOCTEPEKEHb TOBOPHUTH IIPO ce-
30HHI 0COONMBOCTI CHOPMOBAHUX KOHIICHTpA-
niii CO.

Miokcuo cipxku (SOz) ma gopmanvoezio
(HCHO). Ha Bigminy Big NO; Ta CO, ne cnocrepi-
raeThCs JOBOJI OAHOPIAHUI MPOCTOPOBHI PO3MOILN
3 YITKOIO JIOKAJi3aIli€l0 MaKCHMaJIbHUX KOHIICHTpa-
uid, mist SO, ta HCHO mnpocropoBuit po3momiia
BKpail HeomHOpinHUH (puUC. 6), IO yCKIAIHIOE MPO-
1IeC BUSABIICHHS OKPEMHUX ITPOMHUCIOBUX MICT 31 3Ha-
YHOI0 eMiCi€ro JOMIIoK. binbn Toro, BpaxoByrOUu
noxu6ku BumiproBanHs SO, ta HCHO [16], Hamii-
HY OIIIHKY MOXKHa OTPUMAaTH TiNBKH y paioHax i3
3HAYHUM TIEPEBUIIECHHAM KOHIEHTpamii. Takum 9u-
HOM, IIiJ] 4ac aHali3y OCCPEAHCHUX JaHUX ICHYE
MOJKJIMBICTD MPOBEICHHS JIOCII/HKEHb TIJIBKU B Me-
JKaX OKPEMHX PETiOHIB 32 MAKCHMyMaMHU y TIPOCTO-
posomy posmoznini SO, Ta HCHO.

April 2019 May 2019 June 2019

Month, Year (a)

mol/m2
0.06

0.05

004

003

002

0.01

0.00

December 2018 March 2019

Month, Year
Puc. 5. 3miHa cepeanix 3Ha4eHb 3aranbHoro Bmicty CO (Mosb/m?)
3a ymmcromnan 2018 — gepsenn 2019 pp. B Yipaincekux Kapnarax (a) Ta Mapiymodi (6)

January 2019 February 2019 April 2019 May 2019 June 2019

-227 -



Cepisi «[eonoezisi. [eozpagbisi. Ekonoeisi», sunyck 51

mol/mZ2
2 b ‘ Tomens B
: OG0 ARSI PO 1 0.0005
vi ¢ . s peil A )
) VR RN A & R D ot Kurske Voronezh
“ > 0 S e A’ {Gnerntiv g K’E’C" » . Bopgrex
b T, o , o T A «' (" Mepiérie oK sy Gollol- =0
Lublin' Ko A \'. '_/t«*—\ -} .0, # ~ y ', . . ;.‘,p,%g_.‘w‘:
40 r il » EREE s ‘ % SR ’ 2t
S N -y = g - s A LR
> \ REne h M VT .. A .' Cylv)m -‘ Bclgami 0'0004
. Rigie o e &7 Yy ~ 3 v= Baniooon
‘ o Zrdarr PEL U 42
- (M108eHE 2 % 5 KMIkN
teadow ° Avies o e © 3 bila Toerkol 2 Yo iy %
& y [lasae ool £ - Y. &4 Bina Usprbs * "e, : ";Q“avﬂ % IS ot O
Soi g/ P 5 ¥ Cherkas; onTasa g - ™
e 4] )‘ > ng_-\vma Vnrv,wo s l”;ncx bl N % I h S 0.0003
i =\ . o s . R % ., i {
b \-\ ) o frdrkivsk -v?Qune(nvlskyl Bm‘mu@ v oA e . Kunu;:'t:\yl: P ¥igtet - :\‘
LA A e v 2 Kpomeisgx N e
et Iecs Ukraine = .t L Lubendks
Joa ¥ s - & ¢ il J] P Y. b nwa»cnx
e TR S Yaies oA Ao svicn ST g AP 4 44 e
3 e . T R Kryvyi R 2apofizhahla - * Pty 0.0002
. L Mo R vl g \ Oy Kpuspm) Rir 33((02,,«“9, .4 .v‘ "m 4 .
SAPN £onicl g’ % e G T R
i 4 gt W \MoCdovg PG ~.> i3t Bostov-on-Don
£ . X . ) ' '“ParvPoctooua-nony
s &3 ’ IOSID\ Ch!sinau1 : <508 > Il Mapignonn’ A" .
"‘d" CIU‘"Noagmaw < \. B X Odesa )(:;1:::' . s of. . ' "' . 0.0002
» '). 3 squ (] ) Bk an(f‘;z; it 0, uerdyan,k‘l
a 2 KR g et Yk Bepainens:
» .‘-' QV '. \ ‘ 3 X, 3 . » X,
ra' ) .l‘. ."A b ./ )| - '..‘. : "
iy - Romama . (. R s,
o e BT v Gaisfio ' N b . I * " " Krasnodar 0.0001
NIRRT = ) - Anapa pacHopap ., ¢
" ,. .'..>, e »"hg-s" . Sevastopol Rt Qi MaykoD . arcom
AR L AR : “ Cesacgonoub . Brasys- MO0 4
NP R 6.,"0;, .f S o L Novotossiysk ™ 4
\, a9 . Constanta * ;"‘:' ~ Hab! cHfEK
g . -0 Ta S A o -
XL PN g - - . 2 o "aSochi 4 0_0000(a)
mol/m2

0.00020
0.00018
0.00016
0.00014
0.00013
0.00011
0.00009
0.00007
0.00005
0.00004
0.00002

0.00000(5)

Pnc 6. IIpocroposwii posno;un cepeHiX 3HadeHb 3araibHoro Bmicty SO, (Monb/m?) (a)
ta tponocdepnoro Bmicty HCHO (monb/M?) (6) 3a muctonan 2018 — uepsens 2019 pp.

Ha Ttepuropii Ykpainu € omna nokamizamis 3
Bucokor ewmiciero SO, Haj cenumem Hoewii Cait
Jonenpkoi obacTi, e 3araabHU BMICT 3a JHCTO-
nag 2018 — uepsens 2019 pp. nepesumye 5-10%
Mosb/M? (puc.6a). OCHOBHMM [’KEPENIOM BHKMJIB,
sk OyJI0 3a3HaueHO BUIIIE, y IIboMy paiioHi € Crapo-
oemiBcbka TEC. 3aranom, Haj Teputopieto Ykpainu
migsumieHuii BMict SO, crocrepiraetbes y JloHelb-

Kiii, 3amopi3pkiii Ta J{HINpONIeTpoBChKiil 00macTsX.
OcepenHeH] 3HAYEHHS TaKOX MAalOTh NEPEBHIICHHS
y akBaTopisgx YopHoro i A30BCHKOTO MOpIB MOOIIH-
3y MOPCBKHX TIOPTiB, IO TAKOXK IMIATBEPIKYE POIb
eMicii BiJf MOPCHKOTO TPaHCIIOPTY.

AHali3 mpocTOpPOBOrO PO3NOALTY Tporocdep-
Horo BMicty HCHO 1103BoNMB BHIUIMTH YITKHH pe-
TiOH 3 MiHIMaJbHUMH 3HAYEHHSIMHU, IO CIOCTEpira-
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oThes B Kapmarax (puc. 60), a TakoX y TiBHIYHO-
3aximHid gactuHi [lomimecekoi Bucounnu. OdJikyBa-
Hi TpOCTOpOBi MiHIMyMH KoHLeHTpauii B [lomicci
HE BHUSBIICHO HE3BaXXAIOYH HA BiJICYTHICTh MOTY>KHO-
IO AHTPOIIOTCHHOTO HABAHTAKCHHS HA XiMITHHMA
ckimax armocdepu B IpoMy perioni. [IpuuamHorO
BOTO, HAWIMOBIipHille, € 301IbIICHHST BHECKY MPH-
pomHOi emicii pedoBHH (30Kpema, METaHy), o Oe-
PYTh y4acTb B XIMIYHHX peakiisx ¢hopmyBaHHA ¢o-
pMaiberiny BHACTIIOK BHCOKOI MOBTOPIOBAHOCTI
JCOBUX MOXKEX Ha MiBHOWI YKpaiHW Ta HasBHOCTI
3HAYHOI IIIOMII 3a00JI0YCHUX TEPUTOPiid. BapTo Bin-
MITHTH pi3HHLIO y KoHIeHTpauisx HCHO mix [Ipa-
BoOepexxkHOor0 Ta JliBoOepexHOw YkpaiHor. Perion
13 3aBHIIEHIMH 3HAYCHHAMH OXOILTIOE [1onTaBChKY,
XapkiBceky Ta JloHensky obmacrti, a Takoxk JIiBobe-
pexxny yactuHy KuiBcbkoi, Uepkacbkoi ta JlHimpo-
METPOBCHKOI 0ONacTel, Ae BMicT y Tpomocdepi me-
pesumye 1.4:10° mons/m2,

CyMicHUiA aHani3 3a0pyIHIOIOYMX PEYOBHH JIO-
3BOJIUB BUJLIUTH OCOOIHMBOCTI 3a0pyAHEHHSI MOBIT-
psl HaJl MOPCBKHMH aKBAaTOPISMH. 32 OCEpEITHEHUMHU
3HAYCHHSMHU YChOTO TIEPIONy JMOCIiIPKEHb HaWBHUII
KOHIICHTpAIIll CIIOCTEPIraroThCsl B3IOBXK OeperoBoi
JiHii, a He 32 OCHOBHUMH MOPCHKHMH HMUIIXaMH, 110
CBITYUTH MPO BUCOKY POIb EMICii 3 TYPUCTUIHUX Ta
puOanbKUX YOBHIB, 5IKi, B OCHOBHOMY, KypCYIOTb
nobnu3y Oepera. [Ipote, y pi3Hi Micsili IPOCTOPO-
BHU PO3MOILN 3a0pyIHEHHS TMOBITPSI HAJ MOPCHKH-
MU aKBaTOPisiMU 3a3Hae 3MiH. Tak, y 3uMOBI Micsiii
BRXKO BHSIBUTH Oylb-sIKi 3aKOHOMIPHOCTI ITOIIH-
peHHs oMimok Hax YopHUM Ta A30BCEKHM MOPEM,
IO IJIKOM Y3TO/KYETHCS 31 3MEHIICHHSAM CYIHOII-
JIABCTBA MPOTSATOM XOJIOJHOTO ce30HY. B mepion 3
JFOTOTO 10 Oepe3Hs MOYMHAE BHPI3HATHCS LEHTpa-
JbHA Ta MiBJIEHHA YacTHHA YOpHOTrOo Mopsi, 1€ KOH-
LEHTpallii 3a0pyJIHIOIYUX PEYOBUH, 3a3BHUaM, Oi-
nbIi. Y i YaCTHHI TPOXOJATh MOPCHKI MUISXH, 110
3’eaHytoTh 1 py3iro, Typeuuuny ta bonrapiro. B me-
piox 3 Oepe3Hs 10 TpaBHS HaWOINbII 3a0pyAHEHUM
CTa€ aKBaTopis B3JOBX MOPCHKHX ILISAXIB, IO Be-
nyth 13 YopHomopcrka (Onecbka obnacTs) Ha MiB-
nenb. [lounHaroun 3 TpaBHS, CIIOCTEPITaEThCS Mij-
BUIICHUI BMICT 3a0pYyIHIOIOUUX PEYOBUH B3IOBXK
OeperoBoi JiHil, Ipy 1LOMY PiBEHb 3a0pyIHEHHS Y
MopTax Ta BiAJaJCHUX BiJ BEJIHMKHX MICT pailoHax
OZIHAKOBHH, IO CBITYHUTH caMe IMPO BUKHIU YHUC-
JICHHUX TypUCTUYHUX Ta PHOAIbKIX YOBHIB i1 Yac
KypopTHOTro ce3ony. Ha npomy ¢oHi cTae nmpaxTuy-
HO HEMOXJIMBHM BUSIBUTU 3a0pY/HEHHS 332 OCHOB-
HUMH MODPCHKAMHU TOProBUMH mnuisxamu. Crpobu
BUSIBUTH OCOOJIMBOCTI 3a0pyIHEHHS PiYKOBUX aKBa-
TOpill HE Jayu pe3ysbTaTy, Tak sIK Ha piukax po3ra-
IIOBYIOThCSI MICTa 3 IHTCHCHBHUMH BHKHIAMH, IIIO
MEPEBUIYIOTh EMICIF0 PIYKOBOTO TPAHCIOPTY, a
MPOCTOPOBA PO3/iNIbHA 3[aTHICTh CYMyTHHKa Senti-
nel-5P we mo3Boinse au(epeHIiIoBaTH €MICII0 3 OK-

peMHUX JiHIHHMX Kepea Ha TakoMmy (OHI 3a0pyi-
HEHHS.

[IpoBeaeHi MOCiPKEHHS HAa OCHOBI JaHUX Sen-
tinel-5P nmano MOXJIMBICTH OTpUMATH MOBHY KapTH-
Hy IIOIO MPOCTOPOBOTO PO3MOALTY 3a0pyIHIOIOUNX
PEUYOBUH HaJ TEPUTOPi€r0 YKpaiHW Ta OXOIMTHU Te-
puTopii, e Ha3eMHI1 BUMIpIOBaHHS BiACyTHi. 3a pe-
3yAbTaTaMU aHaNi3y YOTHPHOX JOMIIMIOK BHILIEHO
Hali3aOpy#HeHIm Micta YKpaiHM Ha Cyd9acHOMY
erarni 3a 2018-2019 pp. OcoOaMBOTO 3aHETIOKOEHHS
BUKJHKae cutyanis y HoBomy Citi, Mapiynomi Ta
CrnoB’IHCBKY; OLTBIII TOTO HAA3BUYAWHO 3a0pymHe-
Humu € Kpusnii Pir, 3anopixokst ta Aninpo. Bmict
3a0pyIHIOIOUMX PEYOBHH Yy PSAAL MICT X0 1 He J0Cs-
ra€ HaCTUTBKA BHUCOKHX PiBHIB, MPOTE CYTTEBO Tie-
peButrye ¢GOHOBI KOHIIEHTpaii. Taka cuTyarist cro-
crepiraetbes y Kuesi, Xapxosi, JIbBoBi, Opeci,
Uepkacax, Kam’ssacpkomy, Enepromapi, byprruHi,
Honenpky, Kpamatopceky, Xapruseky, lopimmHix
[Tnapusx, Jlamwkuni. [lo3a yBarorw, Ha ChOTOIHI,
3aJIMIIAEThCS 3a0pyIHEHHs B30BXK OeperoBoi JiHil
YopHoro i A30BCHKOTO MOPIB CIPHYNHEHE BUKH-
JaMH MOPCBHKOTO TPaHCIOPTY. 3a CYIMyTHUKOBUMH
JaHUMH CTa€ 3pO3yMillo, 0 3a0pyAHEHHs TOBITPS
HaJ MOPCHKUMH aKBaTOpisiMH B YKpaiHi moTpedye
JIETATBHOTO BUBUEHHS Ta TIiIBUIIEHOI YBaru 3 HEO0-
X1IHICTIO MPOBEJCHHS X04a 0 THMMYacOBHX Ha3eM-
HUX BUMIpPIOBaHb.

