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[onoBHa meTa XypHany “[eonoris, reorpadis Ta reoekonoris” nonsarae y ny6ni-
Kauii BUCOKOAKICHMX AOCNIAHNLbKUX POBIT Ta 3a6e3neyeHHs BIAKPUTOro JoCTyny
[0 CTaTeiA, LU0 BYUKOPUCTOBYHOTH Lito MiaTchopmy. 36ipka HayKoBMX Npatb MiCTUTb
pe3ynbTaTh HaYKOBWX LOCAILKEHb B rany3i reonoriyHmx, reorpagiyHux Ta reoe-
KOMOTiYHMX HayK. MaTepianu >ypHany npusHadyeHi Ans BUKNafadis, HayKoBUX
CMiBPOGITHWKIB, acMipaHTiB i CTYAEHTIB, AKi CMeLiani3ytoTbea Y BifMoBigHUX abo
CYMDKHUX rany3sx Hayku. 36ipHUK BK/IHOYEHO A0 nepeniky (haxoBux BUAaHb, B
AKNX MOXKHa NMy61iKyBaTU OCHOBHI pe3y/bTaTy AycepTaLliiiHux pobiT Ha 3006yTTs
HayKOBOr0 CTYMeHs JOKTOpa i KaHAMAaTa reonorivHmx Hayk. [lo ny6nikauii npuii-
MatoTbCA CTaTTi, AIKi HanMcaHi aHrNiCLKOK MOBOIO 3TifHO 3 NpaBKNaMn A41s as-
TOpiB Ta OTPMManM NO3UTUBHI peKoMeHAauii peLeH3eHTIB. Cdepa po3noBCroa-
XKEHHS: MiDKHapOAHWUI HayKOBWIA XXypHan. Bcim omy6nikoBaHUM CTaTTaM GYAyTb
npu3sHayeHi DOI, HagaHi Cross Ref.
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Alokhin V.1, Tikhlivets S.V., Murovska A.V., Puhach A.V. Journ.Geol.Geograph.Geoecology, 27(1), 3-11

Mineralogical features of the clastic dykes of the Eastern Carpathians Skybova zone

V. I. Alokhin!, S. V. Tikhlivets?, A.V. Murovska®, A. V. Puhach®

! Donetsk National Technical University, Pokrovsk, Ukraine

e-mail: vikalex1414@gmail.com

2Kryvyi Rih National University, Kryvyi Rih, Ukraine

e-mail: tikhlivets.svetlana@gmail.com

3The Institute of Geophysics of the National Academy of Sciences of Ukraine, Kyiv, Ukraine,
e-mail: vikalex1414@gmail.com

Summary. We determined several areas with outcrops of clastic dikes which occur in

Received 03.03.2018; the rocks of the Menilite suite of the Upper Paleogene period in the so-called Skybova
Received in revised form 11.04.2018; zone [Ukr. Ckn6oBa 30Ha — the largest tectonic zone within the Carpathian folded struc-
Accepted 16.06.2018 ture. The word “skyba” derived from Polish, and is used in relation to nappe — Transla-

tor‘s Note ] of the Eastern Carpathians. The objective of this article is to reveal the
peculiarities of bedding, mineralogical composition and structural-texture peculiarities of the clastic dikes of the Sukyl, Stryi and
Skhidnytsia river basins. During our research, we used the method of field structural-geological surveys, traditional method of labora-
tory analysis of mineralogical-petrographic composition of rocks in thin sections. As a result, we studied the conditions of bedding of
clastic dikes, mineral composition and structural-texture peculiarities. We determined that the dikes are represented by aleuro-sandstone
and aleurolite with quartz-carbonate cement. Aleurolite most often represents pre-selvage parts of dikes. Mineral grains are mostly
formed by quartz of different degrees of roundness. In the selvages of the studied dikes, we observed a decrease in the sizes of mineral
grains, enrichment of these parts of dikes by organic compound, increase in the content of carbonate minerals in the rock cement and
numerous microdeformations of mineral grains. Also we determined an insignificant content of ore minerals in some studied plots.
Additional analysis conducted for a polished sample which characterizes the vertical section of dike in the area of the river Sukyl
allowed us to determine the structural signs in its selvages, indicating injection character of dikes* upward introduction to the bearing
rocks. We studied the microdeformation of dikes* mineral grains, which are represented by veinles, microfaults and microshifts with
clear mixing of their fragments. The obtained results indicate the formation of clastic dikes of the Skybova zone of the Eastern Carpa-
thians in conditions of compression, when relatively flexible material of selvages of the dikes, represented by carbonates and organic
compound, contributed to the introduction of the latter to the layer of flysch through the system of tectonic faults of north-west stretch.

Key words: Eastern Carpathians, Skybova zone, argillites, aleurolites, aleuro-sandstones, clastic dikes, mineral composition of the
clastic dikes, microdeformations.

MiHepanoriyHi oco6MBOCTI KNnacTUYHMX fanok CKn6oBoi 30HM CxigHux Kapnat

B. I. AnboxiH !, C. B. Tuxnmeub?, A. B. Myposcbka®, A. B. Myrau?

1 IBH3 «[loHeLbKMiA HaLioHaNbHUIA TexHIYHUA yHiBepeUTEeT», MOKPOBCHK, YKpaiHa,
e-mail: vikalex1414@gmail.com

2 IBH3 «KpuBopi3bKuii HaLioHanbHWUiA yHiBepcuTeT», Kpuenii Pir, Ykpaina,

e-mail: tikhlivets.svetlana@gmail.com

3 IHcTUTYT reocpisukn HAH YKpaiuu, Kuis, YKpaiHa, e-mail: vikalex1414@gmail.com

AHoTaLisl. BCTaHOBMEHO KiflbKa AiISIHOK i3 BUXOAaMM KNaCTUYHUX Aali0K, fKi TpanistoTbCcA B NOPOAAaX MEHINITOBOT CBITW BEPXHLOI0O
naneoreHy B CKn6oBiii 30Hi CxigHvx KaptnaT. MeTa foCnifKeHHS — BUCBIT/IEHHS 0COB/IMBOCTEN 3ansraHHs, MiHEPasiorivyHOro cKnagy
i CTPYKTYPHO-TEKCTYPHUX 0COBIMBOCTEN KNAaCTUYHMX AaiioK 6aceliHiB pik Cykinb, CTpuia i CxigHuus. 3aCTOCOBaHO METOAMKY MOSb-
0BUX CTPYKTYPHO-Te0NorivYHNX AOCNiAKEHb, TPaguuiiHy MeTOAMKY nabopaTopHMX AOCHiMpKeHb MiHepanoro-neTporpadiyHoro
cKnagy nopifg y wnicgax. Y pesynbTati BUBYEHO YMOBU 3a18raHHSA KNaCTUYHWX Aa0K, AOCNIAKEHO MiHEpaNibHUIA CKNag, i CTPYKTYPHO-
TEKCTYpHi 0c06/IMBOCTI. BCTaHOBNEHO, LU0 AaiiKv NpeaCcTaBneHi aneBponicLliaHmKamu ii aneBponiTaMmu i3 KBapL-kapboHaTHUM LiEMEeH-
TOM.
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AneBponiTOM yvacTille npeAcTaBeHi Npr3anbbaHAoBi YacTUHM AalioK. MiHepanbHi 3epHa CK1afieHi B OCHOBHOMY KBapLIOM
Pi3HOro CTyneHs 06KaTaHOCTI. B 3abbaHgax BUBYEHMX AAN0K BigMiYEHO 3MEHLLEHHS PO3MipiB MiHEpaslbHUX 3epeH, 36arayeHHs Lmx
[iNSHOK AainoK OpraHiYHOK PeYOBMHO, 36iMbLUEHHS BMICTY KapbOHATHMX MiHEpPaliB y LIEMEHTI MOPOAW i YMNCNEHHI Mikpogeodop-
Mauii 3epeH MiHepasniB. Tako)X YCTaHOB/IEHO HE3HAYHWIA BMICT PYAHMX MiHEpaniB Y AesAKNX BUBYEHMX [iNsSHKaX.

[lopaTkoBe BYBYEHHS MOMIPOBAHOI0 3pa3Ka, AAKNIA XapakTepu3ye BePTUKaTbHWIA NEPETUH Aaiku paiioHy p. Cykinb, 403BONNN0
B 11 3a/Ib6aHAaxX YCTaHOBUTMW CTPYKTYPHI O3HAKM iH’EKUIHOr0 XapakTepy NPOHMKHEHHS Jalik1 Yy BMICHI MOPOAU B HanNpsIMKY 3HWU3Y

Bropy.

BurBueHO MikpogedopmaLllii 3epeH MiHepaniB Aaliok, SiKi NpeacTaBneHi NPOXUIKaMu1, MIKpOTPILLMHaMK | MiKpo3CcyBamm 3 BU-

OUMUM 3MILLEHHSM X (hparMeHTiB.

OTpvMaHi pe3ynbTaTi BKasyHTb Ha ()OPMyBaHHSA KNacTUYHMX Jaiok CKnb0BOT 30HM CxigHux Kapnat B yMmoBax CTUCKY, KON
BifIHOCHO NAACTUYHWIA MaTepian 3a1b0aHAiB JaiioK, NPeaCcTaBNeHNA kapboHaTaMm 3 OPraHiYHOK PEYOBUHOKD, CMPUSE MPOHUKHEHHIO
OCTaHHIX y TOBLLY (Ailly MO CUCTEMI TEKTOHIYHMNX TPILLMH NiBHIYHO-3aXigHOMO MPOCTAraHHS.

KnrouoBi cnosa: CxigHi KapnaTu, CknboBa 30Ha, apriniTw, aneBponiTy, aneBponillaHnki, KnacTuUuHi Aaiikv, MiHepaibHWiA cKnag,

KnacTUYHUX faiioK, Mikpogedopmallii

Introduction. Relevance of the problem and
presentation of the task. Dikes are a broadly dis-
tributed form of rock bedding. They are stretched
bodies limited by more or less regular surfaces
which cross-cut the bearing rocks vertically or at a
steep angle. There are magmatic and clastic dikes.
The difference between them lies in their constituent
material: clastic dikes are filled with allothigenic
material. The condition of bedding, mechanisms of
their formation, peculiarities of morphology and
composition are substantially described in foreign
literature in English (Aspler, Donaldson, 1985; Eyal
, 1988., Kenkmann, 2003).

The relevance of the problem of studying the
clastic dikes in Ukraine, particularly in the Ukrainian
Carpathians, lies in the insufficient study of their
bedding conditions, mineralogical-petrographic
composition, mechanisms and conditions of their
formation. The peculiarities of the deformations of
dikes has also remained unstudied.

Currently, clastic dikes in Ukraine are practi-
cally unstudied, whereas in many foreign journals,
this topic is widely discussed . The studies by our
foreign colleagues in detail describe mineralogical-
petrographic peculiarities of dikes, their structure,
conditions of bedding and relationship with deep ho-
rizons, mechanisms of formation of clastic dikes
(Aspler., Donaldson, 1985., Eya, 1988., Kenkmann,
2003).

The outcrops of clastic dikes at the head of the
river Sukyl (Skybova zone of the Eastern Carpathi-
ans) were mentioned in the works by U. Vykhot* and
I. Bubnjak (Vykhot’, Bubnjak, 2011). In the Eastern
Carpathians, I. Bubnjak et al. determined several ar-
eas with outcrops of clastic dikes — in the rocks of
the Menilite suite of the Upper Paleogene near the
Skhidnytsia village, in the flint deposits near
Rybnik village in Drohobych Raion and in the
area of Boryslav (Bubnyak, Buchynska, Vnuk,
2013). The authors connect the formation of clastic
dikes with earthquakes before the main phase of the
Alpine orogeny. Also, the researchers emphasize the
deformation of these dikes. However, these works
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provide no detailed analysis of the mineral composi-
tion and structural-textural peculiarities of the clastic
dikes in this region, conditions of their bedding,
characteristics of their morphology and their change
in space, or the distinctive signs of their formation
mechanisms.

A more detailed characteristic of clastic dikes
with description of the formation mechanism, the di-
rection of movement of the dikes* material and usage
of clastic dikes for determining the overturned bed-
ding of the rocks on the example of the neighboring
region is provided by the Polish researchers
Barmuta. Et al (Barmuta, Barmuta, Golonka, 2014).

The first detailed description of the dikes
composition, conditions of their bedding, mecha-
nisms of their formation and their signs was made by
the abovementioned authors for clastic dikes of the
area in the Bubnyshche (the valley of the Sukyl)
(Alokhin, 2015, Alokhin, Tikhlivets, 2016).

The objective of this paper is to enlarge the
territorial area of the study of clastic dikes by per-
forming the following tasks: 1) detailed survey of the
bedding conditions of the dikes in the area of the
Sukyl river, the basin of the Stryi and Skhidnytsia
rivers; 2) study the peculiarities of the structure,
texture, mineral and petrographic composition
of the dikes in these regions using the standard
and microscopic methods; 3) to conduct a com-
parative characteristic of the dikes in different
areas of the Eastern Carpathians; 4) characterize
the formation mechanism of the clastic dikes.
Methodology and methods. During the study, we
used the methods of field structural-geological sur-
vey and the traditional methodic of laboratory anal-
ysis of the mineralogical-petrographic composition
of the rocks in thin sections. During the field sur-
veys, we studied the dike outcrops and the contain-
ing rocks, measured the elements of bedding of the
rocks and dikes, selected using standard methods
spatially-orientated samples of the clastic dikes in
each of the three plots. A transparent and polished
thin section was made out of each selected sample.
At the same time, the thin sections of the dike rock -
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horizontal and vertical , taken lengthways and as
cross-cuts in relation to the dike strike. Their micro-
scopic analysis was conducted in reflecting light and
penetrating light using the standard method of serial
petrographic and mineragraphic microscopes and
Olympus E-500 photo camera for microscopic pho-
tos. During the microscopic analyses of the rocks,
special attention was focused on the variations of the
mineral composition and the structural-texture pecu-
liarities in the central and pre-selvage parts of the
clastic dikes.

The obtained results and their analysis. In
the area of the Sukyl river valley near Bubnushche

village, the clastic dikes outcrop through the rocks of
the Upper Paleogene Menilite suite (Alokhin, 2015).
The containing rocks are represented by argillites,
aleurolites (occur more rarely) and grey aphanitic
carbonate rocks. The argillites lay under the car-
bonate rocks which, in the lower part of the horizon,
contain a layer of cavernous dark-grey limestone en-
riched with organic material. The monocline bed-
ding position of the rocks with a 20-30° angle of dip
towards south-west is proved by the angle azimuth
of 200-220°.

In the area of the Sukyl River, eight clastic
dikes of 2 to 12 cm thickness were found (Fig. 1).

3%\ 5-‘""“‘6 =
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Fig. 1. Schematic geological plan of the area of the clastic dike outcrops:
1 - overburden deposits; 2 - carbonate rocks; 3 - argillites; 4 - clastic dikes with their numbers (irrespective of the scale); 5 - the strata
bedding elements of the containing rocks and dikes; 6 - rupture; 7 - the area where the orientated samples for microscopic analysis

were selected; the Sukyl river and direction of its current.

The dikes transect the argillites and carbonate
rocks. Most of them have north-west strikes and was
observed from the distance from 2 to 15 m. Field sur-
vey of the dike form, their petrographic composition
and relationship with the containing rocks indicated
that the thickness and the dip direction of certain
dikes change along the strike. According to petro-
graphic composition, the dikes vary insignificantly:
most of them are composed of fine-grained sand-
stone gradually followed by aleurolite.

The most representative dikes of the area of
the Sukyl river are the dikes Ne 3, 5 and 6, for a de-
tailed analysis of which, we selected samples using
the standard methods and studied them macro- and
microscopically.

As a result of the field survey of dike forms,
their macroscopic peculiarities and relationship with

the containing rocks, we determined that the thick-
ness of dikes and their dip direction change along the
strike; petrographic composition of the dikes dif-
fered insignificantly. One dike (dike Ne 5) had a high
content of carbonate material, which manifested in
reaction with hydrochloric acid.

During the study of the thickest clastic dike in this
area (dike Ne 3), we determined change in its thick-
ness along strike and dip direction after crossing the
sub-latitudal faults. The relationship between the
dike and the containing rocks (argillites) is charac-
terized by rounded curves of the argillites* contacts
under the dike, which indicates the injection mecha-
nism of the formation and the direction of its inte-
gration (Fig. 2).



Alokhin V.I., Tikhlivets S.V., Murovska A.V., Puhach A.V.

Journ.Geol.Geograph.Geoecology,27(1), 3-11

= CLASTIC DIKE Ne3

P ; i ' P
BENDNG OF ARGILLITES UNDER THE INJECTION OF ¥
H DIKE y

P

Fig. 2. The pattern of relationhip between the clastic dle Ne3 and the containing argillites, which i-hdictes the injection mechanism

and the direction of the dike*s integration.

The clastic dike Ne3 is characterized by a
clearly zonal structure. Its pre-selvage part is repre-
sented by dark grey to black flint. The central part of
the dike is composed of grey flint aleuro-sandstone
(Fig. 3), selvage - aleurolite with veinlet texture (Fig.
4). Texture of the main rock mass is massive; the
structure is aleurolitic, aleuropsammitic, psammitic,
average-sorted. The content of fragments is 65-70%,
cement — 35-30%. Mineral composition of the rocks
in different sections of the dike Ne 3 is identical. The
main minerals are represented by quartz (70-80

o g
Fig. 3. Peculiarities of
a - white - quartz; green - glauconite; black - organic compound,;

mineral composition and structure of the rock which forms the central part of the dike Ne 3.

vol%) and glauconite (4-15%). Plagioclase, micro-
cline, sericite, muscovite, goethite, ore mineral were
also present in small amounts (0.5 to 5% each).

The cement is quartz-carbonate (20% of
quartz, 80% of carbonate) contact-basaltic. The
structure of the cement is microgranoblastic. The
dike rock contains injections of organic compound
(Fig. 3a). The quartz particles are sometimes cor-
roded and segmented by microfaults, and character-
ized by wavy type of extinction.

b - white to dark grey - quartz; dark green - glauconite; black - organic compound.

Light which penetrates; no analyser (a) and with analyser (b).
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In the zone of the dike selvage, the size of the
fragments decreases, the amount of cement increases
to 50% and higher. Here, the composition of the ce-
ment slightly changes - 80% is composed of organic
compound and iron hydroxides, and 20% is com-
posed of veinlets of carbonate minerals. The cemen-
tation type is porous-basal. The structure of the ce-
ment is amorphic. In this zone, microdeformations
are especially intense (Fig. 4). These peculiarities in-
dicate the compression conditions, in which the inte-
gration of dikes into the flysch occurred.

The dike Ne 5 in relation to the bedding con-
ditions and petrographic composition slightly differs
from the dike Ne 3. It transects only the carbonate
rocks and is formed by greenish-grey fine-grained
rock, which boils under the influence of hydrochlo-

."I e 1 i a
Fig. 4. Peculiarities of mineral composition and structure of rock which forms the selvage part of the dike Ne 3 (horizontal section to
the strike of dike).
a - white - quartz; green - glauconite, bright grey - carbonate; brown to black - organic compound;
b - grey to black - quartz; colored - carbonates; dark brown - organic compound.
Light which penetrates, without (a) and with (b) analyser.

During the analysis of the material of the dike
Ne5 using penetrating light, we determined that its
main body is composed of aleurosandstone. The tex-
ture is massive, the structure is aleuropsammitic av-
erage-grained. The fragments make up 70% of the
rock volume, cement - 30%. In relation to the extent
of roundness, the fragments are distributed as fol-
lows: rounded - 71%, insignificantly rounded - 20%,
not rounded - 9%. The cement is quartz-carbonate
(carbonate - 90%, quartz - 10%) and contact-basal.
The structure of the cement is crystallne, pelitomor-
phic, granoblastic.

In the rocks of the dike selvage, we observed
an increase in the amount of cement and in its com-
position - carbonate material and organic compound.
In the rocks of this part of the dike, we found an in-
creased amount of ore material (around 4%). We ob-
served numerous tectonic microdeformations - mi-
crofaults and microshifts. The latter shift the frag-
ments of quartzitic grains in one direction, which
could indicate an insignificant horizontal component

ric acid, which indicates the high content of car-
bonate material in the dike rock. During a more de-
tailed macroscopic analysis with a magnifying glass,
it was determined that the rock is pierced by numer-
ous microfaults filled with carbonate material. The
dike was monitored at the distance of more than 15
m, the average thickness is 5-6 cm, the azimuth of
the strike equals 305°, the dip direction is sharp and
directed south-west. It is characterized by a zonal
structure. The main part of the dike is composed of
greenish-grey fine-grained rock, where small green
injections of glauconite of up to 0.5 mm occur. Its
pre-contact parts are represented by dark grey to
black rock with high content of glauconite. The dark
color indicates a heightened content of organic com-
pound.

of the dike‘s integration to the flysch layer in the
conditions of compression.

Microscopic analysis of the dike Ne5 was con-
ducted not only by transparent light, but also by re-
flected light. The study of the polished section which
reflects its vertical section, enabled us to determine
a rapid transition from the aleurosandstone of the
main body to aleurolite in the dike‘s selvage. In the
rock, we found cavities and microfaults filled with
organic compound. We observed isometric grains of
pyrite (Fig. 5). In the dike, we also found magnetite
which occurs in the form of separate idiomorphic
grains and as injections to the quartz. Other discov-
ered ore minerals were goethite and ramified amor-
phic grains of marcasite. The amount of ore minerals
in the selvage zone is larger than in the main body of
the dike.

The analysis of the mineral composition and
structural-texture peculiarities of the dike Ne 6 indi-
cated that the rock of this dike is represented by al-
eurolite. The rock texture is massive, the structure is
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aleurolitic and average-sorted. The fragments make
up 60%, the cement - 40%. In terms of roundness,
the fragments are not rounded (80%), insignificantly
rounded (19%), rounded (1%). Mineral composition
of the dike‘s fragments is represented mainly by
guartz - — 93.5 vol %. The content of glauconite is
up to 4 vol %. Other minerals were: ore minerals —
1.5 vol %; plagioclase — 0.5 vol %; zircon — 0.2 vol
%:; sericite — 0.2 vol%; muscovite — 0.1 vol %.

The cement of the rock of the clastic dike Ne 6
slightly differs from the cement of the dike Ne 3. In
the cement of the first dike, the content of quartz is

‘.‘.. -

Fig. 5. Vertical section of the clastic dike Ne5 in the area of the Sukyl river.

up to 80%. The content of organic compound is up
to 15%, carbonate - 5%. The type of cementation is
basal. The structure of the cement is micrograno-
blastic.

As a result of the conducted studies, we can
conclude that the clastic dikes of the area of the
Sukyl river have no significant differences. They are
close in mineralogical and petrographic composi-
tion, the difference occurs in the compound of the
cementing material and percentage of the content of
the main minerals, and also in the amount of ore min-
erals.

a - pre-selvage zone of the dike; b - dike‘s selvage; grey - quartz; dark grey - carbonate cement; yellow - grains of pyrite.

In Eastern Carpathians, the outcrops of the
dikes were also found in the areas of the Skhidnytsia
and Stryi rivers (Rybnik area). On the left bank of
the Skhidnytsia, the outcrops stretch along 100 m.
The height of the cliff which opens the flysch layer
is 15 m. Thickness of the clastic dikes in this area
ranges from 10 to 30 cm. The largest thickness is
typical for the eastern dike. Their bedding signifi-
cantly varies, intense deformations of the dike bod-
ies occur (Fig. 6a, b). The eastern dike in the lower
part is divided into blocks (boudinages) shifted in
echelon one to another (Fig. 6 a), and the western
dike, in the lower part, is crumpled into a small fold
and disrupted (Fig. 6 b). In the dikes, we observed
numerous polished surfaces.

In the area of the Stryi river, rocky outcrops
stretch for more than 100 km, within which one clas-
tic dike was found. It has a north-west strike (azi-
muth of the strike is 330°) with dip direction towards
north-east at the angle of 80°. The dike‘s thickness
ranges from 8 to 15 cm. The dike is significantly de-
formed, it is especially clear in its lower part. We
found boudinage, many subhorizontal faults, pol-
ished surfaces (Fig. 6 d). At the height of 2.5 m, the
clastic dike is cut by the strike-slip fault in the flint
rocks which characterize the lower horizon of the
Menilite suite in contact with non-fragmented Eo-
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cene deposits. These rocks have a south-west dip di-
rection at an angle of 25-40°. We observed a shift of
the rocks in the north-east strike (strike slip) with
north-west dip direction at an angle of40-50°.
Microscopic studies were conducted using the
standard method with a polarization microscope.
The analysis of mineral composition and structural-
texture peculiarities of clastic dikes in the area of the
Skhidnytsia river indicated that the rock of this dike
is represented by aleurolite and aleurosandstone with
different percentage ratio of fragments and cement.
The texture of the rock is massive, the structure is
aleurolitic and average-grained aleuro-sandstone. In
some dikes, the number of the fragments equals
80%, the cement - 20%. According to the extent of
roundness, the fragments are not rounded (70%), in-
significantly rounded (25%), rounded (5%). The
fragments are formed by quartz (79 — 87 vol %),
glauconite (2 — 10 vol %), feld spar (0.5 — 5 vol %),
ore mineral (2-8 vol %). The number of glauconite
grains increased to 13 vol % near the dikes selvage.
The cement of the clastic dikes is represented by car-
bonate material with organic compound and mica.
The amount of carbonate rapidly increases in the ce-
ment of the dikes‘ selvages to 90 vol %. The same
pattern was observed for the organic compound

(Fig. 7).
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a) b)

border between the complexes

horizons of the complexes of rocks: 1 - argillites and
@ aleurolites; 2 - sandstones; 3 - horizon of flint rocks

Fig. 6. Clastic dikes in outcrops of the rocks of Menilite Oligocene suite.
a - b - Geological structures in the area of the Skhidnytsia river: a) - eastern dike; b) - western dike: c) - non-plunging fold in the west
area of the outcrop on the Skhidnytsia river plot; d) - dike in the outcrop in the area of Rybnik.

selvage

b

Fig. 7. Peculiarities of the composition and structure of the clastic dikes in the area of the Skhidnytsia.

a - white; dark-green - glauconite; black - organic compound;

b - white to dark grey - quartz; dark green - glauconite; black - organic compound.

The light which penetrates, without analyser (a) and with analyser (b).

In the dike from the area of the Rybnik near
the Stryi, the proportion of the fragments and the ce-
ment was - 75 % to 25%. The main mineral of the
fragments is quartz. The content of the quartzitic
grains in the fragments is 72 to 85 vol %. All thin
sections were observed to contain glauconite in the

amount of 2-3.5 vol %. The content of organic com-
pound in the dikes is up to 12.6 vol %. In the selvages
of the dikes, the size of the fragments rapidly de-
creases. Throughout the thin sections, we observed
the systems of oriented microdeformations which
are represented as flexible and fragile types. The mi-
crofaults are filled with organic compound.
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According to the obtained results, we can
draw a conclusion that the clastic dikes in the area of
the Skhidnytsia and Stryi rivers are close in mineral
and petrographic composition, variability of bedding
and relationship with the containing rocks. The dif-
ference is the larger amount of carbonate and organic
compound in the cement of the clastic dikes in the
area of the Skhidnytsia. The dikes in the area of the
Stryi river are characterized by a significant number
of microdeformations of mineral grains.
Conclusion. Dikes (magmatic and clastic) are a
common form of bedding. Dikes are stretched bodies
bordered by more or less regular surfaces. Clastic
dikes are different in their filling material (allothi-
genic). In Ukraine, such dikes have been rather
poorly studied, far more substantial results have
been obtained by our foreign collegues. Within the
country, clastic dikes are highly prominent in the ter-
ritory of the Eastern Carpathians. The plots where
the geological-structural study of the dikes was con-
ducted are the areas of the Sukyl, Skhidnytsia and
Stryi rivers. The thickness of dikes is rather variable:
3-12 cm in the area of the Sukyl river, 30 cm in the
area of the Skhidnytsia, and 5-15 cm near the Stryi.

Clastic dikes in the area of the Sukyl river
have a north-west strike and south-west dip direction
at steep angles. Also we observed changes in the
dikes* dip direction along the strike after crossing
tectonic faults. The observed shifts of the ruptures
were observed along the dikes. At the same time,
along the tectonic fault of sub-latitudal strike, right-
lateral shifts occurs in the part of the clastic dikes.
These facts indicate fragile deformations of the dikes
after their integration to the flysch layer.

Studying the dikes in the area of the Skhid-
nytsia and Stryi rivers indicated that they have a
complicated morphology and are highly deformed.
We observed boudinage of the dikes, shifts of dike
blocks in an echelon manner in the area of the Skhid-
nytsia. In the area of the Rybnik, the dikes are cut by
the shifts in the layers of rocks in the flint horizon.
The study of the morphology of the selvages of the
dikes also indicates the injection mechanism of the
dikes* formation. At the same time, the systems of
orientated ridges, fissures in the selvages indicate the
subhorizontal integration of the dikes* material to the
rock layer.

The injection mechanism of the dikes* inte-
gration in vertical direction is proved by the macro-
scopic study of a polished sample which character-
izes the vertical section of dike No 5 (area of the
Sukyl river). In the dikes* selvages, we found struc-
tural signs of the injection of the material upward
from below. An additional proof of the injection
mechanism of the formation of the dikes is a layer in
the underburden rocks, which is enriched with or-
ganic compound and the enrichement of the dikes*
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selvages with this compound. Also, we found a sharp
decrease in the sizes of the mineral grains in the area
of contact with the containing rock.

According to the microscopic analyses, clastic
dikes of the Skybova zona of the Eastern Carpathi-
ans are represented by aleuro-sandstones and aleuro-
lite with quartz-carbonate cement. Aleurolite is most
often represented in the pre-selvages zone of the
dikes. Here, we observed a heightened content of
carbonates and organic compound. Besides, in the
dikes* selvages, we observed numerous microdefor-
mations of the grains of minerals, manifested in
veinlets, microfaults and microshifts with clear shift
of the fragments of mineral grains, steep decrease in
size of grains, increase in the content of carbonate
material and organic compound. Deformed grains of
quartz are characterized by wavy type of extinction
during observation with the analyser. We often ob-
served systems of orientated plastic and fragile de-
formations, microfaults filled with organic material.
All these peculiarities, including mineralogical, in-
dicate the formation of clastic dikes in the conditions
of compression, when relatively the flexible material
of the dikes* selvages (carbonates+small grains+or-
ganic compound), facilitated their integration to the
layer of flysch through the system of tectonic faults
of north-west strike. The formation of favorable
structures for integration of clastic dikes can be re-
lated to both earthquakes and peculiarities of the
field of stress and deformation of the Alpine stage of
the orogeny of the Eastern Carpathians.
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Spatial dynamics of land cover in the Sdamas region (Tiaret, Algeria)
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Abstract. The Sdamas massif to which our contribution relates is located in West Algeria,

Received 30.04.2018; it is an integral part of the Tiaret mountains. The aim of our study is to analyze the land
Received in revised form 04.05.2018; cover of the Sdamas region over a 43-year interval grouped into 9 thematic classes: min-
Accepted 06.06.2018 eral surfaces (urban planning), wetland, vegetation, bare soils and fallow etc. The spatial

and temporal dynamics of land use require regular monitoring of vegetation cover from
remote sensing imagery. It is for this reason that we relied on field data to perform the diachronic analysis with three well-defined
scenes 1972, 1998 and 2015, using Landsat satellite images (MSS, TM and ETM +). The analysis of these maps covering the same
region shows the different changes that have taken place at ground level. We found that our natural plant space has undergone a strong
degradation, disruption and regression because of different human activities, namely: overgrazing, clearing, fires, urbanization, (there
has been a remarkable increase in the population of the communes of the study area). Inadequate and ineffective forestry interventions
and work, and lack of sustained protection are reasons of these processes. Factors affecting the forest ecosystem are bioclimate and
human action. Indeed, the bioclimate, through atmospheric drought, is the main factor governing the diversity of these formations of
the Sdamas mountains.

Key words: Dynamics, Cartography, Remote Sensing, Sdamas, Tiaret.

MpocTopoBa AnHaMmiKa 3eMe/IbHOro NoOKpuBY B perioHi Camma (TiapeT, Askup)

As3ayi Moxamep, Maavap BeHuxopa, CygaHi fleiina, Hyap banbradyemu, bepis Moxameg, Maatayr Moxames,

AHoTauis. Macve Caamac po3TalloBaHuid B 3axigHoMy AMKUPI, BiH CTaHOBUTbL HEBif'EMHY YacTUHY FipcbKoi MicueBocTi Tiaper.
MeTa Haloro A0CNigKeHHs - aHai3 3eMebHOro NMOKPMBY B perioHi Caamac 3a 43-piuHuii nepiog Yacy, NogineHnin Ha 9 TeMaTUYHNX
KNaciB: Kam’iHACTI MoBepXxHi (MiCbKe MiaHyBaHHS), BOAHO-060M10THI Yrigas, pOCAMHHUIA NOKPUB, OPHWUIA TPYHT Towlo. MpocToposa i
yacosa fIMHaMiKa 3eM/IEKOPUCTYBaHHS BUMarae perynspHoro MOHITOPUHIY POC/IMHHOIO MOKPUBY i3 3aCTOCYBAHHAM CUCTEMU -
CTaHLiMHOro 30HAYBaHHsA. Came 3 L€l MPUUYMHN MU CNPaNMCA Ha NMOBEPXHEBI AaHi, W00 NPOBECTM AiaXPOHIYHWUIA aHasli3 3a TpboMa
YiTKO BM3HAYeHUMM CTpokamm - 1972, 1998 i 2015 poku, 3 BUKOPUCTaHHAM 3HIMKIB Landsat (MSS, TM and ETM +). AHani3 umx
KapT, LL,O OXOMNJIHOKTb OAVH i TOV XXe perioH, BUSBMB Pi3Hi 3MiHW, SiKi BiA0yBatOTLCS Ha 3eMHili noBepxHi. My nobaunnu, Wwo noBepxHs
nig NPUPOAHUM 3apOCTaHHAM 3a3Hasla CUMbHOT Aerpafauii, pyiHyBaHHS i perpecii yepes pi3Hi BUAM aHTPOMOreHHOI AiNbHOCTI, a
caMme: HagMipHWIA BUNac XyAo6m, YTBOPEHHS MyCTULL, NOXexXi, ypbaHisallito (3Ha4HUiA NPUPICT HaceNneHHs B paiioHi [OCNIIKEHHS).
HeapekBaTHi i HeetheKTMBHI MicOrocnoAapchki 3axoam, BiACYTHICTb NOCTIHOT OXOPOHM € YNHHMKAMK LMX NPOLeciB. YMHHUKM, WO
BM/MBAOTb Ha NiCOBI EKOCMCTEMM, MalOTb GioKIiMaTUYHE Ta aHTPOMOreHHe NOXOMKeHHS. Cnpasgi, 6ioknimar, Yepe3 aTMocthepHi
MoCyxu, SBNsE CO60H0 OCHOBHMI YNHHMK PiI3HOMAHITHOCTI LMX YTBOPEHb Y FipcbKili MicueBocTi Caamac.

KnrouoBi cnosa: AnHamika, kapTorpadis, gucTaHuiiiHe 30HayBaHHs, Caamac, TiapeT

Introduction. Detecting and characterizing change long been used as a means of detecting and classify-
over time is the natural first step toward identifying ing changes in the condition of the land surface over
the driver of the change and understanding the time (Coppin etal., 2004; Lu et al., 2004), by provid-
change mechanism. Satellite remote sensing has ing a digital scan of geographic surface (Chen et al.,
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2009). Vegetation, as the main component of the ter-
restrial biosphere, is a crucial element in the climate
system (Foley et al., 2000). a declining trend in veg-
etation cover is considered to be indicative of land
degradation (Metternicht et al., 2010; Zika and Erb,
2009). Vegetation variability has been quantified
consistently at a global scale by use of satellite re-
mote sensing using long time-series of images with
a regular acquisition interval (Justice et al., 1985).
Satellite sensors are well-suited to this task because
they provide consistent and repeatable measure-
ments at a spatial scale which is appropriate for cap-
turing the effects of many processes that cause
change, including natural e.g. longer and warmer
growing seasons increase evapo-transpiration and
drought stress (Barber et al., 2000; Zhang et al.,
2009), wildfire incidence (Westerling et al., 2006)
and anthropogenic (e.g. deforestation, urbanization,
farming) disturbance (Jin and Sader, 2005).

Change detection has been firmly established
through remotely sensed long term data sets (de
Beurs and Henebry, 2005).

The aim of this study is to identify the spatiotem-
poral evolution/regression of the forest cover of
Sdama mountain, Tiaret region, Algeria ,using re-
mote sensing data derived from three scenes 1972,
1998 and 2015 associated with several inspections.
Materials and Methods. The Sdamas mountains are
part of the Monts de Tiaret and cover 82 000 ha,
subdivided into two lots: Sdamas Chergui (44,000

Legend

| Algeria
B viaret

1 050 Kilometers

Study Area

ha) and Sdamas Gharbi (38,000ha) considered as old
state forests (Boudy,1955). The study area in the
Sdamas massif is shown in Figure 1. Block — scheme
of case study is shown in Figure 2.

The data used for the realization of this work are
those of the years 1972, 1998 and 2015, a 43-year
observation period, freely available online. It is a
series of satellite images of the Landsat satellite,
namely Landsat (MSS) of November 1972
considered as the oldest image, Landsat 5 TM
images acquired March 1998 and Landsat 8 OLI
(ETM +) image of May 2015. It goes back to the
spring and autumn period. This acquisition period is
most suitable to the approach followed, which is
essentially based on the analysis of the vegetation
index influenced by the presence of the annual
vegetation. A digital terrain model (DTM) is a
representation of the topography in a form suitable
for use by a computer. The DTM is used for the
extraction of topographic parameters (slope, relief
orientation (exposure, altitudes etc.) of the study
area. After treatment with ENVI® and ArcGIS
Software for the extraction of maps: slope, relief
orientation (exposure), and treatment by the
normalized vegetation difference index (NDVI).
Subsequently, interpretation and analysis allow the
development of soil occupation maps and then a
diachronic study.

Fig. 1. Study area, Sdamas massif
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Fig. 2. Organizational methodological scheme

Results and Discussion. The results of the different
thematic classes definitively retained during the
classification of NDVI constitute the legend of the
maps of occupation of the ground surveyed. Nine
thematic classes are selected: wetland (water
bodies), bare soil and fallow land with natural lawns
and pastures and heterogeneous agricultural zones,
as well as forest vegetation including: Tetraclinis
articulata stand, mixed stand, dense maquis, clear
maquis, Stipa tenacissima layers, maquis of Pinus
halepensis and mineral surfaces.

The intersection of the three land use maps from
1972 to 2015 made it possible to map developments
during these 43 years. The map of the changes in the
land-use status was carried out to support the
crossing of the two land-use maps of 1972 and 2015.
This cross is made on the basis of a codification of
land occupation classes. (time series). The multi-
dated analysis is the use of data analysis methods
from the channels of the three dates, or calculation
of radiometric differences between two dates. The
quality of the result obtained by this type of approach
is highly dependent on the precision of the geometric
superposition between the studied images. In fact,
pixel comparison with its counterparts is mainly
applied in regions where radiometry varies greatly
from one point to another (Briki et al., 2007, Gacemi,
2010, Maille et al., 2011, Haddouche et al. al., 2011,
Ayache, 2012, Mendas et al., 2013 and Merioua,
2014). NDVI is an index that is closely correlated
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with the chlorophyll activity of plant surfaces
(Girard, 2000). It is determined from reflectances in
the red and near infrared channels,
NDVI=(NIR-R)/(NIR + R).

The NDVI highlights the presence of the
chlorophyllous activity of the vegetation, where it
reflects a maximum of energy captured and recorded
by the satellite sensor (Benhanifia et al., 2015). The
resulting NDVI maps are shown in Figure 3. The
NDVI's interpretation is that healthy and active
vegetation occupy high values while low values
indicate absence or degradation of the plant
environment. For the 1972 scene, values range from
-0.16 t0 0.42. The analysis of NDV | vegetation index
results indicates maximum values for dense vegeta-
tion (forest cover) consisting mainly of holm and
kermes oak Quercus ilex, coccifera respectively, and
are generally concentrated in the northern part of the
study area. In addition, the NDVI for the year 1998
shows values ranging between -0.46 and 0.55. due to
the presence of bush-based maquis, mainly cedar
and other hardwood species such as oak. As the
scene was taken in March 1998, so we notice the
presence of chlorophyllous activity in the north of
the area due to the presence of annual crops (since
the north includes farmland). NDVI values for 2015
can range from -0.35 to 0.43. We notice a presence
of forest vegetation based on softwoods and hard-
woods. In the present scene acquired in May 2015,
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we can notice the disappearance of the chloro-
phyllous activity present in the scenes of 1998 be-
cause this period of the year is characterized by a de-
crease of the chlorophyllous activity for the annual
plants (beginning of the harvest period). The high
NDVI values 0.6 to 0.7 on average correspond to
broadleaved plant formations, followed by conifers,
which in turn record NDVI values of 0.4 to 0.5. Fi-
nally, bushy vegetation is found with NDVI values
ranging from 0.2 to 0.4. These results are evidenced
by the following work: Rouse et al., 1974; Baret et

al., 1989; Guyot et al., 1989; Guyot, 1989; Breda et
al., 2003 and Ayache et al., 2011. A supervised
classification, maximum of real semblances was
made to define the thematic classes by the choice of
the region of interest (ROI). This detailed
classification makes it possible to distinguish nine
thematic classes: mineral surfaces, wetland, stand of
T articulata, mixed stand, dense maquis, clear
maquis, S. tenacissima layers, bare and fallow soils,
magquis of P. halepensis.

e

ﬁ “¢' ‘ DIV Viap of 1972

NDVI Values:

Min: 016

Max: 042

e Map 1998

NUYI vales:

Min : 0,46

Max - 0,53

NDYT Map 2015

NITVE Values:

Min: L35

NMan ; 043

Fig. 3. Resulting NDVI maps.