Oo0roBopennsi. Pe3ynbrati npoBeAeHOro J0C-
JIJPKEHHST JIO3BOJIMJIM aKTyalli3yBaTu iH(GOpMAIIiio
M0 HaWOUIbII 3a0pyIHEHMM MicTaM Ta perioHam
Vkpainu. Sk Oyno 3ragaHo, OCHOBHOIO IpoOJIEMOI0
Ha3eMHHUX JaHUX € HEMOXJIMBICTh OXOIUTH YCIO
TepUTOPir0. TAKMM YHHOM, CTa€ HEMOXKJIMBUM BUSIB-
JIEHHsSI CTaHy 3a0pyAHEHHS aTMOCc(epHOro MOBITPS
Ta TOSABY/IIPUITMHEHHS BUKHIIB Y 0aratb0X IMpOMHC-
noBux wmicrax. lle cTaso MpUYMHOIO BiJICYTHOCTI Y
paHilie MpoBeICHUX JOCHIIPKEHHAX Pi3HUX aBTOPiB
aHai3y BMICTY 3a0pymIHIOIOUUX pedoBHH y HoBomy
Cgiti (CrapoOemiBcbkuii paiion, JloHeupka 00-
nacth). 3a manumu Sentinel-5P sikicte arMocdepHo-
TO TOBITPS TYT MOYKHA BBa)KaTW OJHIEIO i3 HAUTIip-
mwmx B Ykpaini, oco6nuso 3a BMictom NO> ta SO,
10 00YMOBJICHO BHKHIAMH IOTYXHOT'O CTallioHap-
HOTO JpKepena y poMy paioHi — CrapoOertiBchKoi
TEC. Cxoxa cuTyalisi cliocTepira€TsCs e Ajs psi-
Iy AyXe 3a0pyIHEHUX IPOMHUCIOBHX MICT, cepen
sikux EHepronap, bypurrun, Jlagnxus ta Xapuussk.

st GinbIIoCTi MICT CYNYTHUKOBI JaHi MiATBe-
PIKYIOTH TIPOBENEHI paHirne mocmimpkenas [1-7],
30kpema mepeOyBanHs KpuBoro Pory, [lonerska,
Opnecu, JIbBoBa, Kuesa, {ninpa, 3amopixxs Ta pagy
IHIIMX Y CIIMCKY cepesl HaiOinbII 3a0pyAHEHNX MicT
Ykpainu.

[Ipote, MOpiBHSAHHS CYITyTHUKOBOI iH(OpMaIii
2018-2019 pp. y maniit poOoTi 3 pe3ynpraTaMu J0C-
JHKCHh Ha OCHOBI HA3eMHHUX MaHMX IMOTEPEIHIX
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pokiB [1,4-7] y mMicTax ToKa3ajo JesKi BiAMIHHOCTI
y pesyapTarax, o0 MOXKE CBIIYHATH PO 3MIHH ¥y
JDKepenax eMicii MpOoTSIroM OCTaHHIX JBOX POKIB.
Tak, Hanpuknan, KpacHonepekoncbk Ta ApMSHCBK,
0 3aBXKIU QIrypyBaiiu sIK Ty>Ke 3a0pyaHeH] MicTa,
3a 2018-2019 pp. xapakTepusyBaiucsi KOHIIEHTpa-
missMu Oyim3bkuMU 10 (hoHOBUX. B Toli ke yac, Uep-
Kacl MO)KHA Ha ChOTOJIHI BIIHECTH JIO CIHCKY IIy>Ke
3a0pyIHEHHNX MICT, X04a JI0 I[bOTO MICTO XapaKTepH-
3yBaJIOCS HE HACTUILKM BHCOKHMM pIBHEM 3a0pyi-
HeHHs. HaBeneHi BiAMIHHOCTI CBi4aTh HpPO HEOO-
XITHICTh TOCTIMHUX Oe3mepepBHUX MOCIIIKEHb Ta
CKJIaJHICTh JOBrOCTPOKOBOTO MPOTHO3YBAHHS PiB-
HIB 3a0pyJHCHHS Ha OCHOBI iCTOPUYHO COpMOBa-
HUX BHOIpOK Ta TeHaeHmid. [lomiOHe mporHo3yBaH-
HS MOKJIMBO HPOBOIMTH SIK aHCaMOJeBe 3a YMOBH
3a]lydeHHs! PI3HUX CILEHapiiB BHUKHIIB, cepell SKUX
MTOBMHHI BPAaXOBYBAaTUCS YMOBH 301iJbIICHHS, 3MEH-
IIeHHS Ta BiJICYTHOCTI 3MiH y 00cATax aHTPOIIOTEH-
HoOi emicii.

Sentinel-5P 103BONMB MOIISIHYTH Ha XapakTep
gacoBux 3MiH NO; y HaiiBiIganeHIIX Bix aHTPO-
MOTEHHOTO BHECKY paliOHaX, MIO JO03BOJIHJIO OILiHU-
TH PI3HUILIO 3 CE30HHUMH 3MiHAMHU BMICTY JOMIIIIOK
y MicTax. 30KpemMa, IMOBHICTIO MiATBEPIKEHI BUCHO-
BKH TIPO 3aJiekHicTh ce30HHOTO xomy NO; ta 3cyBu
(a3 y piyHOMY XOji BiJ piBHIB aHTPOIOTEHHOI'O Ha-
BaHTa)XCHHs, 3pOOJICHI IO IOTO JIMIIEC HAa OCHOBI
Ha3eMHUX JaHUX TOCTiB y TPOMHCIOBHX MICTaX,
[0 PO3TALIOBYIOTHCS B MEXKax OUIBII YUCTHX Ta
011 3a0pyIHEHNX paloHiB [7].

BucHoBku. BukopucraHHs CyImyTHHKOBHX Ja-
uux Sentinel-5P 3a 2018-2019 pp. mo3Bonwiu jera-
JBHO OI[IHUTH TPOCTOPOBHHA PO3MOALT BMICTY Jie-
SIKUX 3a0pyJTHIOIOYMX PEYOBHH B arMocdepi Ta ak-
Tyami3yBaTu iHGOpPMAIIIO 100 MICT 3 HaWOIBIIHN-
MU piBHSIMH 3a0pyIHEHHSI.

Bwuict NO; y Hali3aOpyaHEHIIIHX MicTax Ta pe-
rioOHax Ha TOPSAOK TMepeBHIye (OHOBI KOHIIEHTpA-
uii, gocsraroun 1:10* mons/M2 3HayHa aHTpOIO-
TeHHa eMICisi TaM 3yMOBIIIOE BiJICYTHICTh 3UMOBHX
MiHIMYMIB y piYHOMY XOJi, SIKi € THIOBUMH JUIS YH-
CTHX perioHiB. bilbmI TOro, B3UMKY CITOCTEPIraeTh-
Csl BUCOKa TIOBTOPIOBAHICTh NEPEHECEHHS Ha BEIHKI
BiJICTaHi 3a0pyAHEHOr0 AIOKCHIIOM a30Ty HOBITpPA 13
BEJIMKHUX MICT, 3yMOBIIIOIOUH CIIANaxH IiJBUIICHUX
KOHIICHTpPAIIi y BiIJaJICHUX BiJ MPOMHUCIOBOCTI
paitonax. Bmict CO, 3aBasikul KiTbKaMiCIYHOMY Haci
iCHyBaHHA y aTMoc]epi, XapaKTepHU3y€eThCsl OTHOPI-
JTHUM TIPOCTOPOBHM PO3MOIIIOM 3 CEpEeAHIMH KOH-
nenrpanismu B Mexax 0.033-0.035 mons/M%. 3a
PO3IISIHYTHI TEPioA YiTKO MPOCTEKYIOTHCS MOTYX-

Hi aHTPOIIOTEHHI eMicii y Mapiyroi, 3amopixki Ta
Kpusomy Po3i, 1o 3HaYHO NEPEBUINYIOTH PiBHI B
IHIIMX TPOMHUCIIOBHX MICTaX; a TaKoXK NPHUPOAHI
eMmicii Bix jaicoBux mnoxkex Ha Ilomicci. BusBieHo
TEPUTOPIO Jyxke BHCcOKoro BMicTy SOa, JoKami3oBa-
HO1 B pationi micta Hoswuit CBit JloHerbko1 o6macTi,
3 KOHLIEHTpaLisMu Buie 5-107 MOJIB/MZ.

Bcranosneno, mo akBatopii HopHOro i A30B-
CHKOTO MOPIB XapaKTEePU3YIOTHCS BHCOKHM PiBHEM
3a0pyqHCHHS aTMOC(EpPHOTO TMOBITPS, OCOOINBO
noonu3y OeperoBux JiHil, IO € Pe3yIbTaTOM BHKH-
IiB MOPCBKOIO TpaHcHopTy. BpaxoByroun 3ocepe-
JOKEHHsI BUCOKHX KOHICHTpALiil B3IOBXK yciei Oepe-
TOBOI JIiHii, BKJIFOYAOUH BiJIaJicH] BiJ] TOPTIB paiio-
HaX, MOXXKHa CTBEPAKYBaTH NPO 3HAYHUI BHECOK Y
piBHI 3a0pyqHEHHS aTMOC(EpHOTrO MOBITPS KaboTa-
JKHUMHU pelicaMu Ta puOalbKUMH YOBHaMH. Bwmict
3a0pyIHIOIOUMX PEUOBHH MOOMM3y OeperoBoi mmiHil
MIEPEBHIIYIOTH cepenHi (DOHOBI KOHIIEHTpaIlii mMare-
pPHUKOBOI YkpaiHu. B okpemi Micsiii mepexigHux ce-
30HIB BHAETHCA PO3PI3HUTH 3a0pYIHEHHS B3I0BK
OCHOBHHX MOPCHKHX NDISAXIB: B EHTPaIbHIN Ta TIi-
BACHHIN uyacTuHi YopHOro MOps y OUTBII XOJOAHI
Micsi Ta Bix YopHOMOpChKa Ha MIBACHb y OUIBII
TEIUIl MICSII.

IlepciekTHBH  MOJAJNBIIMX  JAOCJTiIKEHb.
[TpocropoBe oxoruienHs Sentinel-5P 3nauHO po3-
HIMPUIIO TOPU3OHTH JOCIiIKeHb CTaHy armocdep-
HOTO TIOBITPS Ta CIIPUSE PO3BUTKY HOBHUX ITIIXOMIB Y
JIOCITII/DKEHHAX 3a0pyAHIOUNX pedoBuH. s 1iiiei
MOHITOPHHTY, 32 YMOB NpaBWIIbHOI (inbTparnii cra-
TUCTUYHO HEHAOIMHMX JaHUX, CTAJI0 MOXKIUBUM
JIIarHOCTYBaTH THUMYACOBI aHTPONOTeHHi (aBapii,
HE3aKOHHI BUKUAW Ta iH.) Ta mpuponHi (Jricosi mo-
JKEXI Ta iH.) BUKUIH, IO BiOyBAIOTHCA Y MICIISIX HE
OXOIUICHHX HAa3€MHHUMH CHOCTepeXeHHSIMHU. binbi
TOTO, ICHYIOTh MEPCIIEKTUBU JIOCIIIKCHHS CE30HHOT
MIHJIMBOCTI JIOMIIIIOK B Pi3HUX ME30- Ta MaKpOKIIi-
MaTU4YHUX YMOBax. 3a0pyaHeHHs arMochepHOro
MOBITPs B ipubepexHux paiionax YopHoro i A30B-
CBKOTO MOpIB IMOBHHHO SIKOMOTa IIBWALIEC CTaTH
00’€KTOM TONANbUIMX JOCTIIKEHb, BPaXOBYIOUU
3HaWJIeH] TIepEeBUIIICHHS BMICTY JOMIIIOK Ta aKTHB-
HUH PO3BUTOK MOMIOHMX OCHIDKEHb IS 1HIIHAX
MOPCBHKHMX akBaTopii €Bpomu. AOCOIIOTHO HOBHUM
HaNpsIMKOM, IO aKTHBHO NOYaB PO3BUBATHCA Yy CBi-
Ti, IpOTE BIJICYTHIN B YKpaiHi, € IOETHAHHS JETAai-
30BaHUX CYNMyTHUKOBUX JAaHUX BMICTY 3a0pyIHIOO-
YUX PEUOBHH 3 CYYaCHUMHU METOIAMH T.3. «IUTY4YHO-
TO IHTENEKTY», 0 Y MallOyTHHOMY JIO3BOJIUTh JTUC-
TaHIIHHO BWSIBIATH BUKUIM BiJ 1HIUBITYyaIbHHX
JOKepet eMicil.
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CURRENT STATE OF ATMOSPHERIC AIR POLLUTION IN UKRAINE
BASED ON SENTINEL-5P SATELLITE DATA

Introduction. Industrial development and increasing traffic emissions cause air quality problems. The
most accurate for air pollution analysis are ground-based data; however, it is very limited in space. Model-
ling could solve this problem, but huge amount of input information and limits of computational power make
it difficult to analyze big territories with high resolution. Sentinel-5P satellite with TROPOMI instrument
nowadays gives opportunities to monitor the air pollution with good spatial resolution. The purpose of the
study is to analyse nitrogen dioxide, sulfur dioxide, carbon monoxide and formaldehyde spatial and temporal
distribution over Ukraine and Black Sea and Azov Sea.

Methods and raw data. There were selected Sentinel-5P data of NO,, SO,, CO and HCHO for the pe-
riod from first data release in 2018 to June, 2019. Data processing implemented in Google Earth Engine us-
ing JavaScript programming in The Earth Engine Code Editor.

Results and discussion. Joint analysis of NO, tropospheric, stratospheric and total columns showed the
prevailing of tropospheric NO, content and therefore crucial role of anthropogenic emission sources. While
background NO; total column varies from 4:10° mol/m? to 7-10"° mol/m?, in the most polluted cities content
exceeds 1:10* mol/m?. The highest values are observed in Kyiv and industrial cities in Donbas region. Some
of them are situated in the area of Joint Forces Operation outside the demarcation line. Sentinel-5P data catch
the large emissions from the local industries; however, no official confirmations about production volume are
available. NO; dispersion increase during winter with the values range from 1-10° mol/m? to 3-10° mol/m?
over clean territories and 8-10"° mol/m? to 1-10° mol/m? in industrial cities. Seasonal maximal observed dur-
ing warm period in unpolluted regions and during winter in the cities. Cold seasonal NO, content outbreaks
in the mountains are the result of its transportation from industrial cities.

Spatial distribution of CO total column over Ukraine is rather homogeneous because of CO lifetime in
the atmosphere up to several months. It could be transported on the long distances, which makes identifica-
tion of polluted regions difficult. However, several cities with maximal average values of more than
0.037mol/m? prove the existence of extreme anthropogenic emissions. Overall background CO contents vary
within 0.033-0.035 mol/m?. Coastal regions of the Black Sea and Azov Sea are more polluted by CO com-
pared to the mainland, which could be the consequences of ships emissions. Temporal analysis of CO total
column found 4 powerful emissions: three of them are anthropogenic in industrial cities and one is natural,
connected with forest fires in Belarus and northern part of Rivne region in April, 2019.

There is one location with huge SO, emission in Ukraine, observed in Novyi Svit (Donetsk region) out-
side the demarcation line of Joint Forces Operation, which corresponds to Starobeshivska thermal power sta-
tion. In general, higher SO, contents are observed over Donetsk, Zaporizhia and Dnipro regions; also over
the Black Sea and Azov Sea. For HCHO spatial distribution minimal values are typical for the Carpathians. It
is well seen that SO, content are higher in the Southern part of Ukraine than in the Western part.

The research finds regularities in spatial distribution of pollutants over the sea area. During cold season
higher concentrations could be observed over the main merchant vessels tracks in the Black Sea. In summer
months, which coincide with the main tourist season, most polluted are shoreline area because of emissions
from cabotage and fishing vessels.

The study updates information about most polluted cities in Ukraine, especially in the regions with ab-
sence of ground-based measurements. Some of them are mentioned for the first time among other research.
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Air quality analysis in many industrial cities significantly changed over the last two years. It shows difficul-

ties of long-term pollution forecast and scenarios based on historical data and observed trends. It is recom-

mended to use ensemble modelling for this purpose with scenarios of emission reduction, increasing and
temporal stability. Sentinel-5P data confirm the conclusions of previous research about dependence of NO>
annual cycle and seasonality phases shift from the level of anthropogenic load.

Prospects for further research. Sentinel-5P spatial resolution expands the horizons for air pollution re-
search. The most relevant are monitoring of short-term anthropogenic and natural emissions, pollutants’ sea-
sonality changes in different macroclimatic conditions, research of ships emissions in Black Sea and Azov
Sea, combination of satellite air pollution data with methods of “artificial intelligence” for individual emis-
sions detection.

Keywords: air pollution, satellite, pollutants, anthropogenic emission, spatial distribution, industrial cit-
ies, sea area.
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LANDSCAPE AND GEOCHEMICAL ASSESSMENT OF ECOLOGICAL CONDITION
OF ENVIRONMENTAL PROTECTION TERRITORIES

A. O. Cnnooumens. JIAHAIIAD®THO-I'EOXIMIYHA OLIHKA EKOJIOT'T4YHOI'O CTAHY IIPHPO/IOOXOPOHHHX
TEPHTOPIH. 3oiiicneno ananis 1anowadmuo-2eoximivnux ymos mepumopii nayionansrozo npupoonozo napxy (HIII) «Huickvo-
CYNbCLKULLY, 6CIMAHOBIEHO 3AKOHOMIPHOCMI PO3NOOLTY BAXHCKUX MEMANI8 ) CYYACHOMY IPYHMO8oMy nokpusi mepumopii HIIII « Huoic-
HbOCYIbCOKUL. Busnaueno 3akonomipnocmi npocmopoeo2o po3nooiny nomenyitiHo 0ocmynuux opm 8axckux memanie. Bcmanoene-
na ounamika naxonuyennsi Ni, Zn, Cu, V, Pb ma inwux easckux memanie 6 ipynmosomy nokpusi mepumopii npomsizom 2014-2019
POKI6 3a PI6HAMU IMNAKMHO20 3A0PYOHeH . AHANI3 TaHOWADMHO-2eOXIMIUHUX YMO8 MepUumopii ceiOYUmb, WO 60HU 8 YILOMY CHpU-
AOMb K Miepayii XIMIYHUX eleMeHmi6 3 NOBEPXHEGUM CIMOKOM, MAK [ 3HAYHOMY 8ePMUKAIbHOMY X nepepo3nodiny. /Jughepenyiayis
JAHOUAGMHO-2COXIMIMHUX YMO8 00YMOGIIOE IKCayito ma aKyMyIayilo 3HAYHOT KITbKOCME RPUPOOHUX | MEeXHOSEHHUX XIMIYHUX ele-
MeHMI8 HA JaAHOWAQMHO-2e0XIMIUHUX Oap €pax (MexauiyHi, OKUCHO-BIOHOBHI, KUCLO-TYIHCHI, cOpOYIliHi, copOyilino-eneiiosi). Lle no-
nepeocye iHmeHcusHe 3a0pYOHEH S NePesadcHOi Oinbuocmi AAHOWADMHUX KOMNLEKCI8 NApKy 3a0pYOHIOIOUUMY PEeYOSUHAMU, AKI
MigpyIomy 3 CibCbKO20CHOOAPCLKUX Y2iOb, WO NIOMBEPONCEHO PE3VIbIMAMU AHANI3Y OXdcepel ma 0bcAzie 3a0pyOHeHHA. AHAni3 émic-
My 8AdHCKUX Memanig y aanowagmuux komniexcax mepumopii HIIIT « Huschbocynbcokuily 3ac8iouus 1io2o 3a1excHicms 6i0 HAA8HUX
0oicepen MexXHO2eHH020 3a0PYOHEHHS, A MAKONC BUCOKULL CMYNiHb 6i0N08IOHOCMI XAPAKMepy PO3NOOLTY BAHCKUX MEMAI8 3A2aTbHUM
3AKOHOMIPHOCIAM YUX NPOYecis y IPYHmax 6ionogionux munis. binbwicme BM naoxoosme do Cynuncbkoi axeamopii nepesajicHo
nid yac eecHAnOi nogemi 3 manumu cri2ogumu 600amu. Byno éiomiueno nepesuwenna Cd**, Cu?* i Pb%* y 00i nopisnsano 3 diouumu
nopmamu /K.

3a pesynomamamu nanowagmuo-eeoximiynoeo ananizy HIIIT « HuschbocynbCoKutly ModicHa cmeepodicysamu, wo mepumopis 3
eKono2iuHoi moukuy 30py € cnabo 3a6pyOHeHOI0 i MOXHCce BUKOPUCTNIOBYBAMUCS Ol PO3GUMKY PEKpeayitinoi OiaibHOCMI 3 OOMPUMAH-
HAM HU3KU BUMO2.

Knrouosi cnosa. nanowaghmui komniekcu, 1aHOuapmuo-2eoximiuni ymosu, 8axicKi Memaiu.

A. O. Cnnooumens. JIAHAIIIAD®THO-I'EOXUMHYECKAA OLLEHKA 3KOJIOTHYECKOI'O COCTOAHHA IIPHPO-
JIOOXPAHHBIX TEPPHTOPHH. Ocywecmsnen anamus 1aHOUAMMHO-2eOXUMULECKUX YCI08UH MEPPUMOPUN HAYUOHATLHOZO
npupoonoeo napka (HIIII) «Hudichecynbckuily, yCmano61eHbl 3aKOHOMEPHOCMU PACIPEOeNeHUsl MAICENbIX MEMANI08 8 COBPEeMEH-
HOM nougeHnom nokpose meppumopuu HIIIT « Hudcnecynvckuii. AHanu3z 1anouapmuo-2eoxuMuieckux yciosutl meppumopuu Céu-
demenbcmayent, 4mo OHU 8 YeloM CnocoOCMEYIOm KAK MUSpayul XUMu4eckux 1eMeHmos ¢ NOBEPXHOCMHbIM CIMOKOM, MAK U 3Ha-
YUMENTbHOMY 8EPMUKATLHOMY UX Nepepacnpedenenuro. Onpeoenenvl 3aKOHOMEPHOCMU NPOCMPAHCIMBEHHO20 PACHpedeNeHUs. NOTEeH-
YUATLHO OOCMYNHBIX (POPM MANHCENbIX Memannos. Ycemarnognena ounamuxka Hakonaenua Ni, Zn, Cu, V, Pb u opyeux msasicenvix me-
Manios 6 nousenHom nokpose meppumopuu 8 meuerue 2015-2019 20006 npu paznuunvix ypoeusx umMnaxmuozo sacpsasHerus. /Jug-
Gepenyuayun 1aHoOWAPMHO-2eOXUMUYECKUX YCA08ULL 00YCI06IUBAEM PUKCAYUIO U AKKYMYTAYUIO 3HAYUMETbHO20 KOIUYeCmad npu-
POOHBIX U MEXHOLEHHbIX XUMUYECKUX DJIeMEHMO8 HA JAHOUADMHO-2e0XUMUYEcKUx bapbepax (Mexanuyeckue, OKUCTUMENbHO-
60CCMAHOBUMENbHbIE, KUCLO-Uel0YHble, COPOYUOHNbIE, COPOYUOHHO-2TUHUCMbLE). DMOo npedynpedcoaem UHMeHCUBHOE 3a2psi3HeHUe
nooaenAowe2o OOILWUHCIEA AAHOWADMHBIX KOMNIEKCO8 NAPKA 3A2PA3HAIOWUMU  BEUjeCEami, KOmopvle MUcpupyiom u3
CEeNbCKOXO3AUCMBEHHBIX Y20O0Ull, 4Mo NOOMEEPICOeHO Pe3yIbmami AHAIU3a UCMOYHUKOS U 0ObeMamu 3azpsazHenus. Ananus cooep-
JHCAHUSL MACETBIX MEeMALI08 8 Nanouagmuvix komniexcax meppumopuu HIIIT « HuscHecynvckuily nokaszan e2o 3a8ucumocms om
UMEIOWUXCS UCHIOYHUKO8 TEXHOSEHHO20 3A2PA3HEHUS, a MAKCe GbICOKYIO CMeneHb COOMBEEMCmeus XapaxKmepa pacnpeoeneHus
MAACENBIX MEMANI08 00UWUM 3AKOHOMEPHOCTAM IMUX NPOYECCO8 8 NOY8AX coomeemcemeyiowux munos. bonvwuncmeo BM nocmy-
narom ¢ axeamopuio Cyibl NPeuMyuecmeeHo ¢ maiblMu che208bimu 6odamu. bvino ommeueno npesvienue Cd**, Cu?* u Pb** ¢
600¢ no cpasnenuio ¢ oeticmayowumu Hopmamu I1JIK.

Io pezynemamam nanduiagpmuo-eeoxumuiecxkozo ananuza HIIT «Hudcnecynbckuily MOJICHO ymeepoicoams, 4mo meppumopus
€ IKONO2UYECKOU MOUKU 3PEHUSL ABNIAEMCS CIAO0 3AZPAZHEHHOU U MOJICEM UCHONb308AMbCS OISl PA36UMUSL PEKPEeAYUOHHOU Oesimeilb-
HoCcmu ¢ cobvdeHuem psoa mpebosanuil.

Knrouesnie cnosa: nanowagpmuvie KoMnIEKCvl, TAHOUADMHO-2e0XUMUYECKUE VCTI0BUSA, MANHCETbIE MEMALTbL.

Formulation of the problem. The effective-
ness of landscape-geochemical monitoring of pro-

metal forms, which determines the expediency of
their determination in the most sensitive compo-

tected areas largely depends on the rationalization of
the system of ecological regulation and control. A
reliable indicator of the ecological and geochemical
state of the territory is the assessment of the distri-
bution and migration of heavy metals (HMs) in soils
and in the soil-plant system. The toxicity of HMs for
protected areas, recreational areas as well as areas
used as forest and agricultural lands within the
NNP, is determined not only by their gross content.
An important indicator is the content of moving

nents of the landscape.

Material and methods of research. The meth-
od of the soil-geochemical survey envisaged the
sampling of the soil at a depth of 0-20 cm by the
method of envelope as well as the profile of the soil
in accordance with the current DSTU 4287:2004,
DSTU ISO 10381-2:2004. The extraction of the
gross forms of heavy metals contained in the soil
was carried out with concentrated HNOs in accord-
ance with the requirements, while the extraction of
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mobile (fixed) forms of heavy metals — 1n HNOs.