Map of land occupation in 1972 year is shown in Fig-
ure 4.

Land cover map (1972)

l.egend

Minerul surfuces

Hunyid area
T.mticaiate population
Mized populations
Thrmse: wmgmis

Sripa lavers
Bare and fallow soils
Chear waym s

Pinas papularion

Fig. 4. Map of land occupation, 1972
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The analysis of the map shows a predominance of
woodlands where clear and dense maquis are the
most dominant compared to other units. In addition,
bare land, cultivated land or even urban areas are in
second position. The lowest proportion is that of
water bodies. The predominance of these diverse
forest lands includes natural forest formations such
as T. articiculata forests, P. halepensis forests, dense
maquis, and scrubland, as evidenced by the low
pressure on forest formations and their successful

adaptation to edaphoclimatic conditions during the
year 1972. After classification of 1998 image
(Fig.5), we observe a predominance of bare and
fallow soils, this predominance is the physical
indicator reflecting a fairly significant degradation
that occurred at the level of the study area, followed
by P. halepensis, light maquis and S. tenacissima
layers. T. articulata stands and dense maquis are
poorly represented in the study area.

Land cover map
(1998)

Legend

Mmeral surfaces
Humid area
Tarvirulata population
Mixed populations
Diense maquis

Sripa lavers
 Bare and Tnlow svils
_ Clear maguk

- Pinus population

Fig. 5. Map of land occupation, 1998

The mineral surfaces (built) experienced a
consequent decrease during this period, explained by
the phenomenon of rural exodus due to security
reasons in this region at that time. Based on the map
analysis, we found that forest vegetation occupies a
total of 58.77% of the total area of the study zone;

degraded formations (maquis and matorrals) are the
most dominant, and phytoecologically, forests of P.
halepensis, Q. ilex and coccifera and T. articulata
are characteristic plant formations of the forest of
Sdamas. The map of land occupation in 2015 is
shown in Figure 6.

Land cover map
(2015)

Legend

Mimcral surfaccs
Thumid area
T.arlealata popnlaton
MWied popelations
Tiense mauis

Fipe layers
Rare and fallow snils
. Clear nagquis

Pinps popnlation

Fig. 6. Map of land occupation, 2015
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There is a clear dominance of the maquis (based on
oaks and Aleppo pine) in the forest part; the T.
articulata stand has a smaller area. This is followed
by bare soil and fallow (lawns and even agricultural
land) which occupies a large area with S. tenacissima
layers in the south of the region scrub vegetation),
which shows the state of degradation of the region.

Over the past 43 years, changes in land cover can be
summarized as follows: Regression of vegetation
cover or Extension of vegetation cover. Diachronic
Representation of Land Cover from 1972 to 2015 is
shown in Figure 7. An analysis of the dynamics of

Pinus population b

changes between 1972 and 2015 reveals that T.
articulata populations have increased markedly
through the ability of this species to reject strains.
There was also an extension of the class areas P.
articulata population, mineral surface, bare soil
(4.70%) and S.tenacissima (7.49%). However, there
was a regression of the classes of clear and dense
maquis with 14.49% mixed population, which is
possibly explained by the repeated fires triggered
since the 90s and overgrazing by the local
population.

Clear maqurs. - 1 e
Bare and fallow soils E
Stipalayers E
W—

Mixed pupulations-
T.articulata population k

Humid area l

Mineral surfaces  [EG——

15 10 5 0 5

10 15 20 25 30

m difference w2015 m1972

Fig. 7. Diachronic Representation of Land Cover (1972 and 2015)

The introduction of agriculture on forest land has
caused irreparable damage to forest land and has
promoted the degradation of dense forests and
desertification due to the illegal clearing of land,
overgrazing , not to mention illicit actions in the
forest, especially the provocation of fires, illegal
felling etc. It is, of course , perfectly well-, known
that these factors can considerably increase the
extent of totally degraded lands (Quezel, 2000,
Benabadji and Bouazza, 2000). The map in Figure 8
indicates that 40% of the study area has not
undergone any changes or modifications in structure.
However, 35% suffered a regression and 25%, has
undergone a progression.

The map of the changes above shows perfectly
visible progressions in the central part of the study
area. Increases in areas classified as bare soil,
agricultural land and even mineral surfaces
(buildings) have increased with the extension of
towns. The north-west , the mountains of Sdamas
Gherbi, has experienced stability. The regression
affected the eastern part mainly because it represents
the greater part of the forest of Sdamas. The
matorrals experienced a decline in their area.
Rangelands and natural pastures also show a decline
in area.
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Changes Map
(1972-2015)

Fig. 8. Land changes map (1972-2015)

Conclusion. The aim of this study is to analyze, over
a 43-year interval, the spatial dynamics of land use
in the Sdamas region, grouped into 9 thematic
classes according to the supervised classification,
which requires knowledge of the land to be studied
and subsequent on-site verification. The analysis of
these maps covering the same region shows the
different changes that occur at ground level. We
found that our natural plant space has undergone a
strong degradation, disruption and regression
because of different human activities, namely:
overgrazing, clearing, fires, urbanization, (a result of
the remarkable increase of population in the
communes of the study area). Inadequate and
ineffective forestry interventions and work, and lack
of sustained protection. Factors affecting the forest
ecosystem are bioclimate and human action. Indeed,
the bioclimate, through atmospheric drought, is the
main factor governing the diversity of these
formations of the Sdamas mountains.
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Eco-aesthetic features of mineral deposits
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Abstract: The aim of work is a study of worked out fields, under development and
explored deposits of minerals for the purpose eco-aesthetics.The basis of eco-aesthetics is
the principle of utility (utility, expediency) and beauty (aesthetics).The criteria for
assessing the eco-aesthetics of geological objects are economic, environmental and
aesthetic characteristics. Developed deposits cause irreparable damage to the geological
environment and the entire ecosystem. Extraction from the bowels of the earth of minerals violates the geochemical systems on many
decades and centuries, and on occasion changes the landscape of locality. Developed deposits can be economically profitable,
ecologically clean and esthetically attractive due to development to the aesthetic and historical aspects. An example is the Wieliczka
mine in Poland, where business, ecology and aesthetics are harmoniously combined.

A number of the largest worked out fields and developed fields in Ukraine are in extremely need of the development of this issue.
Developed iron ore deposits are one of the important factors of industrial potential of Ukraine. Semiprecious stone material, jaspilite,
is the aesthetic aspect of these fields. They have colossal reserves. Using their decorative properties, we have developed the laws of
shaping for the design of natural stone, identified the main areas of application of jaspilites in decorative art. Implementation of the
idea of creating a Jespilite room will allow Krivbas not only industrial, but also cultural and educational center. The achieved results
will qualitatively improve the eco conditions for the local population, the development of stone carving art and will lead to business
growth. The explored deposits of spodumene pegmatites in the Western sea of Azov in addition to lithium mineralization contain
expansive fields of graphic microcline pegmatites, spodumene and albitic pegmatites. They contain samples of pink spodumene (kunz-
ite), petalite from light green to pink, tourmaline (sherl). Thus, this deposits of spodumene pegmatites in Western Azov today require
a comprehensive assessment of minerals, because in addition to ore mineralization there is also a gemstone-colored raw material.
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EKoecTeTUYHI 0c06/IMBOCTI PoAOBULL, KOPUCHUX KOMasIH

MN.M. BapaHoB!, O.B. CnuHa?, O.IN. MaTtoLLKNHa?

! IHiNpoBCLKMii HaLioHaNbHWIA YHiBepcUTeT imMeHi Onecs MoHuapa, [Hinpo, Ykpaida,e-mail: baranov_pn@bk.ru
2 HaujioHanbHWii ripHnunii yHisepeuTeT, AHiNpo, Ykpaia, e-mail: e.slivna@gmail.com

AHoTaLisi. MeTa pob0oTy — BUBYEHHS BifnpaLb0BaHX POAOBULL, POAOBULL, K 3apa3 po3pobastTbCS, Ta PO3BiAaHNX POLOBMILL, KO-
PUCHUX KOMaSMH Ha NMpeAMeT eKOeCTETUYHOCTI, B OCHOBY fIKOI MOKMaAeHO MPUHLUM KOPUCTI (YTUAITapHICTb, JOLINLHICTL) i Kpacu
(ecTeTrka). AK KpUTEPIT OLiHKM eKOeCTETUUHOCTI reo1oriyHMX 06’eKTiB BUCTYNaOTb EKOHOMIYHI, eKOMOTiYHI Ta eCTETUYHI XapaKTe-
pucTukm. BignpauboBaHi pOAOBULLA 3aBAAI0Tb HEMOMPABHOI LUKOAM eo/oriYHOMY CepefioBHULLY Ta BCill ekocucTeMi. BunyyeHHs i3
Hajp KOPUCHUX KONa/IMH MOPYLUYE reoXiMiyHi cMcTeMun Ha 6arato fecaTuniTh i CTONITb yNepes, a B AesKUX BUNajKax 3MiHIOE faHj-
LwadT MicueBoCTi. | TifIbKM 3aBAAKM BNPOBaKEHHIO eCTETUYHMX Ta ICTOPUYHMX acnekTiB BifnpaLlboBaHi POA0BULLA MOXYTb BYyTH
€KOHOMIYHO MPUOYTKOBUMM, €KOMIOTYHO YACTUMM Ta eCTETUYHO NpuBabimeuMK. TPUKNALOM MOXe CNyXWTu waxTa Bennuka y
MonbLLi, A6 rapMOHIHO NOEAHYHOTLCA Bi3HEC, EKONOTis Ta ecTeTMKa. H13Ka HaibinbLIMX BignpauboBaHUX i pO3p06aOBaHNX POAO-
BULL, YKpaiHW BKpali NoTpebye BUPILLEHHS NMUTaHHS, L0 BUCBIT/OETLCA Y il CTATTi, 419 3a0i30pyAHMX | NerMaTuToBMX POLOBULL,
ECTeTMYHMM acnekToM LiMX POJOBULL, BUCTYMAE KaMeHecamoLBiTHa CUPOBMHA. BYKOPUCTOBYIOUM [ieKOPaTUBHI BNaCTUBOCTI MPUPO-
[HOrO KameH10, pPo3pobuan 3akoHW hopMOYTBOPEHHS ANs AOT0 AM3aliHY, BU3HAYMIN OCHOBHI HaNpsMM BUKOPUCTaHHS [KecniniTiB y
[leKkopaTMBHO-NPUKNagHoOMy MUCTeuTBi. Peanisauis ifel cTBopeHHs [yxecniniToBoi KiMHaTK f03B0MTh Kpuebacy cTaTu He TiflbKu
MPOMMWC/IOBUM, & i KY/IbTYPHO-MPOCBITHULbKMM LIEHTPOM, LU0 AKICHO MOAIMNLWUTL EKOYMOBY [/151 POXMBAHHSA MiCLIEBOTO HacefleHHs,
PO3BUTOK KAMEHEPI3HOro MUCTELITBA | CNPUATME 3pOCTaHHI0 Bi3Hecy. Po3BifaHi pofoBuLLa CNogyMeHOBUX NerMaTuTiB y 3axigHoMy
MprasoB’i CbOroAHi BUMararoTb KOMMAEKCHOO OL{iHFOBaHHS KOPUCHMX KOMa/IMH, OCKI/IbKKW, KPiM MITIEBOT MiHepasisauii, TyT MPUCYTHI
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Knto4oBi cnoBa: ekonoriyHa ecTeTHKa, reoaoriyHe cepefioBULLLE, POAOBULLA KOPUCHKX KOMAaNWH, FipHWYi BUPOOKK, NPUPOAHI MpOoLecH.

Introduction. Throughout the course of history of
humanity, the geological environment provided eco-
nomic welfare, served as a stimulus for technical de-
velopment of the society, created comfortable condi-
tions for rest and living of a human.

The first 20 thousand centuries (the Stone
Age) were a period of perfect harmony of a human
with the environment. Man took nothing from the
geological environment and gave nothing. At the
same time the stone was his only protector, assistant,
object of admiration and mystification.

With the development of deposits of natural
resources the technosphere is emerging, with its in-
dustrial enterprises, urban infrastructure, hydrogeo-
logical facilities, multi-kilometer quarries and
mines. At a certain moment the technosphere
reached such scale that began to destroy the creator
and the biosphere itself. However, the society tried
not to notice it; the obvious threat was not realized,
the comfort of living in the usual surrounding eco-
system was not lost. It was believed that the globe is
great, the nature is able to adapt, exploitable miner-
als and other mineral resources are inexhaustible.

Only with the awareness of humanity of its fu-
ture, it made a stand for the nature. For the first time
people started speaking about ecology. The waste-
free and low-waste manufacturing facilities, enter-
prises for processing of household waste, closed cy-
cles of water use have been created.

It is a post-industrial era on the basis of
understanding the concept of "nature” and its de-
rivatives and consistent elements that generates
a new concept - "ecology”, which is altogether
understood as a teaching about the functioning
of the natural environment.

The complication of living conditions of peo-
ple is a certain basis for the nascence of environmen-
tal aesthetics. The more contradictory and tense hu-
man life becomes in modern society, the more often
a person turns his eyes to the nature and culture, try-
ing to find the reason for his own existence, harmony
and beauty, which are gradually being lost in the
growing dynamics of social relations.

Statement of basic materials. Mineral
deposits are divided into three main groups ac-
cording to the degree of development. ex-
hausted, under development, explored.

Exhausted deposits are objects that violate the
primary geological environment when extracting
non-renewable natural components from it. At the
same time, the number of exhausted deposits grows

every year, and the number of developed and esti-
mated ones is decreasing. The recultivation of lands
on the exhausted deposits is one of the directions of
solving environmental problems when arable lands
are restored. In countries with weak economies and
the lack of environmental organizations, uncon-
scious and consumer attitude to the environment
leads to the fact that subsoil users simply throw ex-
hausted objects at the mercy of the nature. But fortu-
nately, this was not always the case and not every-
where. Some geological objects used by man in the
operating, cultural and educational activities have
become the subject of successful business and envi-
ronmental safety due to aesthetic appeal.

Deposits that have become cultural and edu-
cational centers. A striking example is the exhausted
deposit of rock-salt in Poland (Wieliczko mine).The
geometrical parameters of ore bodies determined the
technology of extraction by mining method. From
the 13th to the 20th centuries, industrial salt mining
was continuously carried out here, and over time, the
technologies and methods of extraction needed for
deeper horizons were improved. Now, a mine con-
sists of 7 galleries and goes to a depth of 198 m, and
the total length of the development is more than 200
km  (https://www.wieliczka.ru/pro-szachtu/mul-timjedii/foto-
grafii).

Unique achievements in rock-salt mining
have always attracted the attention of the public. In
the XV century, the Wieliczko salt mine was started
to be shown to privileged persons for educational
purposes. Until the end of the XVI century, tourism
remained elite, and mine workings could be visited
only with the permission of the king.

In the XV1 century the therapeutic properties
of rock salt were identified and proven, what further
increased attention to this object. Here they began
successfully treating bronchial asthma, bronchial in-
flammatory conditions, as well as allergic rhinitis.

In order to mine workings acquired aesthetic
appearance and special appeal, artistic salt composi-
tions were created: the history of mining develop-
ment, governmental and historical figures, church-
men, traditions and the culture of the region.

Two environmental problems are known in
the history of the mine. The first one occurred imme-
diately after The Great Patriotic War. Inefficient ar-
rangement in rock-salt extracting caused an ava-
lanche, and then the flooding of some mine work-
ings. In the 50s of the XIX century the workings
were restored. The second accident occurred in
1992, during the mining workings an aquifer with a

21


www.wieliczka.ru/pro-szachtu/mul-timjedii/foto-

Baranov P., Slyvna O., Matyushkina O.

Journ.Geol.Geograph.Geoecology,27(1), 20-29

large flow rate was opened. This was the last cata-
strophic flooding of the mine, after which it was
closed and began functioning only as a tourist attrac-
tion.

After the elimination of environmental prob-
lems in 1998, UNESCO removed the Wieliczko
mine from the list of environmentally hazardous ob-
ject.

At the present time, the Wieliczko mine is a
cultural center, where chamber music competitions,

scientific conferences, celebrations (weddings, cor-
porate parties), medical events (Health Day, healthy
sleep, three hours of health) (Fig. 1) are held.

Thus, the mining ( the Wieliczko mine) passed
on rock-salt has become economically independent,
which allows to keep the mine in an environmentally
safe state, finding opportunities for the development
of art and aesthetics.

B, 3 .' .. . - . - _
| - - e

Fig. 1. Cultural events held in the Wieliczko salt mine https:/www.wieliczka.ru/pro-szachtu/mul-timjedii/fotografii

At the same time, similar deposits of rock-salt are
known on the territory of the Transcarpathian region
(Solotvino mines) of Ukraine. Being in the same ge-
ological situation (structural, genetic), they created

Fig. 2. The Kkarst hols in Solotvyo, the Transcarathian region https://go.mail.ru/search_images

an environmental problem for the area — because of
the Kkarst holes many engineering constructions and
settlements of the region turned out under the threat
of destruction and flooding (Fig. 2).

www photoukraine.com

Deposits having played a big part in art, made
a certain contribution to the culture. The Ural depos-
its of malachite Gumeshevskoye, Medno-
rudyanskoye and Vysokogorskoye could be taken as
an example.

Malachite of the Ural deposits was recognized
as unsurpassed in quality material, thanks to the Ural
masters, who developed the technique of Russian
mosaic (Fersman A. E., 1961). Subsequently, it was
shown that the malachite of the Democratic Republic
of the Congo (DRC) is not inferior in quality, and the
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reserves exceed several times (Baranov P. N. et al.,
2006).

Nevertheless, masterpieces of world art of the
Hermitage created by Ural masters, Moscow Krem-
lin and Saint Isaac’'s Cathedral are the top of stone
carving skill. Malachite entered the history of deco-
rative and applied arts as a stone, steeped in works
of art, folk tales, legends, what allowed it to become
a national (Russian) gem.

Malachite has introduced a new direction in
arts and crafts, new opportunities in architecture, and
world fame to the Urals masters. At the same time,
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the exhausted deposits of malachite (quarries) still
remain unclaimed in tourism and in business.

Many well-known deposits of world im-
portance, such as Malyshevskoye (emerald) and VVo-
lodarsk-Volynskoye (Topaz, rock crystal) can also
be added. There was a time when in the last one the
unique precious stones (crystal quartz 10 tons, fiery
Topaz 39 kg) were mined. After the USSR breakup,
these mine workings (mines) were flooded and are
beyond repair, according to experts. Although, at the
present time, there is certainly a commercial compo-
nent, and, consequently, environmental problems
could be solved simultaneously.

Deposits that have lost gems. Eliseevskoye
ore field (Zaporozhye region, Ukraine) was opened
at the beginning of the XX century. One of the prom-
ising deposits is "Green grave", where, since 1938,
ceramic raw materials, represented by graphic peg-
matites, and tantalum concentrate were mined. Judg-
ing by the fragments that have been preserved in the

=

Fig. 3. The waste deposit of written pegmatltes"

The next object is an ore field of nickel ores
of Sryedneye Pobuzhya, a zone of physical and
chemical destruction of ultrabasic rocks. At the stage
of the almost completed extraction on deposits of
Lipovenkavskoye and Derenyuchinsky, the for-
mations of silica in the shape of sheet deposit, crusts,
bundles and solid buildups were discovered (Bara-
nov P. N., M. L. Kutsevol, 1998). They are com-
posed of quartz, agate, jasper, agate, chalcedony,
opal, plasma. Today this stone-color raw material is
lost forever. At this present time it is an abandoned
open pit with a depth of about 30 m and an area of
10 km?.

Developed complex deposits, where except
the main ore component there are semiprecious stone
raw materials, are of heightened interest to experts in

quarry, pegmatites are represented by albite, micro-
cline varieties and their combinations. However, at
that time the country was in desperate need of rare-
earth - rare-metal raw materials, and this type of raw
materials was not relevant because graphic varieties
of pegmatites were not considered as stone-colored
raw material.

Currently, it is an open pit mining (quarry) of
500x100 m in size, filled with water (fig. 3), which
local residents use for agricultural purposes. Unique-
ness of this object is that the oldest rocks of Ukrain-
ian shield, lodes of decorative graphic pegmatite
(Jewish stone), zoning of ore bodies are observed
here; rare minerals of tantalum, zircon, garnet, bio-
tite, muscovite etc. are found. In the Museum of the
National University of Kiev a crystal of beryl, up to
30 cm and 4x5 cm in diameter from the pegmatites
of this Deposit is preserved.

the stone cutting industry today. However, because
of narrowly departmental interests, gem stones are
usually stored in dumps or crushed in building
gravel, that is they are not mined.

As an example, we will consider several de-
posits in Ukraine, their role and prospects for the de-
velopment of science, business, and art.

Iron-ore deposits of Kryvbas are one of the
important types of mineral resources of Ukraine.
Currently, 21 iron- ore deposits are being developed.
The proven reserves of all iron ores of Kryvbas
(draw of Kryvyi Rih) are 21.8 billion tons (Metalli-
cheskie i nemetallicheskie poleznyie iskopayemyie
Ukraine, 2005). The share of the metallurgical indus-
try of Kryvbas is 60% of the gross domestic product
of the country.
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Unequivocally, the metallurgical industry
plays an important role in the modern economy of
Ukraine. But we must not forget that over time
mined deposits move into the realm of the category
of exhausted ones. This leads to an environmental
problem, both for the geological environment and
for the environment for many decades or even cen-
turies. For this reason, the fate of the Kryvyi Rih re-
gion is the present day issue, and it must be solved

in current times, until its aesthetic component has not
been lost yet.

The aesthetic aspect of iron-ore deposits are
raw gemstones. Industrial reserves of decorative
jaspilites and low stocks of tiger's eye, chalcedony,
quartz, amethyst, calcite dolomite, pyrite, calcite,
etc. (Fig.4) are of great scientific and practical inter-
est.

KamHecamouBeTHOE Chipbe NPeacTaBNeHo AMEeCUAMTOM, TH MPOBEIM M
KOLWA4YKMM rNa3om, XxanueaoHom, ameTUCTOM, 33Nackl Mx He
onpegenexsl, He gobelBawTCA M He paspabaTeiBaTCA.

Keapy

TUrpoBkiA mas

Fig.4. Semiprecious stone material of iron ore deposits from Kryvbas.

One of the dominant idea of stone aesthetics
and artistic characteristics of jaspilite is determined
by its color and texture.

The colour range of jaspilite includes chro-
matic (red, yellow, orange and blue) and achromatic
colours.

Wide range of colours ensures a variety of tex-
tural drawings, which distinguishes favourable
jaspilite from other stones. None of the known stones
has such a spectrum of texture patterns as jaspilite.
They can be conditionally divided into five types:
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parallel-banded, wavy-striped, puckered, brecciated
and landscape.

Characteristic features of the textural pattern
of jaspilites are static, dynamics, movement and ori-
entation (direction).

Strict alternation of opaque differently col-
ored layers (bright and dark red, light and dark grey)
allows to create a wide variety of decorative and ar-
tistic products: bodies of rotation (balls, vases), table
cut (three-dimensional geometric bodies, writing
sets, jewelry boxes, mosaic), artistic carving (cam-
eos, figures of small shapes) (Fig.5).
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Fig.5. Decorative artistic items of decorative jaspilites (Samotsvety Ukrainy. Dzhespility, 2006).

Recently, there has been a promising direction
"Art in stone", where the artistic image of the stone
is complemented by oil painting (Fig.6).

The uniqueness and artistry of the stone lies,
above all, in its colour range. The theme can be both
classical religious subjects and military-patriotic, as

well as the events of contemporancity. Fire, sunsect

or sunrise, flowers, corals, magma, smoke, etc. —
these are the associations that the artist sees in this
stone. In addition to the mentioned above, the aes-
thetic properties of the stone get people excited and
inspire, cause perturbation and agitation, increase
nervous tension, create energy charge, increase the
level of anxiety.

Fig.6. Paintings "Underground Kingdom", "Contact". Artist O. Baranova.

The study of jaspilites together with the pro-
duction of experimental products revealed three laws
of formation in the design of natural gemstones, that
is the texture pattern depends on the direction of the
plane of cut, the size of the visible surface, and the
geometric shape of the stone (Baranov Petr et al.,
2009). These laws allow to control not only the tex-
ture pattern and colour of jaspilite, but also to influ-
ence the feelings and emotions of the viewer.

Today, the old tradition of philosophical and
symbolic application and justification of the useful-
ness of the stone is revived. The concept of the stone
as an energy and healing source lies in the intricate
patterns, which are determined by the color range of
jaspilite. Gaspilite has a very high reputation as a

healing stone, it’s psychological, astrological and
magical characteristics testify to this. The healing
properties of the stone are not of mysterious and
mystical nature, they lie in the physical and crystal
chemical properties of jaspilite, which has a strong
magnetic field, due to the high content of magnetite
in it. The stone emanates both fire and cold. An orig-
inal mind sees it as an image of development in art,
in which the stone reveals its "soul”. An inexperi-
enced reader will be disappointed with the infor-
mation, having found magical properties of jaspilite
on the Internet, because the history of this stone is
the history of material substance. The virtual picture
of the magic stone is just another illusion. However,

25



Baranov P., Slyvna O., Matyushkina O.

Journ.Geol.Geograph.Geoecology,27(1), 20-29

the magic power of the stone has a rationalistic ex-
planation, which is the presence of polar minerals in
composition and properties. This stone, like most
gems, is not rare on Earth, it is the real book, which
can be used to study the history of the formation of
the earth’s bowels of some parts of the earth. This is
a kind of chronicle, imprinted in stone; a book,
which contains the greatest enigma of the Nature,
and which keeps its deepest secrets — the mysteries
of the emergence of the immaculate in its fiery cold
beauty of the stone. This stone has a huge potential,
which is unexplored until the end. But the first deci-
sive steps in the design development and practical
testing of jaspilite or picture jasper have already
been made. This is the stunning with its audacity
even the most exquisite and sophisticated imagina-
tion, the project of the Jaspilite room, which can be-
come a Museum relic of Ukraine, like malachite or
Amber rooms Jaspilite room (Fig. 7).

The monograph "Gems of Ukraine" is devoted
to the stone, which played a breakthrough role for
the Dnieper region. Five projects of Jaspilites rooms
in classical, Gothic and also modernist styles are
presented here (Samotsvety Ukrainy. Jaspilite,
2006). The task of modern jaspilite artists to imple-
ment design tactics of a jaspilite master in stylized

= i -
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gothic, ancient myth or legend, gothic, classic or
modern architecture and interior.

The goals and tasks of modern masters of
stone — to integrate the stone into the design land-
scape of the Dnieper region, the Ukrainian interior,
to make this stone a worthy representative of the
Ukrainian state, a symbol of its wealth and glory. It
will not be long - a concrete practical implementa-
tion of the project, which is possible with the in-
volvement of interested people who can help in the
implementation of the project. To do this, the mate-
rial and spiritual efforts of those who sincerely love
Ukraine and longs for its prosperity should be
united. The most interesting thing is that this project
is not something abstract or unreal. It can become
one of the most fruitful and promising design and art
national projects of Ukraine. It is difficult to accept
the extraordinary and unconventional idea of the
prospects for the development of the Jaspilite room
as a decorative, applied and artistic work. Knowing
of the artistic value of the stone should inevitably
lead to practical work, the transition from the pro-
ject, artistic fantasies and theoretical work to the im-
plementation of practical tasks that are set before the
design team.

«Pbluapckuil 3an» usaitsep I1. M. Jlysanos

Fig 7. Sketch designs of Jaspilites room: Cantata about the stone (author I. N. Buryak), Knight hall (author M. P. Luzanov)

(Samotsvety Ukrainy. Jaspilite, 2006).

Thus, the developed iron ore deposits have the op-
portunity to become not only an industrial, but also
a cultural and educational centre.

And although at the present time, with the
help of minerals material goods are created, the task
of the present days concerning using of geological
objects is the formation sports and recreation and
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cultural centers (museums, bases, unique works of
art) on their basis, the development of popular scien-
tific tourist routes, etc. The implementation of this
idea will be the basis for the development of the
stone-colored market, national traditions and the cul-
ture of stone in the region. But, alas, despite these
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prospects, the society is not ready to create a future
for our children yet.

Deposits of written pegmatites. The
Eliseyevskoye pegmatite field is still interesting for
commercial structures, as it includes 15 lodes, one of
which is currently being developed for ceramic raw
materials — the field "Balka Bolshogo lagerya”,
where the written pegmatite is about 40 %. The stone
is arich in texture patterns and sizes of textureform-
ing elements (ichtyogliptes). According to the draw-
ing and the colour scheme, eight varieties of written
pegmatites (Fig. 8) are distinguished on the deposit:
gently pink, soft brown, spot violet, parquet pink, gi-
gantic purple, leopard, snow white and violet-pink
(Slivna O.V., Baranov P.M., 2015).

As lodes contain decorative raw materials
(written pegmatites), which many times exceeds the
cost of ceramic raw materials, at the present time the
deposits of written pegmatites need a revaluation,
taking into account the stone-colored raw materials.
Pegmatite refers to semi-precious stones of the sec-
ond order. Itis a relevant and interesting material for
jewelry and stone processing industries. Tradition-
ally, written pegmatite is used as an ornamental
stone for stands, boxes, countertops, decorative peb-
bles. However, at the present time, the results of the

Italian company "Antolini", which use graphic peg-
matite in interior design under the trademark "Zeb-
radorite", are interesting. At the same time, Ukrain-
ian written pegmatite is not present on the market
and is not valued as a stone-colored raw material.

In general, the Srednepridneprovsky mega-
block of the Ukrainian Shield, as studies have
shown, has great prospects for stone-colored raw
materials. It includes granite deposits, where epi-
dosites, mylonites, tectonites, gangue quartz of dif-
ferent color paint are used as gems. At this moment,
they are used as building materials (quarrystone,
crushed stone, crumbs, etc.), although, according to
the Ukrainian legislation, epidosites and colored
quartz are semi-precious stones of the second order.
The most interesting from an aesthetic standpoint are
decorative tectonites, first installed during the tun-
neling of the Dnepropetrovsk underground. Subse-
quently, such formations were discovered on the
Tretuznenskiy granite quarry (near the town of Ka-
menskoye), which can serve as a prototype object in
the identification of promising areas of stone-col-
ored raw materials in the Srednepridneprovsky meg-
ablock of the Ukrainian Shield. Here, for the first
time, blue-black quartz was discovered at the contact
of granitoids and ultrabasic rocks.

Fig. 8. Decorative varieties of pegmatites of the deposits "Balka Bolshogo Lagerya» (Slivna O.V., Baranov P.M., 2015).
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The malachite deposits of the Democratic Republic
of the Congo (Zaire) are an example of squandering
of national wealth.

Malachite deposits were discovered at the be-
ginning of the 20th century. In size and reserves
(over 1000 tons), they are unique, and the country
occupies a leading position in the world market for
the extraction of malachite (approximately 10,000
tons of ore produce about 100 kilograms of jewelry
malachite).

The quality of malachite and its application in
arts and crafts were determined on the basis of stud-
ying the decorative and technological properties of
the stone (Baranov, P.N. et al., 2006).

In the course of experimental works, decora-
tive and artistic and jewelry items of the most differ-
ent level were made (Fig. 9).This allowed to estab-
lish that the criteria for assessing the quality of mal-
achite are the mass and shape of the samples, polish-
ing, color, and pattern. In some cases, the criteria for
assessing of the quality of malachite may be the in-
clusion of foreign minerals (pseudomalachite, azur-
ite, broshantite) and host rocks, as sometimes they
give special originality to malachite (landscape
paintings).

High-quality Zaire malachite is illegally ex-
ported from the country, and high-quality products
made of it are often given out for the Ural one, which
has worldwide fame on the world market. At the
same time, local residents (the Congolese) make
low-quality products from malachite. Thus, bright
gem is completely dissolves in society, leaving no

trace in art, culture and history. Huge useless quar-
ries remain on the site of waste deposits.

Explored deposits. Currently, deposits that
contain collection and semi-precious stones are on
balance of the Geological survey of Ukraine (GKZ).
One of them is the Shevchenkovskoye Deposit of
spodumene pegmatites, located in the South-Eastern
part of Ukrainian shield. In addition to the lithium
mineralization there are wide fields of lithium peg-
matites of nitro type here: microcline graphic, albite,
spodumene pegmatites. There are interesting sam-
ples of pink spodumene (kunzite), petalite from light
green to pink, tourmaline (sherl) (Baranov p. N.,
Kichurchak V. M., 1992). But the secrecy of this ob-
ject did not allow carrying out Gemological assess-
ment during geological exploration, so the true cost
and the future fate of this field was not determined.

Thus, explored deposits require a comprehen-
sive assessment of minerals regardless of ownership
and secrecy, because this is our planet and this is our
task. As V.l. Vernadsky wrote, the highest stage of
the biosphere development is a reasonable transfor-
mation of the primary nature of the Earth in order to
make it able to satisfy all material, aesthetic and spir-
itual needs of the numerically increasing population
(Vernadskiy V. 1., 2002). This requires a spiritual
conviction of society that the geological environ-
ment and its minerals are not a pantry, where you can
only take from. We must understand that this is not
a momentary benefit, but the future of our society
and our planet Earth

Fig. 9. Works from malachite DR Congo. The watch on the sketches of Faberge. Panel picture "Landscapes of Africa.”
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For a full understanding of the essence of ecological
aesthetics, and knowledge of the beautiful in nature
and further savings, you need to realize that the aes-
thetics of the nature requires the development sensi-
bility, contributing to the pleasure of stay in a natural
environment, in a man. Ecological aesthetics in this
sense is a philosophy of harmony between man and
nature, the emergence of which becomes possible
only in a certain cultural context of modernity.
Conclusions.1.The exhausted deposits are divided
into three groups according to the degree of eco-es-
thetics: deposits that have become cultural and edu-
cational centers; deposits that played a large role in
culture and art; deposits that have lost stone-colored
raw materials. The aesthetic aspect plays a major
role in their future. In the presence of aesthetic, his-
torical and other interesting factors, these deposits
become attractive for investment in the development
of popular science tourism. The society becomes
spiritually richer, and the environment is safer and
more beautiful if the exhausted deposits turn into
cultural and educational centres.

2. Developing and explored deposits of raw gem-
stones are in urgent need of re-evaluation and devel-
opment of the ecological and aesthetic projects with
economic, environmental, and aesthetic positive in-
dicators.

3. The obtained data suggest the development of
highly effective aesthetic projects to restore the dis-
turbed geoecological environment. To understand
the ecological situation in the region, first of all, it is
necessary to make an ecological and aesthetic inven-
tory of deposits with stone-and-stone raw materials.
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Abstract. This article discusses processes of rock-mass geothermal and geomechanical
energy transfer on the nanolevel and describes different mechanisms of potential energy
absorption, distribution and usage by the molecular structure of the coal substance. We
show that mechanical and thermal energies in the molecular structure of the coal substance
are transformed into quantum-mechanical energy which feeds the structural transfor-
mations and generation processes in the substance. At the nanolevel, the energy inflow transforms the atomic-molecular structure,
changes the physical and chemical properties of the coal and may cause fluid (including methane) emission. The availability of a
general solution for energetic problems of different hierarchical levels is evidence of the possibility of using a fractal approach for
researching the energy re-distribution in the system.
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TpaHchopmauist eHepreTUYHOro cTaHy MosIeKySiPHOI
CTPYKTYpW BYTiNNAA Y npoLeci meTaMopgismy

K. A. Be3pyuko, 1. I. [TumoHeHKo, O. B. Bypuak, [. A. CyBopoB

IHCTUTYT reoTexHiuHoi MexaHiku imeHi M. C. Monskosa HAH Ykpainu,
Byn. Cimhepononbebka, 2a, 49005, [Hinpo, YkpaiHa, e-mail: gvrvg@meta.ua

AHoOTaLifl. PO3rnsHyTo nNpouecy nepeaadi re0TepMiyHOI Ta reoMexaHiuHol eHeprii FipCbKOro MacyBy Ha HaHOPIBEHb, a TAKOX MOKa-
3aHO MOXX/IMBI MEXaHi3MW NOrAMHAHHS, MOLMPEHHS | BUKOPUCTAHHS BUHWMKIOMO NiABULLEHOr0 EHEPreTUYHOMO NOTEHLiay MOJEKy-
NAPHOIO CTPYKTYPOIO BYTiNIbHOT PeYOBMHW. BCTaHOBMEHO, L0 B MONEKYNAPHIV CTPYKTYPI BYTiNbHOT PEYOBUHM MeXaHiuHa i Tennosa
eHeprii NepeTBOPHOKOTLCSA Ha EHEPrit0 KBAHTOBO-MEXaHi4YHOT MPUPOAK, L0 XMBUTb CTPYKTYPHI TpaHc(opmaLlii Ta reHepauiiiHi npo-
Liecu B pevoBUHI. Ha HaHOPIBHI BCTYN eHeprii BUK/MKAE TpaHCopMAaLLito aTOMHO-MOIEKYNAPHOT CTPYKTYPU, 3MiHU (i3UKO-XiMiYHKX
B/TACTVMBOCTEN BYTINAA 3 MOX/IMBUM BUAINEHHAM (DHOTAIB, Y TOMY YncAi MeTaHy. EHepril pisHMX iepapXiuHuX piBHIB PYHKLiOHa/IbHO
MoB'A3aHi. HasBHICTb 3araibHOro Po3B’A3aHHs A4/151 eHEPreTUYHMX 3ada4 PisHUX iEPapXivHMX PiBHIB CBIAYUTbL MPO MOX/IMBICTL 3aCTO-
CyBaHHS$ (hpaKTabHOr0 MiAX04Y [0 BUBYEHHS NePepo3noiny eHeprii B CUCTEMI.

KntouoBi cnoBa: ByrinbHa PeY0BMHA, EHEPre TUYHIIA NOTeHLian, MeTamopiam, CTPYKTYpHI TpaHcdopMmalii, reHepauis MeTaHy

Introduction. In the process of geological history,
rocks of the coal-bearing stratum are subject to
changes in temperature, geostatic and tectonic pres-
sure. Geodynamic conditions are periodically
changed, thus, the system receives geothermal and
geomechanical energies which differ by intensity
and impact on the structure and properties of the en-
tire rock mass at the macro- and micro levels (Luki-
nov at all, 2010, Tektono-heokhimichna. Lukinov at
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all, 2011). However, the same external processes oc-
curring at different levels activate different mecha-
nisms of the inflow energy absorption and re-distri-
bution. On the scale of the rock massif, the laws of
classical physics and thermodynamics work well and
exactly describe the processes occurring in the mac-
roscopic systems; while the laws of quantum me-
chanics are good for the atomic-molecular level,
where the principle of energy uncertainty acts in the
system.
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Formulation of the problem. The IGTM , NANU,
researched the effect of thermal and mechanical ac-
tions at the nanolevel with the help of the spectral
method. The experimental studies of transformations
in the atomic-molecular structure of coal (Burchak
at all, 2010. Balalaev at all, 2011) proved that geo-
logical processes with associated pressure and tem-
perature growth impacted on the state, composition
and properties of the coal substance. At the
nanolevel, the energy inflow transforms atomic-mo-
lecular structure, the consequence of which is emis-
sion of methane and changes in the coal’s physical
and chemical properties (Burchak, 2012). However,
mechanisms of the transformations take place at dif-
ferent levels and their interdependence has been in-
sufficiently studied. Therefore, research on the en-
ergy transfer from the macro level to the nanolevel
and mechanisms of the accumulated energy distribu-
tion and usage in a large scale macro system by mo-
lecular volumes of the substance is the subject of this
article.

Presentation of the general material. In the pro-
cess of metamorphism, a coal substance is in an en-
ergetic state close to equilibrium. When external
conditions are changed, it is profitable for this sys-
tem to transfer its composition and state in accord-
ance with the Le Chatelier-Broun principle as such
transformations soften the action of the external fac-
tors. So, the carbonization process, by its essence, is
an energetic response of a closed system to an exter-
nal impact, i.e. it is a relaxation which should be ac-
companied with increase of entropy and reduction of
the internal energy of the substance. The increase of
entropy, in its turn, is impossible without destruction

T :9
CnHm' e e H )

S

Fig.. 1. Scheme of a coal fragment with cyclic and linear sections.

It results from this that it is profitable for this
system to become structured by transforming linear
compounds into cyclic compounds with emission of
energy. The similar structural transformations are as-
sociated not only with inflow of energy from outside
but with the internal entropic factor as well. At the
same time, the molecular structure of the substance
is rebuilt spontaneously resulting in reduced energy
of the system and increased entropy.