Soil sampling was carried out in several stages
in the spring-autumn period of 2015-2017. Plant
sampling was performed equally from all the exam-
ined areas in two diagonal directions. In total, 970
soil samples, 10 varieties of wood and 25 varieties
of herbaceous vegetation were selected. The pres-
ence of heavy metals in phytomass of plants was
determined in their ash solutions by atomic absorp-
tion spectrometry. To assess the degree of hazard of
the pollutant element, a concentration factor was
used, i.e. the correlation between the concentration
of the pollutant and its background content (GOST
17.4.3.06-86) and the total contamination index (Zc)
by Yu. E. Saet [8]. The assessment of the ecological
condition of the soil according to the presence of
moving forms of heavy metals was carried out by
comparing their actual presence in soil based on the
maximum permissible concentration and geochemi-
cal background for each type of soil.

Identification of previously unsolved parts of
the general problem. Heavy metals are among the
number of microelements that take an active part in
the physiological, biochemical and geochemical
processes that determine their localization in the
soil. In this case, HMs are partially fixed and be-
come stationary, partly — transfrom into a ground
solution, and then are washed or absorbed by plants.
Most of the HMs are fixed in the upper part of the
soil profile [7-9].

Depending on the content, patterns of distribu-
tion and migration in soils, microelements can be
essential and toxic. High concentrations of HMs in
the landscapes of NNP generate a number of ecolog-
ical problems. Accumulation of HMs violates the
physical and chemical equilibrium and gives impe-
tus to a number of processes that change the soil
properties. In particular, the destruction of the soil
absorbing complex occurs, the soil structure chang-
es, the humus becomes dehumidifying, etc. [7,9].
Plants grown on contaminated soils usually contain
HMs in excessive amounts. With high toxicity, HMs
cause a negative change when they enter the human
body.

Control over pollution of the territories by HMs
provides for the restriction of their content in the
components of the landscape in quantities that do
not lead to negative environmental consequences
[15,16]. The most effective ways to reduce the envi-
ronmental risk of HMs contamination can be deter-
mined through comprehensive research. Informative
in such studies is the determination of the forms of
metal found in soils and the peculiarities of their
physico-chemical migration, which characterize the
ability of the elements to cross into adjacent envi-
ronments, in particular in plants and groundwater.
Without knowing the forms of migration of chemi-

cal elements and their behavior in the trophic chain,
it is impossible to correctly assess the orientation of
the natural process and give an accurate calculation
of the accumulation of the element under study in a
particular type of landscape.

The purpose of the article. The practice of
systematic research of HMs content in the geosys-
tems of the national natural parks of Ukraine is ab-
sent, therefore such background monitoring within
the NNP is a relevant task.

Presentation of the main research material.
The data from the territory of NNP ‘“Nyzhnio-
sulskyi” were used for the analysis of the behavior
of the HMs. The territory is sufficiently studied and
there is a significant amount of landscape geochem-
ical data obtained by the author during landscape
and geoscience surveys (field as well as analytical),
collected from funds and literary sources. The data
are organized into the geoinformation system (GIS).
Integrated GIS includes several layers of thematic
data, in which information on vegetation, hydrogra-
phy, soil covering, landscapes, land use structure,
etc. is organized. The structuring of the available
information is performed for the formation of the
information module of landscape geochemical GIS.
As a result, the following subject sections are de-
termined: information on landscapes and soils of the
territory (cartographic information), meteorological
section, and soil-geochemical section.

Map information is represented by a landscape,
a landscape geochemical map and the map of soils
with a scale of 1: 25000 in a vector format [1,2] and
the map of soil forming rocks with a scale of
1: 200 000. The meteorological information summa-
rized by the data of Ukrainian Hydrometeorological
Center includes the average monthly air temperature
and precipitation. It is used for the study of fast soil-
geochemical processes that respond to changes in
weather conditions and the identification of natural
and man-made trends. The soil-geochemical section
is represented by the database (DB) with a two-level
structure. The first level is a ground cut, which is
determined by the number, the date of the descrip-
tion and the geographical coordinates, which allows
to transfer information from the database to the
map. The description of the section includes infor-
mation on the factors of soil formation and the name
of the soil.

The second level of the database is the morpho-
logical properties of the individual soil horizons
(color, character of color, humidity, type of struc-
ture, granulometric composition, new formations
and inclusion, the nature of the transition and the
form of the boundary) and tables with relevant ana-
Iytical data. The first table includes physico-
chemical indicators of soil horizons (pH, humus
content, physical clay content, moving iron content,
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etc.). The second and third tables present the content
of moving and gross forms of HMs. The data ob-
tained during field and laboratory work are struc-
tured as sets of numerical information.

The landscape-geochemical GIS contains the
coordinates and descriptions of more than 280 soil
sections, as well as the results of chemical analyses:
the content of humus, pH, concentration of gross
and moving (in extract of 1n HCI) forms of Mn, Zn,
Cu, Pb, Ni, Cr and moving Fe forms in the genetic
horizons of the main types of soils common in the
studied area.

The mobility of heavy metals was determined
as the fraction of the separation of of their moving
forms contents in the soil by the content of gross
forms, multiplied by 100%.

The mapping of the landscape-geochemical re-
search was carried out using GIS-analysis and simu-
lation methods.

The functional module of GIS includes:

- the spatial-temporal analysis of data using the
apparatus of mathematical statistics and expert as-
sessments;

- the development of geochemical and mathe-
matical models for the description of migration and
transformation of chemical elements in various
landscape conditions;

- the construction of electronic maps of individ-
ual features and complex soil-geochemical maps of
various purposes, content, on various time based on
information from the soil-geochemical database on
thematic maps (landscape, topography, vegetation);

- the creation of digital models of geochemical
fields by the method of landscape-oriented interpo-
lation;

- the construction of maps of dynamics of soil-
geochemical indicators on the basis of several time-
scale maps.

The structural and functional heterogeneity of
the landscapes of the territory of the NNP, the excel-
lent types of interactions and directions of migration
flows lead to uneven redistribution of microele-
ments and their compounds in the lateral and radial
directions.

Lateral migratory flows contribute to spatial
heterogeneity of landscapes. In turn, the radial het-
erogeneity of the landscapes reflects the nature of
the interaction and the relationship between its
components such as soil and soil forming rock, soil-
surface water, soil-plant, etc. [12,13,21].

For the territory of the NNP “Nyzhniosulskyi”,
we investigated the laws of lateral and radial redis-
tribution and behavior of HMs in soils as the most
sensitive component of the landscape.

To carry out the research, the following tasks
were performed: 1) control platforms were estab-
lished within the NNP and adjacent territories; 2) the

selection of soil and vegetation samples; 3) the
physical and chemical parameters of soils were in-
vestigated; 4) the content of gross and moving forms
of heavy metals in the soil covering was determined;
5) the ecological state of landscapes was estimated
on the basis of calculated concentration factors and
total pollution index.

The conducted works allowed to determine the
distribution of HMs depending on the factors of
their migration and to assess the trends in the
change of their content. The interpretation of the
obtained results revealed the nature of the effect of
hydrogenogenic iron, organic matter, mold fraction,
Eh and pH of the medium on the maintenance of
hydrogen forms of the HMs. The analysis of the
mechanisms and processes that determine the pic-
ture of the spatial distribution of HMs in the soils of
the territory of the NNP allowed to establish their
general patterns.

Landscapes of the territory are dominated by
the landscape hole of the segment-ruffed and seg-
ment-island floodplains. The soil cover of these
holes are dominated by alluvial turf, usually salted,
sometimes carbonate, glued soils in the lower part
of the profile [16-21].

We carefully studied the landscapes of moraine-
loess and loess terraced plains of deep humus sur-
face slightly alkaline slightly mid-loamy black soil
and with saline meadow- black soil deep mid-loamy
salines on the moraine and loess loams, turf under-
developed sandy soils of varying degrees of gleying
on fluvioglacial sand and alluvial turg gley deep-
solar soils on sediments of different granulometric
composition.

Anthropogenic impact, besides agricultural ac-
tivity, is associated here with large enterprises, in
particular Poltava Mining and Processing Plant in
Komsomolsk, Ukrtatnafta in Kremenchuk, Kremen-
chuk Steelmaking Plant, Kremenchuk Petroleum
Product (petroleum station 55, Chornobaivskyi dis-
trict), Ukrnafta (gas station number 230/05, Irkliy
village, Chornobaivskyi district), NadezhdaRetail
(gas station, Chernobay), Ukrtransgas (village Mala
Burimka, Chornobaivskyi district), Kremenchuk
Petroleum Product Service (storage and sales of oil
products), the stock of the poison chemicals of the
Chorolskaya Agrochemistry, etc.

Wastes of enterprises include substances of I-1V
classes of danger. In particular, spent mercury
lamps, oils and motor oils, zinc slag, spent x-rays
and lubricating liquids, ferrous metal cuttings, spent
electrodes and batteries for lead accumulators, gal-
vanic sludges, non-ferrous metal scrap (aluminum,
copper, brass, bronze, nickel, aluminum cuttings),
marble carbide, etc.

In soil samples, selected on the territory of the
NNP, the gross amount of lead was the highest. The
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concentration of Pb is 25-40 mg/kg and exceeds the
background and MAC, which are respectively 8-
10 mg/kg and 30 mg/kg. The increased content of
gross forms of copper, titanium, and chromium was
recorded. The excess of the background in virtually
all studied soil samples was recorded for V (content
reaches 50-60 mg/kg) and Ti (3000-4000 mg/kg).
The content of these chemical elements is within the
limits of the MAC, but sometimes the values ob-
tained exceed it and equals, respectively, 60-
70 mg/kg and 5700 mg/kg [56]. The amounts of Ni
(6-8 mg/kg) and Co (3-5 mg/kg) in the soil are close
to the background, and a slight excess of their back-
ground values was observed at points 101-15, 107-
15, 108-15, 129-15. The concentration of Mo and
Zn is relatively low (within the limits of 1-2 mg/kg
and 50 mg/kg respectively) and is below the back-
ground values. However, Zn is characterized by lo-
cal excesses at monitoring points 32-15, 102-15,
110-15, 113-15, 129-15 (80-100 mg/kg).

The analysis of the data shows that the distribu-
tion of HMs in soils is uniformly-accumulative in its
nature, but several basic laws may be distinguished,
which can be traced within the studied area:

* The distribution of Pb is fundamentally differ-
ent from the distribution of other studied HMs. Pb
compounds are concentrated, mostly in the humus
profile, with a gradual permanent migration to lower
horizons. The migratory capacity of Pb is on aver-
age 10-14%, in the humus horizon the migration
capacity is 15 + 8%, which indicates its exogenous
origin. The latter may be due to the use of gasoline
fuels for the extraction and processing of petroleum
products as well as waste of lead batteries and elec-
trodes;

* Zn and Cu are mostly localized in the upper
transition profile, as well as in the humus horizon.
The migratory capacity of these HMs in soils is low;
for Zn it is 7% practically irrespective of the profile,
for Cu it is <4-5%, and for Cr it is 4%, with the
highest index in the humus horizon of 8%. An indi-
cation of such distribution is the endogenous origin
of the above-mentioned HMs due to the transfor-
mation of soil-forming rocks;

« Alkaline conditions contribute to the reduction
of the content of the moving forms of all investigat-
ed pollutants. However, the influence of pH on the
behavior of Sr was not detected. In Cu, Pb, Ni in the
reducing gluten medium, the concentration of mov-
ing forms decreases, in Zn it slightly increases;

« The content of the moving forms Cu, Zn, Pb,
Cr, Ni increases according to the content of the
moving Fe and usually leads to the accumulation of
moving forms of these elements;

« A moving Mn form has a significant effect on
the behavior of the HMs. Their concentration in-

creases a number of moving forms of Co, Zn, Pb, Ni
and decreases Cu and Cr;

* The moving forms of Mn, Cr, Ni have a direct
positive relationship with their gross concentrations.
The inverse relationship between these indices is
characteristic of Cu,, while it is absent in Pb and Zn.
The behavior of Cu is distinguished by the greatest
individuality, therefore it was not possible to track
its laws.

The gross metal concentrations in the soil pro-
file of the alluvial turf sandy soils are reduced by
1.5-2 times compared with the loamy analogues.
Most clearly, this pattern is manifested in Cr, V, Ni,
Zn, and the concentration of Cu and Pb is less sensi-
tive to the change in the granulometric composition
of the horizons. The humus horizons of alluvial
sandy soils are characterized by a less contrasting
decrease in gross metal concentrations compared to
loamy soils. This indicates the convergence of the
content of elements in the humus horizons of soils
on various soil forming rocks. The content of the
mobile forms of Mn, Pb, Cu, Zn in sandy soils is 2-3
times, while Cr, Ni is 10-15 times lower compared
with loamy soils.

In typical black earths and turf loamy soils, a
soil forming rock is a forest-like loam that is bed-
rocked with moraine. The content of humus is
slightly higher — from 1,5 to 3,3%. The pH value is
practically the same for both types of soils, but for
turf soils, its variability is significantly higher —
from 4 to 6.1. This contributes to the accumulation
of heavy metal cations due to the reduction of their
migration capacity when consolidated in the soil-
absorbing complex. The average content of metals
in typical low-humus loamy black earths is 30-40%
higher on average than in sod-podzolic loamy soils,
which is probably due to inland drainage. The gross
content at the sampling points (115-15, 118-15, 124-
15) is higher than the background values; in some
cases, the excess MAC was recorded: Ni - 60 mg/kg
(with background values 22 mg/kg), Ti -3000 mg/kg
(2250 mg/kg), V - 50-60 mg/kg (41 mg/kg), Cr - 50-
60 mg/kg (49 mg/kg), Cu - 80-100 mg/kg (12-
16 mg/kg), Pb - 40-50 mg/kg (10 mg/kg).

Absolute values of moving metal forms and
their mobility in turf soils are close to the corre-
sponding values of alluvial loamy soils, only in Cr
content in the humus horizon is almost 2 times low-
er. The variability of the moving metal forms is also
preserved at the previous level in most of the ele-
ments, except for Pb and Sr, in which it grows 1.4-
2.2 times (Fig. 1, Fig. 2).

Turf sandy soils on fluvioglacial sands with ab-
solute content of gross and moving forms of metals
are close to turf-podzolic with similar granulometric
composition.
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Fig. 1. Distribution of Pb in the modern soil cover of the territory of the NNP ‘“Nyzhniosulskyi”
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Fig. 2. Distribution of Cr in the modern soil cover of the territory of the NNP “Nyzhniosulskyi”
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Alluvial turf glued saline soy sandy soils are
characterized by the layering of soil-forming depos-
its, the presence of buried humus horizons, and high
content of humus — 1.9-2.96%. The influence of
groundwater is manifested in the gluing either of the
lower part or the entire profile, as well as in the al-
kalinity of the soil solution. Therefore, the lower
horizons are characterized by a reducing weak-
alkaline (pH > 7) reaction.

Due to the light granulometric composition of
soil formation rocks and significant deviation of the
bottom of the valley of the Sul River, the moving
forms of the HMs are carried out from alluvial soils,
that is why they are 1.3-1.5 times frequent there less
than in soils of the plain-terraced plains, with the
exception of Ni. Alluvial turf gley soils have the
highest concentration of HMs, which is explained
by the deposition of elements coming from the in-
land side drain.

Among the marsh soils, turf-gley soils are pre-
dominant in lowland marshes in old-age declines. In
these soils, besides the ground waters, a specific role
is played by the specific marsh vegetation, which
determines the acidic reaction of the medium of the
upper horizon — pH 4.7-5.4, and the accumulation of
organic matter. The content of most metals in marsh
soils is almost the same as in turf loamy soils, with
the exception of (Cu and Mn). The gross content of
Cu (50-100 mg/kg) is 8-10 times, and Mn
(660 mg/kg) is 2-3 times higher than the background
indices, respectively, 5.3 and 166 mg/kg.

The regularities of the radial redistribution of
HMs on the genetic horizons of the characteristic
soils of the NNP were studied on the example of the
points of the complex description. In the studied soil
profiles, similar tendencies of radial redistribution
of heavy metals were recorded.

In particular, the content of Pb grows down the
profile. Cu is usually accumulated in the upper soil
horizon, which is explained by anthropogenic im-
pact, as well as its bioaccumulation [15,17-21]. This
is confirmed by our research as well. Chromium
compounds are also washed along with downstream
moisture streams. The content of nickel practically
does not change on the profile of the studied soil
sections. The given data on the distribution of pollu-
tants in the soil cover of landscapes of the NPP is an
example that illustrates the relevance of this analy-
sis, especially for protected areas.

Conclusions. The analysis of heavy metals in
the landscape complexes of the territory of NNP
“Nyzhniosulskyi” confirmed its dependence on
available sources of technogenic pollution. It also
confirms a high degree of compliance of the charac-
ter of HMs distribution with general laws of these
processes in soils of the corresponding types. The
main direction of further research should be im-
provement of the system of landscape and geochem-
ical monitoring of the territories, where there are
nature protection objects, and adjacent territories for
the purpose of detection of pollution centers and
improvement of ways of reducing their concentra-
tion to allowable norms.
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LANDSCAPE AND GEOCHEMICAL ASSESSMENT OF ECOLOGICAL CONDITION
OF PROTECTED TERRITORIES

Purpose. The problem of environmental pollution by heavy metals is one of the most important prob-
lems of the present and the near future. The compounds of these elements are characterized by high toxicity,
mobility and ability to bio-accumulation. The aim of the study was to establish the main regularities of trace
elements of the national natural park (NNP), to determine the indicators of their mobility for assessment of
state of environment.

Scientific novelty. The article discusses the features of distributing of heavy metals in the components
of landscapes of the territory of the national natural park for realization of control and settlement of his con-
centration in accordance with the set norms.

Results. The analysis of the landscape-geochemical conditions of the territory of the national natural
park “Nyzhniosulskyi” has been performed. Consistent patterns of heavy metals distribution in the modern
soil of the territory of NNP “Nyzhniosulskyi” have been determined. The analysis of landscape-geochemical
conditions of the territory indicates that they generally contribute to the migration of chemical elements with
land runoff as well as their significant vertical redistribution. The differentiation of landscape-geochemical
conditions causes the fixation and accumulation of a significant number of natural and man-made chemical
elements on the landscape-geochemical barriers (mechanical, redox, acid-alkaline, sorption, sorption-gley).
This prevents from intense pollution of the vast majority of landscape regions in the park by polluting sub-
stances migrating from agricultural lands, which is confirmed by the results of the analysis of pollution
sources and volumes.

It was shown, that processes of transformation and migration of heavy metals compounds in the soil pro-
file are determined by physical and chemical properties of soils.The analysis of the content of heavy metals
in the soils of NNP “Nyzhniosulskyi” has shown that , the distribution of heavy metals is uniformly disper-
sive, but the variations in the content of certain heavy metals can range from + 7% to + 25%-35%. The great-
est bioaccumulation capacity is expressed in biogenic microelements — manganese and cuprum.

The analysis of heavy metals content in the landscape regions of NNP “Nyzhniosulskyi” has confirmed
its dependence on available sources of technogenic contamination as well as the high degree of compliance
of the nature of heavy metals distribution to the general laws of these processes in the soils of the relevant
types. Most heavy metals get into the Sulyn aquatorium mainly during spring flood with snow melt water.
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The excess of Cd?*, Cu?* and Pb?" in water has been noted in comparison with the current threshold level
value regulations.

According to the results of the landscape-geochemical analysis of the NNP “Nyzhniosulskyi”, it can be
stated that the territory from the ecological point of view is poorly contaminated and can be used for the de-
velopment of recreational activities in compliance with a number of requirements.

Practical significance. The results of this study have been introduced into practice of the NNP
“Nyzhniosulskyi” in organizing and conducting research work, for planning tourist and recreational activi-
ties, forming tourist routes, and organizing recreational infrastructure.

Keywords: landscape regions, landscape-geochemical conditions, heavy metals.
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EVALUATION OF SOIL CONTAMINATION BY HEAVY METALS
IN THE ZONE OF TPP INFLUENCE

E. B. Xo6omoesa, B. I. Jlapin, 1. B. I'paiisoponucvka. OL[IHKA 3ABPY/ITHEHHA I'PYHTIB BA’)KKHMH METAJIAMH Y
30HI BITHBY TEILIOBHX EJEKTPOCTAHIIH. 3a macumabamu eniugy Ha HABKOTUUIHE cepedosuile MEeniosd eHep2emuKa
nocioae ooue 3 nepuwux micyv. Buxuou TEC 6 ocrnosnomy ocioaiomv Ha epynm. Cnoayku [pyHmy Ha mpueanull mepmin 36'83y10mo
ionu eaxckux memanie (BM), nepewxooscaioms ix miepayii. bygpepna emuicms tpyHmy wo0o memanie 3anexcums 6i0 6azamvox
¢axmopig: cknady pyHmy, KUCIOMHOCMI, NPOYECi6 KOMNIEKCOYMBOPEHH S, OKUCHEHHA—BIOHO08NIeHH:, copOyii—0ecopoyii ma in. Bugs-
uenHs emicmy BM y tpynmax neoOXione 01 KOHMPONIO 3a CMAHOM HABKOIUUWHBO2O Cepedosulyd, OXOPOHU 1020 8i0 3a0pyOHeHHs.
OOHUM 3 HAUKPYRHIWUX 300pYOHI08AYI8 HABKOMUUHBbO2O cepedosuwya 6 Xapkiscvkiti obnacmi € 3miiscoka TEC. Mema pobomu —
8uU3HauenHs: ocoonusocmeti 3a6pyonenns BM tpynmis nobauzy 3miiscoxoi TEC ma pospobka pexomenoayitl ujo00 NOKpaujeHHs: Cu-
myayii.

Hns docacnenns nocmagienoi memu supiuieri Hacmynti 3a0a4i: 6CMAHOBNEHH 0COOIUBOCIEN AKYMYIOBAKHS OKpemux BM y
IPYHMAX, GU3HA4eHHs 3anedcHocmi midic pH tpynmie ma nasenicmio 6 HUX NEGHUX XIMIUHUX eeMeHMIB, GUBYEHHS 3AJIeHCHOCTT MIdiC
CKNIAOOM 3a0pYOHEHHs | YMEOPEHHAM MANOPOIUUHHUX CHOTYK Y TPYHINAX.

Pesynomamu pobomu. Bcmanosnero, wo Haibinb 3a6pyOHEHOI0 € Mepumopis, po3smauio8ana 6io 0xcepena ukudy 6 paoiyci
10 xm. Haiibinow nowupenumu 3a6pyonioéauamu ¢ Cu, Sr, Co, V, Cr. Ipyumu 6aceiina p. Cisepcoiuii JJoneys 6invuioio Mipoio ym-
pumyroms ionu Cu, Zn i Pb. Hayxoea nosusna. Memanu \V, Cr ¢ anionozenamu, Kuciomui 3a1uuiky Ymeoploomoscsi 8 CLa00 IYHCHUX
tpynmax i 3 BM ymeopioiome nepozuunui abo Manopo3uunHi cnoiyku, wo npueooums 00 ix HaKkonuyenHs. Y ipynmax eusaeieno cno-
ayku SrCrOa, SrCr207, Sr(V03)2, Zn2V207, Zn3(VOa)2, Zn(VO3)2. Ha niocmagi eusHauens KoepiyicHmie noaieieMeHmuo2o 3a0pyo-
HeHHsI NOKA3AHO, WO 6 IPYHMAX 3 GUCOKOI0 2ymychicmio, Oygepnicmio i 30amuicmio ymeoprosamu KOMNIIEKCU 3 iOHAMU Memanie
suwe maxcumanvii konyenmpayii BM i wupwe poskuo konyenmpayiti 3a eunsmxom Pd, Zn i Cd. Busnaueni xopensyitini 3anedic-
nocmi miowe pH i emicmom maxpo- i mikpoenremenmie 6 piznux ipynmax. Hatibinowuil koeiyicnm xopensyii mise konyenmpayicio Al
i pH (0,6-0,9). Po3spobaeno pexomenoayii 0na 3HudiceHus pieHa 3a0pyoHenns BM tpynmie nooausy 3miiecoroi TEC: pexoncmpykyis
Komuoazpezamy, 6CMAaHOBIeHHs eNeKMpPOPInompy Onsl GOBNIOBANHS 301U, BUKOPUCIIANHSA 3010WIAKOBUX 8i0X00i8 ) 8UpOOHUYMEI
NOPMAAHOYEMEHMY, 8ANHYBAHHA TPYHIMIE 3 Memor Ouckpuminayii BM.

Kniouogi cnosa: tpynmu, easicki memanu, 3a0pyonents, 6ukuou, mennogi enekmpocmanyii, pH rpynmie.

3. b. Xooomosa, B. H. Jlapun, H. B. I'paiteoponckan. OIIEHKA 3AI'PASHEHHUA [109B TAKEJBIMH METAJUIAMH
B 30HE BJIHAHHA TEIJIOBBIX 3JEKTPOCTAHIIHH. 1o macwmabam 8030eiicmeus Ha OKPYICAIOUyIo cpedy meniosds
DHEpeemuKa 3aHumaenm 00Ho u3 nepsvix mecm. Boibpocor TOC 6 ocHosHom ocedaiom Ha nougy. Coeounenus nousbl Ha ONUMENbHbIL
CPOK €6:3b16aI0M UOHbL madcenvix memannos (TM), npenamcmeyrom ux muepayuu. bygepnas emxocms nouewvr no memannam 3a6u-
cum om MHO2UX PAKMOPOB: cOCMAasa NOUYGbl, KUCIOMHOCMU, NPOYECCO8 KOMHAEKCOOOPA308aHUs, OKUCIEHUA-BOCCMAHOBIECHUS,
copoyuu-oecopbyuu u op. Mzyuenue cooepoicanuss TM 6 nousax Heobxoo0umo 0 KOHMPOIS 3a COCMOAHUEM OKpYycaroujell cpeovl,
oxpanwl eco om 3azpaznenus. OOHUM U3 KpYRHeUWUX 3azpasHumencti okpysicaioweli cpeobl 8 Xapbkosckoll obaacmu Aeisemcs 3mu-
esckan TOC. Lleav pabomel — onpedenenue ocobennocmeti sacpasnenus TM nous e6nusu 3muesckoii TOC u paspabomra pexomen-
dayuii no yryywenuio cumyayuu. /[nsa 0ocmudicenus noOCmasienHoll yeau peuleHl ciedylowue 3a0aiu. ycmanosienue ocobentocmell
axkkymynuposanus omoenvuvlx TM 6 nousax, onpedenenue 3asucumocmu mexcoy pH nous u nanuuuem 6 Hux onpeoeneHHbIx Xumude-
CKUX 21eMEHMO8; U3yyeHue 3a6UCUMOCIIU MeXHCOY COCABOM 3A2PA3HEHUA U 00PA306aHUEM MATOPACMBOPUMBIX COCOUHEHULl 8 NOY-
sax. Pesynbmamel pabomei. Ycmanosneno, umo naubonee 3azpssnena meppumopus, pacnoioiCeHtas om UCMOYHUKA 6bl0poca 6
paouyce 10 km. Haubonee pacnpocmpanennvimu 3azpsasnumenamu sgasiomes Cu, Sr, Co, V, Cr. Iousw 6acceiina p. Cesepckuii /Jlo-
Hey 6 Goavutell cmenenu yoepoicusaiom uonst CU, Zn u Pb. Hayunas nosuszna. Memanawi V, Cr signsomest aHuoHoO2eHAMU, KUCIOM-
Hble ocmamku 06paszyiomes 6 ciabo wjenroynvix nousax u ¢ TM obpasyiom nepacmeopumvle Uiy Maiopacmeopumvle coeouHeHus,
Umo npueodum K ux Hakonienur. B nousax evisenenvt coedurnerus SYCrOa, SrCr207, St(V03)2, Zn2V207, Zns(VO4)2, Zn(VOs)2. Ha
0CHOBAHUU OnpedeNeHUs KOIPPHUYUEHMOE NOIUIIEMEHIMHO20 3A2PASHEHUS. NOKA3AHO, YMO 8 NOYBAX C BbICOKOU 2YMYCHOCHbIO, 0Y-
Geprocmuio u cnocobHoCmbI0 00PA308bIBANL KOMNLEKCH C UOHAMU MEMANN08 8bluie Makcumanbhvie konyenmpayuu TM u wupe
pasbpoc konyenmpayutl 3a uckmovenuem Pd, Zn u Cd. Onpedenenvi koppensyuonnvie 3asucumocmu medncoy pH u codepacanuem
MAKPO- U MUKDPODLEMEHMO8 6 paziuunsix nousax. Haubonvwuil kospduyuenm xoppensyuu mesxncoy konyenmpayueti Al u pH (0,6—
0,9). Paspabomanel pexomenoayuu ons chudicenust yposus 3azpasuenus TM nous ednusu 3muescxoti TOC: pexoncmpykyus komiuo-
azpezama, ycmamosneHue NeKmpopuibmpa Oas YIAGIUBAHUS 307bl, UCNONb30BAHUE 30JOULIAKOBLIX OMX0008 6 NPOU3600Cmee
nopmaanoyemMenma, u3gecmkosanie nous ¢ yeavio ouckpumunayuu TM.