Growth of aromatic component in the process
of the metamorphism draws no objections. However,
the system under this consideration is in the state

of macro molecules and formation of low-molecular
compounds.

Free energy (F) is connected with the energy
(E) of the entire system, temperature (T ) and en-
tropy (S) by an equation F =E-TS. The energy
coming into the system from outside changes T and
S, or, more specifically, increases the product TS,
and the value of F is reduced, correspondingly, ap-
proaching its minimum. It means that the system ac-
cumulates an external energy and will relax it in such
a way as to reduce the F. In a closed system, free
energy can be reduced only through certain transfor-
mations in the molecular structure (Semenov, 1986),
breakup of high-molecular compounds and structur-
ing of the group.

Figure 1 presents the scheme of a coal frag-
ment with cyclic and linear sections. Macromole-
cules of the carbonized organic substance have car-
bon compounds of the linear type with concentration
ni, which, in the process of transformation transfer
to cyclic compounds with concentration n;. In this
case, the system entropy change, per 1 mol of the
substance, is:

n n
AS =-RH, In—2—+n,In—2
n1+nZ n1+n2

where R is a universal gas constant (R = 8.31
J/imol-K);

n; — is concentration of the compounds with the lin-
ear structure, mol;

n, — is concentration of the compounds with the cy-
clic structure, mol™,

—O-CH,~CH~CH-5~.
\--— CH,~CH=CH—CH,~----iC-R
"~NH;- CH~CH-O~CH"

close to equilibrium irrespective of the processes oc-
curring. So, when no external sources of energy are
available, the driving force for the carbonization
should be an entropic factor, i.e. spontaneous struc-
tural transformations leading to cyclization of the
linear compounds in the molecular structure of the
coal substance. This thesis requires further explana-
tion and confirmation.

Let’s randomly choose a sector of molecular
structure of the substance of linear patterns (Fig. 2a).

Let’s consider a system of carbon atoms
CFGHL. This system has the following energy:
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E,=%(E. +E. +E; +E, +E,).
Statistic entropy (So) is defined by a number
of micro states (W), which realize a macro state of a
particular structural unit. For the linear sector:

S, =kInW, =kIn2,

where Kis a Boltzmann constant (k = 1.38-10%
JIK), (Wo = 2 for the systems with two basic quan-
tum states). If as a result of conformational defor-
mation or structural defects a weak link is formed
between the carbon atoms in the neighbouring
chains, then new states appear in this system which
are characterized by a nonzero probability of energy
flow, i.e. that the energy could be “pumped” via
these bunches (“sewing together”) (Fig. 28).

Fig. 2. Scheme of cyclization of the molecular structure of coal substance: a is a sector which can be approximated as a linear structure,
6 are the main and additional micro states of the energy pumping (Eo is energy of the basic micro state, E1 is energy of additional micro

state)
Then we have the following equation for the
statistical entropy of the flat sector:

S, =kln4,

where k is a Boltzmann constant, (W, = 4 for the sys-

tems with four quantum states).
For the absolute values, the entropy change is:

AS =k [{In4-In2) =0,7k.

In natural conditions, the molecular structure
of the coal substance is very compact, and the spatial
structures of the chains are in harmony with each
other. In this case, intermolecular space is minimal,
the chain buckling with further cyclization is hardly
probable. A more realistic scenario is that the linear
(aliphatic) linking will be “sewed together”, and en-
ergy needed for developing the substance cat-
agenetic transformations with possible detachment
of the end groups and formation of methane will
move via these newly formed links. On the plane, it
looks like the formation of a cyclic compound. Thus,
in the process of metamorphism, the structural trans-
formations occur in the coal substance at the molec-
ular level and lead to the energy transfer via the
bunches between the molecules.

Similar mechanism of the bunch formation
and energy transportation is a process of percolation,
abstract theorems of which are used for describing
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processes of polymerization and linking small mole-
cules into macro molecules (Tarasevich, 2002.
Astahov at all, 2005). The process of the percolation
conduces to self-organization, and structures formed
in these cases have a fractal nature (Tarasevich,
2002). The fractal dimension is closely connected
with an entropy which is characterized by energetic
and dynamic peculiarities of the physical system,
and these peculiarities define the system genesis. As
coal is a thermodynamic system in the quasi-static
state, and the link between the entropy and energy
here is simple (energy transfer from the state with
entropy Sp into the state S; is more probable), so en-
ergy (E) transferred to the unit of the substance mass
is equal to: E=T-(S1-Sg). Thus, it can be stated that
natural macro processes, from time to time, “pump”
energy into the system and regulate the substance
structure at the atomic-molecular level. As a result
of such structural transformations occurring in the
coal substance under the action of external factors
the system entropy increases.

By analogy with an approach presented in the
article (Pines at all, 1966), coal substance can be
conventionally considered as a set of molecular com-
pounds of aliphatic and aromatic type with compli-
cated chemical composition and structure which
chemically link with the jellylike complexes. Elec-
trons of the atoms in molecules of the coal substance
are in the same energetic state and form a “quantum
liquid” (it is an analogue of the Bose condensate)
which contains the electrons’ proton skeletons. Un-
der the thermal and mechanical action in the coal
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stratum, the energetic state of the electron “jelly” is
changed, and the proton skeletons “adjust” their
guantum-mechanical state to such change. In a
closed unstable system, the changed energetic state
conduces to conformation transitions in the hydro-
carbon compounds where a carbon atom is located
in the electron cloud. Energy in this system can be
presented as a sum of energies of the “jellylike com-
plexes” and the energy of their interaction. Atoms
forming the coal substance are located in the electron
gas with energy E.. The equation for the state of non
interacting electron gas (electron “jelly”), linking
pressure and this system’s volume and energy is the
following (Pines at all. 1966):

Po=2E

e e’

where P, is pressure of the electron “jelly”, Q is vol-
ume of the system, E_is energy of electron gas.

This equation shows that atoms, under in-
creased pressure, transfer to the higher energetic lev-
els, and, therefore, the energetic potential of the sys-
tem increases. The closed thermodynamic system
should relax the accumulated free energy.

Concentration of the paramagnetic centers in
the carbonate fossil organics reaches n-10°g?, and
most of this part is, depending on the rate of the sub-
stance carbonization, in the form of free radicals. Be-
sides, it is proved that free radicals can be initiated
by the walls of reaction vessels (Semenov, 1986). As
the coal stratum is constantly under tectonic impact,
role of such walls can be played by mineral inclu-
sions in the coal stratum and zones contacting with
the enclosing rocks. The wall activity is explained by
the fact that it serves a source of radicals and place
of their death. Activation energy of the radical tran-
sition into a volume of the coal substance is small
(Semenov, 1986). The matter is that the system re-
ceives a weakly conjugate radical and forms a
strongly conjugate radical. Availability of free radi-
cals in the high-molecular organic substance can ac-
tivate and develop chain reactions, the product of
which is always low-molecular compounds. The dif-
ference of the energies remains within the system
and presents an additional source of energy which
reduces thermodynamic limitations of the transfor-
mations in the solids (Galimov, 1973).

In accordance with the model of electronic
“jelly”, any impact on the coal substance will, due to
the action of the mineral components, excite the sys-
tem and the energy transfer (Maradulin at all, 1968),
create chain reactions of the free radicals and phase
transition of the 2™ level, change the chemical com-
position of the system, and, consequently, conduce
to the process of the methane generation.

As a result of mechanical impact, some struc-
tural transformations occur in the coal, which reduce
free energy in the entire system to its minimum. One
of the possible processes of such reduction is for-
mation and distribution of excitation waves. Pro-
cesses in the substance excited by the gravity and
tectonic forces conduce to the re-building of molec-
ular compounds in the coal, and these compounds
are, at the same time, elements transporting energy
to the whole system. In a closed system (coal stra-
tum), energy of vibration changes the molecule
structure in the organic substance in the form of con-
formation deformation. As a result of the mechanical
impact, chain sector and flat grids approach each
other, and thermal fluctuations form links between
the neighboring conjunctions.

The process of energy migration in the solid
phase (rigidly fixed molecules) is based on the ener-
getic resonance, i.e. an overlapping of the emission
spectrums, and this is in harmony with conditions for
exciting free excitons (Zhevandrov, 1987). Energy
in such condition can be transferred to the defective
areas of the structures and to other molecules. The
energy is transferred because a coal substance being
a thermodynamic system trends to the state of equi-
librium with minimal energy. Such transfer can be a
result of either energy burst (for example, a sudden
coal-gas outburst) or relaxation of accumulated en-
ergy with further changing of the substance’s chem-
ical composition, state and properties.

As a result of catagenetic transformations oc-
curring in the coal substance both chemical compo-
sition and physical state of the substance are
changed, which is manifested in the fractality of the
system (Pymonenko at all, 2011. Lukinov, 2010,
Fraktal'nost’). The external impact on the system
which is a natural fractal (Bulat, 1993) conduces to
the fact that the energy, at the molecular level, causes
changes in fractality (changed geometry and state of
the surface) and growth of the system symmetry.

Thus, energy entering the system from exter-

nal sources is used in accordance with the changed
geometry of the system, i.e. it is also fractally ab-
sorbed.
Conclusions. The research showed that energy
transformations occurred in the molecular structure
of the coal substance. Mechanical and thermal en-
ergy is transformed into quantum-mechanical en-
ergy, which feeds structural transformations and
generation processes in the substance.

The study of processes of different types of
energy transferring from macro level to the
nanolevel showed that energies at various hierar-
chical levels are linked with each other functionally.
Redistribution of accumulated energy conduces to
the system fractality at all levels. The availability of
a general solution for energetic problems of different
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hierarchical levels is evidence of the possibility of
using a fractal approach for researching the energy
re-distribution in systems.
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Abstract. The work deals with specificities of Ukrainian/Hungarian cross-border cooper-
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of cross-border tourism development were analyzed. Major focus was thus given to disclo-
sure of trends in Ukrainian-Hungarian cross-border tourism, which presupposed the analysis of statistical data related to tourism flows.
The figures of the last-decade Ukrainian and Hungarian outbound and inbound tourism are presented and discussed. As was established,
tourism flows from Ukraine to Hungary underwent significant changes in the last 10 years showing a 62% growth from 2006 to 2016
(from 1 790 008 to 2 893 370 people). The greatest departure intensity was observed since 2013 with average annual gain by 200-300
thousand people. Instead, the Hungary-to-Ukraine direction is specific for instability throughout the whole period of observations. It
was 1-1,2 million Hungarians who annually visited Ukraine in 2006-2008. In particular, organized tourism shared 8% out of the whole
flow in 2006. Beginning from 2007, this share declined to 1% and stayed unchanged through the next five years. Insignificant decrease
in tourist arrivals to Ukraine was in 2009-2014. The last 3 years witness some growth of tourist flows at a rate of 200 thousand people
annually on the average. Since all present-day trends observed in the market of cross-border tourism services are connected with
realization of programs for cross-border cooperation, the effect of such programs (in particular, those to support implementation and
development of recreation/tourism infrastructure in Zakarpattia Oblast in Ukraine and the Megye of Szabolcs-Szatmar-Bereg in Hun-
gary) was assessed. It was established that both regions possess considerable natural, historic-cultural and architectural potentials that
are well worth the efforts to develop tourism infrastructure and realize cross-border routes. Perspective directions of cross-border
tourism development were outlined to be as follows: sports/rehabilitative and adventure tourism; green rural tourism; ecotourism;
treatment/health-improving tourism; enogastronomy; religious tourism; educational tourism with accentuation on monuments of his-
tory, archaeology, culture and ethnography; and event tourism.

Keywords: cross-border tourism; cross-border cooperation; Euro-Region; tourism flows; tourism destinations.
TpaHCKOPAOHHA YKPAIHCLKO-YropcbKa crisnpaus B rasysi Typusmy
T. 1. Boxyk 1, XK. I. Byuko ?

! HauioHanbHWii yHiBEPCUTET «/1bBiBCbKA NONITEXHIKa», [TbBiB, YKpaiHa
2 YepHiBeLbKWii HaLioHanbHUIA yHiBEPCUTET iMeHi KOpis degbkoBuya, YepHisli, YkpaiHa

AHoTauif. [ocnimKeHo npouecy Ta AMHaMiKy TPaHCKOPAOHHOMO CriBpOGITHMLTBA YKPaiHM Ta YTOPLYMHM B ranysi Typusmy. OCHo-
BHa yBara npugineHa aHaniay gvHamikv TYPUCTUYHMX MOTOKIB MK YKPaiHOK Ta YTOpLLMHOI BNPOLOBX OCTaHHIX LEeCATU POKIB.
MpoaHanizoBaHO MOKAa3HWKM BUI3HOrO Ta B’13HOIO TYpU3MY LMX KpaiH, BU3HA4YeHO MpiopuTEeTHI KpaiHu BUi3Ly Ta B'i3gy 3a o6oma
MOKa3HMKaMM Ta Cy4acHi TeHAEHLIT Ha PUHKY TYPUCTUYHMX MOCAYT Y paMKax TPaHCKOPAOHHOTO cniBpobiTHWLTBA. OLiHeHO BMUB
nporpam TPaHCKOPAOHHOT criBnpaLi Ha PO3BMUTOK Ta 06M1aLLTYBaHHSA peKpeaL,iiiHO-TYpUCTCHKOT iHGpacTPYKTypu B 3akapnaTcbKiii 06-
nacTi YkpaiHu 1a obnacti Cabonby-Catmap-beper YropumHu. OxapakTepr3oBaHO 3aKOHOMIPHOCTI TPaHCKOPAOHHOMO CMiBPOGITHU-
LTBa, BU3HAYeHO OCHOBHI MepeLLKOoAm, NePCneKTUBM Ta NepeBarn TPaHCKOPAOHHOI cniBnpayi MiXk YKpaiHO Ta YTOPLUMHOK B ranysi

TYypuU3My.

Knto4osi cnoBa: TPaHCKOPAOHHWIA TYPU3M; TPaHCKOPAOHHE CniBpo6i THUL TBO; EBPOPErioH; TYPUCTUUHI NOTOKM; TYPUCTUYHA de-
CTUHaLis
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Introduction. Cross-border cooperation remains to
be among the most characteristic features of interna-
tional relations and an important component of
Ukrainian national policy. Ukraine and Hungary
consistently cultivate their links in the sphere of
tourism, and the awareness of trends within such co-
operation therefore requires systemic and detailed
analysis.

Cross-border cooperation between Hungary
and Ukraine is specific for being implemented on the
territories that cover the Carpathian Euro-Region
(Ukraine-Poland-Slovakia-Hungary-Romania-Mol-
dova), and the “Tysa”, a European Grouping of Ter-
ritorial Cooperation (“Tysa” EGTC LLC).

Latest studies by world and national scientists
where they analyzed the functioning of euro-regions
do confirm the efficiency of such territorial for-
mations. Stefan Puric, Romanian historian and anat-
omist of euro-regions, concludes that they represent
territorial formations with the highest possible level
of institutionalization found in the forms of interstate
cooperation (Puric, 2007). Problems of cross-border
cooperation are also thoroughly considered in the
works by the M.I. Dolishniy Institute of Regional
Studies at the National Academy of Sciences,
Ukraine (Kravtsiv, 2016), where they analyze topi-
cal issues of cooperation within the territories of
cross-border regions. Further details on implement-
ing such projects can be found in works of Efros,
Buchko, Rudenko for Bukovina (Efros, Buchko &
Rudenko, 2015) and Kyfiak for the Upper Prut re-
gion (Kyfiak, 2008). Stoffelen A., Vanneste D.
(Stoffelen & Vanneste, 2017) structurally analyzed
the role of tourism in regional development pro-
cesses in European cross-border regions with differ-
ent historical development paths.

The present study aimed at disclosure, on the
basis of the analysis of statistical figures of tourism
flows, of trends observed in Ukrainian-Hungarian
cross-border tourism.

Data and methods. The present study has
been developed on the basis of the study of sources
of state statistical data (official studies, evaluation
reports, programme documents and website, promo-
tional materials), which provided a framework for
discussing the relation between cross-border cooper-
ation and tourism development. The focus being
mainly on the cross-border tourism projects imple-
mented in Zakarpattia Oblast in Ukraine and the
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Megye of Szabolcs-Szatmar-Bereg in Hungary, ana-
lyzing their most significant results.

Statement of basic materials. Ukrainian-Hungar-
ian tourism flows pass through the territories of
Zakarpattia Region (Ukraine), and the Megye of
Szabolcs-Szatmar-Bereg (Hungary). The territory of
both regions has an old common history of coexist-
ence and development within the Austro-Hungarian
Empire and Czechoslovak Republic. It is due to their
closeness and aforementioned historic factor that
they have similar features in traditional architecture.
It comes into particular prominence if the open-air
museums are considered (wooden churches, tradi-
tional houses), or the architecture of the cities of
Uzhgorod, Mukachevo, Khust, or Nyiregyhaza (pal-
aces, castles, temples, monuments of Gothic or Ba-
roque architecture). Historic downtowns of these cit-
ies are included into state-protected cultural-historic
heritage. All these factors would favor development
of religious and cultural-educational tourism, while
the historic past may inspire ethnic-cultural and nos-
talgic tourism.

Covering the total of 136,7 km, the state bor-
der between Ukraine and Hungary provides entry
points for five automobile and an international rail-
way.

Ukraine — Hungary: Outbound Tourism. Tourism
flows from Ukraine to Hungary underwent signifi-
cant changes in the last 10 years showing a 62%
growth from 2006 to 2016 (from 1 790 008 to 2 893
370 people) (see Table 1). The greatest intensity of
departures was observed since 2013 with average an-
nual gain by 200 — 300 thousand people. On the con-
trary, the figures for organized tourism declined
from 297 694 people in 2006 to 8 307 people in
2012. Unfortunately, there is no such statistics be-
ginning from 2013 up to this present day. Instead,
the structure of tourism flows witnessed a fast
growth of the share of those who denoted private vis-
its as primary purpose of their travels (see Table 2).
The fact is explained by the contraction of demand
for group trips, and the rise of individual tourism. It
is offers for family tourism in small groups of 5-6
people that are popular today, as well as for small
companies of friends. The trend also includes holi-
day trips where active rest forces out passive leisure.
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Table 1. Dynamics of outbound tourist visitors from Ukraine to Hungary (2006-2016). Source: the data retrieved from the official

website of State Statistics Service of Ukraine (SSSU)

Year Total number of Ukrainians Tourists from Ukraine Difference
who visited Hungary who visited Hungary

2006 1790008 297694 1492314
2007 1367642 231592 1136050
2008 1276180 67858 1208322
2009 1602608 17820 1584788
2010 1789308 21775 1767533
2011 1726957 28605 1698352
2012 1759986 8307 1751679
2013 1900469 - -
2014* 2152512 - -
2015* 2442101 - -
2016* 2893370 - -

*With no consideration of temporarily occupied territories of the Autonomic Republic of Crimea, the City of Sevastopol and the zone of Anti-Terrorist Operation
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Fig. 1. Dynamics of outbound tourist visitors from Ukraine to Hungary. Source: the data retrieved from the official website of State

Statistics Service of Ukraine (SSSU)

Table 2. Tourists and visitors from Ukraine to Hungary. Source: the data retrieved from the official website of State Statistics Ser-

vice of Ukraine (SSSU)
Type of travel 2014 2015 2015/2014 2016 2016/2015
(people) (people) (people) (people) (people)
Business and government 44 - - - -
Organized - - - - -
Private 2152468 2442101 +289633 2893370 +451269
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Fig. 2. Number of tourists and other visitors from Ukraine to Hungary. Source: the data retrieved from the official website of State

Statistics Service of Ukraine (SSSU)

Ukraine — Hungary: Inbound Tourism. The
Hungary -Ukraine direction is specific for instability
throughout the whole period of observations. It was
1-1,2 million Hungarians who annually visited
Ukraine in 2006-2008 (see Table 3.), in particular,
organized tourism accounted for 8% of the whole
tourism flow in 2006. Beginning from 2007, this
share declined to 1% and stayed unchanged through
the next five years. Unfortunately, due to absence of

such figures, it is objectively impossible to consider
tourist flows in the aspect of purpose of visit since
2014. Generally, the last 11 years showed no signif-
icant deviations in the number of Hungarians who
were visiting Ukraine (1 269 653 people in 2016).
Insignificant decline was observed in 2009-2014.
The last 3 years were the evidence of flows’ slight
increase, by 200 thousand people annually on the av-
erage.

Table 3. Dynamics of inbound tourist visitors from Hungary to Ukraine (2006-2016). Source: the data retrieved from the official

website of State Statistics Service of Ukraine (SSSU)

Year Total number of Hungarians Tourists from Hungary who visited Difference
who visited Ukraine Ukraine

2006 1159711 90241 1069470
2007 1251724 12514 1239210
2008 1033376 12367 1021009
2009 814790 10694 804096
2010 944777 11402 933375
2011 862051 9750 852301
2012 742445 4342 738103
2013 771038 325 770713
2014* 874184 2 874182
2015* 1070035 - -
2016* 1269653 3 1269650

*With no consideration of temporarily occupied territories of the Autonomic Republic of Crimea, the City of Sevastopol and the zone of Anti-Terrorist Operation
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Fig. 3. Dynamics of inbound tourist visitors from Hungary in Ukraine. Source: the data retrieved from the official website of State

Statistics Service of Ukraine (SSSU)
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Private tourism takes the lead in the structure of tourist arrivals in the aspect of purpose of visit (see
Table 4) sharing from 20 % in 2014 to 80 % in 2015, and 93% in 2016.

Table 4. Tourists and visitors from Hungary to Ukraine. Source: the data retrieved from the official website of State Statistics Ser-

vice of Ukraine (SSSU)

Type of travel 2014 2015 2015/2014 2016 2016/2015 (people)
(people) (people) (people) (people)
Business and government 12 55 +43 133 +78
Organized 2 - - 3 -
Private 171997 874008 +702011 1184730 +310722
Exchange: culture, sports, 702173 195971 -506202 84787 -111184
religion, etc.
Immigration - 1 - - -
1184730 48702173
1200000 800000 —
874008 i
1000000 — 600000 ¢
800000
600000 LT e 195971
400000 zooooo | i' =
200000
0 -' 2014 2015 2016
2014 2015 2016 Exchange: culture,

Private tourism

sport, religion, et

Fig. 4. Number of tourists and other visitors from Hungary to Ukraine. Source: the data retrieved from the official website of State

Statistics Service of Ukraine (SSSU)

Development of tourism and recreation is
among the priorities of 2015 Regional Strategies of
Development of Zakarpattia Region, the same for
2016-2020, and other regional sectoral programs.

Agreements between Ukraine and neighbor-
ing Hungary, Romania, Slovakia and Poland become
definitive when the Council of Carpathian Region fi-
nally and unanimously approved the concept of the
“Carpathian Tourism Route” in 2008. The program
became the basis for introduction of nearly 10 pro-
jects of inter-regional and cross-border cooperation,
as well as for over 10 investment projects to help de-
velop tourism infrastructure. The cross-border route
covers unique natural objects (Lake Synevyr, the
Narcissi Valley, beech virgin forests, all these being
entered into the list of the UNESCO World Herit-
age), the objects of cultural heritage (sacral monu-
ments, medieval castles, churches), and modern rec-
reational establishments.

The intense Ukrainian-Hungarian cross-bor-
der activity started as far back as 1993 when Ukraine
joined the Carpathian Euro-Region, its first euro-re-
gion. Now it covers programs important and signifi-
cant for the cross-border development in Central Eu-
rope. Inter-Region (Ukraine, Hungary, and Roma-

nia) is an agreement of cooperation for the develop-
ment of infrastructure, economics, education, tour-
ism, ecology, etc. Living Tysa represents a treaty for
joint activity to prevent natural disasters and ecolog-
ical catastrophes in the basin of the Tysa River. Par-
ticipants: Ukraine (1 region), Romania (4 regions),
Slovakia (2 regions), Hungary (5 regions). Associa-
tion of Museums and Art Galleries of the Carpathian
Euro-Region is a project to help attract public and
state authorities’ attention to preservation of monu-
ments of history and culture, financial borrowing to
support museums and restore monuments, and for
activation of tourism exchange. Participants: Ivano-
Frankivsk Region, Zakarpattia Region, Megye (Re-
gion) of Szabolcs-Szatméar-Bereg, KoSicky kraj (Re-
gion), Podkarpackie Voivodeship (Region). Green
Carpathians is a project and an agreement called to
strengthen joint activity of the members of the Car-
pathian Euro-Region in the sphere of tourism and
recreation. The project aims to intensify tourism
movement, promote rural green tourism, create the
database of thematic tourist routes, and encourage
ecological awareness in tourism. Associations of
border self-governing authorities cooperate, as a
rule, in the sphere of culture, education, and devel-
opment of infrastructure of their villages, towns and
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townships. Effective bilateral agreements between
administrative-territorial authorities of all levels,
e.g., those made up between the cities of Uzhgorod
and Nyiregyhdza, are signed for cooperation in eco-
nomic, cultural and scientific spheres (Sydoran,
2010).

According to the data available on the
Zakarpattia Tourism Information Web Portal, the pe-
riod of 1995-2003 was favorable in Zakarpattia for
realization of 6 cross-border tourism projects totally
amounting to 145 000 euro. This was only the first
experience of implementing such projects between
Hungary and Ukraine. Principal activity was taking
place on the territory of Hungary, whereas
Zakarpattia was an associate contractor. The partners
co-worked in Development of Tourism Program
Packages, Tysa Water Tourism Development,
Cross-Border Tourism Routes to Monuments of Ar-
chitecture, etc. When a number of Central-European
countries gained the EU membership in 2004, the
status of cooperation between Ukraine and new EU
members has become essentially different and the
next three years witnessed development of three new
Ukrainian-Hungarian tourism projects financially
supported in the amount of 320 000 euro. Later on,
six tourism projects were realized within the frame
of the Hungary-Slovakia-Romania-Ukraine Cross-
Border Cooperation Program in 2007-2013 with to-
tal budget of 2 million euro. Among those there was
a project for Management of Cross-Border Destina-
tions on the Territories of Hungary and Zakarpattia,
etc. On the whole, the EU went to the expense of
over 2 500 000 euro for the development of tourism
in the Ukrainian-Hungarian border in the last 20
years.

Co-financed by the European Union through
the European Neighborhood and Partnership Instru-
ment, the Integral Network of Biking Tourism Routes
Across Ukrainian-Hungarian State Border (HUSK-
ROUA/1001/012) was realized in 2012-2013 within
the frame of the 2007-2013 Hungary-Slovakia-Ro-
mania-Ukraine ENPI Cross-Border Cooperation
Program. The “Center for Ukrainian-Hungarian Re-
gional Development”, a Zakarpattia Region Non-
Government Organization was the project executor
with the partnership of the State Roads Service in
Zakarpattia Region, Uzhgorod (Ukraine); Direc-
torate of the museums of the Megye of Szabolcs-
Szatmar-Bereg, Nyiregyhaza (Hungary); the City
Council of Beregsurany (Hungary).

The aforesaid “Center for Ukrainian-Hungar-
ian Regional Development” was founded as far back
as 2004, and the betterment of tourism activity
within a European context is among its first-order
tasks. The Center has also realized the implementa-
tion of the regional tourism information center in
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Zakarpattia Region due to the grant earmarked for
that purpose in 2007.

The Zakarpattia Region Council gives a spe-
cial eye to cooperation with Hungarian regions. It
was in 2016 that yet another 2017 Program of Coop-
eration between the Zakarpattia Region and the
Megye of Szabolcs-Szatmar-Bereg was signed; the
same with the Megye of Borsod-Abalj-Zemplén to
co-work in 2016-2017; the Agreement for Cooper-
ation of Territorial Self-Governing Bodies in the Ba-
sin of the Tysa River was signed by the chairs of re-
gional councils of Ukraine, Hungary, Romania and
Serbia; and a new cooperation program with the
Megye of Bécs-Kiskun was given a start. Coopera-
tion with the above-stated regions of Hungary allows
the realization of projects within the 2014-2020
Hungary-Slovakia-Romania-Ukraine Program with
the EU’s grant in the amount of nearly EUR80 mil-
lion.

All these projects aim at solving social, eco-
logical and infrastructural problems encountered in
border regions of both countries and are directed to-
wards preservation of historic and cultural heritage,
environmental protection (in particular, develop-
ment and implementation of the “Tysa”, an Auto-
mated Informational-Measuring System (AIMS),
creation of the “Tysa Valley”, a cross-border wild-
life reserve), development of transport and commu-
nication thoroughfares, opening of new border
checkpoints, learning of hard domestic waste dis-
posal.

The cross-border cooperation in the region is

also specific for availability, on all institutional lev-
els, of organizations that regularly realize projects or
take initiatives related to problems of development
of joint work within the frame of Ukrainian-Hungar-
ian cross-border region. In confirmation of the fact,
the following important cross-border different-level
network associations should be outlined: “Carpa-
thian Euro-Region”, an Inter-Regional Association
founded in 1993 (unites border regions of 5 coun-
tries); Ukrainian part of the Civil Society Forum of
the Danube Strategy (founded in 2014); Association
of Ukrainian/Hungarian Borderline Municipalities;
“The Circle of Carpathian Communities”, a cross-
border network of non-government organizations
and associations of local self-governing; Association
of Carpathian Region Universities; Rotary Interna-
tional (North-Eastern Carpathians).
Conclusions. The cross-border tourism in both re-
gions features encouraging development perspec-
tives with priorities to be accentuated upon as fol-
lows:

1. Sports-rehabilitative and adventure
tourism (walking, alpine, water, biking, skiing and
alpine skiing tourism). Particularly attractive is the
mountainous area of the Transcarpathian region
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which makes it possible to realize most of the above-
mentioned types of tourism. Cycling and mountain
rivers alloys (including Tysa) may be transboundary.

2. Rural green tourism. It has resources for
development on both sides of the border. The more
favorable territories for it are the mountainous and
foothill landscape as well as the regions of the
balneological resorts of both Ukrainian and
Hungarian.

3. Eco-tourism (predominantly on the territo-
ries of nature reserve fund). There are 454 objects of
the nature reserve fund in the Transcarpathian
region, in particular the Carpathian Biosphere
Reserve, the national natural parks Synevir,
Uzhansky and  Zacharovanny Kray. The
administrations of these institutions create and
implement planned ecotourism routes. There is no
national park or natural reserve in Megye of
Szabolcs-Szatmar-Bereg of Hungary,that is why it
may be an important and interesting possibility to
take part in ecotourism programmes that are being
implemented in Ukraine for the citizens of
Hungarian borderland.

4. Treatment-health-improving tourism. It
has the prospects on both sides of the border. But
Ukrainians often prefer to recover in Hungary where
the best service and lower prices are offered.

5. Enogastronomy. It is perspective on the
whole territory of the research which makes it possi-
ble to implement cross-border enogastronomic tours
with tasting of the wine, cheese and other traditional
dishes for the region.

6. Religious tourism. It has its distinctive
features both in Ukraine and in Hungary but
common traits in the architecture of religious
buildings can be traced.

7. Cognitive tourism with accentuation upon
the monuments of history, archaeology, culture, ar-
chitecture, and ethnography. The common historical
past is the basis for the development of cognitive
tourism, and historical and cultural objects are the
basis of tourist routes.

8. Event tourism. It has a number of precon-
ditions on the both sides of the border: a common
historical and ethnographic heritage, in particular,
traditions, ethnogastronomy, traditional art. There
are about 50 festivals annually in the Transcarpa-
thian region. This affects the quantity and quality of
tourist services in the region.

The Zakarpattia Region of Ukraine and the
Megye of Szabolcs-Szatmar-Bereg of Hungary pos-
sess considerable natural, historic-cultural and archi-
tectural potentials that are well worth efforts to de-
velop there tourism infrastructure and realize cross-
border routes, and should therefore be qualified as
tourism-perspective regions.
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Influence of technogenic loading of pyrogenic origin
on the geochemical migration of heavy metals
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Abstract. The study of geochemical aspects of the transformation of migration properties
of heavy metals under the influence of anthropogenic loading of pyrogenic origin has been
given insufficient attention. We studied the concentration of heavy metals in soils by
atomic absorption analysis. The results indicate the transformation of their migration prop-
erties. The diversity and versatility of behaviour of chemical elements in environmental
components after fire was noted. In different ecological conditions, it is possible to observe a wide range of quantitative values of
geochemical migration or accumulation of any particular chemical element. The analytical results show that the contents of migrant
elements, pH values, areas of disasters which are approximately in the same conditions, but passed by the grass or upper fire differ
quite tangibly. Heavy metals that hit the environment can form difficult soluble hydroxides. In addition, in the soil solution, there is a
probability of the formation of hydroxocomplexes with different amounts of hydroxide ions by metals. The range of precipitation of
hydroxides and the region of predominance of soluble hydroxocomplexes have been studied by constructing concentration-logarithmic
diagrams. On the basis of the calculations it can be argued that the influence of technogenic loading of pyrogenic origin influences the
geochemical migration of heavy metals . Compounds Fe®* at the pH = 4.5-14, Cu?* at pH = 7-14, Cr?* at pH = 7-9, Zn?* at pH= 8-11,
Ni2* at pH = 8-14 have the lowest migration potential. Compounds Pbh?* at pH = 9-12, Fe?* - pH = 9.5-14 have the lowest migration
potential also. In a more acidic environment, soluble substances are formed, but at a pH increase of only 0.5-1, they can decrease their
mobility by an order of magnitude which contributes to their concentration in the soils after the fire. In a neutral soil reaction, most of
the heavy metals (Al, Cr, Zn, Cu, Fe (1), Ni) are in a slightly soluble form (in the form of hydroxides), with insignificant, migration
capacity which leads to the accumulation of these chemical elements in the soil. It is necessary to allocate heavy metals moving in a
neutral environment (Fe (I1), Cd, Co, Mg, Mn) into a separate group. Any increase in pH values contributes to their fixation. The
obtained calculations can be used to predict the geochemical migration of heavy metals in soils which result from anthropogenic
disasters of a pyrogenic origin.
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BnavB TeXHOreHHOro HaBaHTaXXeHHS MiPOreHHoro
MOXOMPKEHHA Ha reoxiMivyHy Mirpauito BaXKKUX MeTanis

tO. B. Byu?, B. B. Acoubkuii?, O. B. KpaiiHtok®, P. B. MoHoMapeHKo*

IXapKiBCbKuiA HaLLiOHANHI EKOHOMIYHWIE YHIBEpCUTET imMeHi CemeHa KysHels, Xapkis, Ykpaida, e-mail:
butsyura@ukr.net

2HaujioHanbHUI YHIBEPCUTET LMBINBHOMO 3aXMCTY YKpaiHu, Xapkis, YKpaina, e-mail: asotskiy@nuczu.edu.ua
3XapkiBCbKuii HaLjioHanbHWIA aBTOMOGINBHO-0POXKHIN YHiBEpCUTET, Xapkis, YkpaiHa, e-mail: alenauvarova@ukr.net
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AHoTauif. JocnigykeHHAM reoxiMiyHMX acnekTiB TpaHC(opmaLil MirpauiiiHUX BNaCTUBOCTE BKKMX MeTaiB 3a BMN/IMBY TEXHOTEH-
HOr0 HaBaHT@XKEHHS MiPOreHHOr0 NMOXOMKEHHS NPUAINEHO HeOCTaTHLO yBaru. MpoBeAeHO [OCNIAKEHHS KOHLIEHTPaLIT BAXKKNX Me-
TaniB y rpyHTax METO4OM aTOMHO-abCcop6LiHOro aHanidy. Pe3ynbTaTy BKa3ytoTb Ha TpaHChopMaLito iX MirpaiiHiX BNacTUBOCTEN.
BigmiyeHO pi3HOMaHITHICTb Ta Pi3HOGIYHICTb MOBEAIHKMN XiMIYHMX €IEMEHTIB Y KOMMOHEHTaX JOBKINAA NiCNA YPKEHHS MOXKEXamu.
Y Pi3HNX €KOMIOTIYHMX YMOBaX MOXKHa CMOCTePiraTi LWWPOKMIA fiana3oH KifbKiICHUX 3Ha4YeHb reoxiMivyHOT Mirpauii abo akymynsauii
6Yy[b-IKOr0 KOHKPETHOr0 XiMi4YHOro enemMeHTa. AHaNITUYHI pe3y/bTaTu JOBOAATb, LU0 38 BMICTOM e/leMeHTiB-MirpaHTiB, BennymH pH,
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DiNSHKK 3rapu, siKi nepebyBatoTb NMPMOBIUZHO B OAHAKOBUX YMOBaX, afie NMpoiiaeHi HM30BOK abo BEPXOBOH) MOXEXKEHD, PO3Pi3Hs-
FOTbCA AOCUTb Bif4YTHO. BaXkKi MeTanu, Lo NOTpanuan y AOBKIN/A, MOXYTb YTBOPHOBATM BXXKOPO3UMHHI rigpokeugn. Kpim Toro, y
'PYHTOBOMY PO34MHi € MMOBIPHICTb YTBOPEHHS MeTanamu riAPOKCOKOMMIEKCIB i3 Pi3HOO KiIbKICTHO TigpoKCcuA-ioHiB. [iana3oH oca-
[DKEHHS Tigpokeuais i 06/1acTi nepeBaKaHHA PO3YMHHMX FiAPOKCOKOMMEKCIB BUBYEHI 3a AOMOMOrOK No6YA0BM KOHLEHTpPaLiiHO-
norapugmiyHnx giarpam (K/14). OTprMmaHi po3paxyHKn MOXHa BUKOPUCTOBYBATM AJ151 MPOrHO3YBaHHS reoXiMivHOT Mirpauii BaXXKnx
MeTaNiB y rPYHTax IK HaCMifKiB TEXHOrEHHNX Haf3BUYaHNX CUTYaLlili MiPOreHHOro MOXOKEHHS.

KnrouoBi cnoBa: npupoaHi noXkexKi, MirpadiiiHi BnacTWBOCTi XiMiYHUX eNeMeHTIB.

Introduction. In Ukraine, up to the present, there
have been insufficient studies focused on the techno-
genic loading caused by the impact of the pyrogenic
(literally - "generated by fire") factor on the environ-
ment. At the same time, the number of natural fires
and their consequences continues to increase.
Materials and methods. The objective of this pub-
lication was the study of geochemical aspects of
transformation of migration properties of heavy met-
als under the influence of technogenic pyrogenic
loading.

There is no definite explanation of the condi-
tions which influence the behaviour of microele-
ments, particularly heavy metals (HM), under tech-
nogenic impact. The analysis of literature data does
not allow determination of the diversity and multidi-
mensional character of chemical elements in envi-
ronmental components which have been affected by
fires. In different ecological conditions, the range of
the numerical values of the geochemical migration
or accumulation of a particular chemical element can
be large (Buts, Krajnjuk, 2009). For example, the
concentration of mercury in soil after a ground fire
ranges from +27.3% to 64.3%. Almost 2.36 times
difference (Alekseenko, Gamova, 2015).

The greater part of the mass of the emissions
of HM (Hg, Cd, As, Pb, etc.) released into the atmos-
phere migrates in the compound of dust and aerosols.
But when the analysis involves single cases of mi-
gration of ore elements (Cr, Ni, Co, Mg, etc) which
usually passively accumulate in the burned area or
adjacent areas, determination of the role of large dust
particles is required.

Certainly, the migration of chemical elements
occurs in relation to the type of a fire, its intensity.
The higher the intensity of the fire, the higher is the
numerical assessment of the air migration of chemi-
cal elements. It is pretty obvious that there are other
factors which determine the behaviour of HM during
fires in ecosystems.

The analytical results demonstrated that in re-
lation to the content of migrant elements (mg/kg),
pH values, the burned areas in nearly similar condi-
tions but affected by ground or the crown fire signif-
icantly differ.

During a general fire, a number of chemical
elements, for example mercury, cadmium, selenium
and artificial radionucleoids are released from the
territory of the fire , their content is 30-45% of their
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concentration in the areas of a ground fire (Ale-
kseenko, Gamova, 2015). The pH value increases by
6-10%. This is certainly related to increase in the
amount of ash, which causes an alkaline reaction,
though it could be partly removed from the ground
surface of the burned area by aeolian or hydrologic
processes. Therefore, it is not possible to exactly de-
termine the relationship between the amount of ash
and the pH value in the burned areas once a certain
time has elapsed after the fire. The provided exam-
ples of the processes of geochemical migration
clearly indicate that apart the type of the fire as a fac-
tor of chemical elements® migration from the burned
areas, a major role is also played by the condition of
easily combustible materials, particularly - the mois-
ture level of the forest litter. This allows us to define
another condition related to the behaviour of HM
during forest fires: the physical condition of above-
ground combustible materials also serves as one of
the factors which determines the geochemical migra-
tion during a forest fire.

It is known that different plants differently ac-
cumulate various microelements. Therefore, one
should take into account the pattern of heavy metals*
distribution in the above-ground parts of plants. This
determines the quantitative indicators of geochemi-
cal migration of chemical elements during the fire.
The most distinctive indicator is radial distribution
of the HM amount in the soil section, including up-
per soil horizons and interlayers of felt and forest lit-
ter. In this case, there is a significant fluctuation of
the HM concentration in the radial differentiation in
the soil profile.

The burning-out of the upper parts of the
steppe felt, mosses, lichen and forest litter is fol-
lowed by weak emission of migrant microelements
not only because the upper layers of above-ground
combustible materials dry-out quicker than the
lower, but also because in these horizons, their in-
creased content is in the lower intervals, and not in
the upper ones.