Kniwouesvie cnosa: nousvl, msicenvie Memainsl, 3azpsasHenue, 8b10pOChl, meniogule snekmpocmanyuu, pH noys.

© Khobotova E. B., Larin V. I., Hraivoronska I. V. https://doi.org/10.26565/2410-7360-2019-51-18
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Formulation of the problem. By the scale of
the impact on the environment thermal power engi-
neering takes one of the first places. Hundreds of
thermal power plants (TPP) and central heating-and-
power plants burn millions of tons of organic fuels.
They account for about 25 % of all harmful emis-
sions. Thermal power engineering is also responsi-
ble for 12 % of solid industrial wastes. They are
mainly ash and slag. Lately, ash has been used for
various purposes. However, one of its disadvantages
is available heavy metals (HM) in its composition.
TPP emissions are predominantly deposited on the
soil. Soil in the urboecosystem performs one of the
main roles. It is in it that metals are closed as an-
thropogenic pollution. The compounds of the soil
bind ions of metals for a long time, preventing their
migration. The soil buffer capacity for metals de-
pends on many factors: type and composition of the
soil, humus content, acidity, complexation process-
es, oxidation—reduction, sorption—desorption, and
others.

Recently, numerous studies have been carried
out on the comprehensive assessment of HM con-
tamination of soil urboecosystems taking into ac-
count environmental safety standards [1-4]. The
method of determining the ecological risk at differ-
ent levels of soil pollution with lead [2] and manga-
nese [3] has been improved. A biological toxicity
test of soils was conducted to determine the degree
of soil contamination by metal compounds [4].

Analysis of recent research and publications.
The study [5] shows that thermal power station con-
taminates the surrounding soil with toxic elements:
Cr, Fe and Zn, reduced soil fertility and variety of
beneficial soil microorganisms. The chemical com-
position of soils along the profile near Kolaghat
thermal power plant (India) was investigated [6].
For soils near the dump of ash, there is observed a
maximum contamination with elements Mo, As,
Cr, Mn, Cu, Ni, Co, Pb, Be, V, Zn at a depth of 2—
5 cm. The soils near Egbin thermal station (Nigeria)
was polluted of Cu and Zn [7]. There were positive
correlations between concentrations of HM in the
soils and in the plants. In the paper [8] maps of spa-
tial contamination of soils with heavy metals from a
source — a coal-fired thermal power plant of high
power (Serbia) — were compiled. Concentration co-
efficients in the soil varied in the range of 0.3-15.5.
Soil pollution is studied not only when thermal
power plants use black and brown coal, but also
other types of fuel, for example, lignite. The work
[9] determines the level of soils and water pollution
near suchlike power plant in Northern Greece, as
well as food produced in the region. The pollution
of the soils in Montenegro with heavy metals Pb,
Cd, Cu and Zn is mainly due to anthropogenic pol-

lution [10]. The concentrations of lead and cadmium
are about twice as high as their background levels.

Studies of Chinese scientists [11-14] are of in-
terest. The authors of [11] showed that a power plant
in Guizhou Province contributes to the Hg pollution
in nearby soils. The soils in the vicinity of Luohe
Power Plant are contaminated by As and Cd. The
accumulation index for soil and risk assessment for
health were determined [12]. Mercury emission
from coal-fired power plants results in the formation
of methyl mercury in the environment. The authors
[13] discovered its increased content in rice, which
is grown on the territory near the coal-fired power
station. A number of recommendations have been
developed for reducing the emissions of heavy met-
als from thermal power plants [14].

The source of HM during TPP operation is both
fine particles of ash and ash that goes into ash
dumps. The highest amount of smoke emissions
sedimentates in the area of 2.5-4.0 km from power
plants. Ash that is blown from ash dumps can create
HM concentrations in the soil several times as high
as the emissions from pipes [15]. This is the soil that
is in the center of a cross-border transfer, HM mi-
gration. Examination of the HM content in the soils
is necessary for monitoring the environment, its pro-
tection from pollution, the background amount of
HM being the starting point [1].

The influx of HM into plant tissues through the
root system is influenced by soil pH, redox condi-
tions, competition between cations, hydrolysis, the
formation of insoluble salts [16]. Mathematical
models that describe the dependence of the yield of
vegetable and orchard crops depending on a set of
external factors have been created [17].

Identification of previously unsettled parts
of the general problem. One of the largest pollu-
tants in Kharkiv region is Zmiiv TPP, situated in the
Siverskyi Donets Basin. It is included in the system
of Production Energy Association "Kharkivenergo"
of Ministry of Power Engineering of Ukraine. The
share of Zmiiv TPP is about 60 % of the total vol-
ume of industrial emissions in Kharkiv region [18].
Zmiiv TPP pollutes the air due to emissions of com-
bustion products. Coal of "ASH" grade is used as
the main fuel at TPP, with its average calorific ca-
pacity of 4608 kcal/kg, ash content — 31.2 %, hu-
midity level — 8.3 %. For steam generation the pow-
er boilers TP-100 are installed. They are equipped
with two individual systems of pulverization with an
intermediate hopper. The pulverized coal enters the
separator where large factions are separated and re-
turned to the mill. After the separator the pulverized
coal enters the cyclone, and then dropped into the
furnace. Furnace gas is cleaned from ashes in the
blocks of 200 MW in wet ash catchers; in the blocks
of 300 MW in electric filters. The efficiency of the

- 244 -



BicHuk Xapkiecbk020 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

available ash catchers is only 90 %, which does not
provide the required degree of purification. The
highest non-recurrent concentrations of pollutants in
the atmosphere exceed ash maximum permissible
concentration (MPC) 5.4 times [18]. Additionally,
the air is polluted by the ash dump of the TPP, from
the surface of which 104.3 tons of dust, sedimentat-
ed in the soil, are blown away per year. HM incom-
ing from the ash dump is also possible with drainage
water when leaching HM from slag and washing
away fine-grained fractions of ash. The ash dump
covers an area of 350 hectares and the volume of the
accumulated ash and slag mixture is about 25 mil-
lion tons. In the ash dump area the slag and ash tank
is placed to collect 400 thousand of tons of ash and
slag per year [19].

Paper [20] gives field figures and maps of soils
contamination by HM in Kharkiv region. But there
is a lack of systematized data on HM contamination
of soils near Zmiiv TPP, there is almost no data on
HM migration in soils, dependence of accumulation
of chemical elements on the soil type and acidity
and possibility of making compounds of different
solubility in water. Obtaining such data may con-
tribute to the development of recommendations for
protection of soils against pollution and discrimina-
tion of the HM in the ground.

The aim and tasks of the research. The aim
of the research is to find out peculiarities of heavy
metal contamination of the soil near Zmiiv TTP and
to develop recommendations on improving the sit-
uation.

To achieve this aim the following tasks have
been solved:

1) the features of accumulation of various HM
in soils have been specified;

2) the dependence between the soils pH and
presence of certain chemical elements in them has
been defined;

3) the dependence between the content of con-
tamination and creation of slow soluble compounds
in the soil has been studied.

The main principle of control for soil contami-
nation is the checking of concentration compliance
with the established MPC and approximate permis-
sible concentration (APC).

Research methodology. HM concentrations in
the aqueous extract from the soil were determined
by the atomic-emission spectral analysis, atomic
absorption analysis and by the method of capillary
electrophoresis [21]. To determine the composition
of the solid inorganic part of soils X-ray phase anal-
ysis was performed. Due to the consistent analysis
of soils the following slightly soluble compounds in
the samples were identified: Zn,V,07, Zn3(VOa),,
Zn(VO0s)2, Pb(VOs)2, 4PbO-V20s, Phs(VO4)2,

PbCFO4,
Ni2V207.

Results of research. The content of heavy
metals in soils on the territory of TPP emissions.
The area for the study was chosen, taking into ac-
count various landscapes, soils and types of their
use, as well as the distance from the object of pollu-
tion — Zmiiv TPP. As the emissions of TPP which is
operated on solid fuel contain various HM, the most
harmful of them were chosen for research, which are
either biologically active or belong to toxic contam-
inants of the different hazard class, for example, Pb,
Zn, Cd belong to the 1% hazard class [22, 23]. Each
element in the certain soil conditions creates specific
chemical forms which determine their mobility or
accumulation in the soils. Mobile forms facilitate
the ingress of contaminants into plants and their fur-
ther moving along the food chain. Out of the men-
tioned elements Cr and V are movable as oxygen
anions, namely: residuals of chromic acid and di-
chromate ions, vanadium acids (meta-, ortho- and
pyrovanadates) as well as VO?*, which is a form of
vanadium ingress into plants [24].

The mobility of metals is defined by the value
of pH in any soil, as cationic forms are more mobile
in an acidic environment, while anionogenic sub-
stances — in soils with a higher pH. Therefore, it is
true that in the process of transition from one envi-
ronment to another during the study of behavior of
metals in soils, an important factor is specific chem-
ical properties of the element. Table 1 shows the
concentration of certain chemical elements in differ-
ent areas of the Siverskyi Donets Valley, located
within the radius of 10 km from the Zmiiv TPP (Ta-
ble 1). For the amphoteric metal Al, a direct correla-
tion between the content of the element and the pH
is observed, which can be related to the appearance
of AIO; anions — in an alkaline medium (Table 1).

The analysis of the received data on HM con-
tent in the soils on the territory of impact of emis-
sions from Zmiiv TPP has shown that the most dis-
seminated pollutants in the area are Cu, Br, Co, V,
Cr (Table 2). The level of contamination was deter-
mined when comparing the obtained results of the
chemical elements content with the maximum per-
missible concentration and clarke content of chemi-
cal elements for the soils. Thus, the most polluted
areas are located within 10 km from TPP. This coin-
cides with the research of other objects: natural ter-
ritorial complexes along the river of the Siverskyi
Donets, urban landscapes of towns and villages
[26, 27].

To determine the degree of contamination there
were used the coefficient of the soil pollution con-
centration [28]:

PbCI‘zO7, SI‘CFO4, SI’CI’207, SF(V03)2,
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Table 1
Content of HM in the soils (mg/kg) with different pH (2017-2019 years)

Number

of test Place of sampling pH Fe Si Al Zr

section
1 Central floodplains 7.9 3.5 33 7.0 0.20
2 Back marsh 6.6 2.5 30 0.7 0.05
3 Hills of the pine forest terrace 4.97 2.5 28 0.5 0.05
4 Raised sections of the floodplain 7.2 35 33 7.0 0.30
5 Low sections of the floodplain 7.8 35 33 6.5 0.50
6 Wetlands of the riverbed floodplain 7.6 35 33 6.0 0.15

Clarke content of elements in the soils, % [25] 3.8 33 7.13 | 0.03

_C
c Cf’

and the coefficient of polyelement contamination
[4, 28]:

C )

C
C,=—— 2
el MPC ()

ne C is the actual concentration of the chemical
element;

Ct is the background concentration of the chem-
ical element;

MPC is maximum permissible concentration of
the chemical element.

According to the obtained results (Table 2) all
soils near the TPP can be referred to as very contam-
inated because, according to classification [27, 28]
maximum values of C are between 1.6-33.3. In the
following sequence the spread in values of Ce is
given, while in brackets there are values of Ce with-
in 10 km from Zmiiv TPP: V 0.05-2 (0.13); Co 0.5—
6 (1); Cu 2-16.7 (4.7); Ni 1-12.5 (1.5); Pb 0.2-1.6
(038), Pbmobile 1-8.3 (2), Cr 1.7-33.3 (043), Zn
0.5-6 (0.52). Thus, at the distance of 10 km the soil
is heavily polluted by copper and the mobile form of
lead. It is average polluted with Co and Nij; the level
pollution is even lower with other metals. However,
the general level of pollution at the distance of 10
km is very high.

HM concentration depends of the type of soils
in the Siverskyi Donets Basin. On the left bank there
are soils with high humus content: high buffer soils
— ordinary medium-humic black earth, typical me-
dium-humic clayey black earth, deep soil residual
salty black earth (on one and two-loess terraces); as
well as low buffers — sod, weak and medium pod-
zolic sand and clay sand and sod sand under conif-
erous forests (on the pine terrace) [29]. Typical
black earths are characterized by a high content of
organic matter and the degree of humification, low
content of free humic acids and high content of ac-
ids associated with Ca. In Table 2 test sections 7—14
correspond to the left bank and (15-18) to the right

bank.