Therefore, it should be emphasized that the
complex interaction of different chemical elements,
the condition of the above-ground combustible ma-
terials and distribution of elements in the vertical
sections of the soil correspond to the behaviour of
chemical elements during fires in ecosystems.

During still weather when fires are spreading
within ecosstems, the chemical elements held by the
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fire convectional flow migrate vertically to the upper
atmospheric layers and settle down on the burned out
area depending on the extent of their cooling. Wind
contributes to the distribution of the smoke plume
outside a pyrogenically affected area. This allows
use of weather conditions to determine the role of a
factor which determines the migration of chemical
elements from the burned areas. However, in our
opinion, this factor can be used only for small fires,
for general crown fires are followed by formations
of whirlwind flows which drag the cold air from the
areas around the area of fire. The horizontal advec-
tional flow of the smoke plume during such fires not
only can be predicted, but could be taken into ac-
count during the fire. At the same time, dry and
warm weather will be favourable for atmospheric
migration, and misty and rainy weather will contrib-
ute to quick washing-out and settling of the dust and
aerosolic particles of the smoke plume. All provided
analyzed data indicate the presence of another factor,
which the distribution of the smoke plume is related
to during the fire in the ecosystem: weather condi-
tions which influence the migration or accumulation
of separate chemical elements within the burned-out
territory.

No doubt that this transformation of steppe
felt, forest litter, mosses, lichens, etc into different
combustion products (ash, coal, dust, aerosols, etc)
under the impact of high temperatures of natural
fires should influence all chemical elements.

It is given that the chemical elements in the
components of natural chemical complexes occur in
different conditions: sorption, absorption, complex
organic-mineral compounds, etc. However, in the
case of forest fires, therefore high temperatures, Ale-
kseenko I. V. (Alekseenko, Gamova, 2015) analyzes
their behaviour depending on their boiling and evap-
oration temperatures. He assumes that active migra-
tion of cadmium and mercury is related to their low
boiling temperatures , whereas because HM such as
copper, chromium, nickel and cobalt have a ten
times higher boiling temperature, they tended to ge-
ochemically accumulate the lithogenous base of the
burned area (°C): Hg — 357, As — 610, Cs — 690, Cd
— 765, Zn -907, Mg - 1107, Pb — 1744, Mn - 2151,
Sr — 1384, Cr — 2482, Cu — 2595, Ni — 2732, V and
Co - 3000.

The described tendency does not involve man-
ganese - having a high boiling temperature, it easily
migrates. On the other hand, a low level of migration
is demonstrated by arsenic, despite the fact that this
chemical element sublimates already at the tempera-
ture of 610°C. The low values of this indicator could
be caused by its position in the mineral part of the
litter thickness and its close relationship with iron.
The pattern also does not explain the behaviour of
natrium and potassium, which accumulate in soil of

burned areas, but have a low temperature gradient.

Therefore, the analysis of the data provided
above suggests that the behaviour of heavy metals
during fires in ecosystems depends on many factors,
of which the main are: the type of fire, condition of
forest combustion materials, meteorological condi-
tions, geochemical properties of the chemical ele-
ments and the pattern of their distribution in the com-
ponents of the ecosystem.

During forest fires, the high temperatures first
of all affect the upper few centimeters of soil, there-
fore the most radical changes occur in the litter and
the upper part of the humus horizon. In the process
of combustion, a significant loss in the soil organic
compound occurs. Affected by high temperatures,
most of the carbon from the organic compound oxi-
dizes to gaseous forms (mostly CO,) and evapo-
rates. During intense fires, elimination of organic
compounds of above-ground horizons and the upper
part of humus horizon occurs, and also formation of
a significant amount of carbon compound of alkaline
and alkaline-soil elements, which causes intensifica-
tion of the pH reaction. According to U. M. Kras-
noshhekov et al (Krasnoshhekov, Valendik, Bez-
korovajnaja, 2005), the change in the acidity of soils
after fires can be significant: there are recorded cases
when the level of pH equaled from 5.7...5.9 before
the fire to pH=8.7 after the ground fire. Two months
after the fire, pH of the surface horizon equaled 8.0,
and only in the ten year old burned areas did the re-
action of the upper organogenic horizons recover.
Apart from the microelements necessary for the
plants, which are provided to the soil from the fire, a
large amount of Fe, Al, Zn, Mn and other heavy met-
als are provided with the ash.

Let us more accurately analyse the conditions
of formation of mobile forms of heavy metals in soil,
which would allow us to draw a conclusion about
their migration or accumulation in the geochemical
environment.

Heavy metals which were released to the en-
vironment can form poorly soluble hydroxides.
Also, there is a possibility that in the interstitial wa-
ter, the metals will form hydroxo complexes with
different amounts of hydrooxid ions (Buts, Krajnjuk,
2008). The range of sedimentation of hydroxides and
the area of soluble hydroxo complexes were studied
using a development of logarithmic concentration
diagrams (LCD). The solution of metal hydroxide
(on the example of cuprum hydroxide formation)
and formation of its complex compounds is de-
scribed by three main reactions:

Cu(OH)2 = Cu2*+20H- lgKs= -19.66
(2-n) OH+H*=H;0 ~lgK,=14
Cu2*+nOH- = Cu(OH),2" lgBs
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Total reaction CymapHa peakuisi:
Cu(OH), +(2-n)H*= Cu(OH),>"  +(2-n)H.0
IgK=IgKs+ IgB— (2-n) IgKw

Cu?*+OH-= Cu(OH)*

1 |gB1=6.0
2 Cu?*+20H = Cu(OH),

n=
n= lgB.=13.18

Cu?"+30H"= Cu(OH)s~

3 IgBs=14.42
4 Cu?*+40H = Cu(OH).*

n=
n= IgB4=14.56

For calculating the constant of balance of total
reaction, we used logarithms of product of solubility
of hydroxides and the constant of stability of the
metal complexes with hydroxides (Table 1).

Table 1. Logarithms of constants of stability of complexes with hydroxides (Goronovskij, Nazarenko, Nekrjach, 1974; Rabinovich,

Havin, 1991)

Cation Ks IgB1 IgpB2 IgBs IgBa
Al3* -32 9.0 18.7 27 33
Cd?* -13.7 6.08 8.70 8.38 8.,42
Co?* -14.7 44 9.2 10.5
Cr3* -30.18 10.1 17.8 24 29.9
Cu? -19.66 6.0 13.18 14.42 1456
Fe?* -15.0 5.56 9.77 9.67 8.56
Fe¥ -37.42 11.87 21.17 30.67 -
Mg?* 9.2 2.60 16.3 - -
Mn2* -12.7 3.90 5.8 8.3 7.7
Ni2* -18.06 4.97 8.55 11.33 12
Zn%* -17 6.31 11.19 14.31 17.70
Hg?* -25.44 10.59 21.82 20.89 10.67
Pb?* -14.9 6.29 10.87 13.39 .

Equivalent concentrations of metal-contain-
ing particles in this case will be as follows:
Ig [Cu(OH):2 "= IgKs+ IgBn— (2-n) IgKw~(2-n)pH
n=0 Ig [Cu?*]= IgKs— 2lgKy — 2pH=8.34 — 2pH

n=1 Ig [Cu(OH)*]=lgKs+lgp:—IgKw—pH=0.34- pH

n=2 1g [Cu(OH).]= IgKs+ Igp, = -6.48

n=3 Ig[Cu(OH)s]=lgKs+IgBs+IgKw+pH=
=-19.24+ pH

n=4 Ig[Cu(OH)s*]=lgKs+IgBs+2lgKy+2pH=
=-33.1+2 pH

Therefore, in the provided diagrams (Fig. 1),
we can clearly determine the areas of maximum sed-
imentation of metal hydroxides (Fig, 2). The condi-
tion of Me** sedimentation was assumed its concen-
tration in the interstitial water equaling 10> mol/I.
Therefore (Fig. 1), below pH6.8, cuprum is in a dis-
solved state, and at higher pH values, cuprum settles
down as a hydroxide Cu(OH)2, and at significantly
high pH13 values, develops Cu(OH)s hydroxo
complexes, but their concentration is low, so
one can conclude that cuprum compounds have
a high level of migration activity to a neutral en-
vironment and their fixations at pH6.8. We de-
veloped assessments and diagrams for a number
of metals (Figs. 1-6).

Results and their analysis. The LCD intervals of
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hydroxide sedimentation, which we developed, co-
incide with the data by U. U. Lur‘e (Lur'e, 1989).

In a neutral soil, most metals (Al, Cr, Zn, Cu,
Fe (1), Co, Ni) occur in heavy soluble form (hydrox-
ides). At the same time, their migrational property is
not significant, which leads to accumulation of
chemical elements in soil (Fig. 2). In such condi-
tions, heavy metals do not become washed-out from
the soil, are not consumed by plants, but accumulate
in the soil.

A significant change in the pH, for example
the one recorded by U. M. Krasnoshhekov et al
(Krasnoshhekov, Valendik, Bezkorovajnaja, 2005)
causes radical changes in the behaviour of the cu-
prum compounds. At pH=5.7 before the fire, the
concentration [Cu*?]=0.01 mol/l, whereas at pH=8.7
after the fire, all cuprum accumulates in soil in non-
soluble form.

lons of Fe?* easily migrate in acidic, neutral
and even insignificantly alkaline environments to
pH=9.5, forming Fe(OH). hydroxide only in a highly
alkaline environment (Fig. 2).

Radically different behaviour was observed in
ions of Ferum (11). In a highly acidic environment,
they occurred in the form of Fe** and Fe(OH)?*, and
already at pH>5, non-soluble Fe(OH)s hydroxide
forms. That means at increasing level of pH after the
fire, Ferum (I11) will always accumulate in soil (Fig.
3).



Buts Y., Asotskyi V., Kraynyuk O., Ponomarenko R. Journ.Geol.Geograph.Geoecology,27(1), 43-50

Ig [Cu™
g [CH(OH) |

lg [CufOH):]

an

e [Cu(OH),™)

g [Cu(O1}:7) Ig[(::l(f)lllf_J
X
Fig. 1. Logarithmic concentration diagram (LCD) of forming of hydroxo complex of cuprum

lg Fe(OH) ] lg [Fe™]

[T IR N

8 & 1011 12 13 14

I [FetOH):]

g [Fe({OH),™]

-15 .
Ig [FeiOH): | lg [Fe(OHY"]

Fig. 2. Logarithmic concentration diagram of formation of hydroxo complexes of ferum (1)

lg [Fe(OH)?]

T [ [ T[] pH

78 P 1011 12 13 M4

0
-H
—
-5
= z

' Ig [Fe(OH)]
-9

lg [Fe(OH),*"]
I
e

~15
Fig. 3. Logorithmic concentration diagram of formation of hydroxo complexes of Ferum (I11)

47



Buts Y., Asotskyi V., Kraynyuk O., Ponomarenko R.

Journ.Geol.Geograph.Geoecology,27(1), 43-50

Zinc compounds behave in different environ-
ments as follows (Fig. 4): in acidic and neutral envi-
ronments, there are ions of Zn?*, and at pH=8-11.5,
a non-soluble Zn(OH), hydroxide forms; in highly
alkaline environments, zinc becomes mobile in the
form of Zn(OH).? hydroxo complexes.

In conditions, as for example described by U.
M. Krasnoshhekov et al. (Krasnoshhekov, Valendik,
Bezkorovajnaja, 2005), at pH=5.7...5.9 acidity be-
fore the fire, the concentration of mobile zinc can be
up to lg[Zn?*]=-1, i.e. to 0.1 mol/l, and lg[Zn?*]=-4
at pH=8.7 after the fire, i.e. the mobile forms in the
soil environment equaled only 0.0001 mol/l, i.e. zinc
transforms into non-soluble forms and accumulates.

For nickel compounds, we observed the fol-

lg [Zn(OH)'] 1g[Zn”"]

lowing relationship (Fig. 5): in acidic and neutral en-
vironments, the mobile forms of nickel compounds
dominate, but after a change in pH, for example even
5.5 t0 6.0, the number of mobile forms of nickel de-
creased by 10 times from Ig[Ni?*]=-1 to Ig[Ni%*"]=-
2, i.e. the concentration of Cu?* ions changed from
0.1 mol/l' to 0.01 mol/l at pH increase from 5.5 t0 6.0.
At pH>8, the nickel compounds remained in non-
soluble form.

At pH<9, plumbum is in a mobile form, non-
soluble complexes and hydroxides can dominate
only in alkaline and highly alkaline environments
(Fig. 6). With increase in pH, the concentration of
mobile forms rapidly decreases.
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Chromium compounds (I1) will behave as
follows (Fig. 7): in acidic environments, soluble, i.e.
mobile forms of Cr®* dominate, but their concentra-
tion rapidly decreases with increase in pH. For ex-
ample, if at pH=5, the concentration of mobile forms
of chromium could equal 0.01 mol/l, at pH=5.7 it

g CrOm | Ig[Cr |

equaled 0.001 mol/l. That means that during the im-
pact of fire, chromium will accumulate in soil. In
neutral environments, chromium forms a non-solu-
ble hydroxide, in alkaline environments, at
pH=8.5...9, it starts forming soluble Cr(OH). " hy-
droxo complexes.
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Fig. 7. Logarithmic concentration diagram of forming of chromium hydroxo complexes.

Conclusions. According to our assessments, we can
state that technogenic loading of pyrogenic origin
has an impact on the geochemical migration of
heavy metals . The lowest migration properties were
demonstrated by the Fe3* compounds at pH=4.5-14,
Cu?* - at pH=7-14, Cr?* — at pH=7-9, Zn*" at pH=8-
11, Ni — at PH=8-14, Pb?* — at pH=9-12, Fe?" — at
pH=9.5-14. In more acidic environments, soluble
compounds form, but a mere 0.5-1 times increase in
the pH can decrease their mobility ten times, causing
their accumulation in soil after a forest fire.

In the soil which is neutral in relation to reac-
tion, most heavy metals (Al, Cr, Zn, Cu, Fe (1), Ni)

are present in hard-soluble form (hydroxides), at the
same time their migrational ability is low, thus caus-
ing accumulation of these chemical elements in soil.

B okpemy rpyny cnig BuainuT Baxki metanu
pyxomi y HeinTpansHomy cepegosuui (Fe (1), Cd,
Co, Mg, Mn). byab-ike NiABWLLEHHSA 3HaYeHb pH
cnpusie ix ikcau,i.

OTpumaHi po3paxyHKV MOXKHa BUKOPUCTOBY-
BaTW A4115 NMPOrHO3yBaHHA reoXiMiyHOI Mirpauii Bax-
KMX MeTaNiB y rpyHTax nicng TeXHOreHHWX Hacnig-
KiB Haf3BMYailHUX CWTyauili MipoOreHHoro noxo-
[KEHHS.

The heavy metals which are mobile in neutral
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environments (Fe (1), Cd, Co, Mg, Mn) should be
united in a separate group. Any pH increase contrib-
utes to their fixation.

The developed calculations can be used for
predicting geochemical migration of heavy metals in
soils after technogenic impacts of a disaster of a py-
rogenic origin.
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Abstract. The purpose of this article is to investigate the main vectors of photo tourism

Received 13.04.2018; development in Ukraine as an innovative trend in active tourism. On the basis of system-
Received in revised form 20.04.2018; atization of the definitions available, the author presents her own vision of the concept
Accepted 08.06.2018 “photo tourism”, as well as its main functions. The author gives a brief outline of the

geography of the most popular photo tours in the world and emphasizes prospects for
development of photo tourism within Ukraine on the basis of the touristic recreational potential available. Among the most popular
destinations of photo tourism in the world for street photography and genre photography we can highlight Europe. Paris, Rome, Am-
sterdam, Madrid, Prague and Lisbon are considered to be truly picturesque photo locations. In terms of scenery tours, the top ranking
directions are exotic ones, such as South-East Asia, Central Asia, the Middle East, India, Tibet, China, Nepal, Ethiopia, Bhutan and
Malaysia. The whole territory of Ukraine is appealing in terms of photo tour development, though the Ukrainian Carpathians and the
Crimea possess the best qualities for scenery, panoramic and genre photography. At present photo tours are being actively carried out
only in the Western regions of the country. The most interesting natural locations have been described, which might become the basis
for photo tours within the boundaries of Ukraine in the future. The objects to be captured by the camera lens are mostly historical and
cultural heritage — castles, fortresses, palace complexes. The Chornobyl Exclusion Zone has become a particularly interesting photo
location. A range of schematic maps depicting tourist photo locations in the West of Ukraine has been created. The second vector of
the development of photo tourism in Ukraine is the landscapes of the Carpathian Mountains. The following photo tours are successfully
implemented and the most popular among tourists: “The Marmaros Mountains: photo trip along the Ukraine — Romania border”;
“Verkhovyna Watershed Ridge”; “Borzhava Mountain Valley”; “ Pre-Watershed Gorgany”; “Svydovets Massif”; “Marmaros Massif”.
The article analyzes the photo tour proposals nowadays available for Ukrainian tourists, their value and territorial organization. The
findings of the research suggest that photo tourism is predominantly directed outside the boundaries of Ukraine whereas the develop-
ment of internal photo tourism is significantly slower. The benefit of the study is that the author has developed a new tourist product
in the market of tourist services of Ukraine — the programme of the photo tour “Gastronomic Transcarpathia”. Food photography of
Transcarpathian cuisine is considered to be a promising and innovational element in the development of the tourist industry in the
region. This article mentions limiting factors hindering development of photo tourism in Ukraine and in Transcarpathian region in
particular.

Key words: photo tourism, photo tour, photo location, food photography, gastronomic photo tour, Transcarpathian region.
TeHAeHUIT pO3BUTKY POTOTYPU3MY B Y KpaiHi

Yup H.B.

JBH3 «¥Y>KropoAcbKuii HalioHaNbHWIA yHIBEPCMTET», M. Y>Kropog, YKpaiHa, e-mail: Nadezda_chyr@i.ua

AHoTaUif. PO3rnafaeTbca NUTaHHS Cy4aCHUX TeHAEHL i PO3BUTKY (hOTOTYPU3MY SK HOBOTO CErMEHTa Ha PUHKY TYPUCTUYHWX NOCyT
YKpainu. Cepeg nonynspHUX HanpsMKiB OTOTYpM3My B CBITI Ana cTpuT-thoTorpadii Ta »KaHpPOBMX 3MOMOK BUAINAETLCA €Bpona.
KonoputHummn doTonokauisimm BeaxkaroTees Mapwxk, Pum, Amctepgam, Magpug, Mpara, JlicaboH. Y nei3axHux Typax nepLuicTb
HaNeXWTb K30TUYHUM HanpsamMkam: MiBaeHHO-CxifHa Asis, CepegHs Asisi, Binsbkuii Cxif. B YKpaiHi Halikpallmmmy BlacTMBOCTAMU
[19 PO3BUTKY (DOTOTYPM3MY XapaKTepuaytoTbes YKpaiHcbki Kapnatv Ta Kpyum. CborofHi hoToTypu akTMBHO peanisytoThes Nnile B
3axigHUX perioHax KpaiHu. B 06’eKTMB oTOKaMep nepeBakHO NOTpansse icTOPUKO-KYNbTYpHa cnajmnHa — 3aMku, opTewi, nana-
LoBi komnneken. OcobnBO LikaBow (HOTONOKaLiE CTana YopHOOUIbCbKa 30Ha BigUyXKeHHs. [pyruii BeKTop po3BUTKY hOTOTypK-
3My B YKpaiHi CTaHOBNATb, NaHAwadt Kapnatcbkux rip. Baano peanisytoTbcs oToTypu: «MapmapocbKi ropu: (hoTomMaHApiBka
YKPaiHCbKO-PYMYHCbKM KOPLOHOMY; «BepXOBUHCHKMIA BOAOAINbHNI XpebeT»; «[MonoHuHa Bopxxasa»; «prBoaoainbHI MopraHny;
«CB1A0BELbKMIT MacuB»; «MapMapoCbKuii MacuB». BuaineHo HainbinbLu Likasi MPUPOAHI NOKaLil, siKi B MailbyTHLOMY MOXYTb CTaTu
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aNbTepPHaTMBHOK OCHOBOIO (HOTOTYPIB Y MeXax YKpaiHu. CTBOPEHO HU3KY KapTOCXeM TYPUCTUUHIMX (hOTO/OKaL i/ 06nacTeit 3axigHot
YKpaiHu. BctaHOBMEHO, L0 HainbifbLL HAacKYeHi LikaBi TYPMCTUYHI aTpakLii — Le 3akapnartcbka i TepHoninbcbka 06n1acTi. MpoaHarni-
30BaHO HasABHI MPOMo3unLii JoTOTYpIB Ha YKPATHCLKOMY PUHKY, TX BapTiCTb Ta TEpUTOPia/ibHY OpraHisauito. Pe3ynbTaty 4OCAiAKEHHS
iNFOCTPYHOTb NEPEBaXKHY CNPSIMOBaHICTb (HOTOTYPM3MY 3a MeXi YKpaiHW, B TON Yac, KoM BHYTPILLHIA (hOTOTYpU3M pO3BMBAETLCS
3HaYyHO cnablue. Po3po61eHO HOBWIN TYPUCTUYHMIA NPOAYKT HA PUHKY TYPUCTUUYHUX NOCAYT YKpaiHu — nporpamy (oToTypy «lacT-
POHOMiYHe 3aKapnaTTs», WO Penpe3eHTYe iHTepHaLiOHabHWIA Ta CaMOBYTHI KOMopuUT NPUKOpAOHHS. ®ya-thoTorpadis 3akapnarch-
KOT KYXHi MOXe CTaTu iHHOBaLiiH/M eNeMEHTOM Y PO3BUTKY iHAYCTPIT TYpM3My Kpato i B NEPCNEKTUBI 3a/Ty4nTU He TiflbKn hOTOso-
6uTenis, a i NOLiHOBYBaYiB Pi3HNX HaNPAMIB raCTPOHOMIYHOIO TypW3My, ETHIYHOIO Typu3My Towo. KOHKYpeHTHY nepeBary po3su-
TKy (POTOTYpU3MY B MEXax 3akapnaTcbKoi 06/1acTi CTaHOBUTH MOLLUMPEHHS CiNlbCbKMX NaHALadTiB. 30OMKa CiflbCbKUX MOTUBIB A1
iHO3eMLUiB cTana 6 HOBMM MOLUTOBXOM ANA Ni3HaHHSA YKpaiHW | BOAHOYAC aflbTEPHATMBO «ypbaHizoBaHOT €Bponu». Cepeg nepcre-
KTWBHMX BEKTOPIB PO3BUTKY (HOTOTYPU3MY BMOKPEMIEHO: NMam’siTKM apXiTEKTYpW Ta MicTOGYAyBaHHS (CepefHbOBIYHI 3aMKM 3aKap-
naTTs, MiCbKa apxiTekTypa Y>xropoga, MykaueBa, beperosa, XycTa); KynbTypHY CK1agoBy (thectusani, CBATa, 3BMyai, 06psagm, Tpa-
AMLIAHWIA 0aAr); YHiKa/bHI 3anoBigHi Micuys (CmepekoBuiA KamiHb, O6aBCbKMiIl kKaMiHb, COKOMMHI CKeNi, Meyepmn YTronbCbKOro MacuBy
Ta ypounLa YepneHuii KamiHb, MonoHnHa PyHa, AHTanoBeLbka NonsHa); WwadpaHoBi Nons y AeHAPONOriYHOMY napky «bepesnHkar»
Ha MykauiBLyuHI Ta B ¢. Konoyaea MiXripcbKoro paiioHy; naBaHAoBi N0Msi B Y>KropoACbKOMY paiioHi, [LonvMHa HapumuciB B ypoumLyi
KupeLwi XycTcbKoro paioHy. OKpecneHo OCHOBHI NiMiTyBaslbHi YWHHWKM PO3BUTKY (DOTOTYPU3MY Ha TepeHax Y KpaiHu B Lifomy Ta
B 3aKapnaTCbKiil 06n1acTi 30Kpema.

Kntouosi cnosa: hoToTypusm, hoToTyp, hoTonokauis, pya-hoTorpadis, racTPOHOMIYHWIA (hOTOTYp, 3akapnaTcbka 06n1acTh.

Introduction: Recently, photo tourism has emerged
as one of the most popular forms of active leisure
and is currently characterized by particularly dy-
namic development. This special and innovative
trend of tourism attracts like-minded people willing
to share their experience and ideas and to tell the
world about the most beautiful corners of our planet
through their photos.

The investigation of the modern aspects of
photo tourism development in Ukraine is a matter of
extremely topical interest, as on the one hand, this
trend of touristic activity is new and scantily ex-
plored, but on the other hand, the prospects for its
further development are excellent. Foreign authors
N. Snavely, S. Seitz, R. Szeliskib (Snavely, Seitz,
Szeliski, 2006)], P.D. Osborne (Osborne, 2000), J.
Larsen (Larsen, 2006) mostly highlight the specific-
ity of organizing photo tours, the role and signifi-
cance of photography in choosing the itinerary of a
trip. This topic has not been well-investigated in
Ukraine. Certain general aspects as well as peculiar-
ities of photo tourism development can be found in
the works of the domestic authors: O. Beidyk
(Beidyk, 2013), T. Krasnov, S. Kolodiy, I. Melika
(Melika, 2012), S. Lyshayev, A. Bilous (Bilous,
2013), N. Zalevska (Zalevska, 2015). For example,
O. Beidyk in the Tutorial “Unique Ukraine:
geography and tourism resources” investigated
attractive natural, historical and cultural objects with
prospects for photo tourism development. Bilous A.
and Lyshayev S. consider photo tourism as innova-
tive trend of tourism activity and characterize the
most popular photo tourism routes. Zalevska N. ex-
plored the implementation of photo tourism in the
hotel industry. She also has developed the photo tour
of prominent objects of Kyiv and Kyiv region. Me-
lika 1. and Kolodiy S. investigated technical aspects
of organizing photo tours. However, such issues as
analysis of the most promising photo locations
within the territory of Ukraine and development of
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the viable tourist routes have not been thoroughly in-
vestigated or completed yet.

The purpose of this article is to characterize

the major vectors of developing photo tourism as a
new segment in the market of tourist services of
Ukraine on the whole and on the territory of Trans-
carpathian region in particular; to develop thematic
photo tour on the territory of Transcarpathian region.
Materials and methods of investigation. In the
process of investigation, the following methodolog-
ical tools were implemented: methods of analysis
and synthesis, observation, comparison, description,
historical method, cartographic method, statistical
analysis; the programme Foto Fusion5 was used for
creation of a photo location map.
Results and their analysis. There exists a variety of
definitions of the concept “photo tourism”. On the
basis of analysis of the interpretations available, we
offer our own vision of this notion. Photo tourism is
a form of active tourism which is a symbiosis of tour-
ism and photo art, and is carried out predominantly
by amateur photographers, for whom tourist attrac-
tions are as important as their characteristics (aes-
thetic value, contrast range, picturesqueness etc.).
The main characteristic feature of photo tourism is
the fact that it not only enables a person to discover
new destinations and visit monuments of natural,
historical and cultural heritage, but also to increase
the level of their photographic competence and en-
rich their portfolio with new photos (Ukrainska aso-
tsiatsiia aktyvnoho ta ekolohichnoho turyzmu,
Ukrainian Association of Active and Ecological
Tourism ,2018).

We can single out several functions of photo
tourism:  informative, educative, entertaining,
health-improving, communicative and creative.

In the Western Europe, the development of
photo tourism soared around thirty years ago. By the
way, the nation that is the keenest on photography is
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the French. The geography of photo tours is ex-
tremely wide. Among the most popular directions
we can highlight Europe — for street photography
and genre photography. Paris, Rome, Amsterdam,
Madrid, Prague and Lisbon are considered to be truly
picturesque photo locations. In terms of scenery
tours, the top ranking directions are exotic ones, such
as South-East Asia, Central Asia, the Middle East,
India, Tibet, China, Nepal, Ethiopia, Bhutan and
Malaysia. There are also numerous destinations in
Southern America, countries of the Caribbean Basin,
Australia and Iceland (Zalevska, 2015). Photo tour-
ism is quite well-developed in the USA as well. The
most popular centers for its development on the
North American continent are New York, London,
San Francisco, Chicago, Paris, Los Angeles, Wash-
ington, and Seattle.

Nowadays Ukraine could find its niche in this
segment of the tourist market and position itself as a
country with prospects for photo tourism develop-
ment. The whole territory of Ukraine is appealing in
terms of photo tour development, though the Ukrain-
ian Carpathians and the Crimea possess the best
qualities for scenery, panoramic and genre photog-
raphy (Bilous, 2013).

At present, photo tours are being actively car-
ried out only in the Western regions of the country.
The objects to be captured by the camera lens are
mostly historical and cultural heritage — castles, for-
tresses, palace complexes. The Chornobyl Exclusion
Zone has also become a particularly interesting
photo location.

Ukraine can boast numerous attractive and
unique natural objects which could be of great inter-
est to amateur photographers. The most promising of
them are:

- Oleshkivsky Pisky — one of the few deserts
of Europe. Nowadays it is considered to be the larg-
est sandy area of Europe, which consists of seven so
called arenas. All of them are hilly, with fluctuation
of the peaks up to 20 m. Since 2010 this territory has
been a National Natural Park.

- The Tunnel of Love — the most romantic
place in Rivne region, which is considered to be a
botanical phenomenon. It is located along the rail-
way between the towns Klevan and Orzhiv.

- Shatsky Lakes — a group of over 30 lakes in
the north-western part of Volyn region, in the inter-
fluve of the Pripyat and the Western Buh. They are
an integral part of the Shatsky National Natural Park.
The biggest of the lakes — Svityaz — is the deepest
lake of Ukraine.

- Lake Synevyr, or the so called “Sea Eye”, is
considered to be the most valuable natural treasure
of the National Natural Park “Synevyr”, and one of
the most well-known attractions of the Ukrainian
Carpathians. The landscape around the lake, which

is utterly spectacular and majestic, has always at-
tracted the video cameras of famous film directors.
On its banks, several films have been shot, such as
“Synevyr” (the first Ukrainian horror film), “Broth-
ers. The Final Confession”, the Ukrainian-French
co-production thriller “The Last Step” with Jean
Reno as the leading character.

- The Dnister Canyon — the largest in Ukraine
and one of the largest canyons in Europe, which was
formed as a result of washing out the rocks of the
Podol Highland by the river Dnister. It is a valley
whose steep banks reach from 100 m to 250 m above
the water surface. There are approximately 100 nat-
ural wonders and inanimate nature landmarks of
global importance, as well as unique samples of
cleavage, which are well-preserved.

- Granite-steppe Lands of Buh — one of the
most ancient dry lands in Eurasia are located in the
north-west of Mykolayiv region. The place is char-
acterized by a unique ecosystem with a variety of rel-
icts and endemics of Mediterranean and Alpine
origin. Eighty-six representatives of flora and fauna
that are included in the Red Book of Ukraine and the
European Red List have been discovered here
(Beidyk, 2013).

- Optimistic Cave — the world’s longest gyp-
sum labyrinth, is located in Borshchiv district of Ter-
nopil region, to the south-west of the village of
Korolivka, in the natural boundary “Korolivka”. The
most valuable treasure of the cave is secondary min-
eral formations, which have been growing here in
subterranean cavities for dozens of thousands years.

- The Uritsky Rocks — a natural wonder and
archeological landmark of national importance,
which does not have any analogues in Europe, is lo-
cated near the village of Urych in Lviv region. The
Urytsky Rocks are a part of the historical landscape
complex “Tustan”. The landmark impresses visitors
with its rock paintings depicting solar images and the
symbol of the Sun, the purpose of which has not been
discovered by scientists yet.

- The reserve “The Stone Graves” is a moun-
tainous country in miniature located in the town of
Nazarivka in Donetsk region. The unique granites of
the reserve, aged up to two billion years, do not have
any analogues in the world (Beidyk, 2013).

In our view, the following popular photo loca-
tions in Ukraine are also worth mentioning: the city
of Berdyansk in Azov region; Yarenche — the Pearl
of the Carpathians; the Sophia Park in Uman; Castle
Palanok in Mukachevo; Vylkove — the Ukrainian
Venice; Lviv — the centre of Ukrainian culture; Ka-
myanets-Podilsky — the city of seven cultures; the
Narcissus Valley; the dendropark in Kropyvnytsky;
Uzhgorod in the period when oriental cherry trees
bloom there; Askania-Nova, a biosphere reserve,
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with its blooming flora; the urban-type settlement
Olyka — “Versailles” in Volyn region.

We have created a range of schematic maps
depicting photo tourism locations in the West of
Ukraine. Having thoroughly analyzed all the regions
within this territory, we have come to a conclusion
that the most vivid and interesting of them are Trans-
carpathian and Ternopil regions (Figures 1-2). The
analysis takes into account both quantitative indica-
tors (the degree of saturation of historical, cultural
and interesting natural objects) and qualitative pa-
rameters (their attractiveness and uniqueness).
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Fig. 1. Photo tourism locations in Transcarpathian region
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The photo tours are usually organized by tour-
ist companies and photography schools (Ukrainska
asotsiatsiia aktyvnoho ta ekolohichnoho turyzmu,
Ukrainian Association of Active and Ecological
Tourism ,2018). In Ukraine this tourist product is of-
fered by the tourist company “Phototours”, of Kyiv
Photography School, as well as independent profes-
sional photographers. Tours organized by groups of
enthusiasts guided by experienced photo tourists are
gaining more and more popularity.
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Moreover, we have made an attempt to sys-
temize the proposals of the photo tours currently
available in Ukraine. The list of the world photo
tours organized by the company “Phototours” is pre-
sented in Table 1 below.

Kyiv Photography School is the first school in
Ukraine where you are taught the mastery of photog-
raphy. It organizes various photo tours and photo ex-
peditions to the most picturesque places of Ukraine
and around the whole world. The following photo
tours are the most popular among tourists: “Along
the Golden Roads of Georgia”, “Christmas Prague
and Munich”, “The Tulips of Amsterdam”, “Indian
Holi”, “Carpathian Weekend”, “Legends of Trans-
carpathia”, “Autumn in Transcarpathia” (Ukrainska
asotsiatsiia aktyvnoho ta ekolohichnoho turyzmu,

Ukrainian Association of Active and Ecological
Tourism ,2018).

The findings of the research suggest that
photo tourism is predominantly directed outside the
boundaries of Ukraine whereas the development of
internal photo tourism has been significantly slower.
Nowadays just a few tourist agencies provide ser-
vices of photo tours around Ukraine, most of which
are aimed at photography of mountainous sceneries
of the Ukrainian Carpathians. Such trips are mainly
organized by professional photographers that crave
to improve their mastery as well as share their expe-
rience with the trainees, but due to the unavailability
of organized photo tourism, more and more often
they are forced to give their preference to amateur
tourism creating their own projects.

Table 1. The list of photo tours offered by the tourist company “Phototours” (Turystychna kompaniia «Phototours», 2018)

Name of photo tour | Destination country | Period | Cost, $ USA | Format
Demerdgy Gold Crimea April 500 photo expedition
Legends of the Winter Caucasus Russia April — May 700 photo tour
Canyons of the Bugsky Guard Ukraine June 200 photo tour
Winter Melodies of the Carpathian Ukraine June 300 photo hiking tour
Mountains
Colour of the Dolomites Italy July 1300 photo tour
Italian Photo Holidays Italy October 1900 photo tour
Uzbekistan — Eastern Flavour Uzbekistan November 1500 photo expedition
Adygeya Giants Russia May 500 photo hiking tour
Two Pearls of Gorgany Ukraine April 159 photo hiking tour
Magic of the Alpine Lakes Italy April 1300 photo tour
Winter Bavaria Germany April - May 1100 photo expedition
Italian Photo Polidays Italy December 1000 photo tour
Adygeya Photo Holidays Russia June 500 photo hiking tour
Two Pearls of Gorgany Ukraine July 150 photo hiking tour
Bugsky Guard Ukraine September 200 photo tour
Northern Lights Sweden, Norway April 1500 photo expedition
Italian Spring Italy April — May 1200 photo tour
Magic of the Alpine Lakes Italy June 1100 photo tour
Rhododendrons of the Great Tkhach Russia June 350 photo hiking tour
Soul of the Carpathian Mountains Ukraine July 200 photo hiking tour
Gold of the Dolomites Italy October 1100 photo tour
Everest Base Camp Phototrek Nepal November 1600 photo expedition
Northern Lights Sweden, Norway April 1400 photo tour
Italian Spring Italy May 1000 photo tour
Rhododendron of the Great Tkhach Russia June 350 photo hiking tour
Two Pearls of Gorgany Ukraine July 150 photo hiking tour
Around Iceland Iceland August 1300 photo tour
Heart of Iceland Iceland September 1500 photo tour

A vivid example of such a project is a photo
project by Serhiy Topolnytsky “Ukrainian Photog-
raphy”, which was initiated with the intention to re-
vive the Ukrainian photo industry. The following
photo travelers can be mentioned as the famous
guides engaged in organizing photo tours in the Car-
pathian Mountains: Denys Kryvyi, lhor Melika,
Yuriy Shevchenko.

Photo tours in the Ukrainian Carpathians last
on average 3-4 days. The minimal price is 1 500
UAH and can reach up to 4 000 UAH. The tourist
usually pays extra only for the transfer to the transit
city. Further, the group is transported by the organ-
izers to the spot in the mountains where the route be-
gins. The number of people in the group can vary
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from 4 to 15-20 individuals (Turystychna kompaniia
«Phototours», 2018).

Below we give a brief overview of some of the
most popular routes of photo tours within the bound-
aries of the Ukrainian Carpathians, which have been
organized by Denys Kryvyi for the last three years
(Kryvyi, 2015):

1. Route “From Pip to Pip”. The tourist is of-
fered to cover the Marmaros and Chornohirsky
massifs, to see the “Hutsul Alps” and the highest in-
stallation ever constructed in Ukraine — Polish stone
observatory located on the top of the mountain Pip-
Ivan Chornohirsky.

The progression of the route: village Dilove —
mountain pasture valley Lysycha — mountain Pip-
Ivan of the Marmaros — mountain pasture valley
Lechen (natural boundary Maslokrut) — natural
boundary Mezhypotoky — mountain Mika-Mare —
mountain Shchaul — mountain Yurchesku-Mik
(lurcescu) — mountain Stih — mountain Shchavnyk —
mountain Vykhid — mountain Pip-lvan Chorno-
horsky — mountain Vukhaty Kamin — mountain pas-
ture valley Smotrych — village Dzembronya.

Duration: 6-7 days.

Important: special permission is needed to be
obtained in advance enabling the tourist group to
cross the Marmaros Mountains, as this is a border
zone.

2. Water and highland route “The Lakes of
Chornohora™. The tourist has the chance to cross the
highest mountain range in Ukraine — Chornohora, to
take photos of the high-altitude glacial lakes -
Maricheika, Brebeneskul and Nesamovyte, as well
as the observatory on the top of the mountain Pip-
Ivan, which was constructed in the late 1930s .

The progression of the route: village Zelene —
lake Maricheika — mountain Pip-lvan Chornohirsky
— mountain Dzembronya — mountain Brebeneskul —
lake Brebeneskul — mountain Rebra — lake Nesamo-
vyte — traverse to the tourist camping site “Za-
roslyak”.

Duration: 3-5 days.

3. Route ““Mountain pasture valley Khom-
yak’. The Khomyaky is the simplest of the photo
routes organized to last several days. It is a great lo-
cation for taking photos of the Gorgany Massif,
within which there are the mountains Khomyak and
Synyak — rocky mountains covered with lichen, with
the slopes thickly overgrown with fir and beech
woods. In summer in the mountain valley you can
take photos of Hutsul highlanders’ routine life, in
particular the process of cheese making.

The progression of the route: road to the vil-
lage of Palyanytsya — mountain pasture valley
Khomyak — mountain Khomyak — mountain pasture
valley Khomyak — mountain Synyak — mountain
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pasture valley Khomyak — Zhenetsky Woaterfall
(Huk) — village Tatariv.

Duration: 2 — 4 days.

4. Photo tour ““Svydovets Lakes”. Apart from
the lakes in the Svidovets mountain range and the
mountain pasture valleys there are numerous small
rivers. In sunny weather you can catch on camera the
subtle sparkling reflection of the sun on the water
gleaming on the bright-green slope (for this shot it is
better to use a telephoto lens).

The progression of the route: village Yasinya
— tourist camp “Drahobrat” — mountain Stih — moun-
tain ridge Apshynets — lake Dogyaska — mountain
Dogyaska — mountain Troyaska — lake Apshynets —
mountain ridge Apshynets — lake Vorozheska — vil-
lage Chorna Tysa.

Duration: 3 — 5 days.

The territory of Transcarpathian region is
highly promising for further development of photo
tourism in Ukraine. The year 2015 can be considered
the starting point of its development in our area. It
was in 2015 when the photo studio “Time Studia”
organized a photo tour in Transcarpathia named
“Mountain Rules”, the programme of which in-
cluded doing a personal photo project on a certain
topic as well as completing various creative assign-
ments every day. The major photo locations of the
tour were the following: Borzhavska mountain pas-
ture valley, Shypit waterfall, Lake Synevyr, Ozerna
Mountain, Tereble-Ritska hydroelectric power sta-
tion, the Narcissus Valley, Seliska Cheese Diary, au-
thentic picturesque village Svoboda.

In spring 2017 a group of activist travelers
“Capre Diem” from Kyiv organized in Transcarpa-
thia a photo tour/photo battle “To Synevyr”. The
route covered the following locations: Kyiv — Pyly-
pets — Synevyr — Nyzhne Selyshche — Lviv — Kyiv.

Guided photo tours organized by photo trav-
eler Ihor Melika, a well-known photographer and
journalist, member of the Photographic Art Society
of Ukraine and the Association of Highland Tourism
of Slovakia, member of public organization “Carpa-
thian Paths”, have advanced in popularity. Among
the photo tours organized by Ihor Melika the follow-
ing can be highlighted: “The Marmaros Mountains:
photo trip along the Ukraine — Romania border”;
“Verkhovyna Watershed Ridge”; “Borzhava Moun-
tain  Valley”; *“ Pre-Watershed Gorgany”;
“Svydovets massif”; “Marmaros Massif”.

All the routes in the sphere of photo tourism
currently available are aimed at capturing the land-
scape and scenic variety of the Transcarpathian area,
thus being suitable for implementation of the scenic
trend of photo tourism. By contrast, we offer a new
tourist product of a genre character, which will ex-
tend the range of photo tours and, therefore, increase
the number of potential tourists. The new tourist
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product will be of particular interest to foreign tour-
ists from the Transcarpathian border area.

With the rapid development of social net-
works, one genre that is gaining increasing popular-
ity is food photography. Visitors to public catering
establishments take photos of their well-served
meals and share them in their blogs, publics and so-
cial networks. Food photographers do this profes-
sionally. Nowadays food photography is a trend
which is advancing in popularity day by day, as a
professional quality photo of a dish plays an im-
portant role in attracting new clients, in advertise-
ment of the establishment or the chef (Savchuk,
2016).

Food photography of Transcarpathian cuisine
might become an innovational element in the devel-
opment of the tourist industry in the region. In the
foreseeable future, the development of exactly this
trend could engage not only amateur photographers,
but also connoisseurs of different kinds of gastro-
nomic tourism, ethnic tourism etc. Moreover, the
photo tour programme including photography and
degustation of Transcarpathian cuisine would be ex-
tremely attractive to both national and foreign tour-
ists.

Transcarpathian cuisine has been formed over
many centuries under the influence of historical fac-
tors (up to 1945 the territory had been under the gov-
ernment of different European states — Austria-Hun-
gary, Czechoslovakia, Hungary). Therefore, it has an
international character, which seems logical. Each of
the national minorities residing on the territory of
Transcarpathia, contributed their own distinctive
dishes to Transcarpathian cuisine , characterized by
specific cooking practices. Transcarpathian Hungar-
ians enriched it with bograch,_goulash, perkelt,
poprikash, lecho, rokot-krumply, lotsy pechenye;
Rumanians — with different kinds of tokans; Slovaki-
ans — with strapachky, karbonatky, bukhty; Czechs -
with knedly and Segedynsky goulash; Germans —
with schnitzel and old well-recognized recipes of
Schwab beef. Transcarpathian Jews offer their tradi-
tional dishes: chovlent, liver cooked in a European
way, stuffed fish; Gypsies — hurka, pohachy, roasted
udder, fried rubtsy. At the same time, Transcarpa-
thian cuisine is rich in original authentic dishes, the
recipes of which have been preserved since ancient
times and are absent in the menus of other peoples.

The aspect that facilitates popularization of
the photo tour developed by us is availability of nu-
merous degustation halls in the region, where you
are offered to taste unique cheeses, meat dishes,
lekvar (plum jam), honey, local wines or craft beers.
Along with ethnoproducts, another essential compo-
nent of the photo tour, in terms of its promotion on
the tourist services market, should be its ecological
compatibility. Furthermore, various gastronomic

festivals that are held in the region throughout the
year serve as a positive impetus to facilitate the de-
velopment of the gastronomic photo tour: “Red
Wine”, *Uzhgorod Palachinta”, *“Varosh Pala-
chinta”, “Fire and Meat”, “ Berlybas Banush”,
“Hutsul Brynza”, Festival of Riplyanka” etc.

The development of food photography of
Transcarpathian cuisine is possible only on condi-
tion that the subjects of entrepreneurial activity —
public catering establishments — realize the necessity
to preserve national authenticity, when the menu in-
cludes the names of traditional local dishes. For in-
stance, “bograch”, “banosh”, “lotsy pecheny”, “ho-
lasle”, “kremzlyky” but not “deruny” etc.

Below you can find the programme of the
newly developed photo tour “Gastronomic Transcar-
pathia”. Duration of the tour — 3 days. The progres-
sion of the route: city of Uzhgorod — city of Perechyn
— city of Mukachevo - village Nyzhnye Selyshche —
village Botar — city of Uzhgorod (Drawing 3). The
tourist group will be given a unique opportunity to
get acquainted with Transcarpathia, traditions of
Transcarpathian cuisine and to combine this pleasure
with their hobby — photography.

Estimated cost of the tour — 3000 UAH per
person. Group size — 7 persons +guide.

Day 1

9:00. Meeting the tourist group at the railway
station.

9:30. Check-in at hotel “Ungvarskiy”

10:00 — 11:00. Morning coffee in confection-
ery “Shtefanyo”. Acquaintance with the group mem-
bers.

11:00 — 12:00. Lecture on the topic “Food
photography” and practical part of photography
“Uzhgorod delicacies” together with a professional
confectioner.

12:30 — 14:30. Lunch in restaurant “Detsa u
Notarya” (or restaurant “Schwabenhof” with
Schwab cuisine). Degustation of traditional Trans-
carpathian dishes. Master class on food photography
provided by professionals and lecture on traditional
Transcarpathian cuisine given by the guide.

15:00 — 17:00. Excursion around Uzhgorod.
Walk along the linden alley, visit to Uzhgorod Cas-
tle, museum-skansen (open air museum) of Trans-
carpathian architecture and household life.

17:30 - 18:30. Transfer to the city of
Perechyn. Master class on food blogging by a pro-
fessional photographer.

19:00 — 20:00. Dinner in tavern “Pidkova”.
Degustation of dishes from Hungarian, Slovakian
and German cuisines.

20:30 — 21:30. Return trip to Uzhgorod. Dis-
cussion of the material photographed and demon-
stration of food photograph processing by a profes-
sional (hotel “Ungvarskiy”).
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21:30. Free time (walk around night Uzhgo-
rod).

Day 2.

9:00 Breakfast.

10:00 — 12:00. Transfer to the city of Muka-
chevo. Food lecture with practical part in restaurant
“Hrafskiy Dvir”.

13:00 - 14:00. Lunch in the restaurant. Degus-
tation of interesting fish soup (holasle) cooked on the
basis of Transcarpathian fish mix (carp, pike, stur-
geon). Gourmets will have an opportunity to taste
craft beer and exclusive garage wine in this restau-
rant.

14:20 - 15:40. Transfer to the village of
Nyzhnye Selyshche.

Fig. 3. Route plan of the photo tour “Gastronomic Transcarpathia”

Development of photo tours within the area
will promote revival and further development of the
traditional culture: national architecture, art, trades —
everything that contributes to the local colour of the
land. Rural landscapes are the competitive advantage
of Transcarpathian region. We consider that photog-
raphy of rural motifs could become a new powerful
spur for the foreigners to come and discover Ukraine
and, simultaneously, the alternative to “urbanized
Europe”.

Transcarpathia can offer a huge variety of
other places, which, if properly promoted, can inter-
est both Ukrainian and foreign photographers.
Among the prospective vectors of photo tourism de-
velopment within the territory of Transcarpathia the
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16:00 — 17:00. Visit to the well-known cheese
dairy, excursion. Master class on food photography
of Transcarpathian cheeses and wines. Degustation.

17:20-19:00. Transfer to the village of Botar.
On the way visit to the wine cellar in Vinogradovo
district.

19:30 — 20:00. Food photography of local
meats. Communication with local gourmets.

20:00 - 21:00. Dinner. Sleep time.

Day 3

9:00. Breakfast.

10:00 Return trip to Uzhgorod.
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following can be singled out: monuments of archi-
tecture and city planning ( medieval castles of Trans-
carpathia, city architecture of Uzhgorod, Muka-
chevo, Beregovo, Khust); cultural component (festi-
vals, holidays, customs, traditional ceremonies, tra-
ditional clothes); unique nature reserves (Smerekovy
Kamin, Obava Kamin, Sokolyni Rocks, caves of
Uholka Massif and natural boundaries Cherleny Ka-
min, Polonyna Runa, Antalovtsy Polyana); crocus
fields in the dendrology park “Berezynka” in Muka-
chevo district and in the village Kolochava in Mizh-
girya district; lavender fields in Uzhgorod district,
the Narcissus Valley in Kyresh of Khust district.
Among the main limiting factors hindering
photo tourism development in Ukraine as a whole
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and in Transcarpathian region in particular, we
would like to emphasize the low availability of
photo tour proposals, the informational vacuum con-
cerning tour agencies in Ukraine that offer organized
photo tours within the territory of our state, the low
availability of transport corresponding to European
standards, the limited focus of photographers -
mostly on the wedding industry and individual pho-
tography, the unwillingness of professional and am-
ateur photographers to pay money for organized
tours, problematic accessibility of photo locations,
especially in the Carpathian area (due to lack of per-
sonal transport), unwillingness within the photo and
tourist industry to develop new trends .
Conclusions. Nowadays photo tourism is consid-
ered to be one of the most promising forms of active
leisure for further development in Ukraine. It could
diversify the variety of tourist services on the na-
tional market and attract more tourists, including for-
eigners, in the foreseeable future. At present, photo
tours are being actively carried out only in the West-
ern regions of the country. All the routes in the
sphere of photo tourism currently available are
aimed at capturing the landscape and scenic variety
of the Transcarpathian area. As an alternative prod-
uct, we have created a tourist route of a genre char-
acter — photo tour “Gastronomic Transcarpathia”,
which could popularize the spiritual and cultural her-
itage of this multinational border region.
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Residential landscapes in the valleys of small rivers in the Middle Bug area
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Abstract. The purpose of the article. To conduct analysis of residential landscapes in the valleys of small rivers in the Middle Bug
area, to identify and characterize landscape types that are formed under the influence of residential activity, to determine the history of
transformation of valley landscape complexes as a result of the settlements’ formation and development; to reveal the practice of
foreign experience in the direction of residential environment naturalization. Methods. Expeditionary, stationary and literary-carto-
graphic methods of research have been used. Effectiveness. The rural and urban landscapes formed as a result of residential activity
within the valleys of small rivers in the Middle Pobuzhia have been studied and characterized. The historical process of the valley-
river residential terraces formation on the example of such rivers as the Teplychka, the Svynarka, the Tulchynka, the Trostianka, the
Dokhna, the Berladynka has been revealed. The current landscape structure of residential landscapes in the valleys of the Berladynka
and the Dokhna rivers within the limits of the Bershad town of Vinnytsia region has been mapped. Scientific novelty of the article. The
study of residential landscapes has been given significant attention. Nowadays, settlements are studied not only from the standpoint of
history, the development of economy, architecture, culture, religion and customs, but also from the perspective of the landscape. How-
ever, the valleys of small rivers as centers of settlement formation are underinvestigated. A detailed landscape analysis of residential
landscapes, which were formed in the Middle Bug area, has been conducted for the first time. The practical significance of the study
can be disclosed by the following statements: the conducted landscape analysis of the residential landscapes in the valleys of the small
rivers in the Middle Bug area shows that urban residential landscapes have been formed in the territory of 30 towns and 48 little towns
and rural ones — in the territory of about 456 rural settlements in the region; all elements suitable for settlement in the river valleys of
the Middle Bug area have been transformed under the influence of the residential process. It took place a number of times; spatial
location of settlements, their configuration, and the degree of anthropogenization of valley-river landscapes depend on natural condi-
tions, microclimatic features of river valleys and the belonging of settlements to the terrain type; rural landscapes are dominated in the
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valleys of the Southern Bug small inflowing streams. Their relative share to the total number of residential anthropogenic complexes
is 85%. Generally they belong to the floodplain terraces and small rivers slopes; at the beginning of the 21st century, residential land-
scapes require new thoughts about their development and directing actions from consumer use and constant anthropogenization of
landscape complexes to changing the concept of residential environment in the direction of its naturalization. It can be implemented

taking into account the experience of foreign countries.

Keywords: residential landscapes, valley-river landscapes, small rivers, rural landscapes, urban landscapes, the Middle Bug area

BcTyn. Cepepf, iHWMX AONMHHO-PIYKOBI NaHALag T
MatoTb HaoNTUMabHILWI YMOBY ANS XXWUTTH Ta roc-
noJapcbKOT AiSNbHOCTI NH0Aein. YNPoaoBX TUCAYOo-
NiTb BOHW 6yNn CBOEPIAHUM Nnaudapmom ansa dop-
MYBaHHS | PO3BUTKY MOCE/NEHb, Ci/lbCbKOrocnoaap-
CbKOr0 OCBOEHHS, PO3BUTKY PWOHOro rocnogapc-
TBa, EHepro- Ta BOLOEMHUX ranyseii NPOMWC/IOBO-
CTi, @ TaKOXX BUKOHYBa/IN BOA03abe3neyyBaibHY, 3a-
XWCHY Ta TPaHCMOPTHY (YHKUIT. MMepexig Hawmx
npeaKiB 4o 0Cinoro cnocoby XUTTs cnpuse nossi y
[ONNHAX PiYOK NEPLUMX CENUTEOHUX NaHALapTHUX
KOMI/IEKCIB — aHTPOMOreHHMX laHALWwagTiB, LWo ¢o-
PMYIOTLCS | (PYHKLOHYIOTb 3a BNNBY CENUTEOHOT
pisnbHocTi ntogeli (Denysyk, 2014). Y mexxax Cepe-
AOHbOro Moby»0Kks Bif 42 10 57 % HaceneHnX NyHK-
TiB 30CepelkeHi B A0NMHAX Manux piyvok. 3eiacu,
aKTya/lbHO PO3rNAHYTU CeNUTEOHI naHawag TV peri-
OHY Ta X 3HAYeHHs Yy npoueci aHTponoreHisauii
NaHAWaTHUX KOMNJIEKCIB JONUH Ma/IMX PiYOK.

JocnipKeHHIO cenuTebHMUX naHawadTis npu-
AiNSETbCA [0CTAaTHLO yBaru. IX po3rnsganTb He
NuLLe 3 Mo3uLT icTopIT, pO3BUTKY rocnoaapcTsa, ap-
XITEKTYpW, KYNbTypW, penirii Ta 3Bu4aiB, a W i3
NaHAWwadTo3HaBYOrO Mornagy. PeTpocneKTUBHMIA
aHauni3 3acefieHHsl, rocrnojapCcbKoro OCBOEHHA Ta aH-
TPOMOreHHOI TpaHchopMauii naHawagTie ¢ismko-
reorpadiyHux paioHis Moginna agiincHnnm /1. 1. Bo-
ponaii Ta M. O. KyHnus (Voropai & Kunitca, 1982).
3acnyrosytoTb yearu ny6nikauii I'. 1. [deHucuka
(Denysyk, 1998, 2014; Denysyk & Babchynska,
2006; Denysyk & Kiziun, 2012; Denysyk & Lavryk,
2012), B AKMX [aHO BU3HAYEHHS CEIMTEOHUX NaHf-
wadTis, 06rpyHTOBaHO iX CTPYKTYPY, TWUMNOJOTit0,
KpuTepii BWMOKPEM/IEHHS, PO3MNIAHYTO npobnemy
TpaHchopmauii naHAawadTie 3a Aii cenntebHoro
npoLecy Ta 4aCTKOBO 06I'PYHTOBAHO MOX/IMBOCTI iX
pekoHCTpyKUiT (Denysyk, 1998; Denysyk & Bondar,
2008). Libomy n1TaHHIO NPUCBAYEHO PO3Lin Konek-
TUBHOI MOHorpagii «CepegHe TobyXoka», e
FO. B. AueHTIOK feTaflbHO XapakTepusye TUnn ce-
NNTEBHMX NaHALWAdTIB, AKi CopMyBannCs y Mexxax
3ragaHoi Teputopii (Yatsentiuk, 2002). Huska goc-
NiAHVKIB BUBYA€E OKPEMO CiflbCbKi, MICTEUYKOBI Ta Mi-
CbKi naHAWwagTH, 06r'pyHTOBYHOUM YMOBH TX (DOPMY-
BaHHA Ta (yHKUioHyBaHHA (Dotsenko, 2000;
Shevtcova, 2005; Kiziun, 2010; Nyzkoshapka, 2010;
Bezlatnia, 2014; Buriak-Habrys, 2013; Terletska,
2017). Bce X A0NMHU Manmnx pivyok Ta 1X CBOEpPiaHi
naHAwagT AK ocepefkn (opmyBaHHSA MOCENEHb
JlOCNiMKEHI He1OCTaTHbO.

Y npoueci AocniikKeHHs Knacy ceuTebHmX
NaHAWamTIB YaCTKOBO PO3rAsHYTO npobnemy thop-
MYBaHHS X OKpPeMUX NigKNaciB y CTPYKTYpi AONNH-
HUX NaHALWAaPTHUX KOMNJIEKCIB, & TaKOX po3rnoyaro
X KapTyBaHHA. OfHaK [eTa/lbHOro aHasnisy cennre-
OHUX naHAWwadTiB, AKi ChopMyBaIMCa y Mexax fo-
NIMH Ma/IX PIivyoK, NOKM WO Hemae. Tomy pgocni-
[PKEHHS Mae 3a MeTy NPOBECTU aHasi3 CenmTebHmX
NaHawagTiB Yy Mexax LonnH Manux pidyok Cepeg-
HbOro MoBYyXOKA, BUOKPEMUTY i OXapaKTepusysaTu
TX TMNK, BU3HAYNTKW iCTOPItO TpaHcdopmaui’ oNnNH-
HUX NaHAWaMTHUX KOMMNEKCIB 3a Aii cenntebHOro
npouecy Ta 3 ypaxyBaHHAM MPaKTUKN 3aKOPLOH-
HOrO AOCBifY PO3rNAHYTU MOX/MBI HANPAMMW ONTK-
Mi3aLil JONIMHHO-PIYKOBUX CeMTeOHMX NnaHawad-
TiB.

Matepianu i meToam gocnigkeHob. B ocHoBY aoc-
NiJPKEHHA MOKMNaAeHO 3aCTOCYBaHHS eKcheauuin-
HUX Ta CTauiOHapHWX MEeTOAIB, WO [ao MOX/U-
BiCTb OTpMMaTK HeobXigHWI MaTepian Npo po3Bu-
TOK CenUTeBHUX [AOMIMHHO-PIYKOBUX NaHALadTiB,
BU3HAUUTY TX MeXIi, Ni3HaTV Cy4aCHWUIA CTaH Ta Bu-
SABUTWM YUHHUKW aHTPOMOreHHOro Br/IMBY Ha HUX.
Benuky ponb Bigirpanu nitepaTypHo-KapTorpadi-
YHi MeToAM, 3a LONOMOrol SIKUX 6YNno 34iNCHEHO
aHani3 niTepatypHUX i kapTorpagiuHmx mxepen ons
3006yTTA iHpopMaUii Npo nepebir nogii, wo Biaby-
NNCA B AONMHHO-PIYKOBUX NaHAwadTax fOCnipKy-
BaHOT TepUTOPIi. 3aCTOCYBaHHA iCTOPUKO-aHaLwad-
TO3HABYOro MeTOLY MONAran0 y BUKOPUCTaHHI apxi-
BHUX AaHMX, MaTepianiB My3einHnXx OHAIB i KapTo-
rpadivHMX [HKkepen. Y CyKynHOCTI Lji MeTOAM cnpu-
AN KOMMIEKCHOMY  AOCNIMDKEHHIO  CeNMTEOHMX
naHAWadTiB, CyTi iX (OpMyBaHHS, pO3BUTKY I dy-
HKLIOHYBaHHSA Ta TX B3aEMO3B’A3KIB i3 CYMIXH/MMU
naHgwagpTamu.

PesynbTati Ta ix aHani3. Y gocnigpkysaHomy pe-
rioHi chopmyBanmca MicbKi — Ha TepuTopii 30 MmicT,
MICTEUKOBI — Yy Mexkax 48 MiCTeUOK Ta Ci/lbCbKi Ce-
MMTe6HI naHawag TV — Ha TepuTopii 6/M3bko 456
Ci/TbCbKMX HacefleHnX NyHKTiB. BpaxoByouu 3a3Ha-
YeHyY Ki/fIbKIiCTb MOCeeHb Ta X NPUYPOYeEHiCTL 34e-
6iNbLIOro A0 AOMMH Ma/IMX PivOK, MOXXHa nepefoa-
YATU [OKOPIHHY nepebynoBy NPMPIYKOBUX NaHA-
wadgTie y Mexxax CepefHb0ro Moby)oks.

KoxxHa, 6e3 BUHATKY, piuKoBa [O/IMHA peri-
OHY [OCNifXeHHs 3a3Hana TpaHctopmauii naHawa-
(hTHUX KOMMNEKCIB Bifl HaTypaslbHOro CTaHy Ao Cy-
4aCHOI0 aHTPOMOreHHOro. Y MeXax MoCeneHb
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Maike BCi FeOKOMMOHEHTM | NaHAwWwadTHI komnne-
KCW PiYKOBMX AONMH NEpPeTBOpeHi 3a Aii cennted-
HOro npouecy, a YacTo i HeogHopa3oso. EBostouis
nocesieHb Bif eleMeHTapHNX NeYvepHUX Ao cydac-
HMX MICT cnpusina popmyBaHHIO ABO-, TpK- Ta bara-
TOLLAPOBOT CTPYKTYPU CennTebHMX naHawagTis.

MpocTopoBe po3MiLLEHHS NOCE/EHb, TX KOH-
(hirypauis, a, BignoBifgHo, i CTyNiHb aHTPOMOreHisa-
LiT AONMHHO-PIYKOBMX NaHAWwadTiB, 3anexarb Bif,
NPUPOAHUX YMOB PIYKOBUX LONMH Ta NPUYPOYEHO-
CTi NocefieHb A0 TOro Yum iHWOro TUMy MicLeBocCTi.
MpupogHi ymoBwn piunwy, i 3annas gonuH Cepef-
HbOro MOBYXOKA He Crnpusnn akTMBHOMY (hopmy-
BaHHIO CeNUTEBHMX NaHAWwadTiB. YHacNifOK 6/113b-
KOro 3a/19raHHs I'pyHTOBUX BOJ, MiATOMIEHHS, Yac-
TUX NaBOAKIB i NOBEHeN 3an/iaBy BUKOPUCTOBYBa/IN
NepeBaXHO [/19 CIHOKOCIB, BMNacaHHs Xyfobu, 6y-
[iBHMLITBA MOCTIB, CTaBKiB Ta BifnounHKY. BUHATOK
CTaHOB/ATL NLIe CeNUTEOHI NaHALWadTHI Komne-
KCW, AKi (hopMyBa/ICa Y MeXax pycnoBoro Ta 3a-
NNaBHOrO TUMIB MiCLEBOCTEW AnA 06CNyroByBaHHS
«BOAAHMX» MAVHIB (3annasu p. Copoka B C. Be-
nuka CeBacTaHiBKa; p. bepnagmHka — c. banaHiBka;
p. ATpaHb — c. KopxxoBa; p. YMaHka — cc. Fopoge-
LbkKe Ta IMikiBeub; p. PeByxa — c. [JobpoBoan ToLL0),
(habpuk ans BmpobHuuTea nanepy (p. Cob — c. Jlu-
noBeLb), 3aBOAIB i3 PO3MOMY Tincy, BamHsKYy W
Kpeingu, abo iCHyBasM TUMYacoBO SK NMOMELUKaHHA
pmbanok i mucnmeie (Kiziun, 2010). Kpim uboro, y
MeXKax BUCOKOro PiBHSA 3amn/iaB Mamx piyoK 4acTo
3yCTpivaloThCa Pi3HOMaHITHI TMMYacoBi pekpea-
LiiHI cnopyau — 6a3un BigNoYnHKY, pATyBasbHi CTa-
HUIT, a/IbTaHKK, 3aKnagu XapyyBaHHS, CMOPTMBHI
MalijaHunKK, CTafioHN TOLLLO.

HainpuaatHiwi gna ¢opmyBaHHS cenutet-
HUX NaHALWwadTiB HaA3an1aBHO-TepacoBi Ta CXWUNOBI
MicLLeBOCTi. BOHM aKTUBHiLLe BMKOPUCTOBYHOTLCA
Aons 3abyn0BK, BeEeHHA CafiBHMLTBA | FOPOAHWML-
TBa, PO3POBNAHHA KOPUCHUX KOMa/IVH, (POPMYBaHHSA
Mepexi JOopir i CTeXOK. | xoya cenutebHi naHgLa-
(hTU He YTBOPIOKOTb CYLLI/IBHUX CMYT Y3[0BX CXW/iB
Ta Haz3annaBH1X Tepac Mavx piyok, CTYniHb 1X Ha-
BaHTaXXEHHS Ha [O0/IMHHO-PIYKOBI NaHAWadTh cyT-
TEBWIA.

Y ponunHax npuTok MNisaeHHoro byry 3a nno-
LSO MepeBaXKaroTh CiNbCbKi naHAwagTy. Ix yacTka
BiJHOCHO 3arasibHOI KisIbKOCTi CeIMTeOHUX aHTpPo-
MOreHHNX KOMI/EKCIB CTaHOBUTbL 85 %. 3ae6inb-
LLIOro BOHM NMPUYpPOYeHi 40 Haf3annaBHUX Tepac i
CXU/iB MaNnX pivok, 3arimatoTb fo 10 i 6ifblue Tu-
CAY rekTapis, PI3HOMAHITHI 3a KOHdpirypauieto Ta
[06pe cnnaHoBaHi (Denysyk et al., 2012). YacTo Ha
TepuTopil CepegHboro MoBY)OKA 3ycTpivaroTbCs
cena, sKi 3aiMatoTb 0Apasy BCi TUMW MiCLEBOCTEN
PIYKOBOT A0IMHW. BOHW NiHIAHO BUTAMHYTI B30BX
piuku iHkonn ao 10 i 6inbLue KinomeTpis (cc. Linby-
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nieka Ta O6ogieka y aonuHi p. bepnaanHka). Mic-
LieBi Ta perioHasnbHi BigMiHM CiNbCbKUX NaHAwadTiB
4acTo 3a/1eXaTtb Bifl MepeBaXXHOro BUAY KOPUCHUX
KONa/nH, iKi BUKOPUCTOBYIOTLCA Y BYAIBHULTBI Ta
03706MeHHI caanb, eTHorpagiuyHNX M iICTOPUYHUX
YNHHUKIB.

MicTeukoBi fnaHfwagTn YpPi3HOMAHITHIO-
tOTb CyYacCHY CTPYKTYPY CENMUTEOHUX NaHALWapTHNX
KoMMneKciB. BoHu hopmyBanmcs B 6aceliHi IMiBaeH-
Horo Byry ynpogosx XI-XVIII cToniTe. NosBa
MiCTEYOK CripuMynHeHa 34e6inbworo BOEHHUMM abo
E€KOHOMIYHUMU NepeayMoBamMn. BinbLUICTb i3 HUX Y
MUHYNIOMY Oy YKpinaeHnMmn (opTeusaMu, Tomy
NPUYPOYEHi A0 YHIK/IbHUX MPUPOLHNX 06’€KTIB —
MeaHApiB PivoK, MUCIB, KPYTMX abo ropoucTUX CxXu-
niB AONMH pivok i 6anok (Denysyk et al., 2008). Tak,
MicTeuko Tennnk BiHHMUBKOT 06/1acTi BUHWKNO Y
XV CT. 9K YKpinieHnin NpUKOPAOHHUIA NYHKT Jln-
TOBCbKOI0o KHA3IBCTBa. Tenuupka ¢opTeus 6yna
06HeceHa 3eM1SHNM Ba/loM, y60BMM YaCTOKO/IOM i
Ma1a NPUPOAHWIA 3aXUCHUIA Bap’ep Y BUTNALI PiYOK
Tennuyka Ta CBMHapKa (Npaei NPUTOKK p. Yuy),
OCKIi/IbKM pO3TaLLIOBYBaacs y ix Mexupivdi. Y To-
royacHOMy MICTeYKY TpaAuuiiHo 6ynu 30yf0BaHi
nig3eMHi XoaW, TyHeni Ta neyepu, SiKi HaceneHHs
BWKOPWCTOBYBa/10 AN1A 3aXMCTY Mij Yac Hanagis BO-
poris (Kizian, 2009). Lle cnpuynHioBano TpaHcgop-
MaLlito NITOreHHOT OCHOBU [LONMHHO-PIYKOBUX MiC-
TEYKOBMX NaHALWAMTIB Y BEPTUKASIbHOMY Hamnpsimi.
HanpukiHyi XVII cToniTts naowa, 3aiHaTa mictey-
KOM, 3Ha4HO pOo3LLIMpUIacH 3a PaxyHOK OCBOEHHS
NONMHHUX NaHAWAadTIB 3a3HaYEHNX PiYoK.

MicTteukoBi naHgwapt CepegHboro [lo-
OY)OKSA PopMyBanICA K 0CepefKy PO3BUTKY Pi3HO-
MaHITHMX pemecen, 6yaiBHULTBA Pe3nAeHLil naH-
CbKOT 3HaTI Ta SIK BaX/MBI TPAHCMNOPTHI BY3nW. Tak,
(hOpMyBaHHIO Cy4aCHUX CenMTebHMX naHawadTis
micTeuka Obogiska (BiHHMUbKa 0611.) cnpusno 6y-
[IBHULUTBO MAETKy POAVHWN MOJMbCbKUX LUMAXTUYIB
Ta nignpuemuis CobaHcbkux (1763 p.). LieHTpanbHe
MicLe B MAETKy 3aiiMaB nasnai, SKui posTalyBanu
Ha NpaBoMy CXWUNi JONNHW p. bepnagnHka y mexax
COCHOBOrO nicy. A Ha noyaTky XIX ctonitTa ipna-
HACbKMIA NapkobygisHuK . Maknep 3aknas 6ins
nanay napK 3 eK30TUYHUMY POCIMHAMMU, SKWIA CTaB
MoYaTKOM PO3BUTKY CaZl0BO-NapKOBOro TNy MicTe-
ykoBux naHawadrie (Kizian, 2009). Ynpooex
1796-1802 pokiB y MmicTeuky YmaHb (YUepkacbka
0011.) TpnBano 6yAiBHMUTBO NaHAWAadTHOrO napky
«CoiiBKa», apXiTEKTYPHWI1 aHCamb/1b AKOro cgop-
MYyBaB Kackaf i3 TpbOX CTaBKiB Yy LONUHI p. barHo
(cyyacHa p. Kam’siHKa — NpuToKa p. YMaHKa).

dopMyBaHHIO MiCbKMX NaHAwadTiB nepeay-
BaB [OBrOTPMBaINIA iICTOPMKO-reorpadiyHunii po3su-
TOK. OCKiflbKM MIiCTO — Lie MPOCTOPOBO O6MeXeHa
MPUPOAHO-TEXHOTEHHAa CUCTEMa, CKMA4HWIA KOM-
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M1eKC B3aEMOMNOB’A3aHUX 0OMIHOM pPeyoBYH Ta eHe-
prii aBTOHOMHUX >KMBUX OpraHiamiB, abioTUYHUX,
MPUPOLHUX | TEXHOrEHHUX €/IEMEHTIB, L0 YTBOPIO-
HOTb MiCbKe CepefjOBULLIE XXUTTSA NIIOANHN, AKe BiAno-
Bifae 11 noTpe6am: GiONOriYHUM, MCUXONOTIYHUM,
eTHIYHWUM, TPYAOBUM, EKOHOMIUYHMM i coujiaibHUM
(Terletska, 2017), y /oro mexax CrocTepiraeTbcs
HaMBMLLMIA CTYNiHb NEPETBOPEHHSA HATYPa/IbHUX [0-
NVHHUX NaHAWAahTHUX KOMMNEKCIB Ta HalibinbLue
PI3HOMaHITTA CeNUTEBHNX NaHALWagTIB.

Micbki faHgwapT — ue naHgwagTHO-Tex-
HOrEHHI cUCTEMM, AIKi PO3BMBAIOTLCA | TPAHCHOPMY-
HOTbCA, NepeBaXKHO, 3a il aHTPONOreHHMX NPoLEeCiB
I TUCKY MOKMafeHUX Ha HUX COLia/lbHO-eKOHOMIY-
HMX PYHKLiA Ta, MEHLLOK MipOoH0, 3a paXyHOK camMo-
p0o3BUTKY. OB0B’A3KOBY YMOBY XXMUTTE3LATHOCTI LIUX
CUCTEM CTAHOBMUTb MPUCYTHICTb TEXHIYHOrO 610Ky,
(DYHKLIOHYBaHHA AKOr0 KOHTPOMIOETLCS JIOAVHO
(Yatsentiuk, 2002). MpoTe PO3BUTOK MiCbKUX NaHA-
WahTHUX KOMMEKCIB KOPEryeTbC HaTypaibHO
MepLUOOCHOBOK, fKa MPOLOBXYE PO3BMBATUCH 3a
NPUPOLHUMYM 3aKOHaMWU i NigAaeTbCA BNAMBY 6ioTH-
YHMX Ta abIOTUYHUX YNHHUKIB.

Y ponuHax Manmx pivok CepefHsoro [lo-
OYMXOKS po3TaLlOBaHi HeBe/INKI 3a MOLLE MicTa. Y
pesynbTaTi X (PYHKLiIOHYBaHHA Ta NPUYypPOYeHOCTI
[0 3annaBHUX, HaA3annaBHO-TepacoBMX Ta CXWO-
BMX MiCLiEBOCTel Bifbynaca JOKOpiHHA TpaHchop-
Mauis AONMHHMX NaHAwadTiB. AKTMBI3aLis MiCTo-
OyfiBHOro npouecy Ha AocnifXyBaHiin Teputopii
mana micue y XVIHI-XIX cToniTrax 3a iHTeHCKB-
HOFO PO3BUTKY MPOMWCIOBOCTI. Y Lel Yac micTa
6ynn peMiCHUYMMU, TPAHCMOPTHUMM Ta TOProBe/lb-
HAMW UeHTpaMu. Tunosi MicTa, po3dyfoBa AKMX
CMPUYMHUNG aHTPOMNOTeHi3aLito JONIMHHMX NaHALa-
(TiB pivok TynbumHka, [loxHa i bepnaguHka, -
TynbuunH i bepwagb BiHHULbLKOT 06/1aCTi.

3a apxiBHUMUY faHVMMK, NosBa Ha KapTax He-
cTapBapa (noyaTkoBa Hasga M. Ty/bUMH), e MICTO
MO3HAYaETLCA AK YKPIMeHe NoceneHHs, 4aTyeTbCs
1607 pokoM. Y 1609 poui 3a iHiLiaTXBM MNObCLKOr0
marHata BaneHTis Ka/MHOBCHKOro nocesieHHs re-
peHecnn 3i cXuniB piyuky CinbHMUA Y AONKHY Ti npa-
BOT NpUTOKM p. Ty/bUMHKa, fe Bxe 'y 1630 p. 30yay-
Ba/IM MOTY)XXHY (hopTeuto Ta MoHacTup. Ha kapTi
. . pe bonnaHa 1650 p. TynbunH 306paXkeHuiA
YKPIN/IeHHAM, 06HECEHUM 3eMJISHAM Ba/lOM Ta fJe-
pes’aHUM 4actokonom (Kizian, 2009). I3 nepexo-
[OM Y BfIaCHICTb NOJibCbKOro mMarHara C. @. LLleHc-
Horo MoToubKoro Tynb4ymMH NOCTYMNOBO NEepepocTae
Yy MICTO | CTa€ LIEHTPOM PO3BUTKY MPOMMUC/IOBOCTI,
TBapUHHULTBA Ta cagiBHMLTBA. 36yA0BaHUIA y 1782
poui nanay «lMoginbcbkunii Bepcasib» CTaB 3pa3skom
PO3BUTKY MafauoBux CeMTeOHMX NaHAWadTHUX
KOMI/IEKCIB. Y X CTPYKTYpPI BULINANNCA BlaCHe aH-
TPOMNOreHHI NaHALATY 3e/IeHNX HaCaPKEHb i3 MiC-

LieBUX Ta eK30TUUHMX NOpPij AepeB, YarapHuKiB i Ky-
LLiB, KBITHUKIB; NaHALIAMPTHO-IHXXEHEPHNX CUCTEM Y
BUINA4I MOCTIB, (DOHTaHIB, afbTaHOK, Mif3eMHUX
TYHeNiB i MapMypoBUX CKYNbNTyp; NaHAwagTHO-
TEXHIYHMX CUCTEM Y BUTNIAAI MILLOXiAHWUX LOPIKOK,
BUMOLLIEHUX OPYKIBKOIO.

MepLua nucemHa 3rafka npo micto bepliagb
natyetbes 1459 pokom. PopmyBaHHSA CeUTEOHUX
NaHawagTiB MicTa po3noyanocs 3 0CBOEHHS Mpa-
Boro 6epera p. [JoxHa, e B Ko3aLbKi Yacu icHyBana
(hopTeus. BoHa Oyna obHeceHa KiflbKoMa 3emns-
HUMM Ba/slaMuy, YaCTOKO/IOM Ta Masia NPUPOAHUIA 3a-
XUCT Y BUMNAAI piukn. Yepes bepluaib nposnsaras
KyumaHcbkuid wnsx, skum y XV-XVII cT. pyxa-
NACS YACNEHHI TaTapCbKi BiICbKa, LLIO CTaN0 Npuyn-
HOK YMC/IEHHUX PYViHYBaHb MICTa, A0ro He pa3 Bij-
OyfoByBa/iv, SK HacnifoK, BUHUKIA GaraTollaposa
CTPYKTYpa naHALwapTHUX KOMMNIEKCIB. 13 1627 poky
Ans po3dyaoBM MiCTa MoYany OCBOKOBATW NiBWIA
CXun fonvHn p. doxHa. Micto bepwagb 6yno y Ti
yacu PeMICHUYMM LEHTPOM, Y SIKOMY MNPOXXUBA/IO
1 650 meLLKaHUIB. Y pe3ynbTaTi 6araToBikoBOro po-
3BUTKY MiCTa B MeXax JonunH [loxHu Ta bepnagnHku
cthopmyBasiMca MicbKi naHgwagpTn, AKi 3apas npes-
CTaB/IeHI NepeBaXKHO MasIoNOBEPXOBUM, Pi3HOMOBe-
PXOBWM, peKpeaLiiiHUM, FOpoAHIM, BnacHe NpoMuc-
NOBUM, JOPOXHIM, LBUHTAPHUM i rapaXHUM naHj-
LapTHUMKU KOMMekcamu (puc.).