On the right bank there are high buffer soils:
medium- and heavy-loamy and clayey, dark gray
and gray podzolized, ordinary black earth medium-
humic (at the watershed), and meadow and mead-
ow-black-earth deep-salted (on the floodplain) [29].
Black-earth-meadow soils differ from typical black-
earth by a smaller humus reserve and degree of hu-
mification, a higher content of free humic acids and
a lower content of humic acids associated with cal-
cium.

The analysis of the obtained data (Table 2)
shows that in highly humic soils, able to form com-
plexes with metal ions (test sections 1-8), the max-
imum values of HM concentrations are higher and
the variation of concentrations is wider. This applies
to all HM except Pd, Zn and Cd. In the latter case,
metal concentrations are very small. Zn is the only
metal whose maximum accumulation does not
change over the studied territory of the Siverskyi
Donets Basin. The maximum concentrations of Pd
and Ni depend very little on the soil type.

The patterns of accumulation of chemical ele-
ments can be characterized by accumulative series
by the maximum values of the element concentra-
tion in soil and Ce [28, 30]. For the left-bank test
sections of the Siverskyi Donets Basin, the accumu-
lative series looks as follows by the maximum metal
concentration:

Sr,V>Cr>2Zn>Cu, Ni>Pb>Co>Cd;

for the right-bank sections it is:

Zn>Sr>V>Cr>Pb>Ni>Cu>Co > Cd.

Accumulative series by the maximum Cg value
characterize the ability of soils to deposit metal ions.
The coefficient of polyelement contamination can
be used not only for HM belonging to hazard class I,
but also for HM of hazard classes Il and Ill, since
their maximum soil content exceeds the MPC. For
the left-bank soils, the accumulative series is as fol-
lows:

Cu>7Zn,Co>Pb>Ni>Cr>V,;
for the right-bank soils it is:
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HM content in the soils of test sections in the zone of Zmiiv TPP influence, mg/kg

Table 2
2017-2019 years)

Number Place of sampling

of test | (distance from the source of Cd | Cu St Co Zn v Ni Cr Pb
section emission, km)
7 Slobozhanske town (1) <5 | 35| 300 8 140 60 4 200 35
Section near the TPP
8 (0.3-0.5) <3| 10 | 200 30 20 280 30 | 100 30
Gardens around the
9 Slobozhanske town (1.8) <3| 20 | 100 30 30 300 40 10 30
10 (Fz'f'd' station of Ovocheva | _ 4| 55 | 500 | 30 | 30 | 300 | 30 | 80 | 20
11 (Fl'g')ds' village of Blagodatne | _ 5 | a5 | 59 | 30 | 100 | 300 | 50 | 100 | 30
Fields, farm of Shebelinske
12 (village of Donets) (3.5) <3| 20 | 100 30 50 280 30 | 100 30
13 Resort house (> 8 km):
raised sections of the central 3 14 50 5 12 20 6 14 12

floodplain

low sections of the floodplain | 4 | 25

250 16 35 100 | 30 90 14

hills of the pine forestterrace | 3 | 30

100 6 30 50 15 25 10

14 village of Hyniivka (> 11km):

low sections of the central

floodplain 4 30 | 300 10 27 70 40 | 100 17
levelled _sectlon of the central 4 50 50 8 50 70 30 100 10
floodplain
wet oxbow on the riverbed
floodplain 4 50 80 7 50 32 27 70 14
15 village of Zidky, (15.5) <51 6 30 2,5 90 7 4 10 6
16 village of Taranivka, (30) <5 16 | 100 4 50 30 7 30 50
17 town of Zmiiv, (18) <51 20 30 25 | 140 10 6 20 9
18 village of Borova (28) <5 | 20 | 110 8 50 80 12 70 14
Hazard class by impact of living
organisms [22] 1 2 3 2 1 3 2 2 1
Maximum permissible concentration
(MPC) in the soil, mg/kg [22] 0513 | - | 5 | 23 |10} 4 | 6 | 3
Clarke content of elements in the soils 05 | 20 | 300 8 50 500 40 200 10
[25], mg/kg

Cu>Zn>Pb>Co>Ni>Cr>V.

Thus, the soils of the Siverskyi Donets basin re-
tain Cu, Zn and Pb to a large extent.

On the basis of the obtained data, an analysis of
the impact of soil pH on the content of macro- and
microelements was carried out (Table 3). Depending
on the pH (Table 3), the concentration of Al changes
the most. There is a steady decrease in its concentra-
tion with increasing pH, the correlation coefficient
from pH is 0.6-0.9. Previously (Table 1), an in-
crease in the concentration of Al ions in an alkaline
medium was determined, assuming the formation of
AlO; anions. The apparent contradiction can be
explained in terms of Al accumulation in soils of
different types and in the form of compounds with
different solubility in water. For example, the for-

mation of mixed hydroxides or oxohydroxides of Al
and other metals in soils with an alkaline medium
will reduce the concentration of ions A+,

There is also a tendency of reduced concentra-
tion of zink with increased alkalinity of the medium.
For the microelements (Sr, Zr, Cr) the correlation
was not found. Concentration of Si hardly changes
with variable pH.

Decreasing level of soil pollution with heavy
metals. There are several approaches to lower the
level of soil pollution with HM:

— by reducing amount of emissions;
— by ensuring the use of ash and slag waste;
— by providing HM discrimination in the soil.

Reducing amount of emissions. The biggest

amount of HM enters the environment with products
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Table 3
Dynamics of HM concentration in the soils depending on the soil pH change, mg/kg
(Zone of Zmiiv TPP influence, 2017-2019 years)
Number . .
of test Place of sampling (f:hs_tance from Al si Sr 7r Cr 7n
section the source of emission, km)

11 Field, the village of Blagodatne (10)

6.06 6.5 32 50 30 100 | 100

19 Gardens around the Slobozhanske
town (2.5)

6.20 2.2 32 100 | 100 | 100 30

20 Field, the village of Blagodatne (12)

6.30 6.5 32 50 30 95 100

12 Field, the farm of Shebelinske (3.5)

7.04 3.8 33 100 | 500 | 100 50

21 Gardens along the highway near the
Slobozhanske town (2)

7.20 2.2 34 200 | 200 100 20

22 Field, the farm of Shebelinske (3)

7.30 3.8 33 100 30 100 50

10 Field, the station of Ovocheva (2)

7.33 3.8 32 200 | 300 80 30

23 Field, the station of Ovocheva (3)

7.40 3.8 32 200 | 300 80 30

The centre of the Slobozhanske
town (0.8)

24 7.50 2.2 32 100 | 100 | 100 30

8 Area near the TPP (0.3)

7.73 2.2 34 200 | 200 100 20

of combustion. The planned reconstruction of block
number 1 will allow to reduce its environmental im-
pact, increase efficiency and reliability. It is planned
to reconstruct the combustion chamber from the
open type into the "shoulder" one with gas-tight
screens, inflow burners and high-angle cold funnel.
In this case the capacity will increase by 14 %, and
the steam capacity — by 10 % while ensuring high
environmental friendliness of the combustion pro-
cess. Ash emissions will be reduced 27 times.

Waste gases are cleaned in the \Venturi scrub-
bers, from where they come to the collector of pure
gas, exhauster and, finally, to the chimney. This
leads to the annual emission of about 84 thousand
tons of ash that is ~37 % of the total volume of
emissions into the atmosphere. The highest concen-
tration of dust particles in the emissions of the boiler
Ne 1 is 41.8 g/m®. To improve the situation it is pro-
posed to replace the Venturi scrubbers by electric
filters. Dust particles of combustion products are
ionized well and are current-carrying. Efficiency of
dusty gas flow purification (n) in the electric filters

can be estimated by Deyh formula

YV =

T]Zl—e e specn" )

where W, — velocity of particles in the electric field,
m/s;

Fspecit — Specific surface of electrodes sedimen-
tation that is equal to the ratio of the surface of the
elements sedimentation to the consumption of clean-
ing gases, ms/m?.

In the general case M of electric filters changes
from 95 % to 99 % and for Venturi scrubbers — from
70 % to 99 %. Thus, the electric filter can provide

more stable high efficiency of dust particles con-
finement.

Ensuring the use of ash and slag waste. Ash
and slag waste of Zmiiv TPP go to the ash dump,
which is filled by 95.8 % to the moment. HM in-
gress into the soil from the ash dump can be possi-
ble with its dust pollution and with the drainage wa-
ter when leaching of HM from slag and washing
away highly refined factions of ash. The place of
ultimate accumulation of HM from ash and slag is
the soil.

As the construction of the new ash dump and
reconstruction of the old one is not planned in the
near future, the problem of waste accumulation
should be solved by way of its utilization in other
industries. The most appropriate method is ash and
slag utilization in production of cement. Ashes of
TPP consist mainly of SiO, and Al,Os. The content
of CaO does not exceed 5 %. Due to similarity of
chemical and mineralogical characteristics of the
fuel and blast-furnace slag, one should not expect
major differences in producing and hardening of the
cement which contains ash and slag. Ingredients
used in the production of cement slag waste must
meet specified requirements [31]. Fuel ash and slag
are used as both active additives to cement and as
components of the cement raw mixture. Concretes
based on ash and slag are characterized by twice
reduced cycle of steam curing. Products with the
addition of ash are frostproof and resist aggressive
environment better. Furnace granulated slag may be
considered as a less hygroscopic additive to cement
in comparison with the furnace slag. Ash is used as
a mineral additive in asphalt and in place of sand in
expanded-clay concrete.

Providing HM discrimination in the soil. Dis-
crimination of heavy metals in the soil implies HM
inactivating, weakening their attacks on living or-
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ganisms, reducing their content in crops. Technigques
to detoxify excess of HM in the soil include intro-
duction of lime and application of organic ferti-
lizers.

When liming the soil HM ingress to the plant is
reduced. This can be explained by several reasons:

1) due to increasing pH heavy metals sedimen-
tate from interstitial water in the form of hydrox-
ides, carbonates and phosphates;

2) as a result of increasing pH and availability
of Ca? in the soil content, the ability of plant roots
to absorb some heavy metals, in particular Pb, de-
creases;

3) liming promotes the formation of complexes
of organic substances of the soil with HM [32].

Conclusions. As a result of studying the level
of the soil pollution with heavy metals near Zmiiv
TPP it was found that:

— the most polluted area is that within 10 km
from the source of emission;

— the most common pollutants are Cu, Sr, Co,
V, Cr, which, we think, is quite logical: V, Cr are
anionogenics, acid residues are formed in slightly
alkaline soils and together with HM they form in-

soluble or slightly soluble compounds, that leads to
their accumulation. This concerns Cu, Sr, Co;

— with V and Cr availability in the soil the
following compounds are formed: SrCrQO4, SrCr.07,
SF(VO3)2 Zn2V207, Zn3(VO4)2, Zn(VO3)2;

— correlation between pH and the content of
macro- and microelements in different soils is de-
termined. The highest correlation coefficient is be-
tween pH and Al concentration (0.6-0.9);

— the soils of the Siverskyi Donets Basin con-
tain Cu, Zn and Pb to a greater extent. In the left-
bank soils with high humusness and the ability to
form complexes with metal ions, the maximum val-
ues of HM concentrations are higher and dispersion
of concentrations is wider.

To reduce soil pollution with HM near Zmiiv
TPP we propose the following: to reconstruct the
boiler unit, that will result in reducing ash dust
emissions containing HM 27 times; to set the elec-
tric filter for retaining ash from exhaust gases; to
use ash slag waste in the production of Portland ce-
ment; to carry out periodic liming of soils on the
areas near Zmiiv TPP with the purpose of HM dis-
crimination.
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EVALUATION OF SOIL CONTAMINATION BY HEAVY METALS
IN THE ZONE OF TPP INFLUENCE

Abstract. Thermal power engineering takes one of the first places by the scale of the impact on the en-
vironment. Thermal power plant emissions are mainly deposited on the ground. Soil compounds, binding
heavy metal ions (HM) for a long time, prevent their migration. The buffer capacity of the soil for metals
depends on many factors: soil composition, acidity, complexity, oxidation—reduction,sorption—desorption,
etc. Examination of the HM content in the soils is necessary for monitoring the environment, its protection
from pollution. One of the largest pollutants in Kharkiv region is Zmiiv TPP.

The goal of the work is to find out peculiarities of heavy metal contamination of the soil near the Zmiiv
TTP and develop recommendations on improving the situation.

In order to reach the goal, the following tasks have been solved: features of accumulation of various
heavy metals in the soils have been specified, dependence between the soils pH and presence of certain
chemical elements in them has been defined, dependance between the content of contamination and devel-
opment of slow soluble compounds in the soil has been studied.

Research methodology. The main principle of control for soil contamination is checking of concentra-
tion compliance with the established maximum permissible concentration (MPC) and approximate permissi-
ble concentration (APC). HM concentrations in the aqueous extract from the soil were determined by the
atomic-emission spectral analysis, atomic absorption analysis and by the method of capillary electrophoresis.
To determine the composition of the solid inorganic part of soils X-ray phase analysis was performed.

Results of research. It is established that the most polluted areas are located within 10 km from TPP.
The most disseminated pollutants in the area are Cu, Br, Co, V, Cr. The soils of the Siverskyi Donets Basin
retain Cu, Zn and Pb ions to a large extent.

Scientific novelty. Metals V, Cr are anionogenics, acid residues are formed in slightly alkaline soils and
together with HM they form insoluble or slightly soluble compounds leading to their accumulation. Com-
pounds SrCrQa, SrCr.07, Sr(VOs)2, Zn;V207, Zn3(VO4)2, Zn(VOs), were found in the soils. Based on the
determination of the coefficients of poly-elemental contamination, it is shown that maximum concentrations
of HM are higher and variations of concentrations are wider except Pd, Zn and Cd in the soils with high hu-
mus, buffering and ability to form complexes with metal ions. The correlation relationships between pH,
macro- and i microelements in various soils are determined. The highest correlation coefficient is between Al
concentration and pH (0.6-0.9).