CenutebHi nangwadgtn. Micbki. BogHo-
pekpeauiHi. CTaBKOBO-3aMn1aBHi. Ypounwa: 1 —
LieHTpanbHe rnbokosoaas (rnnbuHa 2,5-3 m, LWBK-
AKicTb Teuil 0,1 m/c) ans pubonosni; 2 — npnbepe-
XHI BigMIiNMHKW rAMbmnHo Ao 1 M, 3apocni BogHO-
OONOTHOID POCNUHHICTIO AnA pubonosni. Hapsa-
NniaBHO-TepacoBi. Ypouuula: 3 — piBHi NilwaHo-cy-
FNIMHUCTI NOBEPXHI i3 NIy4YHO-3M1aKOBOK POC/IUHHI-
CTHO Ha NIYYHUX TPYHTaxX Nif MICbKUMMK MASHKAMU.
CapoBo-napkoBsi. HafsannaBHO-Tepacosi. Ypo-
ynwa: 4 — piBHi NiLWAHO-CYTNMHUCTI NOBEPXHI Nif,
CafJ0BO-NapKOBUMM HaCa[pKEHHAMM, actha/ibTOBUMM
LOPDKKaMK, CTeXKaMM Ta MicUAMM 415 BIAMOYNHKY
Ha ACHO-CipmX i cipux onigzoneHnx rpyHtax. Maso-
noeepxoBi. HagzannaeHo-Tepacosi. Ypounuwa: 5
- cnagmcTi (10—12°) niwaHo-CyrIMHNUCTI NOBEPXHI
MiJ, Mas10noBepPX0BOO XXMTNOBOK 3a6yA0BOI0, ropo-
[amMu, CTeXXKamu Ta aBTOMOGINIbHUMK foporamu Ha
ACHO-CIpUX i Cipux 0nia301eHnX rpyHTax. CXmsosi.
Ypounwa: 6 — cnabkocnagucTi (4-5°) necosi nose-
PXHi Nif ManonoBepxoBOK XUTNOBOK 3abyA0BOIO,
npucagMoHNUMM AiNsHKaMK, CTeXKKamm Ta aBToMO6i-
NbHYMU [Oporamuy Ha AICHO-CipuX i Cipux onigsose-
HUX IpyHTax. MNnakopHi. Ypounwa: 7 — piBHi ne-
COBi MOBEPXHI Nif ManonoBepxoBol 3abya0Boto,
npucagMoHNUMM AiNsHKaMK, CTeXXKamm Ta aBToMo6i-
NbHYMU JOpOrammn Ha YopHo3emax onif3oneHux. Pi-
3HornoBepxoBi. Cxunogi. Ypounwa: 8 — cnabkoc-
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nagucTi (4-5°) necoBi NoBepxHi Nif pisHONOBEPXO-
BOIO XKMT/I0BOIO 3a0y0BOIO, NpUcagnbHNMmM AinsH-
Kamu, CTEXXKamu Ta aBTOMOGINIbHUMM OporaMmn Ha
FCHO-CipUX i cipux onigsoneHux rpyHTax. bararo-
noBepxoB.i. Cxunnosi. ¥Ypouunwa: 9 — cnabkocnagn-
cTi (5—6°) necosi NoBepxHi Mig 6araTonoBepxoBoro
XXUTNOBOK 3a0yJ0BOK0, 3eMIEHNMUN HaCAKEHHAMM,
AUTAYUMU MalijaHuMKamuy, CTeXKaMu Ta aBTOMOOi-
NbHUMKM fioporamm Ha AICHO-CipuX i cipux onigsone-
HUX rpyHTax; 10 — piBHa flecoBa finsHKa, 3apocna
Me30-KCepOohiTHOK POC/IMHHICTIO Ha ACHO-CipUX Ta
cipux onig3oneHnx rpyHTax, 3aHaTa CNOPTUBHUM
maingaHunkom. MopogHi. HagsannaBHO-Tepacosi.
Ypoumnwa: 11 — cnabkocnagucti (5-6°) niwaHo-cy-
FMVHUCTI MOBEPXHI Nif ropogaMu Ha SICHO-CipuX i
cipux onig3oneHmx rpyHtax. CxXunosi. Ypouuuia:
12 — cnabkocnagmcTi (3—5°) necosi NoBepxHi Mig
ropojamMu Ha ICHO-CipuX i Cipux onig30neHnX rpyH-
Tax. BnacHe npomwucnosi. HapgsannasHo-Tepa-

COBI. Ypouuuwya: 13 — piBHa niLaHo-cyraMHucTa no-
BEPXHS, 3aiiHATa CMMPTOBMM 3aBOLOM i 3e/eHVMU
Haca[KeHHAMUN Ha ACHO-CipMX Ta cipux omnigsone-
HUX I'pyHTaxX. CXuoBi. Ypouunwia: 14 — cnabkoxsu-
NACTa lecoBa NOBEpPXHS, 3alHATa HEeAIKOUMM LlyKpo-
BWM 3aBOZOM | 3e/IeHUMMN HACaKEHHAMU Ha ACHO-
cipux Ta cipmx onig3oneHux rpyHrax; 15 — cnabko-
XBU/ACTA JIeCOBa MOBEPXHS, MOMEeX0BaHa 3eM/is-
HUMW aMbaMu, 3aiHATa MPOMMCIOBUMM BiACTINHM-
Kamu. MapaxkHi. Cxunnos.i. Ypounwa: 16 — cnabko-
cnagucra (3—5°) necosa fiNsHKa, 3apocsia Me30-Kee-
POiTHOK POC/AMHHICTIO Ha AICHO-CIpUX Ta Cipux
OniA30MeHNX TPyHTax, 3alHATarapaXHUMy NpUMi-
LWeHHAMU. LiBUHTapHi. Cxunnosi. Ypounwa: 17 —
MiKpOrop6okyBaTti CYyrMMHUCTI MOBEPXHi, 3alHATI
Knafosumwiamu, MiloxXigHUMK Joporamy Ta 3efie-
HAMW HacapkeHHAMM Ha ACHO-CipUxX Ta Cipux
onif30/eHNX I'pyHTax.
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wagp:

BogHi aHTponoreHHi naHgwadgTtn. Pyc-
noBi. Ypounua: 18 — HaTypa/ibHO-aHTPOMNOreHHe
piumnwe JoxHu (rmbrHa fo 1 m, wnprHa 1,5-3,5 ™,
WBMAKICTb TeuiT 0,2 m/c); 19 — HepiBHa atoBiasibHa
MOBEPXHA HACUMHOr0 OCTPOBa AOBXMHOK 450 M i
LWmMprHOO 230 M, 3apoc/ia 04epeTAHOK POC/IUHHI-
CTHO Ha 3a60/104eHMX NTyYHUX I'pyHTaxX; 20 — BogonNi-
ANipHi 3ani306eToHHI rpebni TpanewienogioHol do-
PMMU, 3apOC/i Pi3HOTPABHO-3/1aKOBOKD POC/IMHHICTIO.

64

3annasHi. Ypounwa: 21 — piBHi 3BONIOXEHI Cyrnn-
HUCTI NOBEPXHI, 3apOC/i OUEPETAHOK POC/IUHHICTIO
Ha 3a60/104EHNX NTYYHUX IPYHTaXx.

JlicoBi aHTponoreHHi naHgwadgTn. Moxi-
AHi. 3annaBHi. Ypoumnwia: 22 — piBHI CYrMUHUCTI
noBepxHi, 3apoc/i Bepooto 6iNoto, KNeHOM siCeHeNN-
CTVM Ta iHLUIOK YarapHNUKOBOK POC/IMHHICTIO Ha Ny-
YHWX I'pyHTax. HagsannaBHO-TepacoBsi. Ypoumniya:
23 — piBHi NiWaHO-CYrNMHUCTI NOBEPXHI, 3apoci
XBOMHUMUW HaCa[KEHHAMM Ha ACHO-CIipUX Ta CipuX
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onig3oneHnx rpyHTax. Cxmnosi. Ypounwa: 24 —
cnabkocnagucTi (3—5°) nilaHo-CyrnMHUCTI noBep-
XHi, 3apocni XBOWHMMM Ta rpaboBo-Ay6oBMMY Haca-
[DKEHHAMW Ha ACHO-CipUX Ta CipuMx OMiA30/1eHuX
'pyHTax; 25 — cnabkocnagucTi (3-5°) niwaHo-cyr-
NIMHKCTI NoBepXHi, 3apocni rpaboBo-4y60BUMUN Ha-
Ca[DKEHHAMW Ha ACHO-CIpMX Ta Cipnx OniA301eHnX
'pyHTax; 26 — Mikporop6kysari MiLlaHo-Cyr IMHUCTI
MOBEPXHi i3 pigKoniccaMM Ha SCHO-CipUX Ta Cipnx
OMiJ30/1eHNX IPYHTax.

Cinbcbkorocnogapcbki. MonboBi.  Cxu-
noei. Ypoumwa: 27 — cnagucti (10-12°) necosi no-
BEPXHIi Mij NosibOBUMY CiBO3MiHAMM Ha ACHO-CipuX
Ta cipux onif3onieHnx rpyHTtax. MNnakopHi. Ypo-
yumwla: 28 — piBHi 1ecoBi NOBepPXHi Nif NofbLOBUMM
ciBO3MiHaMK Ha YopHO3eMax OniA301eHUX.

[opoxHi. LLloceliHi. ActhasibTOBO-0ETOHHI.
CraBKoBO-3annaBHi. Ypouuwa: 29 — 3anisobe-
TOHHI 4iNAHKM MOCTIB i3 LUMPUHOIO NPOIKIXKOT Yac-
TUHW 9 i 14 M Ha 4 nignopax y piunii.

Mexi Tunis micueBocTeil. HaTypasibHUX:
30 — 3annaBHOro Ta Haf3anaBHO-TepacoBoro; 31 —
3arniaBHOro Ta CXWnoBoro; 32 — HajA3annaBHo-Tepa-
COBOro Ta CXMM0BOro; 33 — CXWI0BOro Ta Maakop-
HOro. AHTPOMOreHHux: 34 — CTaBKOBO-3ar/as-
HOro. Ypouunuy: 35 — aHTPOMOreHHuX.

IHWI no3Ha4veHHA: 36 — Ha3BW pivoK; 37 —
Harnpam Teuii.

MposeaeHi ynpogosx 2016—2017 pp. naHg-
LadpTo3HaBYI LOCNIMKEHHS CeNUTEOHUX naHAaLwag-
TiB Y AONMHaX Manmx pivok CepefHbOro Mobyxoks
[at0Tb MOXMBICTb 3a3HAYMTW, LLO TX NaHAWapTHA
CTPYKTypa He onTuMasibHa. BoHa noTtpebye HOBUX
nornsgiB Ha payioHasibHy po36yaoBy cenmTe6HOro
cepefoBULLA Y HanpsMi oro Hatypanisauii. Lie mo-
X/NBO 3 ypaxyBaHHAM BiTUM3HAHOTO | 3aKOPAOH-
HOro gocsifgy. 30kpema, B €Bponi, NPOEKTYHUMN Xn-
TNOBI  MIKPOpPainoHW, 3acTOCOBYIOTb  METOLUKM,
CNpSMOBaHi Ha 36epeXkeHHs npupoaun. Tak, aHrnil-
CbKuiA migxig «Jamo npupogi Bonto» («Go Wilds)
nepegbayvae CKOPOUEHHS MOL, Y MicTax Tpaguuii-
HMX rasoHiB Ta IX 3aMiHy 6araToBUAOBUMM JlyKamMu,
AKi He NOTPebytoTb 3HAYHOro JOrNsA4y i € Micusamm
NPOXMBaHHS NTaxiB Ta Komax. HiMeubKnii nigxig
«YNpoBaLKYEMO CMOHTaHHY POC/IVHHICTb»
(«Go Spontaneous») nepegbayae TpaHcgopmaLito
3apOCNX MiCbKUX TEPUTOPIN Y LiiHHI NPUPOAHI eKO-
noriyni cagm Ta napku (Anonymous, 2013). Okpim
UbOro, y KpaiHax €sponeiicbkoro Coto3y npoBo-
[ATb NOCTIVHI po60TK 3 06NALLTYBaHHA peKpealiii-
HWX 30H Y MiCTax, BUKOPUCTOBYHOUM MPY LIbOMY MO-
€HaHHA HaTypa/IbHWX | aHTPOMOreHHMX efIEMEHTIB
CennTeOHNX naHawadgTiB — BOAOMM Ta YCixX BuAiB
3eNneHux HacamxkeHb (Hvozdeva & Zakharova,
2013). ¥ cinbecbkux naHawadrax JIMTBA aKTUBHO
PO3BMBAETHLCA TaKWI €/1EMEHT CUCTEMU 03€/1EHEHHS

nocesieHb K KBITHUK, 3aBAAKM YoMy 3abe3nevy-
tOTbCA B3aEMOZIA KY/NIbTYpY Ta NPUPOAU, NpaBusibHa
opraHisayis npocTopy, ONTUMI3aLis cenntebHoro
cepefoBULLA, MiAKPECNEHHA caMOobyTHOCTI i ecTe-
TUYHOT NPMBabAMBOCTI NaHAWAPTHMX KOMINEKCIB
(Martinenaite, 2011).

Y [OCHiIKEHHAX 3aKOPAOHHMX HayKOBLLiB
npo6nema onTuMisauii cenmTebHOro npocTopy B
YMOBaX CTPIMKOI ypbaHi3aLlii 06roBOprOETLCS aKTK-
BHO. HaiuacTiLue 3ycTpivatoTbes nybnikawii, B AKNX
Y4eHi nofatoTb NPOMO3uLLiT MPaKTUUYHOIO XapaKTepy
Ta OMNWCYKTb BNAaCHWIA AOCBiA LWOAO OpraHisauii
NaHawagTiB  HaceneHUx NyHKTIB.  JocnimpkKeHHs
NaHAWamTIB €BPONENCHKUX MICT MoKasann, Lo
BOHW BPa3NuBi 4/19 eKCTPeMa/lbHUX BOAHUX PEXu-
MiB pivoK (NoBeHeli | NaBoAKiB). BoaHa iHpacTpy-
KTypa €BPOMencbKMX mMeranonicis He 34aTHa agan-
TyBaTWCA [0 Cy4aCHMX 3MiH HABKOMLIHLOIO Cepe-
fosuLa. Tomy Micta NnoTpebyroTb KPOC-CeKTOpasib-
HUX, IHTerpoBaHMX Ta AeLeHTpai3oBaHuX Nigxoais
0O  YyNpaBfiHHA  MICBKMM  BOLHMM  LMK/IOM
(Csizmadia, Szilagyi, Balogh, & Saumel, 2017).
AHani3 HayKOBLAMW NMPOCTOPOBMX i 4aCOBMX 3MiH
NaHawagTiB Ta CTyNeHs TX BPa3MBOCTI Ha MPUK-
napi 6aceitHy piukmn LliHbst (NpoBiHUis CuuyaHb,
KHP), nokasas, WO NAOWi MIiCbKUX i CiflbCbKMX
NaHAWaTIB aKTUBHO 36iNbLUYHOTHCA 3a PaxyHOK
3MEHLLEHHS NJIOL, CibCbKOrocnofapCbKux yrifp,
nicie i nacosuw,. Lli fgaHi MoXKHa BpaxoByBaTu A/1s
pO3yMiHHA eBotOLUil naHAwagTiB Ta MiHiMizaLiT
NOTEHUIMHNX €eKONOriYHMX Hacnigkis ypbaHizauii
(Li, Xie, He, Guo, & Wang, 2017).

ABCTpaniicbki HayKoBLi, AOCMIDKYHOUYN Mi-
CbKi naHALwad T Ha OCHOBI COLiOMOTIYHOTO ONUTY-
BaHHS, 3p06MIN BUCHOBOK, WO 6ifbLLIICTb PECMOH-
[EeHTIB BiflAal0Thb NepeBary 3eneHoMy npoctopy (na-
pKwW, CKBepK, cagosi naHawagTn) y mictax. Ha gy-
MKy OifbLLIOCTI HaceneHHAa M. MenbbypH, MiCbKi
paioHNn 3 TYCTO POCAVHHICTIO 3a6e3nevytoThb
CKNafHe CepefoBuLLe ICHYBaHHA 4nS AWKOT npu-
poau, TOMy Le [aE MOX/MBICTb TaK MPOEKTyBaTu
NaHawagpTn, Wob BOHWM NPUHOCUAN KOPWUCTL i /to-
asm, i npupogi (Harris, Kendal, Hahs, & Threlfall,
2018).

BaxnnBMMM enemMeHTaMm Mepexxi 3e/1eHOT iH-
(hpacTpyKTypu PYMYHCbKMX MICT BYEHi BBaXKalOTb
MicbKi nicu. IX po3rispaTe AK - CTpaTeriuHi
06’eKT, WO JaroTb 6arato nepesar Ans cycninbe-
TBa i NiABMLLYIOTb AKICTb XMTTA. Ha nigcTtasi npo-
BeLeHMX A0CNILKEeHb HAYKOBLI BUSBWM ABa TUMK
HaMMOLUMPeHILLIMX MOAENEeN MiCbKOro NniaHyBaHHS B
6e3nocepeHili 6M3bKOCTI Bif MiCbKMX NiCiB: OAUH
i3 BWCOKOK 4aCTKOK 3aby[0BaHOro npocTopy
(27,68 %), iHLWNI — i3 BIAKPUTUM NPOCTOPOM, fe 3e-
MJTi Ci/IbCbKOrOCMnoLapCbKoro Mnpu3HaveHHs CTam
HaNOLUMPEHILIUM BMAOM NPUPOAOKOPUCTYBaHHS
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(19,19 %). I3 uboOro BUNAMBAE, WO iHTErpauis yn-
paBniHHA MiCbKMMMK Nicamy B NiaHyBaHHI MiCT —
OAHe 3 BX/IMBMX 3aBAaHb 3abe3neyveHHsi CTanoro
po3suTKY MmicT PymyHii (Nitd, Nastase, Badiu,
Onose, & Gavrilidis, 2017).

Haykosui LLiBeiiLapii, NpoBiBLUKX BigNOBIAHI
JIOCNiDKEHHS, BCTaHOBWU/W, WO 6inblicTb Hace-
NEeHHA KpaiHW Biff4atoTb nepeBary Ci/lbCbKUM flaH[-
wagpTtam, pigwe ang XATTS 06mparoTb Teputopii
6ina BeNMKUX MICT. EKCNepTM 3 MiCbKOro nnaHy-
BaHHA Ta OXOPOHW NPUPOAW, HaBMakW, BBaXKAOTb
MiCbKi naHAwapT KOMGOPTHIWMMMK AN XKUTTS.
OTpvMaHi pe3ynbTaTi NigKPECoTb HEOOXIAHICTb
06MEXEHHS MICbKMX TEPUTOPIi Nifj Yac niaHyBaHHS
3emnekopucTyBaHHa Yy LLBeiuapii  (Strobele &
Hunziker, 2017).

BucHoBKN. [ocnigpKeHHs cenmTebHnX naHa-
wadTis, WO CHopMyBannCA B MeXKax LOSIMH Mannx
pidok CepefHboro ToBYXOKS, [aE MOXMBICTb
CTBepIKyBaTn Take: 1) NMpoCTOpOBE PO3MILLEHHS
nocesneHb, iX KOHirypauis, a, BignosigHo, aHTpO-
noreHisayis 4ONMHHO-PIYKOBMX NaHAWadTiB, 3ane-
aTb Bif MPUPOAHUX YMOB, MiKPOKIMaTUYHMX OCO-
611BOCTEN PIYKOBUX AOMMH Ta NPUYPOYEHOCTI No-
Ce/ieHb [10 TOr0 YK iHLIOro TUMY MicLEeBOCTI; 2) Y fo-
NNHAX Manvx NpUToK MiBAeHHOro byry 3a noleto
nepeBaXKatoTb CiNbCbKI NaHALWadTH, a 3a CTYrNeHeMm
TpaHcgopmaLii LONMMHHO-PIYKOBOI0 NPOCTOPY — Mi-
CbKi naHawagTHi KoMniekewn; 3) cennuTebHi naHa-
wag T 3MIHUANCSA 3a BNNBY roCrnofapChKoT Aisifb-
HOCTI, OAHaK NPOAOBXYKOTb PO3BMBATUCS 3a 3aKO-
Hamu npupoau; 4) Ana NoNiNWeHHs CTaHy cennTed-
HUX NaHAWaMTiB cnif ypaxoByBaTu icTOpito X ¢o-
PMyBaHHS, Cy4yacHy naHAwaTHy CTPYKTYpY, eKo-
NOTIYHWIA CTaH i AOCBIfA 3aKOPAOHHUX HAYKOBLIB.
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Abstract. The results of studies of the chemical composition in various types of natural
waters of the territory of Ukraine — atmospheric precipitation, surface (river and lake),
groundwaters and sea waters are comprehensively summarized and presented for the
territory of Ukraine in this paper. The chemical composition of Ukraine’s natural waters
(rivers, lakes, underground aquifers, seas) is the result of the interaction of a combina-
tion of natural factors, as well as their location, mainly in the temperate climatic zone. The average long-term mineralization of atmos-
pheric precipitation is usually in the range of 20-40 mg/I, its chemical composition is predominantly sulfate magnesium—calcium. For
the chemical composition of water in the small and medium rivers of Ukraine, hydrochemical zoning is observed in the direction from
the northwest to the south-east of the country. Mineralization of river waters also increases in this direction (from 200-300 mg/I to
1,500-3,000 mg/l and more). The composition of the water varies from bicarbonate calcium in the north and west to sodium chloride
in the south and southeast. The value of mineralization of lake water varies within very wide limits. There are lakes with very fresh
water and low salinity (30 mg/l — small lakes of glacial origin in the Ukrainian Carpathians), and lakes whose water has a mineralization
of more than 100 g/l (salt lakes of the Crimea). In the chemical composition of groundwater, the territory of Ukraine mainly exhibits
vertical hydrochemical zoning, which manifests itself in the separation of zones of intensive or difficult water exchange. Hydrocar-
bonate or sulfate waters with a small mineralization (up to 1.0 g/l) are characteristic for the zone of active water exchange. Highly
mineralized (50-300 g/l and more) chloride, sodium and chloride-sodiumcalcium waters are common in a zone of hindered water
exchange. The ionic composition of the Black Sea water has all the characteristic features of ocean waters but differs from them in
relative poverty with ions of chlorine and sodium, the average salinity of the Black Sea waters is 18—19 %o. In the narrow coastal zone
near the mouths of large rivers (the Danube, the Dniester, the Southern Bug, the Dnieper) a decrease in the salinity of the Black Sea
waters (up to 5-10 %o) is observed. The main factors that determine the salinity regime in the Azov Sea (10-13 %o) are the inflow of
saline Black Sea and fresh river (the Don and the Kuban rivers) waters that are mixed in the Azov Sea, as well as the arrival of
atmospheric precipitation.
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XiMiuHMIA cKnag pisHUX TUNIB NPUPOAHMX BOL Y KpaiHu
B. K. Xinbyescbkuiit, C. M. Kypuno! , H. M. LepcTiok?

IKniBCbKUIA HaLlioHanbHMIA YHiBEpCUTET iMeHi Tapaca LLleBdeHKka, KuiB, YKpaiHa
2[IHiNPOBCLKMIA HaLioOHaNbHWIA yHiBEpCMTET imMeHi Onecst MoHuapa, [Hinpo, Ykpaita

AHoTauif. 40 TepuTopii YKpaiH1 KOMNIEKCHO y3aranbHEHO i BUKNaAeHO pesybTaT AOCAifKeHb XiMIYHOrO CKnady PisHMX TvNis
NPVYPOAHNX BOA TEpUTOPIT YKpaiHM — aTMoCthepHMX 0NagiB, MOBEPXHEBUX (PIYKOBMX i 03epHMX), MiA3EMHUX | MOPCLKUX BOA. CepefHs
GaraTopiuHa MiHepanisallis aTMocthepHUX onais 3a3Buyaii y mMexxax 20 — 40 mr/gm3, TX XiMiuHuiA cKnag nepeBaxkHO CyNb(aTHWI
MarHieBo-KasnbLieBuiA. [ XiMiYHOro CKiagy BOAM MajiX i cepefiHix PivoK YKpaiHM cnocTepiraeTbCs rigpoxiMiuHa 30Ha/IbHICTb Y
HanpsMKy 3 NiBHIYHOrO 3ax04y Ha MiBAEHHWI CXif TepuTopii KpaiHu. B LbOMy HampsaMKy 36inbWyeTbCa | MiHepanisayis piukoBux
Bog (Big 200 — 300 mr/am® go 1 500 — 3 000 mr/am® i Ginblue). CKnan Bof 3MiHIOETLCS | Bif rigpoKapboHATHOrO KasblLiEBOrO Ha
NiBHOUI i 3aX0fi JO X/IOPUAHOr0 HATPIEBOr0 Ha NIiBAHI | NiBAeHHOMY cxoi. BennumHa mMiHepanisayii Boay 03ep 3MiHIOETLCS B LLMPO-
Knx Mexax. TpannsoTbes 03epa 3 y>Ke NpiCHOK BOAOH0 i HU3LKOK MiHepanisatieto (30 mr/am3), i Taki, Bofa AKMX Mae MiHepanisauito
noHag 100 r/ams. Y ximiyHoMy CKnafii Ni3eMHKX BOA Ha TepUTOPIT YKpaiH B 0CHOBHOMY NPOSIBASIETLCS BEPTUKA/IbHA FigpoXiMiuHa
30Ha/bHICTb. [}151 30HN aKTUBHOIO BOA00OMIHY XapaKTepHi rigpokap6oHaTHI abo cynbdaTHi BOAW 3 HEBENMKOKO MiHepanisauieto (40
1 r/amq). Y 30Hi yTpyaHEHOro BOA006MiHY noLumpeHi BucokomiHepanisosaHi (50 — 300 r/am2 i 6inbLue) XnopuaHi HaTpieBi | XnopuaHi
HaTpieBO-KasnbLieBi BogW. IoHHW cknag Boagn YopHoro mops 6/1M3bKuid 3a CKNafoM A0 B0 OKeaHy, ae Bifpi3HAETbCS Biff HAX HU3b-
KVIM BMICTOM iOHIB X/0pY | HaTpito, cepefHs COMOHICTb Bog YopHoro mops — 18 — 19 %.. Y By3bKiil NnpubepexHiii cMysi nobnusy rupn
BE/IMKMX PIYOK CMOCTEPIraEThbecs 3HMKEHHS COMOHOCTI YOPHOMOPCLKMX BOA (40 5 — 10 %o0). OCHOBHI (hakTopu, AKi BU3HAYAIOTh PEXUM
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CONOHOCTI B A30BCbkOMY Mopi (10 — 13 %o), - Lie NpUMAMB COMOHUX HYOPHOMOPCHKMX i MPICHUX PIYKOBUX BOA, AKI 3MILLYIOTLCA B

A30BCbKOMY MOPI, @ TAKOX HaAXOMPKEHHS aTMOC(epHMX onagis.

Knto4oBi cnosa: XimiuHWiA cknafg, aTMoctepHi onaan, MOBEPXHEBI BOAW, MiA3EMHI BOAW, MOPCLKI BOAU

Introduction. A water object is a natural or artifi-
cially created element of the environment where wa-
ters are concentrated: seas, estuaries, rivers, creeks,
lakes, reservoirs, ponds, canals and aquifers (Vodnyi
kodeks Ukrainy, 1995). Natural waters filling water
bodies are a complex of dissolved compounds, the
formation of which takes place under the influence
of natural (physiographic factors, primarily climatic
and soil, geological, physicochemical, biological)
and anthropogenic factors. The influence of these
factors on natural waters has its own regularities and
differences, which appears both at the level of the
natural zones and regions, and on certain types of
water bodies: rivers, lakes, underground aquifers,
seas. It is also important to know the chemical com-
position of atmospheric precipitation, which takes an
active part in the sustenance of water bodies. There
is a considerable interest in studies within the terri-
tory of a particular country, where the diversity of
the chemical composition of various types of natural
waters is fully manifested (Khil'chevskii, Chebot'ko,
1994).

The history of hydrochemical research in
Ukraine. Systematic observations of the chemical
composition of river, lake, underground and sea wa-
ters in Ukraine began in the 1930s with the network
of observation of the hydrometeorological service.
Monitoring data on the chemical composition of sur-
face waters have been published in the Hydrological
Yearbooks, since 1968 in the quarterly "Hydrochem-
ical Bulletins," and since 1984 in the "Annual Data
on the Quality of the Surface Waters of Ukraine." A
significant contribution to the foundation and devel-
opment of hydrochemical studies in Ukraine was
made by scientists from the Institute of Hydrobiol-
ogy of the National Academy of Sciences of
Ukraine, whose studies were devoted to the for-
mation of the hydrochemical regime of estuaries of
rivers, estuaries, the Dnieper reservoirs, and to the
content of heavy metals in water (Almazov, 1962;
Denisova, Timchenko, Nahshinaetal., 1989; Linnik,
Nabivanec, 1986; Zhuravleva, 1988).

Scientists of Taras Shevchenko National Uni-
versity of Kyiv studied the interrelation of the chem-
ical composition of different types of natural waters
in Ukraine (Peleshenko, 1975), developed the funda-
mentals of ameliorative hydrochemistry (Gorjev,
Peleshenko, 1991, Zakrevskiy, 1992), revealed the
role of anthropogenic factors in its formation (Gor-
jev, Peleshenko, Khilchevskyi, 1995; Khil'chevskiy,
1994), initiated the study of the hydrochemistry of
slope flow surface (Khilchevskyi, 1996), the study

of hydrochemistry of the cooling reservoirs on nu-
clear power plants and thermal power plants (Ro-
mas, 2002), hydrochemical systems (Snizhko,
2006).

As a result of complex regional hydrogeolog-
ical studies of the territory of Ukraine ,the main reg-
ularities in the formation of the chemical composi-
tion of groundwater in general, as well as mineral
therapeutic waters were established (Babynec, Bel-
javskyj, 1973; Babynec, Borevskyj, Shestopalovet
al., 1979; Shestopalov, 2009; Ohnianyk, 2000).

A number of works by the staff of the Ukrain-

ian Hydrometeorological Institute of the NAS of
Ukraine (Osadchyi, Nabyvanets, Osadchaet al.,
2008; Osadchyy et al., 2016) are devoted to experi-
mental research and modeling of the migration of
chemical substances in surface waters. At the Marine
Hydrophysical Institute of the National Academy of
Sciences of Ukraine scientists studied issues related
to ocean hydrochemistry and the physical nature of
formation or destruction of chemical compounds in
seawater (Eremeeva, Eremeev, Bezborodov, 1984).
Detailed hydrochemical (Skopincev, 1975) and geo-
chemical (Mitropolskiy, Bezborodov, Ovsyanyiy,
1982) studies of the Black and the Azov Seas pro-
vide an opportunity to solve problems of monitoring,
modeling and forecasting the condition of water ba-
sins.
The statement of the problem and source materi-
als. The main purpose of this publication is to pro-
vide a comprehensive description of the chemical
composition of various types of natural waters on the
territory of Ukraine—atmospheric precipitation, sur-
face waters (river and lake), groundwaters and sea
waters. The main attention is paid to the basic ions,
which include HCO3~, SO,#~Cl-, Ca* Mg*, Na*,
K™, and to the index of total mineralization.

To solve this problem, we used data on the

chemical composition of Ukraine’s natural waters,
which derives from: 1) the result of the authors’ own
research; 2) analysis of published sources.
Results of the research.Precipitation.There is up to
650 mm/year of precipitation in the north-west of
Ukraine, up to 300 mm/year — in the south, in the
Ukrainian Carpathians — up to 1,600 mm/year. The
first studies of the chemical composition of atmos-
pheric precipitations (AP) in Ukraine were made at
the beginning of the 20th century.

The systematic sampling of APs at the net-
work of meteorological stations of the hydrometeor-
ological service of the former USSR began in 1958
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in connection with the implementation of works un-
der the programme of the International Geophysical
Year (IGY). After the completion of the IGY, the
studies of the chemical composition of APs received
further development and the network of weather sta-
tions, where AO samples were sampled for chemical
analysis, was significantly expanded.

Since 1963, gathering of monthly samples of
the AP has been organized at the Nemishaieve mete-
orological stations (since 1964 transferred to the Te-
terev meteorological station), Berehove, Kobelyaki,
Bobrynets, Loshkarivka, Odessa, Nikitsky Botanical
Garden, and since 1965 in Kiev and industrial re-
gions of Donbass — at the meteorological stations of
Donetsk and Volnovakha. In addition to the monthly
samples, researchers gathered samples of single APs
at the Kobeliaky, Bobrynets, Loshkarivka and
Odessa meteorological stations. The results of these
studies are presented in the works of the following

scientists (Romas, 1979, Kosovets-Skavronska,
Snizhko, 2009; Khilchevskyi, Kurylo, 2016), and
common results are given below.

General mineralization of the AP over the ter-
ritory of Ukraine usually fluctuates within 30-40
mg/l. The minimum average annual mineralization
values of the AP are fixed in the zone of mixed for-
ests in the north of the country — about 26 mg/l (Te-
terev), the maximum — recorded in the south of the
country, at the weather station Askania-Nova — 82.4
mg/l (Table 1).

In the chemical composition of AP, sulfates
predominate among anions, and magnesium domi-
nates among cations. The proportion of the salts of
continental-anthropogenic origin in the total chemi-
cal composition of AP on the territory of Ukraine is
90-93%, that of salts of marine origin — 7-10%
(Khilchevskyi, Kurylo, 2016).

Table 1. Average concentrations of chemical components in Ukraine’s atmospheric precipitation (by total monthly samples), mg/I.

Gen-
Weather station | SO~ | CI- | HCOs | NOy | Ca? | Mg? | Na* | K" | NHg g';:'?:z'z
tion
Zone of mixed forests
Teterev, 11.7 2.2 4.0 1.9 16 2.0 15 1.0 0.87 26.7
Kiev region
Forest-steppe zone
Kyiv 14.4 14 11.3 _ 0.6 13 0.4 5.9 0.7 26.3
Kobelyaki, 14.8 3.8 11.0 16 35 2.8 2.9 1.4 1.14 43.0
Poltava region
Steppe zone
_ Bobrynets, 144 | 31 14.2 18 | 42 41 2.2 1.0 | 1.06 46.1
Kirovograd region
Loshkarivka, 150 | 33 4.9 17 27 22 17 1.0 1.55 34.0
Dnepropetrovsk region
Volnovakha, 16.8 4.3 6.1 17 3.0 2.8 3.2 1.4 1.30 40.6
Donetsk region
Odessa 175 7.0 6.9 2.4 35 2.2 3.8 18 1.27 46.4
Askania-Nova, 96 | 85 38.0 - 15 | 133 | 21 | 94 - 82.4
Kherson region
The Carpathian Mountain
Beregove, 14.4 3.4 5.7 16 2.1 2.7 16 1.0 1.41 34.0
Transcarpathian region
Crimean mountainous
Nikitsky Botanical Gar-
den,
Autonomous Republic of | %3 3.0 8.1 16 2.1 18 17 1.0 1.00 29.6
Crimea

The most probable chemical composition of
the AP was determined by the formulas of the ionic
composition, where the average concentrations of
the components, converted into % —equivalent form,
were used. Characteristic is the considerable stabil-
ity of the ion content in the AP with a significant ex-
cess of sulfates among the anions, and magnesium
among the cations. Local influence on natural factors
of the chemical composition of the products of agri-
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cultural enterprises affects the increase in hydrocar-
bonates and magnesium in the steppe zone (Askania-
Nova) and sodium chlorides in the seaside Odessa,
and anthropogenic — in increasing the content of al-
most all components, especially sulphates, in the in-
dustrial Donbass.

The most probable chemical composition of
the AP over the territory of Ukraine in%-equivalent
form is expressed by the formula:
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S0455 HCO322 CI18 NOs5
Mg38 Ca28 Nal8 NH,10 K6

In this way, the chemical composition of AP
in Ukraine predominantly consists of the sulfate
magnesium-calcium.

The AP of the whole territory of Ukraine is
dominated by the continental-anthropogenic compo-
nent and its contribution fluctuates insignificantly
near the value of 90%. The estimated value of the
direct anthropogenic component of the chemical
composition of AP is approximately 70-75%. Only
for chloride ions marine component is the domina-
tive in the formation of the total content of dissolved
mineral substances in atmospheric precipitation
(Khilchevskyi, Kurylo, 2016.).

Rivers. In Ukraine, there are more than 63
thousand rivers with 1,103 reservoirs (Vodnyi fond
Ukrainy, 2015). 98% of the country’s rivers belong
to the basin of the Black and the Azov Seas, and to
2% of the territory (the Western Bug River) —to the
basin the Baltic Sea. Taking into account the require-
ments of the EU Water Framework Directive (Di-
rective 2000/60 / EC) in 2016, a hydrographic zon-
ing of the territory of Ukraine was carried out. As a
result, nine river basin areas were identified —the
Vistula, the Danube, the Dniester, the Southern Bug,
the Dnieper, the Don, and rivers of the Black Sea,
the Azov Sea and the Crimea. Regions of river ba-
sins of the Dnieper, the Danube, the Dona and the
Vistula are also divided into sub-basins (total 13 sub-
basins) (Vodnyi kodeks Ukrainy, 1995; Khilchev-
skyi, Grebin, 2017).

In the chemical composition of the river wa-
ters of the lowland part of the country, a clear hydro-
chemical zoning is observed with progress from the
western and north—western to the eastern and south-
eastern borders of Ukraine. In the same direction,
mineralization of river waters also increases (from
200-300 mg/l to 1,500-3,000 mg/l and more). Hy-
drochemical zoning is observed irrespective of the

direction of the flow of rivers and is in some ways
consistent with the boundaries of physiographic re-
gions (Peleshenko, Zakrevskiy, Gorev et al., 1989).
In the mixed forest zone fresh hydrocarbonate cal-
cium waters are common; in the western regions of
the forest-steppe zone, fresh calcareous calcium wa-
ters, which, with progress to the east, gradually
transform into bicarbonate calcium-magnesium-so-
dium. Near the border of the steppe zone, sulphates
begin to play an important role in the composition of
river waters. In the steppe zone, sulfate-chloride wa-
ters of mixed cationic composition prevail.

The chemical composition of the waters of
large rivers (the Dnieper, the Dniester, the Southern
Bug, the Seversky Donets) also exhibits hydrochem-
ical zoning, which manifests itself mainly in the in-
crease in the water downstream of the rivers of alkali
sulfates and chlorides (Khil'chevskii VK, Khil'chev-
skii RV, Gorokhovskaya, 1999). However, it is little
consistent with the boundaries of physical and geo-
graphical zones in comparison with the zoning of the
chemical composition of the waters of local runoff
(small rivers). In the mountainous regions of the
country, the hydrochemical zoning for surface water
is practically not traced. The river waters here are
fresh, bicarbonate calcium.

Area of the basin of the Vistula river (the
Western Bug). The main river of the Vistula basin
(the Baltic Sea basin) in Ukraine is the transbound-
ary Western Bug River, which also flows through
Poland and Belarus. Surface waters of the Western
Bug basin are characterized by a hydrocarbonate cal-
cium composition, which is associated with a signif-
icant spread of gypsiferous carbonate rocks in the
catchment area. The humid type of climate and the
predominance of descending flows in soils cause a
low content of dissolved ions in water. The mineral-
ization of the river waters of the basin is on average
about 500 mg/I-Table 2 (Zabokrytska, Khilchevsky,
Manchenko, 2006).

Table 2.Average concentration of main ions and general mineralization of surface waters within the river basin regions of Ukraine,

mg/l.
General

Area of the river basin HCOs~ S04 Cl- Ca?* Mg? Na* K* minera-liza-

tion
The Vistula 300 44 41 97 12 32 - 523
The Danube 176 46 28 43 12 37 6 331
The Dniester 176 46 61 60 13 47 5 405
The Southern Bug 344 82 53 80 29 53 16 653
The Dnieper 229 79 45 66 19 45 9 488
The Don 304 294 240 153 43 166 - 1,192
Rivers of the Black Sea 393 783 398 196 85 396 - 2,200
Rivers of the Azov Sea 333 783 498 296 85 696 - 2,200
Region
Rivers of the Crimea 250 118 51 80 22 43 16 580
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For the river waters of the Western Bug basin,
an inverse relationship is observed between mineral-
ization and water discharge. It was stated that the
lowest absolute values of the river Western Bug min-
eralization is 412 mg/l (in the year 1963), and the
largest — 604 mg/I (in the year 1988 ). The maximum
values of mineralization of water (over 800 mg/l) are
fixed in the water of the river Poltva below the place
of wastewater discharge in the city of Lviv, and the
average annual water mineralization of this river was
570 mg/l. The calculations carried out showed that
the river Poltva significantly affects the chemical
composition of the water of the Western Bug; it
forms 66% of the ionic runoff of the Western Bug in
the Kamianka-Buzkastream point.

Area of the basin of the Danube river. The
main tributaries of the Danube in the territory of
Ukraine are fragmented: in the Transcarpathian re-
gion (Uzh and Tisza rivers) and Bukovina (the Prut
river) —transboundary rivers that carry water to the
territory of Hungary, Romania and Moldova; in the
Odessa region — in fact, the lower reaches of the
Danube (Kilian estuary). In the lower reaches of the
Danube, water flows in, the composition of which
was formed in the territory of many European coun-
tries, which are located in its basin (Savitskii,
Stets'’ko, Osadchiy et al., 1994). The flushing regime
of the soils of the basin determines the low mineral-
ization of water, which in the rivers Uzh, Rika, La-
torica does not exceed 200 mg/I. In the water of the
river Tisza mineralization increases to 250-300
mg/l, and it reaches the highest values in the water
of the rivers Siret, Prut, Cheremosh and the lower
part of the Danube — 330-370 mg/I. Information on
the average chemical composition of the rivers in the
Danube River basin is given in Table. 2.

In the long-term aspect, the change in the min-
eralization of water has a complex character. In its
most general form, it can be argued that there has
been a gradual decline in recent years. So, if in 1994
the average mineralization of water in the lower part
of the Danube was 405 mg/l, then in 2004 it was 348
g/l (Osadchiy, Nabyvanets, Osadcha et al., 2008). It
must be noted that the fluctuation in mineralization
coincided with the direction of change in water con-
tent. At the same time, seasonal fluctuations in water
expenditure and mineralization were natural: an in-
crease in water content led to a decrease in the
amount of dissolved salts. The maximum minerali-
zation, as a rule, is observed in winter, and the min-
imum — during the periods of the highest rise in wa-
ter levels — in spring or in summer.

In the rivers of the mountain part of the Prut
river basin, waters of predominantly hydrocar-
bonate calcium composition are formed with miner-
alization in the range of 140-360 mg/l and a total
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hardness of 2-4 mmol/l. The rivers of the left—bank
part of the Prut river basin are highly mineralized.
The mineralization values reach 1.2 g/l, and the total
hardness is 10-12 mmol/I.

For the Prut river itself, in the hydrochemical
regime, characteristic features that are expressed in
fluctuations in the mineralization of water in the
range 150-800 mg/l. In the upper part of the basin,
at the closing line near the town of Chernivtsi, during
the spring flood, the water mineralization ranges
from 200 mg/l in high water years to 380 mg/l — in
low water. The composition of the ions is dominated
by HCOs and Ca?*. In the dry period, the minerali-
zation values reach 300 mg/l in high water years, and
430 mg/l in dry years. In the middle of the river basin
the rod mineralization of water increases, reaching
in the low water year 420 mg/I, and low water — 560
mg/l. In the middle part of the Prut river, the hydro-
chemical regime of the river is largely determined by
the influence of highly mineralized sulfate—sodium
groundwater on the left-bank part of the basin. This
is expressed in an increase in the concentration of
sulfate ions to 220 mg/l, sodium and potassium ions
to 130 mg/l. The mineralization of water during the
spring flood ranges from 390 to 560 mg/l. At low
water values, the mineralization values of water vary
between 445-860 mg/I. At this time, HCO5~and Ca?*
ions predominate (Osadchiy, Nabyvanets, Osadcha
et al., 2008).