Practical significance. Recommendations have been developed to reduce the level of soil contamina-
tion near Zmiiv TPP: reconstruction of the boiler unit, installation of an electrostatic precipitator to collect
ash, using ash and slag waste in the production of Portland cement, liming soil for discrimination of HM.

Keywords: soils, heavy metals, pollution, emissions, thermal power plants, pH soils.
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ITPABHJIA O®OPMJUIEHHS MATEPIAJIIB,
O INOAAIOTBCA 10 «BICHUKA XAPKIBCBKOI'O YHIBEPCUTETY»

Ho ,,Bicanka XapkiBcekoro HarioHanbHOTO yHiBepcureTy imeHi B.H. Kapasina”, cepis ,,I'eomnoris. Teo-
rpadis. Exonoriss”, mpuiiMatoThCsl HayKoBi cTaTTi 06csrom 6inst 40 THC. 3HAKIB, IPUCBAYCHI TOCITIHKEHHIM Y
rajy3sx reojorii, TeoxiMii, rigporeosorii, reorpadii, eKOHOMIYHOI Ta coliayibHOI reorpadii, exomorii, a Ta-
KOXX CYMDKHHX TUCIUILTIH. MaTepianu MOXyTh OyTH IMpeCTaBlIeHI YKpaiHChKOI, POCIHCHKOI0 a00 aHTIiii-
cpKor0 MoBaMu. [lepeBara Hagae€ThCS aHITIOMOBHHMM CTATTAM. PirieHHs mpo myOuikarito mpuiAMaeTbes peaa-
KLIHHOIO KOJeTi€lo ,,BicHUKa”, MpHU bOMY KOKHA CTaTTs PELIEH3YEThCS IBOMa BUEHMMHU — (paxiBIsAMHU y Aa-
HIA TEMAaTHUIl.

Marepianu NOAAIOTECS y IPYKOBAHOMY a00 B €JIEKTPOHHOMY BUIVISZI Ta HAJCHIAIOTHCSA HA EIEKTPOHHY
nomry geoeco-series@karazin.ua. ExexkrponHa Bepcisi opopmimoerbest y dpopmari Microsoft Word, mpugt
Times New Roman, po3mip 14, mixpsaakoBuit inTepsan 1,5, Bci mons mo 2 oM, Bigctyn s ad3airy — 0,75 cm.
Kupuum mpudToM BUAISIOTHCS MiA3aroloBKY y cTaTTi. LmocTparii, BKitodarouu rpadiku i cXeMu, MartoTh
OyTH po3MillieHi Oe3MocepeIHhO B TEKCTI, a TAKOXK MojnaHi okpemumu Qaiinamu. Ckpisb, e MOXKIHMBO, JAOITi-
TBHIIIE BUKOPHUCTOBYBAaTH Tpadiku, a He Tabmuii. OpieHTallis CTOPIHOK — KHIKKOBA. BUPIBHIOBaHHA CITiJ
POOHTH MO MIUPHHI CTOPIHKH.

3rigao Bumor JJAK Ykpainu opuriHansHa cTarTs y (haxoBOMYy BHJAHHI Ma€ CKJIAAATHCA 3 TAKUX PO3JIiTiB:

1. ITocTaHoBKa Npod/IeMHU y 3arajJbHOMY BUIVIAL Ta ii 3B°SI30K i3 BaKJIMBHUMHU HAYKOBUMH M HPAKTHY-
HUMH 3aBJaHHIMH.

2. AHaJIi3 ocTaHHIX H0CTiIKeHb i myQuikamiii, B SKMX 3all04aTKOBAHO PO3B’sA3aHHS MOPYIICHOI MPO-
Onmemu, Ha SKi COUPAETHCS aBTOP; BUIIUICHHS HEBHUPIIIEHUX paHillle YaCTHH 3arajibHOI MPOOIeMH, SKUM TpH-
CBSIYY€THCS CTATT.

3. BujinieHHst HeBUpilIeHNX paHillle YACTUH 3arajbHOI NPO0JIeMH, SIKUM MTPUCBIYYETHCS CTaTTH;

4. ®opMyTIOBaHHS METH CTATTi (TOCTAHOBKA 3aBIAHHS).

5. BUKJIal OCHOBHOTO MaTepiajy A0CJTiIzKeHHs 3 TTOBHUM OOIPYHTYBaHHSIM OTPHMaHUX HAayKOBHX pe-
3YJIBTATIB.

6. BUCHOBKM 3 TOCII/DKEHHS 1 IEPCIEKTHUBH MOJATBIITNX PO3BIIOK y IEOMY HAIIPSIMi.

st crareit HeoOxinHo Bkazatn YK, monatu HasBy (10 10 cniB), aHoTaniro (He meHmre Hix 1800 3HaKiB)
Ta KIIH04O0BI cyioBa (8-10) ykpalHCHKOIO i pOCIHCHKOI0 MOBaMHU.

Ha oxpemomy apkymri HamaeTbest iHGoOpMaIlis Ipo aBTopiB (TIpi3BHINE, iM’S Ta MO-0ATHKOBI, TOBHA Ha3Ba
oprasizailii, mocajaa, BUYCHUH CTyIiHb 1 3BaHHs, HOIITOBa ajapeca, TeiaedoH, e-mail, ORCID) ykpaiHchKoro,
POCIHiCBKOIO ¥ aHITiChKOI0 MOBaMU. KiTbKiCTh aBTOPiB HE TOBWHHA MEPEBUIIYBATH 3 (SIK BUKIIOYEHHS — 70
5). Ilepenik nocunanb opopmitoerses 3riano 3 JACTY T'OCT 7.1:2006. o nepeniky 000B’s3K0BO OBHHHA
OyTH BKIIIOUEHA JIITEpaTypa 3a OCTaHHI I1’SITh POKIB, Y TOMY YHCIIi 3aKOP/IOHHA, & caM IepesliKk MOBUHEH Mic-
TUTH HE MEHIIe HixK 20 MOCHIIaHb.

Takoxx € HEoOXiTHUM pO3ropHYTHi pedepar aHTIIHCHKOI MOBOIO, OGOPMIIEHUH 3TiTHO MIXHApPOTHUX
BHMOT JI0 HAyKOBHX BHJIaHb. Pedpepar moBuHeH mMaTu:

— o0csr ue menire Hix 2500 3HaKIB,

— iHpOpMATUBHICTH (HE MICTUTH 3arajJbHUX CIIiB),

— OpUTiHaJBbHICTh (He OyTH KaJIbKOIO pOcCiiicbkoi ab0 yKpaiHChKOT aHOTali1),

— 3MICTOBHICTb (BiZOOpakaTu rOJIOBHHMA 3MICT CTATTi Ta PE3yNbTaTH JOCTIKEHB),

— CTPYKTYPOBaHiCTh (HasIBHICTH OOOB’SI3KOBUX €JIIEMEHTIB: Mema, Memoouxa, pe3yibmamu, HayKoea HOGU-
3HA, NPAKMUYHA 3HAYUMICTb, KTI0Y08I C1064).

[Micns pedepary HeoOxigHo HaBectn References — mepeknaneHuit aHIIIHCHKOI CHHCOK BHKOPHCTaHUX
JpKepen, sIKui Mae Oyt odopmiieHui 3rizHo MikHaponHoro craHzapty APA (American Psychological
Association). /1o CIIMCKIB BUKOPUCTAHOI JIITEpaTypH y CTarTsAX HeoOxigHo moxasatu DOI mxepen (3a HasB-
HOCTI).

Pyxonucu, He odopMIieHi HaSKHUM YHHOM, HE IPUIMAIOThCS 710 MyOmiKarii.

Penakiiis 3anuinae 3a co00r0 MpaBo MPOBOIUTH PEAAKIIHHY MPABKY PYKOIIUCY.

V pasi nepepoOKH CTAaTTiI aBTOpaMH JaTOI0 HAAXOMHKEHHsI PYKOITUCY CTATTi B PEAAKIIiI0 MPUAMAEThCA aTa
il MOBTOpPHOrO HaJCHIAaHHA. 3a BiIMOBH y MyOiKauii poO0TH pyKONKCH cTaTed aBTOpaM He MOBEPTAIOTHCS.

[Ipu migTBepKEHH] MO3UTHBHOTO PIllIEeHHS HA MYyOJIKAIlil0 CTaTTi, aBTOp Mae€ OpOPMUTH Ta HaJicIaTH
3roly Ha MyOiKaLio Ta ONPHIIOIHEHHS IEPCOHATIBHUX JaHUX.
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VIIK 551.24.548:242.7:248(477)
Onexciit Baunasosuu bapmauiyk,
K. TEOJL. H., JIOIICHT, 3aB. BiJILTy Ta30BUX PECYPCiB YKPaiHCHKOTO HAyKOBO-IOCIIITHOTO
IHCTUTYTY IPUPOAHUX ra3iB, | iMHaziitHa Hao., 20, M. Xapkis, 61010, Ykpaina,
e-mail: alekseybart@gmail.com, http://orcid.org/0000-0001-7831-6134

CUCTEMHA OPTAHI3AIIA JU3'FOHKTUBHOI TEKTOHIKHA KOHCOJIIJIOBAHOI'O
OYHIJAMEHTY JHIITPOBCBKO-JOHELBKOI'O TAJIEOPUDTY.

Cmamms € 3aKI0YHOI YACMUHOW MPUNO2Ti, WO BUCGIMIIOE CUCMEMHY OP2aHi3ayil0 pPO3IOMHOI MEKMOHIKU KPUCIATIYHO20
gynoamenmy JIninposcoko-l{oneyvroco naneopugpmy ([AAI1). Ilpu pecionanrvHux 2e0mMeKmMOHIMHUX OOCHIONCEHHAX CIMPYKMYDHUX
DPUCYHKIB DO3NOMHUX cUCmeM OOKeMOPIlicbKo20 QyHOamMenmy enepuie UAGIEHO aHCamOni cCmpykmyp 06 €MHOI meKmoHiuHoi meuil,
AKI 3yMOBIeH] 308U208UMU 0eOPMAYIAMU KPUCIATTYHUX 2IPCOKUX NOPIO | 20PU3OHMATLHUMU NEPEMIleHHAMU 2eOMACUBI8 8 MeXHCax
yiei pugpmorennoi sHympiwnvonaummuoi ceocmpyxmypu Capmamcovkoi naumu. ...

Kniouogi cnoga: oepopmayii 2opuzonmansio2o 306ucy, CmpyKmypHuil pUucyHoK, MexaHizmu mexkmoHiuHoi meuii, cmpyKmypHo-
KiHeMamu4Huli naparexes.

A.B. Bapmauwiyx. CHCTEMHAA OPTAHU3AITHA JTH3BIOHKTHBHOW TEKTOHHKH KOHCOJIHTHPOBAHHOIO
OYH/IAMEHTA JTHEITPOBCKO-/IOHEIIKOI'O IIAJIEOPUH®TA. Cmambs s611emcs 3aKI0YUMENbHOU YACMbI0 MPUNLOSUU,
ocgewaruell CUCMEMHYI0 OP2aHU3AYUIO DA3IOMHOU MeKMOHUKYU Kpucmaniuieckozo @ynoamenma Jnenposcko-/Joneykozo na-
neopugpma (AI1). IIpu pecuonanbHbix 2e0MEeKMOHUYECKUX UCCTE008AHUAX CIPYKIMYPHBIX PUCYHKOE PASIOMHBIX CUcmem 00KeMOputl-
CK020 hyHOameHm enepevie 8biAGIeHbl AHCAMOIU CIMPYKMYP MEKMOHUYECKO20 medeHUs, KOmopble 8bl36aHbl CO8UL08bIMU Oedopma-
YUAMU KPUCMALTULECKUX 20PHBIX NOPOO U 20PU3OHMATLHBIMU NepeMeeHUAMU 2eOMACCUB08, 8 Npedelax Mol pugdhmoeeHHOU 6HYM-
punaumot ceocmpykmypvt Capmamckoui naumal. ...

Kniouesvie cnosa: degpopmayuu 20pu3onmanibHo20 co8ued, CMpyKmMypHuill pUCYHOK, MeXAHUIMbl MEKMOHUYECKO20 MedeHUs,
CMPYKMYPHO-KUHEMAMUYECKUL NapazeHes.

Beryn. BeranoBieHo, 1o BHYTpIlIHS KiHEMaTHKa JIITOC(HEepH NPOSBISETHCS Y BEPTUKAIBHUX 1 TOPU30-
HTAJTBHHUX TEPEMIIIEHHAX TeoMac. BigOuTkamu mepmmx € miamipw Ta MarMaTH4YHI OCEPEeIKH Pi3HOTO pedo-
BUHHOTO CKJIaAy 1 TMTUOWHHU MPOHUKHEHHS. CTPYKTYPHUMH MPOSBAMH TOPU30HTAJIbHUX MEPEMillleHb Tipch-
Kux mopif € aedopmaniiini crpykrypu TektoniuHoi Tedii (CTT). Tomy, npu BUBYEHHI TEKTOHIUHOI OyIOBH
TEOCTPYKTYP CIIiJ] BpaXxOBYBaTH KMOBIpHICTH KOMOIHOBAHOTO €()eKTy JBOX TOJIOBHUX CTPYKTYPOYTBOPIOKOUNX
(hakTOpiB — MarMaTUYHOTO Ta TEKTOHIYHOTO, SIKHH pealli3yeThcs 3a MeXaHi3MaMHu 00'€éMHOi Tedil TipChKHUX
MopiI. ...
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SYSTEM ORGANIZATION OF DISJUNCTIVE TECTONICS OF
CONSOLIDATED BASEMENT IN DNIPRO-DONETS PALEORIFT

Formulation of the problem. Getting knowledge of the processes and mechanisms of the rocks tecton-
ic flow is important both for geotectonics and for oil and gas geology as horizontal displacements and rota-
tion of geological blocks in creep dislocations form secondary deformation structures. ...
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