Area of the basin of the Dniester river. The
Dniester is transboundary river — it flows through the
territory of Ukraine and Moldova. The average sa-
linity of river waters in the Dniester Basin is low and
ranges from 286 to 481 mg/l (Table 2). However,
within the basin, the mineralization of river water
fluctuates significantly — from 100 to 1000 mg/l and
more. The formation of the chemical composition of
river waters in the middle part of the Dniester Basin
is affected by karst processes (Aksom, Khilchevskyi,
2002).

In general, in the Dniester river basin, a group
of rivers of the upper mountainous part (in the
Ukrainian Carpathians) and the plains part of the ba-
sin can be distinguished by mineralization of water.
The least mineralized (the sum of ions up to 200
mg/l) are the mountain rivers Bystrica, Svicha, Lu-
zhanka. In the waters of the rivers Slavka, Opor,
Crow, Stryi, the sum of dissolved salts varies be-
tween 200-300 mg/l. From 300 to 400 mg/l, the min-
eralization of water in Dniester, Seret, Koroptse,
Strv'yazh, Zolota Lypa and Hnyla Lypa changes.
High water mineralization is distinguished by the
water of the Tysmenytsia— about 1000 mg/I.

The mineralization of the Dniester reservoir
(volume 3.0 km®) does not exceed 450 mg/I, the
composition of dissolved salts is hydrocarbonate -
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calcium (Khilchevskyi, Honchar, Zabokrytskaetal,
2013).

Area of the basin of the Southern Bug river.
The Southern Bug is the only large river whose basin
is completely within the territory of Ukraine. The di-
versity of soil-geological, climatic and other condi-
tions from north to south determines the correspond-
ing changes in the chemical composition of river wa-
ters in the basin of the Southern Bug. Prior to the
town of Pervomaisk, mineralization of river waters
does not exceed 1 g/l, the composition of water is
hydrocarbonate- calcium. In the tributaries of the
Southern Bug, below the town of Pervomaisk, dur-
ing the low-water period the mineralization of water
reaches 1.7 g/l, they are mixed in composition — hy-
drocarbonate-sulphate magnesium or sulphate-chlo-
ride sodium.

Directly in the Southern Bug river, composi-
tion of water varies both along the course of the river
in a spatial sense and in a temporal aspect. The low-
est mineralization of water is observed in the river
during the spring high water. In the upper course of
the river during the high water period, the minerali-
zation of water fluctuates between 180-310 mg/I de-
pending on the water content of the year, hard water
is in the range 2.3-2.9 mmol/l, HCOs~, Ca?* domi-
nate in the composition of ions. In the low-water pe-
riod in this part of the river, the mineralization of wa-
ter reaches 570 mg/l, and the hardness —up to 6
mmol/l (Khilchevskyi, Chunarov, Romas et al.,
2009).

In the middle of the river in the period of high
water, the mineralization of water varies between
260-450 mg/l, hard water is 2.8— 3.8 mmol/l, HCO3"
and Ca?* ions predominate. In the low-water period,
the mineralization of water reaches 730-800 mg/l,
the hard water is 8.4 mmol/l, the ions HCOs~, Ca*"
Na* and K* predominate in the water.

In the lower reaches during the period of high
water, the mineralization of the water varies from
260 to 620 mg/l, the hard water is 2.8 to 6 mmol/I,
the ions HCOs™ and Ca?* predominate (Table 2). In-
creased mineralization of the Southern Bug water
occurs as a result of an increase in the concentration
of all major ions.

Area of the basin of the Dnieper river. The
chemical composition of the river waters of the
transboundary basin of the Dnieper (flowing through
the territory of Russia, Belarus and Ukraine) is
closely related to its natural conditions. The con-
ducted studies show a close feedback between the
mineralization of water and its costs. Due to minor
fluctuations in mean annual water availability in the
Dnieper Basin, the mineralization of water is not
subject to significant changes over time, and on av-
erage in most of the basin is 450-550 mg/I (Table 2).

The composition of the main ions in the Dnie-
per water is also relatively stable, with Ca?*prevail
ing among them (50-100 mg/l, sometimes up to 200
mg/l) and HCO3™ ions (240-350 mg/l, sometimes up
to 400 mg/l). At the same time, it should be noted
that for the river waters of the Dnieper Basin there is
a great diversity of both ionic composition and min-
eralization of the water (Khilchevskyi, Romas .M.,
Romas M.1. et al., 2007).

The mineralization of the rivers of the mixed
forest zone does not exceed 600 mg/l, the composi-
tion of the dissolved salts is hydrocarbonate- cal-
cium. The rivers of the middle part of the basin (for-
est-steppe zone) are more mineralized — up to 1000
mg/l.

In the water of the steppe zone rivers (Orel,
Ingulets, Samara, VVovcha), the content of dissolved
salts can reach 3,000 mg/l and more. The water com-
position of these rivers varies from bicarbonate cal-
cium to sulfate magnesium and sulfate sodium
(Khilchevskyi, Kravchynskyi, Chunarov, 2012;
Sherstiyk, Khilchevskyi, 2012).

Water mineralization of the large reservoirs of
the Dnieper river (Kievske — volume of 3.7 km?,
Kanivske — 2.5 km?; Kremenchukske — 13.5 km?;
Kamianske — 2.5 km3; Dniprovske — 3.3 km?,
Kakhovske —18.2 km?) does not exceed 500 mg/I, the
composition of dissolved salts — bicarbonate calcium
(Denisova, Timchenko, Nahshinaetal., 2007).

Area of the basin of the Don river (Seversky
Donets).The Seversky Donets is a large river in the
east of Ukraine, it flows into the territory of Russia
into the river Don. The chemical composition of wa-
ter in the rivers and reservoirs of the Seversky Do-
nets Basin varies considerably over time, depending
on the prevalence of the water in these or other ge-
netic categories in their balance. In most of the terri-
tory, the minimum mineralization of river water with
the greatest water discharge in rivers varies between
120 and 300 mg/l, and at low floods it reaches 1,000
mg/l. In the right-bank part of the basin, in catch-
ments to the south of the river Berek, in the middle
of the water, sulfate-hydrocarbonate, sulfate-chlo-
ride and chloride-sulfate compounds are formed.
The mineralization values reach 2,000-5,000 mg/I.

In the Seversky Donets itself, the mineraliza-
tion of water varies widely. In the upper part of the
current, the mineralization usually does not exceed
630 mg/l, the dominant are HCO3~ and Ca?* ions.
Downstream, the composition of the water changes.
These changes are shown clearly in the city of
Lisichansk, where the Right-Bank tributaries — the
Kazenyi Torets and Bakhmutka rivers-have signifi-
cant influence on the composition of the Seversky
Donets water. In this area, the mineralization values
reach their maximum —up to 1,000 - 1,600 mg/I (Ta-
ble 2). The composition of the water is characterized
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by increased concentrations of sulfates (200-300
mg/l) and chlorides — up to 130 mg/l (Osadchiy,
Nabyvanets, Osadcha et al., 2008).

Area of the basin of the Black Sea.The for-
mation of the chemical composition of the water of
rivers region during the winter and spring high water
largely depends on precipitation, which come in the
form of snow or rain, the frequency and the duration
and intensity of thaws . According to the data of
long—term observations, the mineralization of the
waters of the rivers of the Black Sea region varies
during these periods from 220 to 680 mg/I (Table 2),
hard water — from 1.8 to 6.5 mmol/l. River waters
have bicarbonate calcium-magnesium, more rarely
sulfate calcium-magnesium composition.

In dry years in the drainage basin, the miner-
alization of meltwater can reach 1.2 g/l, the hard wa-
ter increases to 10 mmol/I.

During the summer and winter , the minerali-
zation ranges from 1 to 3.2 g/l, the hardness is 9 to
26 mmol/l. The composition of the water is sulfate
sodium-magnesium-calcium.

In the rivers that flow to the east of the river
Cogilnic, which flows into the Sasic estuary, the wa-
ter salinity is higher. Thus, according to long-term
observations on the Botna river, the Lunga, the Kir-
gizh-Kitay — mineralization of the water may reach
10 g/l, and hard water— 30 mmol/l or more. The river
waters have a sulfate-sodium composition.

The mineralization of the water of the small
rivers that flow between the rivers Dniester—South-
ern Bug (Kuchurhan, Maly and Velykyi Kuyalnik,
Tylihul) is 1.3 to 3 g/l hard water is 10 to 27 mmol/I.
The water has a chloride sodium-magnesium com-
position (Gorjev, Peleshenko, Khilchevskyi, 1995).

Area of the basin of the Azov Sea.The chemi-
cal composition of the water of rivers flowing into
the Azov Sea is formed in conditions of arid climate,
which predetermines their high mineralization. The
range of fluctuations of average annual mineraliza-
tion indicators is quite wide — 1,000-2,500 mg/I (Ta-
ble 2), with absolute 590-26,000 mg/I. It should be
noted that the minimum values of mineralization of
water are characteristic only for the period of flood,
when waters of mixed hydrocarbonate-sulfate cal-
cium composition with mineralization of 590-700
mg/| are formed.

In the north-eastern part of the region, in the
upper reaches of the rivers Mius, Kalmius and
Mokriy Yelanchik, the channel waters have a sul-
phate-sodium composition with a mineralization of
1,500-2,000 mg/l and a hardness of 11-20 mmol/I.

In the southern part, in the middle and lower
currents of Kalmius, Mius and MokriyYalanchik, in
the rivers Kalchik, Berda and Obytichna, as well as
in the upper and middle currents of the Molochna,
the mineralization of channel water varies in the
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range 2,000-4,000 mg/I, hardness 15-30 mmol/l, the
water has a sulfate calcium-sodium composition.

In the southwestern part of the region, in the
Lozuvatka and the Korsak rivers, as well as in the
lower reaches of the Molochna, the mineralization of
channel water reaches 6,000 mg/l, and the hardness
is 25-60 mmol/I.

The mineralization of the water of the rivers
of the Syvash area, which dry up (to the west of the
Molochna River), reaches 15-26 g/l during the sum-
mer low; by ionic composition, these waters have
sulfate-chloride sodium or chloride sodium compo-
sition (Gorjev, Peleshenko, Khilchevskyi, 1995).

Area of the basin of the Crimea rivers. The
amount of atmospheric precipitation and its distribu-
tion throughout the year, as well as the peculiarities
of the temperature regime, predetermine the flooding
character of the hydrological regime of the Crimean
rivers , as does the copious washing of readily solu-
ble salts from the soils of the mountainous part of the
catchments from. The mineralization of the channel
water in the mountain part during the winter-spring
period and during showers is 200-300 mg/l on the
southern and western slopes, 250-350 mg/l in the
northern and 250-500 mg/l on the northeastern
slopes of the mountains. The water has a hydrocar-
bonate calcium composition.

In the low-water period (June—October), the
mineralization of channel water in the mountainous
part of the rivers is 450-550 mg/l on the western
slopes, 450-650 mg/| in the northern, 450-850 mg/I
in the southern and 550-750 mg/l — on the north-
eastern slopes of the mountains. The water has a hy-
drocarbonate calcium composition.

The mineralization of channel water in the
winter (December—March) is 200-300 mg/l on the
western slopes and 350-700 mg/l on the northern
and eastern slopes. The waters have a hydrocar-
bonate- calcium and hydrocarbonate-sulphate cal-
cium composition.

In the transition to the steppe part of the Cri-
mea, the following is noted. In the summer-autumn
period, mineralization of channel water significantly
increases and reaches 750-1000 mg/l below the
western slopes, 1,000-1,750 mg/l — below the north-
ern and 1000-4000 mg/l — below the eastern slopes
of the Crimean Mountains. The waters have the fol-
lowing composition: hydrocarbonate-sulphate cal-
cium-magnesium and sulphate-hydrocarbonate cal-
cium-magnesium;  sulfate  calcium-magnesium;
chloride-sulphate sodium or chloride-sodium.

If during the flood period, mainly from Janu-
ary to February and during downpours, the mineral-
ization of the water of melted snow and rainwater in
the gullies and ponds of the Steppe Crimea is 160—
700 mg/l, then during the low-water period (from
March to November) the water mineralization
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reaches 7,500-28,000 mg/l and it becomes chloride-
sulfate or chloride.

Modern evaluation of the anthropogenic com-
ponent contribution shows that approximately 10—
20% of the runoff of dissolved mineral substances
with river waters is formed due to economic activity
(Zakrevskii, Peleshenko, Khil’chevskii, 1988).

Lakes. In Ukraine, there are about 20 thou-
sand lakes, among which 7 thousand have a surface
area of more than 0.1 km?. The most famous are the
fresh Shatsky Lakes, among which is Svityaz — the
deepest lake in Ukraine (58.6 m), fresh-semi-saline
Danube lakes, among which is Yalpuh — the largest
lake in Ukraine (149 km?), the salt lakes of the Cri-
mea. The mineralization of lake water, unlike rivers,
varies widely. There are lakes with very fresh water

and mineralization, as in atmospheric precipitation
(for example, Maricheyka — a small lake of glacial
origin in the Ukrainian Carpathians — 30 mg/I) and
those whose salt concentration is a brine with a sa-
linity of more than 100 g/l (salt lake of the Crimea).
Shatsky lakes. The significant amount of pre-
cipitation in the Shatsky lakes region (the basin of
the Western Bug River, the Volyn Region) contrib-
utes to good soil washing and the relative poverty of
the surface waters that feed the lakes with mineral
compounds. Table 3 shows the chemical composi-
tion of the water of some lakes of the Shatsky group
(Khilchevskyi, Osadchiy, Kurylo, 2012). As you can
see, the water in these lakes is very fresh — 132.2—
198.7 mg/l, and the hard water is 1.3 =1.7 mmol/I.

Table 3. Average concentration of main ions and general mineralization of water in Shatsky lakes, mg/l

Lakes HCOs SO cl Ca2* Mg2* Na* + K* General mineralization
Svityaz 122.1 10.2 13.7 34.1 3.7 15.0 198.7
Peremut 85.4 3.2 11.6 20.1 3.7 125 136.5
Pisochne 84.1 3.1 10.9 18.8 3.1 12.2 132.2

Danube Lakes.The mineralization of Danube
floodplain lakes (Odessa region) is largely predeter-
mined by their water exchange with the Danube. In
the lakes located downstream of the Danube and less
associated with it, the water salinity is higher than in
the lakes located upstream of the river. The mineral-
ization of lake water is also affected by groundwater,
as a result of which the bottom layers of water are
usually more mineralized than surface water.

During the inflow of the Danube waters to the
lakes Cahul, Kuhurluy, Yalpug, Sofyan and
Katlabukh, the mineralization of their waters reaches
the minimum values (225-390 mg/l), and the total
hardness is 2.9-3.8 mmol/l. The composition of wa-
ter is calcium bicarbonate.

In the Lake Kitay, where communication with
the Danube is difficult, the lowest mineralization is
1.15 g¢/l, and the total hardness is 8.1 mmol/l. The
composition of the ions is dominated by sulfates,
chlorides and sodium.

In winter, the water salinity in Cahul, Kuhur-
luy, Yalpug, Sofyan and Katlabukh ranges from 0.5-
1.5 g/l, and the total hardness is 5-13 mmol/I. In ad-
dition, the water composition in Cahul and Kuhurluy

is hydrocarbonate- calcium, and in Yalpug, Sofyan
and Katlabukh- sulfate sodium.

In Lake Kitay, the mineralization of the water
in winter is 2.5 g¢/l, the total hardness is 13-14
mmol/l, the predominant ions are SO4*,ClI-, Na*.

Table 4 shows average concentrations of the
main ions and mineralization in the water of the Dan-
ubian lakes (Gorjev, Peleshenko, Khilchevskyi,
1995).

Salt Lakes of the Crimea. In the Crimea, there
are over 50 salt lakes, which are sources of salt and
balneological mud. The high temperature of the air
and brine, and low air humidity lead to intensive
evaporation of water and increase of concentration
of brines in salt lakes.

By location , the salt lakes of the Crimea are
divided into groups: Perekopska, Tarkhankutska,
Evpatoriska, Khersoneska, Kerchenska, Prisivash-
ska. The lowest level of mineralization is of the lakes
of the Perekopska group — 200-250 g/l (Lake
Aigulske, Kirleutske, etc.). The smallest mineraliza-
tion is found in the lacustrine lakes of the Tar-
khankutska group, 55-110 g/l (Lake Bakalske,
Dzharylhach, etc.).

Table 4. Average concentration of main ions and general mineralization of water in the Danube lakes, mg/I

General mineraliza-

Lakes HCOs~ S04 CI- ca?* Mg?* Na* + K* tion
Yalpug 224 433 221 62.8 69.8 272 1,316
Kugurluy 188 351 155 46.1 39.5 230 1,012
Katlabuh 195 388 165 76.1 67.5 164 1,056
Kitay 150 445 209 65.5 77.0 227 1,236
Sofiyan 348 462 252 7.7 100 215 1,374
Kagul 191 95.0 59.5 46.8 23.4 53.6 460
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Anthropogenic influence on the formation of
the hydrochemical regime of lakes occurs as a result
of changes in the intensity of water exchange with
surrounding water bodies and due to the receipt of
pollutants with atmospheric precipitation. A positive
example of protection of lakes is the fact that the
Shatsky lakes in Volhyn region became part of the
Shatsky National Nature Park, established in
Ukraine in 1983.

Groundwaters. Within Ukraine, seven hydro-
geological regions of the first order are distin-
guished: the folded hydrogeological region of the
Ukrainian Carpathians; Volyn-Podilsky artesian ba-
sin; hydrogeological area of the Ukrainian Shield,;
The Dnieper-Donetsk Artesian Basin; Donetsk
folded hydrogeological region; Black Sea artesian
basin; (Kamzist, Shevchenko, 2009). In the chemical
composition of groundwater in different structural
regions, both latitudinal and vertical (deep) zoning is
observed.

The vertical (deep) hydrochemical zoning is
manifested in the isolation of zones of intensive and
difficult water exchange in the section of the sedi-
mentary stratum.

1) Zone of intensive water exchange. Usually
it is located at depths from 100 m to 1,000 m from
the day surface. In this zone, the components of the
mineral composition of groundwater arrive in small
amounts together with atmospheric precipitation,
which are filtered; further increase in mineralization
and change in their chemical composition occurs as
a result of leaching of readily soluble compounds
from rocks, especially from Quaternary deposits
(gypsum plasters), ion exchange and diffusion tran-
sition of pore solutions from clayey waterproof lay-
ers. Hydrocarbonate waters with mineralization up
to 19/l dominate, suitable for drinking water supply,
sometimes mineralization can reach 3 g/l.

2) Highly mineralized (50-300 g/l and more)
chloride sodium and chloride sodium-calcium wa-
ters are distributed in the zone of hindered water ex-
change. It can be assumed that in this zone there are
complex-metamorphosed and highly mineralized
waters of old seas (Kamzist, Shevchenko, 2009).
Such brines are usually found at great depths of 2 km
(Table 5).

In some aquifers, heterogeneity of the chemi-
cal composition of waters is also observed. This is
predetermined by the peculiarities of the geological
structure of individual territories. Thus, for aquifers
of Neogene sediments that belong to the zone of ac-
tive water exchange, a low mineralization and a hy-
drocarbonate-calcium composition of water are
characteristic. But in the interfluves of the Danube—
Dnieper in the Neogene sediments an aquifer occurs
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in sediments of the Kuyalnik age with mineralization
up to 300 g/l and chloride—sodium composition.

The aquifer of the Jurassic deposits is charac-
terized almost everywhere by mineralization up to 1
o/l and by hydrocarbonate-calcium or sodium com-
position, it is widely used for local household and
drinking water supply. But within the Precarpathian
trough or in the region of the thermal waters of the
shale deposits of the Crimea, the mineralization of
the waters of the Jurassic horizon increases to 100—
300 g/, the ion composition changes to sodium chlo-
ride.

The latitudinal hydrochemical zoning is ob-
served mainly in the aquifers of Quaternary sedi-
ments and is manifested in the regular change of wa-
ters with mineralization from 0.2-1 g/l with a hydro-
carbonate- calcium composition in the north-west to
waters with mineralization up to 2-15 g/l and chlo-
ride-sodium composition in the south-east of the
country.

Seas.The Black and Azov Seas, which be-
long to the basin of the Atlantic Ocean, wash the
southern part of Ukraine for almost 2 thousand km,
the total water surface area of these seas is 461,000
km?,

The Black Sea. The main ionic composition
of the Black Sea water has all the characteristic fea-
tures of ocean waters, but differs from them in rela-
tive poverty in ions of chlorine and sodium. The
large river runoff and the flow of saline waters from
the Marmara Sea determine the average salinity of
the Black Sea—18-19 %o (Table 6). In general, salin-
ity on its surface is almost 2 times less than salinity
of surface waters of the seas of the World Ocean
(34.5 %o). A relatively stable chlorine balance of the
Black Sea was established, which is explained by the
intake of salts with the Lower Bosporus Current and
the river runoff and their removal by the Upper Bos-
porus Current.

The distribution of salinity on the sea surface
is characterized by a slight increase (from 17.5 to
18.3 %0) from the northwest to the southeast. This is
due to the already mentioned influence of the rivers
that flow into the northwestern part of the Black Sea.
A decrease in the salinity of waters (up to 5-10 %o)
is also observed in a narrow coastal belt near the
mouths of large rivers (Danube, Dniester, Southern
Bug, Dnieper). The slight desalination of the Black
Sea waters near the Kerch Strait is explained by the
penetration here of the less saline waters of the Azov
Sea. In summer, a significant amount of river flow
supports the desalination of the sea, and the sea cur-
rents spread this phenomenon to the east and to the
south-western coast of the Crimea.
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Table 5. Characteristics of the chemical composition of groundwater most common aquifers and complexes on the territory of Ukraine

General mineralization, Total hardness,mmol/I Prevailing ions
Era System mg/I (according to O.A. Alekin)
Quaternary 100-15,000 5-30 CCagNa C|Na
g 500-5,500;
§ Neogene Precarpathian deflection—to 4-30 CCaCNa gCa gNa CNa
8 30,0000
Paleogene 500-11,500 2-13 CCa gNagCa gNa (C[Na
400-2,000; . Ca gNa(|Ca
Cretaceous rarely to 50,000 2-15 CCa sNaC|
500-3,000; Precarpathian de-
Jurassic flection, thgrmal waters of the 315 CCa gCa ghacCa
shale deposits of the Crimea —
o up to 10,0000
9 . 600-5,000; _ Ca qNa (~[Na
% Triassic rarely up to 50,000 4-20 CCa sha CJ
b
. 1,200-7,000; Ca (~[Na
Permian up t0300,000 in salt deposits >15 s=.Cl
Carbon 1,200-7,000 >10 SCa gNa C|Ca  CINa
Devon 900-7,000 7-15 SCa gNa C|Na
Silurian-Ordovi- preferably 500-1,000; some- B Ca ~Na ~INa
cian times t003,000-50,000 4-30 c=, C Cl
Cambrian 65,000 30 CINa
o
[}
j
o o .
= Precambrian 1,000-300,000 6-30 SCa, gNa C|Na
&
<
S
<

The salinity of the Black Sea water increases
with depth in the open sea, from 17-18 %o on the
surface to 22.5 %o near the bottom. A feature of the
distribution of salinity along the vertical is the exist-
ence of a permanent halocline between the horizons.
At a depth of 100-150 m, salinity increases from
18.5 to 21 %o. The significant variety of the salinity
at different horizons of depths is explained by: the
freshening effect of river flow; the entry into the
deep layers of the Marmara Sea saline waters (34—
35 %o); features of the general circulation of the
Black Sea. Seasonal changes in salinity are observed

up to a depth of 150 m in the western part of the sea
and up to 100-120 m in the eastern, deeper salinity
is the same throughout the sea (Skopintsev, 1975).

A characteristic feature of the Black Sea is
that its waters at depths of 100—200 m are devoid of
oxygen, which is replaced by hydrogen sulfide. And
in the hydrogen sulfide environment, only anaerobic
bacteria live. Hydrogen sulfide occupies 87% of the
Black Sea. In connection with anthropogenic pollu-
tion of the sea, the hydrogen sulfide zone approaches
the sea surface.

Table 6.Average values of salinity and content of the main ions in the waters of the Black and Azov Seas, as well as the ocean, %o

Nat | K [ Mg [ ca* ] CI- | SO2 | HCOs | Salinity
The Black Sea
5795 | - | 0697 | 0253 | 1023 | 1.441 | 0198 ] 18.614
The Azov Sea
5795 | 0132 | 0428 | 0472 | 6538 | 0.929 | 0169 ] 11.885
The Sivash
6.26 | - | o077 | 031 [ 1113 ] 1.65 | o021 ] 20.33
Ocean
1056 | 038 | 127 | 0.41 | 1898 | 2.65 | 0.14 | 34.45
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The Azov Sea.The main ionic composition of
the water of the open part of the Azov Sea possesses
all the characteristic features of the ocean waters, but
differs from them in relative poverty with ions of
chlorine and sodium and in the increased content of
the predominant ions of surface waters of sushi, cal-
cium, hydrocarbonates and sulfates.

The similarity and difference in the composi-
tion of the waters of the Azov Sea from the ocean
and Black Sea waters is a consequence of the fact
that the Azov water is formed as a result of the grad-
ual mixing first of the ocean waters with the Black
Sea and then the Black Sea waters with the waters of
the rivers that flow into the Azov Sea.

In the Azov Sea, four regions are distin-
guished, in which a peculiar mode of the main ions
can be observed: the pre-piercing — part of the sea
near the Kerch Strait; the Sivash Area; Taganrog
Bay; the mouth of the river Kuban.

In winter, the salinity of the water is high in
the Azov Sea. The low inflow from rivers, the low
sea level predetermines an increased influx of Black
Sea waters, ice formation and all together — in-
creased salinity of the sea water. Sometimes water
with a salinity of 12 %o reaches Taganrog Bay, and
in the pre-piercing part of the Kerch Strait near the
bottom the salinity can reach 14.47 %o.

In the spring, salinity of the Azov water be-
gins to be seriously affected by an increase in river
flow into the sea, melting snow, changing the gen-
eral hydro-meteorological conditions. Throughout
the water area of the sea, salinity in the spring is
about 11 %o, at the entrance to Taganrog Bay — 10
%o. Fresh water near the mouth of the river Don is
not stable, and Don water can spread far into Tagan-
rog Bay, or press close to the mouth of the river (sa-
linity varies from 4.21 to 11.45%o), depending on the
amount of river flow.

In the summer until July, the salinity of water
continues to decrease due to the freshening effect of
river flow. At the entrance to Taganrog Bay salinity
ranges from 8.12 to 10.4 %o. In the central part of the
sea salinity is 11-11.5 %o.

In the autumn in the Azov Sea, the salinity of
the water rises and reaches the highest level — up to
13 %o in the central and western parts of the high sea.

Many years of changes in the salinity of the
Azov Sea are of interest. Thus, for the period 1923-
1951 it was 10.9 %o, for the years 1952-1970- in-
creased to 11.8 %o and up to the 90s it reached
13.8 %o. Such a significant increase in salinity over
a relatively short period of time is associated with
anthropogenic reduction in river flow, which in re-
cent years has coincided with a depression in the
moisture content of the whole catchment area due to
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climatic changes. The sea is largely affected by hy-
drological, hydrochemical and biological processes
taking place in it.

Conclusions:

1. The chemical composition of Ukraine's natural
waters (rivers, lakes, underground aquifers, seas) is
the result of the interaction of a combination of phys-
iographic and geological factors, as well as their lo-
cation, mainly in the temperate climatic zone.

2. The average long-term general mineralization of
atmospheric precipitation feeding water bodies is
usually low — within the limits of 2040 mg/l, its
chemical composition is predominantly sulfate,
magnesium-calcium,the magnitude of the anthropo-
genic component in the composition of atmospheric
precipitation reaches 70-75 %.

3. For the chemical composition of small and me-
dium-sized rivers of Ukraine, there is a certain hy-
drochemical zoning in the direction from the north-
west of the south-east of the country. In the same di-
rection, general mineralization of river waters also
increases (from 200-300 mg/I to 1,500-3,000 mg/I
and more). Hydrochemical zoning, in general, is
consistent with the limits of physical and geograph-
ical zones. Accordingly, the composition of waters
varies from hydrocarbonate- calcium in the north
and west to sodium chloride in the south and south-
east . The mineralization values of the water of large
rivers (the Danube, the Dnieper, the Desna, the Pri-
pyat, the Dniester, and the Southern Bug) in Ukraine
do not exceed 600 mg/l (except the river Seversky
Donets). The magnitude of the anthropogenic com-
ponent of the ion flow of rivers reaches 10-20%.

4. The mineralization of lakes water, unlike rivers,
varies widely. There are lakes with very fresh water
and general mineralization, as in atmospheric precip-
itation (30 mg/l- small lakes of glacial origin in the
Ukrainian Carpathians), and those whose salt con-
centration is brine with a mineralization of more than
100 g/l (salt lakes of the Crimea). The most famous
groups of lakes are the Shatsky with water general
mineralization of 132.2 — 198.7 mg/l, the Danube
(0.5-1.4 g/l), the salt lakes of the Crimea (55 — 255
o/l). Anthropogenic influence on the formation of
the hydrochemical regime of lakes occurs as a result
of changes in the intensity of water exchange with
surrounding water bodies and due to the receipt of
pollutants with atmospheric precipitation.

5. In the chemical composition of groundwater in
different structural regions, in the majority of cases
vertical hydrochemical zoning appears in the terri-
tory of Ukraine, which manifests itself in the isola-
tion of zones of intensive or difficult water exchange
in the section of the sedimentary stratum. The active
water exchange zone is characterized by hydrocar-
bonate or sulfate waters with a small mineral content
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(up to 1.0 g/1), suitable for water supply. Highly min-
eralized (50-300 g/l and more) chloride sodium and
chloride sodium-calcium waters are distributed in
the zone of hindered water exchange. Anthropogenic
influence on the formation of the chemical composi-
tion of groundwater is insignificant.

6. The basic ionic composition of the Black Sea wa-
ter has all the characteristic features of ocean waters,
but differs from them in relative poverty in ions of
chlorine and sodium. The large volume of river flow
and water exchange with the Marmara Sea predeter-
mine the average salinity of the Black Sea at the level
of 18-19 %o, which is almost half the salinity of the
World Ocean (34.5 %o). Decrease in the salinity of
the Black Sea waters (up to 5-10 %o) is observed in
the narrow coastal zone near the large river mouths
(the Danube, the Dniester, the Southern Bug, and the
Dnieper).

The main factors that determine the salinity
regime in the Azov Sea (10-13 %o) are the inflow of
saline Black Sea and fresh river (the Don and the Ku-
ban rivers) waters that are mixed in the Azov Sea, as
well as the arrival of atmospheric precipitation.
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Geochemical aspect of landscape planning in forestry
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Abstract. One of the modern methods of spatially estimating anthropogenic impact on a

Received 30.04.2018; given territory is landscape planning, including the stage of assessment of the conditions of
Received in revised form 15.05.2018; 3 natural complex . The results of such an evaluation are used in environmental manage-
Accepted 05.06.2018 ment. The aim of the work is to assess the ecological conditions of the Vasyshchivsky forest

area by means of landscape and environmental planning. The aim is achieved by performing
the following stages of work: assessment of the distribution and intensity of contamination sources in the VVasyshchivsky forest area;
drawing a scheme showing parts of the territory with probable conflicts; making a soil and geochemical survey of the forest area to
assess acidity distribution and total content of carbonates in the soil as the consequences of pollution of the forest ecosystem ; specifi-
cation of geochemical characteristics of soils on the forest sites in the established location of former fires; forecast of limits of afte-r
fire areas based on the analysis of cartographic works developed by the authors. The geochemical characteristics of the soils in VVasysh-
chivsky forest have been studied to identify the areas affected by fire, and the results of this study are given in this paper. During the
inventory phase of landscape and environmental planning, a complete survey of the forest territory was conducted and a landscape map
was drawn. Based on the authors’ matrices filled with conflicts of natural use, the areas with low, medium and high levels of conflict
have been marked within the study area. Landscape and environmental planning has been evaluated by soil sampling outside the test
points on the network and their laboratory analysis. The results of the evaluation phase were maps illustrating the geochemical situation
in the forest soil cover. The article presents cartographic models of the spatial distribution of carbonates in the forest soils, water and
salt extraction pH. The results of the study are part of an environmental assessment of VVasyshchivsky forest area. In future they will
be used in restoration of the forest ecosystems after fire.

Key words: forestry, landscape, nature, landscape and environmental planning, geochemical aspect, soils.

MeoxiMiuHMIA acnekT NaHAWagTHOro NaaHyBaHHA TepUTOpIi NicCHNLTBA

H. B. MakcumeHko?, B. O. BopoHiH?, H. I. YepkatunHal, C. M. CoHbK0?

IXapkiBCbKuii HaLioHanbHWIA yHiBEpCUTET imeHi B. H. KapasiHa, Xapkis, YkpaiHa, e-mail: nadezdavO8@gmail.com
2YMaHChKMI HallioHanbHUI YHIBEPCUTET CafiBHULTBA, YMaHb, YepKacbka 06nacTb, Ykpaida, e-mail: sp.sonko@gmail.com

AHoTauis. JocnigpxeHHs BacuLLiBCbKOro nicHULTBA 34iliCHEHE HA OCHOBI aBTOPCLKOI METOAMKW NlaHALIA(PTHO-EKONONiYHOrO NJiaHy-
BaHHS TEPUTOPI Pi3HOr0 PYHKLiOHA/ILHOTO MpM3HaYeHHs. B Mexax iHBeHTapu3aLiiiHoro etany flaHALAagTHO-EKONOTYHOTO NiaHy-
BaHHA MPOBEAEHO CYLiflbHe 06CTEXEHHS TepUTOPIT NiICHWLTBA Ta CKNaAeHo NaHALahTHY KapTy. Ha OCHOBI 3amOBHEHUX aBTOpamMu
MaTpULLb KOH(AIKTIB NPUPOAOKOPUCTYBAHHS B MEXax NiCHWLTBA BUAINEHO TEPUTOPIT 3 HU3bKMM, CEPEAHIM i BUCOKMM PiBHEM KOH(-
NikTiB. OUiHOYHMIA eTan NaHAWAahTHO-eKOMOMYHOro NAaHyBaHHS peani3oBaHO LUSXOM Bigbopy 3pa3KiB FPyHTY 3a MepeXxeto TecTo-
BUX TOYOK Ta iX 1abopaTOpHMM aHani3oM. Pe3ynbTaToM OLiHOYHOTO eTany CTann KapTorpagiuHi TBOpK, WO iNOCTPYHOTb FeoXiMiuHy
CUTYyaLit0 B FPYHTOBOMY MOKPUBI NiCHULTBA. Y CTaTTi HaBeeHO KapTorpadiyHi Mogeni MpocTOpoBOro po3noginy KapboHariB y Ipy-
HTax NicHULTBa, pH BOAHOI Ta CONbOBOT BUTSXKW. Pe3ynbTaTyt LOCNIMKEHHA CTaHOBNATL CKIaf0BY €KONOriYHOI OLiHKK Teputopil
BacuLuiBcbKOro nicHNLTBa 45 MOAANLLLOI0 PO3p06aeHHA HaNPAMKIB ONTUMI3aLii NPUPOJOKOPUCTYBAHHSA B HHOMY.

KntouoBi cnosa: nicHMLTBO, NaHAWad T, NPUPOAOKOPUCTYBaHHS, NaHALad THO-KONOTiYHe NNaHyBaHHS, reoXiMiuHWiA acnekT, KOH-
NIKT NPUPOAOKOPUCTYBAHHS, IPYHTK

Introduction. Today, forests in suburban areas are affect he ecological conditions of the forest ecosys-
used as a recreational resource (Stolberg, 2000). This tem and its associated biodiversity (Kucheriavyj,
is especially true in summer, when people adversely 2001). In Ukraine forests are not private property, so
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anybody can go there. According to the State Emer-
gency Service (cite, 2016), there were 941 fires in
the forest fund of Ukraine in 2016. The total burnt
area was 1,101 hectares. The main reason for the oc-
currence of forest fires is the violation of the fire
safety rules in the forests by visitors and local inhab-
itants. Here we use several methodological ap-
proaches, including chemical ones, to evaluate the
degree of adverse human impact on forest ecosys-
tems.

An assessment of the ecological conditions of
soils is among the most important factors in evaluat-
ing the conditions of an entire ecosystem. A forest
ecosystem is no exception, which is why modern
ecologists pay special attention to the environmental
analysis of soils.

The background content of trace elements and
other chemical characteristics of soils in Ukraine
have been investigated in detail by Nosko, 1975 at
the O.N. Sokolovsky NSC "Institute for Soil Science
and Agricultural Chemistry” NAAS of Ukraine.
Moreover, the chemistry of soil processes in the for-
ests has been studied by Armson, 1977, Johnson &
Curtis, 2001, Perry, 1994, Gospodarenko, 2015 and
Majorova & al., 2011.

Another area of soil research is the study of
geochemical consequences of fires. The impact of
fires on the rate of ecosystem recovery was studied
by Chandler & al., 1983, DeBano & al., 1976,
Raison, & al., 1985, St. John & Rundel, 1976,
Tiedemann, 1987 Valendik & al., 2006, Anuchin,
1982, Rabotnov, 1978, Rodin & al., 1968,
Sannikova, 1977 and other researchers. Having ex-
amined the carbonate soil profile, Dajneko & al.,
1995 has concluded that the distribution of car-
bonates is affected by the thermal regime, a rise in
temperature leads to an increase in carbon dioxide
and concentration of carbonates.

Previous research has outlined a possible
range of further study of dependence of soils chem-
istry on the environmental conditions of a forest as a
whole and as a result of fires, in particular.

One of the modern methods of spatially esti-
mating anthropogenic impact on a given territory is
landscape planning, including the stage of assess-
ment of the conditions of a the natural complex .
Evaluation results are used in the environmental
management. The methodology developed by Euro-
pean scientists (Landschafts Planung, 2014., Auha-
gen & al. 2002, Von Haaren & al. 2008) is success-
fully used in different countries and is recognized as
a mandatory procedure at the national level. In con-
trast, Ukraine has no legal basis for this (cf., Maksy-
menko & Cherkashina 2013). To overcome this, we
suggest applying the methods of landscape planning
for territories with different uses of nature : urban,
agricultural and forest landscapes, (Maksymenko,
2014, Maksymenko & Klieshch, 2017). This study
has covered the evaluation stage.

The aim of the work is to assess the ecological
conditions of the Vasyshchivsky forest area by
means of landscape and environmental planning.

The aim is achieved by performing the follow-
ing stages of work:

- Assessment of the distribution and intensity
of contamination sources of the Vasyshchivsky for-
est area;

- Drawing a scheme showing parts of the ter-
ritory with probable conflicts;

- Soil and geochemical survey of the forest
area to assess acidity distribution and total content of
carbonates in the soil as the consequences of pollu-
tion of the forest ecosystem ;

-Specification of geochemical characteristics
of soils on the forest sites in the established location
of former fires;

- Forecast of limits of after- fire areas based
on the analysis of cartographic works developed by
the authors.

Material and Methods.

The Vasyshchivsky forest area is located to
the south of the city of Kharkiv (Figure 1) (N49°49°,
E36°21°). It includes 27 Forest patterns.

Vasvshechivsly forest area

Fig 1. Geographical location of Vasyshchivsky forest area
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We have selected the Forest pattern “Bir 11” as
a research object because it is the most representa-
tive in this forest.

Two tree species dominate on the territory of
Vasyshchivsky forest - Quercus robur L. and Pinus
sylvestris L. The Quercus robur L. is predominantly
found in the watersheds and hilly areas, whereas the
common Pinus sylvestris L. is on the floodplain ter-
races. There are also areas where the following spe-
cies are predominant: Alnus glutinosa Gaertn, Salix
alba L., Salix fragilis L., Betula pendula, Tilia cor-
data Mill and Populus deltoides Moench.

In the more elevated areas and in the water-
sheds you can also find Fraxinus excelsior L., Acer
campestre L., less often - Quercus borealis Michx,
Picea abies Karst and Populus alba L. In the Forest
pattern “Bir 11", the correlation between tree species
is the most similar to the average correlation
throughout the whole Vasyshchivsky forest area.
Therefore, it can be considered representative for
this territory.

As part of the initial inventory phase of land-
scape planning, we created a large scale landscape
map of Forest pattern “Bir II” (based on digitized
topographic map sheets 1:10 000, satellite images
Forest pattern “Bir 11", as well as the materials of
fieldwork using GPS-shooting). The map shows na-
ture use conflicts; their intensity has been defined by
the authors’ own methods outlined in the work by
Maksymenko & Koresheva, 2014.

Soil sampling was conducted between June
and September 2014 for geochemical research on the

forest, both on Forest pattern “Bir 11”, and beyond its
boundaries - in landscape areas adjacent to the forest.
In this area the soil sampling was carried out on the
basis of a planned network of uniform increments of
500 m by digging. The scheme for soil sampling is
shown in Figure 2. Samples were selected by an en-
velope method (5 samples on each test section) in
accordance with the existing guidelines and stand-
ards - GOST 17.4.3.01-83 GOST 17.4.4.02-84, 1SO
4287: 2004. Samples were taken at 0-10 cm, 10-20
cm and 20-30 cm depths; afterwards soil samples
from different depths were mixed. Thus, the surface
layer of soil was analyzed and evaluated. In total,
during the fieldwork 200 mixed soil samples were
selected (5 from each of the 40 test sites).

Chemical analysis of samples was performed
in the laboratory of Analytical Environmental Re-
search, V. N. Karazin Kharkiv National University.
To assess the alkaline-acid conditions of elements
migration, we measured pH of water and salt extract
of soil and determined the index of anionic compo-
sition - bicarbonate ions content.

Treatment of empirical material was carried
out by methods of mathematical statistics (software
Statistica 6.0, Microsoft Excel) (ANOVA). For ex-
ample, ANOVA study of differences in pH of water
extract of the soil (the dependent variable) by sam-
ples location (independent variable).

To establish the nature of the spatial distribu-
tion of the studied parameters, the obtained results
were interpolated by the Natural Neighbour method
in GIS environment.

Legend

= Sample locations

Vasyschivsky forestry
I T'elling locations
Number of road blocks:

road:
with hard cover

forest cover

landscapes:
I residential
B industrial
I forestry
I water
agricultural

Fig. 2. Soil samples location in the Vasyshchivsky forest area
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Results

The exposure of forest to anthropogenic stress
gives rise to conflicting uses of the landscape (fires,
transport pollution, pollution from adjacent territo-
ries, logging) (Landschafts Planung, 2014, Kolbov-

Koresheva, 20142014). A conflict is understood as
the load on the environment at a certain intensity.
The conflicts on the territory adjacent to the Vasysh-
chivsky forest area are derived from man-made land-
scapes (Figure 3): agricultural, residential, linear-

skij 2008, Maksymenko, 2014, Maksymenko

T

&

road, forest ones.

T Legend
! 1:"' Settlements
¥, MNogone® villages

limits and boundaries of
LY
*, administrative districts

; hydrography
2= rivers

anthropogenic intensity of conflicts

Eaniscapes of land use
“b forestry Tow

2 agricultural — m:."“?"
I high

Ei' settlement
=

linear-road

! tﬁ, road-forest uuﬂ'l}m

Fig. 3. Intensity of nature use conflicts in landscape of VVasyshchivsky forest (Maksymenko & Voronin, 2016)

To organize conflicts there is a convenient
matrix form. One of its axes is the types of nature
use, which "harm" nature, the second axis is the
"damaged" landscapes; it is advisable to show the
conflicts’ characteristics in the cells of the matrix.

For the convenience of further interpretation
of the results, all the conflicts” characteristics, (in-
tensity, impact time, dynamics) are displayed in the
table in the form of indexes, assigning the lowest
level index 1, and increasing the index as the indi-
cator grows. The intensity is indicated as follows: 1
- low, 2 - medium, 3 - high. After completing the
matrix, the sum of points for each landscape in each
particular area has been determined. The higher the
sum of points is, the higher the level of conflict is.
Further quantitative indicators find their spatial in-
terpretation on the map, where using plane charac-
ters the zones of conflict are displayed

The enclosed map (Figure 3) shows the high-
est level of conflicts in areas where the forest borders
on agricultural landscapes.

When fertilizers are used, soil as well as
drinking water quality in an agricultural environ-
ment deteriorates. Groundwater carries excess of
trace elements accumulated in the soil, changing the
concentration of carbonates and pH levels of the soil.
Residential landscapes also have an adverse effect
on the geochemistry of the soil, because all human
activities (buildings) have negative effects on the mi-
gration paths of trace elements. Buildings create ar-
tificial geochemical barriers. Line-roads and forest
roads worsen air quality (engine exhaust fumes) and
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compact the soil — which is also a barrier to the mi-
gration of trace elements.

A forestry landscape is a natural complex,
which does not bear anthropogenic pressure, but is
contaminated only by adjacent areas; the burden on
forestry is heavier in the points where there are a
number of environmental changes. Thus, we have
selected three degrees of intensity of nature conflicts
(Figure 3): low, medium, high.

Low intensity conflicts include only 1-2
adjacent areas of different designation that affect the
environmental conditions. Average 2-3, high > 3.
The Vasyshchivsky forest shows high intensity con-
flicts in most of the areas, mainly in residential land-
scape locations (Figure 3), while there is an average
impact on the forest areas surrounding the landscape.

The laboratory analysis showed that
within the study area the content of carbonates
was mainly on a low (0.01%) level of (Figure 4).
A higher level of carbonates was observed in ar-
eas with anthropogenic activity. Residential
landscape adjacent to the forest (Figure 3) expe-
rienced anthropogenic load. In such places the
level increased to 0.521%. The pH levels of water
(Figure 5) and salt (Figure 6) extracts showed that
soils are predominantly weakly acidic and acidic, but
on the edge of residential landscapes there was an
increase in the pH level. Based on the distribution of
carbonates level and pH of the environment, it can
be assumed that there were forest fires in blocks 112,
102, 98, 94 (Figure 2).
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Fig. 4. Distribution of carbonates content within the study area
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Fig. 5. Distribution of water extraction pH within the study area
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Fig. 6. Distribution of salt extraction pH within the study area

Discussion

The majority of the studied soils (for samples
from depths of 0 - 30 cm) had reactions varying from
weakly acid to slightly alkaline (Figure 5, 6). The
surface layer of the forest soil had quite a large range
of pHw20 amplitude - from 5.1 to 7.8. The average
pHH20 Of the soil on Forest pattern “Bir 11” is 6.51.
Standard deviation is - 0.77, variance - 0.74. pHkci
amplitude range is from 4.18 to 6.92. Average pHkc
of the studied soil on Forest pattern Bir 1l is 5.57.
Standard deviation is - 0.77, variance - 0.76. In au-
tomorphic soil pH of ground water extraction is pri-
marily caused by the content of Ca?* and HCO?®. In
hydromorphic soils influence of water-soluble salts
on pH is not as clear, and unlike automorphic soils,
ClI- and Mg?* ions play a more important role. The
inverse relationship between water-soluble calcium
carbonate content and pH is observed in meadow
soils of the floodplain, which is constantly fueled by
capillary moisture almost to the surface due to the
proximity of groundwater. The maximum, in general
for the landscape, amount of water soluble car-
bonates in the top layer of soil is due to their deposi-
tion on a steamy barrier.

The obtained pHu20 and pHker values indicate
widespread alkalization of soils in areas with high
anthropogenic load, which in most cases is caused
by the presence of carbonates of alkali and alkaline
earth metals. The area of soil alkalization is mainly
localized in the periphery of the study area — in
places with a very high level of nature use conflicts.
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Conclusions

Chemical study of the selected samples made
it possible to identify the related conflicts in the areas
adjacent to the forest. Thus, the study on the car-
bonates content of the area has shown increased lev-
els of carbonates in places of local anthropogenic
load, which indicates negative human impact on the
environment. In general, carbonate composition is
uniform, but it increases in landscapes with high lev-
els of conflicts.

Soil pH level depends both on the meteorolog-
ical factors that make soils acidic, and the conditions
of the forest floor formation. The study has found a
pattern of decrease in acidity levels with an increase
in anthropogenic load, i.e. soil alkalinity increases in
landscapes with high nature use conflicts.
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Abstract. The analysis and forecast of landslide activity on the territories of cities is an

Received 25.04.2018; actual task. Remote sensing methods are successfully used to solve a whole range of tasks:
Received in revised form 09.05.2018; from classification to modeling. The possibilities of interpreting data are expanding. The
Accepted 14.06.2018 processing involves standard methods of statistical research, methods of theories of fuzzy

sets, pattern recognition, and others. This paper describes the experience of involving the
method of grouping arguments into a prediction model. Firstly, an irregular time series of values of reflection coefficient on areas of
active development of the landslide process is investigated. According to the results of the prognosis, it is proved that in the nearest
future changes in solar activity (11 - year cycle) will not lead to activation of the process. Secondly, the forecast of the activation of
the landslide process under the influence of man-made factors was fulfilled. The connection between the content of readily soluble
salts in the pores of forest soils of the aeration zone and the values of the coefficient of reflection and. The model extends the possibil-
ities of using the method of group consideration of arguments for mapping zones of landslide activity in sections of man-made geo-
chemical anomalies. The analysis of the model shows that the connection is. In the future it is possible to determine certain values of
salt content and values of reflection coefficients, which will be indicators of the probability of activating the landslide process in other
conditions.

Keywords: forest, landslide, salinity, model

MpOrHo3 3cyBHOT aKTUBHOCTI B 30HAX TEXHOMEHHUX FEOXiMIYHUX aHOMasTil
3a0y0BaHNX TEPUTOPIN 3a MaTepianaMmm ANCTaHLINHOIO 30HAYBaHHS.

T.M. Mokpuukas, 4.A. [loBraHeHKo
JHINpoBCLKNMIA HaLioHanbHUI yHiBepcnTeT imeHi Onecst MoHuyapa, [Hinpo, YkpaiHa, e-mail: mokritska@i.ua

AHOTaLisl. AHani3 | NPOrHo3 3CyBHOI aKTUBHOCTI HA TEPUTOPISAX MICT € aKTya/lbHUM 3aBAaHHAM. MeToau ANCTaHLiAHOr0 30H4YBaHHS
YCMILLHO 3aCTOCOBYHTLCS ANS BUPILLEHHS HU3KWN HAYKOBO-NPaKTUYHKX 3aBAaHb: Bif Knacudikauii 40 MOAeMOBaHHS. PO3LWIMPIOOTLCS
MO>X/IMBOCTI IHTEPNPETYBaHHS faHWX, TaK sIK 40 06p06KM 3a/yHatoThCs He TiflbKW CTaH4apTHI METOAM CTaTUCTUYHMX AOCAIMKEHD, a
1 METOAM TEOPIi HEUITKUX MHOXWH, PO3Mi3HaBaHHS 06pa3iB Ta iHLWI. Y faHili poboTi onncaHWii JOCBIg 3a/y4eHHS METOAY rpynoBOro
006/1iKy apryMeHTiB 40 CTBOPEHHS MPOrHO3HOI MOfeni 3HaveHb KoedilieHTa BigbUTTA Ha AiNsHKaX akTMBHOrO PO3BUTKY 3CYBHOrO
NpoLecy Ha OCHOBI [OC/iPKEHHS HEPerynsapHOi YacoBiil MocnifoBHOCTI. MokasaHo, WO HaN6ANXKYMM YacOM 3MiHU COHAYHOT aKTUB-
HocTi (11 - piuHuid uyKn) Hi 6yayTb NPUBOAWTY A0 aKTUBI3aLiT Npouecy. 15 BUBUEHHS | MPOrHO3Y aKTWBI3aL,il 3cyBHOro npoLecy nig,
[I€r0 TEXHOTEHHMX (haKTOpiB BUBYEHA 3B'A30K MiXX BMICTOM NIErKOPO34YMHHUX CONeld B nopax /IecoBMX I'PYHTIB 30HM aepauil, BianoBi-
[OHVMY 3HAYEHHSAMUM KoediLieHTa BigbUTTA | 3HaYeHHs KoeiLlieHTa Ha NpUnernx 3cyBHUX fAingHkax. OTpMMaHO MOAesb 3a/1eXHOCTI,
LL{O PO3LLMPHOE MOX/MBOCTI BUKOPUCTaHHA METOAY FPYNoBOro 06/iKy apryMeHTIB AN KapTyBaHHS 30H 3CYBHOT aKTUBHOCTI Ha Ains-
HKaxX TEXHOFEHHMX FeoXiMiYHMX aHOManiii. AHasi3 MoAeni MoKasye, WO MOXHA BM3HAYMTU KiNbKiCHI KpuTepii Hebe3nekun ik BMiCT
COneit i 3HaueHHs KoediLieHTiB BigouTTA. Lle 4acTb MOXAMBICTb BU3HAYMTM iIHAMKATOPY MMOBIPHOCTI aKTUBI3aL,ii 3CyBHOr0 npoLiecy.

Kntouosi cnosa: nec, 3cyB, 3aCONEHICTb, MOAENb
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Introduction. In this paper, the variability of the wa-
ter-salt regime in the aeration zone (1981-1983 and
1989-1990 yy.) was analyzed as one of the factors
that increase the landslide activity (1983-2012) in
the territory of city Dnipro. The geological structure
of the aeration zone of the right-bank part of the city
consists predominantly loess deposits, whose thick-
ness reaches 25 m. Within the study area was identi-
fied up to 155 sites of active landslide process. It is
assumed that landslides develop mainly in loess sed-
iments, are superficial and they have connection to
different forms of relief (Zuska, 2014). There is spa-
tio-temporal changes in the properties, composition
and condition of loessial rocks occur both in the wa-
ter saturation zone and in the aeration zone
(Mokritskaya, 2012). The statistical correlation be-
tween the values of the reflection coefficient of the
blue and near infrared spectra (satellites LANDSAT-
5 and LANDSAT-7) at the moment of 2009
(Mokritskaya, Dovganenko, Yaroshchuk, 2016) was
discovered in the areas of active landslide process.
Analysis of the trends in the content of light- and me-
dium-insoluble salts in pore waters of loess-like
loams under the influence of technogenic impacts

(Mokritskaya, Fundaya, 2016) showed that in a short
period of time (seven to ten years), the amount of
sulphates and their variability was raised. The chlo-
ride content increased in the zone of influence of in-
dustrial structures. These changes may cause decries
the strength of loess-like loam, and contribute to the
further activation of the landslide process.

In this paper, was shown the relationship be-
tween the reflectance values (blue and near infrared
spectra, the LANDSAT-7 satellite, six bands, 1981,
1989 and 1990) and the average salt content in the
pore waters of rocks in the aeration zone. The con-
tent of an insoluble calcium sulfate Ca(HCO3)2 salt,
a sparingly soluble salt of Mg(HCO3)2, and readily
soluble salts of Na(HCO3), CaSO4, Mg S04,
Na2S04, CaCl2, MgCl2, NaCl was analyzed. The
model of the relationship between the salt content in
the rocks of the aeration zone and the values of the
reflection coefficient probably can help to identify
the zones of activation of the landslide process under
the influence of technogenic geochemical anoma-
lies. Sampling sites are distributed unevenly. Sample
value is statistically reliable and representative (Fig-
ure 1).
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Fig. 1. Location of some landslide activation zones and ground sampling areas for determination of salt composition.

Note:.

— landslip activation zones;

— sampling sites for determining the composition of salts.
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Material and methods of research. The database of
the research include the observation data of the pore
waters water-salt regime in the soils of the zone of
aeration in the territory of Dnepropetrovsk (1981 -
1983 and 1989-1990, the CP "UkrJUggeology™), re-
mote sensed data of the territory (LANDSAT- 5 and
LANDSAT-7). For the mathematical processing of
data, the author’s used the Koryashkina L.S. "Pro-
jekt" software (Mokritskaya, Koriashkina, 2013) and
standard applications of MS EXELL software. In-
ductive algorithms of the Group Method of Data
Handling make it possible to automatically find in-
terdependencies in the data, to choose the optimal
structure of the model, and to increase the accuracy
of existing algorithms. The choice of Group Method
of Data Handling as a research tool can be justified
by the following facts:

- there is optimal complexity of the structure
of the model, adequate to the level of interference in
the sample data;

- it is guaranteed to find the most accurate or
unbiased model;

- the method does not miss the best solution
during iterations (in a given class of functions);

- any nonlinear functions or characteristics
that may have an effect on the output variable are use
as input arguments;

- the method automatically finds interpreted
relationships between values and selects effective in-
put variables;

- the method uses information directly from
the data sample and minimizes the impact of the a
priori assumptions of the researcher on the modeled
results;

- the method of group analysis of arguments
is intended for solving problems of parametric,
structural identification and forecasting, has a well-
developed theory and numerous applications. The
method is particularly effective for predicting on
"short" samples.

The method uses ideas of self-organization

and mechanisms of living nature — crossing (hybrid-
ization) and selection (selection).
Analysis of publications. Remote sensing data is
widely used both for the identification and mapping
of landslides, and for monitoring and analyzing the
dynamics of landslides. For the specified purposes,
surveys of visible, near infrared, thermal infrared, ra-
dio wave and ultraviolet zones of the spectrum are
attracted. Based on the remote sensing materials,
various applied problems are solved, from mapping,
assessment of damage, risk to simulation of the pro-
cess and study of its dynamics..

The paper (Cheng K. and al., 2004) is discov-
ered the problem of landslides identification in the
experimental territory (333 km2) of the National
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Taiwan University. In the paper (Barlow J.and al.,
2003) is shown the determination of the landslide
separation walls in the Cascade Mountains (Canada),
use of the segmentation procedure for images in
combination with DEM analysis. Purnomo Y.,
Pinem F. (2010) developed a methodology for land-
slide hazard classifications based on statistical meth-
ods and GIS technologies. A summary of the expe-
rience of using GIS technologies for assessing the
landslide hazard is demonstrated in the research
(Saraf A. and al., 2009). Shabi H. And al., 2012, de-
scribed the results of applying fuzzy-set analysis
methods in assessing landslide hazard using Land-
satETM +, SPOT, IRS-ID and other remote sense
data.

The dynamics of the landslide process is indi-
cated by the change in the reflection coefficient (J.
Hervas and al., 2003). Remote sensing data can be
used to simulate landslide processes (Mezughi T.H.,
and al., 2011). H. Kimura, Y. Yamaguchi (2000) an-
alyzed the displacements at the site of the northern
slope of the Azumayama volcano. Space images of
high resolution make it possible to obtain more cor-
rect measures of the landslide hazard, since several
guantitative indicators of dynamics can be calculated
(Blesius L., Weirich F. 2009).

Some of the publications are devoted to meth-
odological issues. Some procedures for image pre-
processing are described in the work (Marcelino E.
and al, 2009). The data for the landslide study of the
coastal territory of the State of Sdo Paulo (Brazil)
used the satellite images of the Landsat-7 and SPOT-
4 satellites. The methodical part of the publication
(Fernandez T. and al., 2008) describes a method for
automatically determining the offsets for multispec-
tral images of lkonos, Spot-5 and Landsat-7 in the
Cordillera-Betika area (Spain). In opinion (Dela-
court C. and al., 2007) aerial photography methods
are optimal for studies of "rapid shifts" (25 cm / s.
And more); high-resolution satellite imagery can be
used both for scientific purposes and to prevent land-
slide hazard.

Quantitative assessments of the effects of
landslides caused by typhoons in the Shikhmen res-
ervoir zone (Taiwan) were also obtained using GIS
technologies and RS (Lin B. S., and al., 2011). Spec-
tral satellite images (1996 to 2008 years) were stud-
ied, information on atmosphere precipitation was
used too.

The use of remote research methods to predict
the likelihood of landslide phenomena, karst-suffu-
sion faults and other hazards is widely used in engi-
neering-geological studies (D. Sudhakar, and all,
2013) and environmental-geological studies
(Manibhushan and al., 2013). Remote sensing meth-
ods are an effective tool for monitoring and mapping
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landslides, as well as high-tech analysis of landslide
hazard..

The results of the research. The Group Method of
Data Handling (Mokritskaya, Koryashkina, 2013)
was applied for creating the math model of the de-
pendence of the coefficient of reflection on the pre-
vious values (1988, 1990, 2003, 2009, 2010). This
method (GMDH) was applied in the different areas
for data analysis and finding values, forecasting and
modeling of systems, image optimization and recog-
nition. The data points of reflectance value, which
has been defined in areas of active landslide pro-
cesses in 2009, characterize the intensity of infrared
spectrum in next dates: 18.05.1988, 18.02.1990,
23.04.2003, 26.06.2003, 29.08.2003, 26.06.2009,
25.03.2010, 24.01.2011. This sequence is irregular.
We found out the equation of a linear trend of time

series with the high value of the determination coef-
ficient (using the number of months from the begin-
ning of series as y-coordinate and a serial number as
x coordinate). The next date of the sequence has been
calculated as the prognosis value. The 24th 11-year
cycle of solar activity has started in 2008 (Phillips
T., 2008), the maximum of solar activity was
reached at 2014. The cycle started in 2009 when we
look at the other sources (Obzor, 2012). Prognosis
values of reflectance value in the points of active de-
velopment of the landslip process were calculated
for 2017 (2017 is the year of decreasing of solar ac-
tivity).

Math Model of prognosis values of the de-
pendence of the coefficient of reflection of the near-
infrared spectrum based on the results of modeling
of irregular time series (Group Method of Data Han-
dling) was constructed (1):

K =0,002 + 0,51Xs - 0,013)(62 -6,187X5 - 0,006XsXe6 + 0,024)(5)(62 + 0,018)(52 -

-0,007X5*Xs - 0,007X5X6? + 0,733X3 - 0,182X3Xg + 0,004X3Xg2 - 0,088X3X5 +

+0,053X3X5Xg - 0,007X3XsXe? + 0,011X3Xs5? - 0,009X3X52X¢ - 0,002X3? —

- 0,001X3?Xs + 0,001X3%Xs5Xg - 1,152X; - 0,005X:Xs + 31,799X1 X5 + 0,145X1X5Xp —

- 0,001X1X5X6? - 0,092X1Xs5? + 0,036X1X5Xs + 0,034X1X5X6? - 0,009X1X3 +

+0,003X1X3Xg + 0,258 X1X3Xs - 0,079X1X3X5Xe - 0,055X1X3X52 + 0,046X1X3X52X6 (1)

Here K is a prognosis value of the coefficient of reflection;

X1 - values of the coefficient of reflection in the given points in 18.05.1988

X3 — the same in 23.04.2003
X5 1 X6- the same in 29.08.2003 and 26.06.2009

The prognosis values change from 0,168 to
0,302 (table 1). Maximum values are found in the
points where the probability of the landslide activity
is confirmed by the results of regression analysis of
the coefficients of blue and near-infrared canals and
the inaccuracy in this points is minimal. We have
proved earlier that the coefficient of reflection takes
extreme high value in the points of active develop-
ment of the landslip process in time of changing the
cycles of solar activity. In this work values of the co-
efficient of reflection which are bigger than 0.4 is
used as indicators of the landslide activity. In gen-
eral, results of modeling values of the coefficient of
reflection in points of actively developing the land-
slide process shows that the whole reduction of the

landslide activity which is caused by the 11-year cy-
cle of solar activity is possible in the nearest future.

After statistical analysis of the values of coef-
ficients of blue and near-infrared canals in points
where the consistency of salts in rocks of aeration
zones is known, we can infer that the correlation link
between the values of coefficient and consistency of
salts changes from weak to strong. Values of the co-
efficient of rank correlation changes from 0.02 to
0.94. Visual analysis of the average values points out
on the weak link between the tendencies of changing
the reflection coefficient mentioned canals and salts
consistency in % (fig. 2).

Table 1. Prognosis values of the reflection coefficient (blue canal, 2017).

Ne of point The method of prognosis of the reflection coefficient Relative error, %
Group Method of Data
Handling
102 0,1938 0,2577 33
103 0,1988 0,2592 30
104 0,239%4 0,2592 8
105 0,2095 0,2638 26
106 0,2956 0,2983 1
108 0,3018 0,3058 1
110 0,1867 0,2668 43
113 0,1677 0,2577 54
117 0,2195 0,2998 37
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Applying the Group Method of Data Handling gave
us a possibility to perform the creation of the model
of the relation between prognosis values of reflection
coefficient of blue spectral canal in points of landslip
activation from average values of hard- and easy-
soluble salts (fig.3) and corresponded values of re-
flection coefficient using software Projekt
(Mokritskaya, Koryashkina, 2013). The analysis of
the model shows, that increasing of easy-soluble
salts Mg2S0O4 leads to increasing of values of the re-

50
40
30

[=

flection coefficient at places with active landslip pro-
cess. The impact of readily soluble salt NaCl is more
difficult than the previous one because values of the
coefficient will increase only when the balance be-
tween salt consistency and product of numbers is
broken. The equations similar to this one let us find
out the critical values of consistency of salts and cor-
responding coefficients which will reduce the allow-
able range of the coefficient in the areas of active
landslide process.

Band1l

20
0

Band4 a(HCO3)2 Na2S04 Nacl

W 1981 1989 m 1990

Fig.2. Dynamics of the average values of the reflection coefficients and salts consistency (in percentages) in aeration zone rocks

(Dnipro, 1981 — 1990).

Note for picture 2:

1. Average value of a reflection coefficient: band 1 — blue canal, band 4 — near-infrared canal;
2. Average salts consistency in percentages: Ca(HCOz)2, Na2SQa, NaCl.

3. Values of the reflection coefficient are increased in 100 times for making the presentation in the figure above clearer.
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Fig. 3. The results of modeling the relation between values of the reflection coefficient and consistency of salts in the ground pores.

Note for the fig. 3:
—  approximation function ;
—  statistical information.
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The model of the link between values of the
reflection coefficient and the consistency of salts in
the ground pores in aeration zone obtained as next
equation (2):

band1=0,009Mg,S04+0,007NaCl-
-0,179band4-0,013band4-NaCl 2

bandl — predictive value of the reflection co-
efficient (the indicator of the possible landslip activ-
ity);

band4 — the value of the reflection coefficient
in point with the known average consistency of salts
in grounds of aeration zones;

Mg.SO4 and NaCl — the average consistency
of mentioned salts in ground pores in percentages.

Conclusions:

- The activation of landslide processes due to
the influence of natural factors (11-year cycle of so-
lar activity), is unlikely in the near future.

- Decreasing of soil strength in the aeration
area (due to the changes of salts content in the soil’s
pores) may influence the activity of landslide pro-
Cesses.

- The resulting equation can be used as a haz-
ard indicator for the forecast of landslide activity in
built-up areas.
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Abstract. The aim of this study is to fully research all aspects of the distribution,
development, conditions of burial and preservation of the Ediacaran biocomplex. This
work summarizes and extends all data on the unique Vendian invertebrates that are
distributed in the natural and artificial outcrops of the Dniester River Basin within
Podilia (Ukraine). One of the basic locations of the annual observation was a quarry
of rubble stone production near the Dniester hydroelectric station-1, Novodnistrovsk city, which exposes a continuous section of the
deposits of the Lomoziv, Yampil, Lyadova and Bernashivka Beds lying on a crystalline basement. This paper shows the outcomes of
long-term fieldwork of the Upper Ediacaran which include deposits of the Mogyliv-Podilsky and Kanylivka Group. The researched
section is characterized by its clastic composition and the absence of carbonate formations. The basic paleontological collection has
more than two thousand specimens, for instance, the imprints of molluscous fauna, traces of their live activity, the remains of flora and
fossils of a problematic nature. The most numerous and informative collection of these fossils is located in the stock of the Geological
Museum of the Taras Shevchenko National University of Kyiv. The collection contains unique material, including a number of
Ediacaran fossils described for the first time. On the whole within Podilia region, more than 100 species have been described in detail.
The main areas of biota accumulation in the outcrops are associated with argillites, argillite-siltstones and their contact with sandstones.
The best preservation of the imprints is detected in the boundary of facial transitions. Research has revealed that there is a decrease in
the numerical and species composition of the molluscous biota, and the dynamic increase in evolution of burrowing organisms and
plants within the Podilia Basin during the late Vendian. Such a phenomenon led to an environmental change, increase in oxygen and
appearance of new groups of organisms that were subsequently displaced invertebrates. This occurred at the Precambrian/Cambrian
transition, and in the geological literature is described as the «Cambrian explosion». Studies have found that the total number of
taxonomic composition of the Eidacaran in Podilia is similar to the orictocoenosis of Southern Australia and the White Sea.
Nevertheless, the Podilia biocomplex is more ancient than the Southern Australian and the White Sea, it is much younger than the
Avallonian.

Received 26.03.2018;
Received in revised form 08.05.2018;
Accepted 10.06.2018

Keywords: Podilia, the Vendian, the Ediacaran, invertebrates, molluscous biota, taxonomic ranks.

HoBa KapTuHa 6ioLeH03y BeHACbKOrO0 (efiakapCbKoro) ceagnMeHTaLiiHoro 6aceny Moginns

B.A. HectepoBcbkuid, A.l. MapTuiwmH, A.M. UynpuHa

KuiBCbkuii HauioHanbHWiA yHiBepcuTeT im. T.I. LlleByeHka HHI «IHCTUTYT reonorii», Kwie, YkpaiHa, e-mail:
nesterovski@univ.kiev.ua

AHOTaLifl. PO3rnsHyTO YHiKa/IbHWUIA KOMMIEKC BEHACHKOT 6e3CKeNeTHOI 6i0TH, BCTAHOBMEHUIA Y NPUPOAHMX Ta LUTYYHMX BiACNOHEH-
HAX 6aceiHy piukn [HicTep y mexax Moginng. MeTta po60Th - NOBHOLIHHE PO3KPUTTS BCiX aCMEKTIB MOLUMPEHHS, PO3BUTKY, YMOB
MOXOBaHHA Ta 36epeXkeHHs 6iokomnnekcy Egiakapito. ManeoHTonorivHa Konekuis, Lo 3ibpaHa y pe3ynbTaTti 6aratopiyHnx cucteMa-
TUYHMX JOCAIAXKEHb Ta HUHI AEMOHCTPYETbCA Y 'eonoriyHomy my3ei KHY imeHi T. LLieBueHKa, HapaxoBye noHag 2000 ek3emnispis.
BoHa BK/tOYaE BIOUTKN M’AKOTINIMX OpraHi3miB hayHu Ta Cnigy TX XXUTTELIANBHOCTI, PeLUTKX (opn Ta Ckam’aHINoCTI npobnema-
TUYHOTO xapakTepy. HalibaraTwmii Ha NafeoHTONOTIYHI 3HaXiAKW KOMMIEKC NOpif, WO BXOAUTb A0 CKIagy MOruniB-noginbCbKol
cepii. Bifknaan KaHWUNIBCLKOT cepii MarTh 3HA4YHO GiAHILIMIA BUAOBUIA Ta YMCeNbHWIA cknafg 6ioTn. Oco6nMBICTb po3pisy 3 hayHicTUY-
HVIMU 3a/LLIKAMU CTaHOB/STb TEPUTEHHI NOPOAM 3 Pi3HMM (haLlianibHKM Ta (pakLiiHM cknagom. OCHOBHI CKyNUeHHs 6ioTh TXiHTb
[0 apriniTis, aprifiTo-aneBponiTiB Ta KOHTAKTY iX i3 NiCKOBMKamu. Halikpalla 36epexeHicTb BigOUTKIB YCTaHOB/EHA Ha MeXi FpaHy-
NOMETPUYHMX NEPEXOAIB. Y CbOro B MeXax aHOro perioHy fieTasibHo OnmcaHo noHag 100 TakCoHiB BUAOBOTO paHry. JocnimpKeHHAMM
BCTaHOB/IEHO, L0 B MeXax NoAifIbCbKOro 6aceiHy NpoTAroM Mi3HLOro BeHAY CrocTepiraeTbCst 3aKOHOMiIpPHE 3MEHLLIEHHS YMCETbHOMO
Ta BMAOBOr0 CKagy M’AKOTifol 6i0TK Ta AMHaMiYHe 36i/bLLEHHS MaCOBOIr0 PO3BUTKY PUIAHMX OpraHi3miB Ta pocanH. Lie cnpnumHmnno
[10 36i/IbLLIEHHS KWUCHIO | NOSIBY HOBMX TPyn OpraHi3miB, siKi, y CBOK Yepry, BUTICHUW Ge3cKeneTHy 6i0Ty efjiakapcbkoro tuny. Y
CTaTTi JOBEAEHO, L0 MOAINLCbKUIA GiokoMnneke Efiakapito AeLlo AaBHILLIWIA, HIX NiBAEHHO-aBCTPaliicbKuil Ta 6i1OMOPCLKUIA, ane
3HAYHO MOMOALLNIA, HiX aBaANOHCHKMIA.
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Introduction. The discovery of the Ediacara biota
was the most important paleontological discovery of
the 20th century. Of all the locations in the world,
the Vendian (Ediacaran) geological section of
Podilia is the most complete and available for
research.

Outcrops of Podilia were studied intensively
in the period preceding the preparation for the
flooding of a large part of the canyon of the Dniester
River in connection with the construction of the
reservoir of the Dniester HES-1
(near Novodnistrovsk city). The work of a large
group of Ukrainian and Russian geologists has
revealed, explored and described the unique
complex of the late Precambrian biota. The obtained
results have become an important stimulus for
studying the deposits of this age interval in other
regions.

Unfortunately, after flooding the valley of the
Dniester River, we lost a lot of beautiful outcrops
and stratotypes. An important problem was the
suspension of public funding for research on this
topic. In the eighties of the last century, the
systematic study of the Vendian Period of Ukraine
was discontinued, and Soviet researchers were
reoriented to study the Ediacaran deposits of the
White Sea, the Urals and Siberia.

At the beginning of the new century, the study
of the Precambrian biota was conducted in many
countries of the world with increasing intensity. This

is especially true for China, Russia, India, Canada
and Brazil. Therefore, now the geological study of
Podilia outcrops from the global level significantly
lags behind.

In this paper, we present the results of studies
performed in recent years by the Geological
Museum of Taras Shevchenko National University
of Kyiv in collaboration with scientists from the
Institute of Paleobiology of the Polish Academy of
Sciences, the Institute of Geological Sciences of the
Jagiellonian University (Poland) and the University
of Poitiers (France).

Materials and methods. For several years, the
research group carried out systematic field studies of
numerous outcrops of the late Vendian (Ediacara)
Period and the Proterozoic-Paleozoic transition on
the territory of Podilia Upland. One of the most
important research objects was a quarry of rubble
stone production near the Dniester hydroelectric
station-1, Novodnistrovsk city (Fig.1.). The annual
monitoring of the geological situation in the work of
a quarry has allowed us to collect a substantial
collection of fossils of late Ediacara biota. These
findings made it possible to create an objective
model of the Podolsk biodiverse orictocoenosis of
that time, carry out detailed studies of the
sedimentation processes in the protruding zone of
the shelf, and discover new aspects of the processes
of fossilization of the Precambrian molluscous biota.

EIRAGL L R

Fig.1. Outcrop of Precambrian deposits in the quarry of rubble stone production near the Dniester hydroelectric station-1,
Novodnistrovsk.

We also believe that the set of results obtained
gives us the right to consider this location as a unique
Lagerstatte of the late Ediacaran fauna. By the
number of taxa biota found, regions such as the
Flinders Ranges (South Australia), the White Sea
(northwest of Russia) and the island of Avalon
(Canada) are similar to the Podilia Vendian
Complex.
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In the process of systematic field research, the
authors studied numerous natural and artificial
outcrops of Ediacaran deposits along the Dniester
River canyon and its left tributaries, and several
outcrops adjacent to the territory of Moldova. The
collection of fossils includes more than two thousand
samples with molluscous organisms, traces of active
and passive benthos, residual vegetable origin and
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many problematic specimens. At the beginning of
our group’s work in Podilia, about 50 species of
macrofauna, macroflora and ichnofossils were
described. Today, we can state that the Podilsky
biocomplex of the late Vendian (Ediacaran) Period
contains more than a hundred taxa of species rank.
Each field study gives new additions to this list.
Further researches substantially broaden our
understanding of the picture of life in the seas of the
late Precambrian, not only within a specific territory,
but also on a planetary scale.

Geology of Vendian (Ediacaran) sedimentation
basin of Podilia. Scientists began to investigate

the Podilsk hill nearly a hundred years ago. A long
time has passed from the moment of the first
description of the mysterious fossils on the bottom
surfaces of sandstone boards, which for a long time
failed to be convincingly interpreted, correctly
determined their geological position and age
(Kaptarenko, 1928; Krasovskyy, 1916). By the
efforts of a large group of geologists, only in the
second half of the 20th century was a detailed
stratigraphic scale of the Vendian deposits in
Podilia, which is shown in Fig.2. (Velikanov et al.,
1983; Ryabenko et al., 1976; Stratigraphy, 2013)
created.

deposits of the upper Vendian (Ediacaran) Period on
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Fig.2. Stratigraphic section of Vendian (Ediacaran) deposits of the quarry of rubble stone production near the Dniester

hydroelectric station-1, Novodnistrovsk.

The thickness of this rock formation complex
demonstrates numerous cycles of sedimentation
with periods of transgression and regression. These
cycles are used for a more detailed stratigraphic
partition on beds and formations.

The Vendian (Ediacara) deposits of Podilia
are divided into three parts (Groups). The oldest
sedimentary rocks form the Volyn Group (lower

Vend). Conglomerates, gritstones and arkosic
sandstones of various grain sizes represent this
stratum predominantly. The granularity of the rocks
decreases upward along the section and in the upper
part we can detect siltstones and argillites. In the
deposits of the Upper Vendian Period, besides the
sandstones, there are siltstones, argillites and
volcanic tuffs. This upper layer is divided into the
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Mogyliv-Podilsky and Kanylivka Groups. Often the
sedimentary complex of the Mogyliv-Podilsky
Group lies directly on the crystalline basement —
granitic rocks of the lower Proterozoic. Above the
section, the Kanylivka Group, which is composed of
monotone argillite and siltstone interlayers and fine-
grained sandstone thin layers, borders the deposits of
the Mogyliv-Podilsky Group.

For the sedimentation complex within the
Podilia region, the Ediacaran/Cambrian transition
(Baltic Group, Okunets Formation) is gradual. This
level is characterized by the disappearance of all taxa
of the Ediacaran molluscous biota and fossil traces.
The only macroscopic residues occurring in the
transition zone are coalificated algae Tyrasotaenia
from the group Vendethenii. In its upper part (in
argillites), there are numerous petrified traces of
swallowing organisms that are common of the
Cambrian deposits and filled with siltstone material.
Glauconitic sandstones and siltstones with numerous
complexes of the Cambrian ichnofauna, which was
retained by active benthos, and with the molds of
colonies of probable polyps Bergaueria, Conichnus,
finished the transitional zone. Sometimes there are
Sabelliditida imprints and their traces Kullingia
(Stratigraphy, 2013; Jensen at al., 2002).

Results of research. Paleontology of deposits of
the Mogyliv-Podilsky Group. The most numerous
paleontological remains are found in the lower part
of the Mogyliv-Podilsky Group: the Lomoziv and
Yampil Beds of Mogyliv Formation (lvantsov,
Gritsenko et. al., 2015; Martyshyn, 2012). This
orictocoenosis can be attributed to the typical
prodelta shallow association of continental shelf
areas (Grazhdankin et al., 2009). Lomoziv The beds
are interbedding of blue-gray argillites with
sandstones and silty sandstones. The Yampil Beds
are composed of light grey medium-grained
sandstones with zones of platy clayey sandstones.
Our paleontological findings contain many taxa that
are common to biotic associations of the Flinders
Ranges (South Australia), the White Sea, the Middle
Urals, Yakutia (Russia), the Mackenzie Mountains
(British Columbia, Canada), and  some
underdeveloped locations in China, India, and
Finland (Fedonkin et al., 2007). In addition, a
number of Podilsky taxa are endemic, for example:
cyclic fossils of Paliella patelliformis Fedonkin,

1980, Elasenia aseevae Fedonkin, 1983,
Glaessneria imperfecta Zaika-Novatski et al., 1968,
Jampolium  wyrzykoowskii Bekker, 1996,

Planomedusites grandis Sokolov, 1972, Sekwia
kaptarenkoe Gureev, 1987. The interpretation of the
abovementioned taxa belonging to different groups
of organisms has been repeatedly changed.
According to the authors, the fossils of Paliella and
Elasenia are probably remains of primitive polyps.
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This is indicated by morphological features of the
finds, as well as budding and vegetative cloning
reproduction.

The preserved remains of Glaessneria,
Planomedusites, including numerous fossils of the
genera Cyclomedusa, Ediacaria, Charniodiscus,
Aspidella, Medusinites, Tirasiana, Irridinites,
Protodipleurosoma, Evmiaksia, and others,
probably belong to a large group of attachment
structures of frond-shape organisms. During field
research in 2017, V.A. Nesterovsky found a
perfectly preserved copy of Protodipleurosoma
rugulosa Fedonkin, 1980 in the upper layer of clay
sandstones of the Yampil Beds. At the same
stratigraphic level, in the outcrop near Bandyshivka
village in 2013, Martyshyn A.l. discovered a
sandstone formation with massive settlements of a
rare Australian taxon Cyclomedusa gigantean
Sprigg, 1949, which reached 50 cm in diameter and
was probably the attachment structure of a gigantic
body from the frond-shape group. Their upper (over-
bottom) part is preserved very rarely. The
explanation for this phenomenon is probably the
taphonomic features of the non-skeletal Precambrian
biota, known as the «posthumous mask» (Mapstone
et al.,, 2006). According to findings at other
Ediacaran locations, it can be argued that various
rhizoids and combinations of «disk plus rhizoids»,
genera Hiemalora, Eoporpita, Mawsonites were also
attachment structures (Hofmann et al., 2008).
Apparently, this group includes fossils with three-
radial and tetra-radial symmetry (Tribrachidium,
Conomedusites). J. Dzik’s and A. Martyshyn’s
investigation (2017) showed that the organisms of
the frond-shape group were one of the first creatures
of the end of the Precambrian which penetrated the
anoxic environment under the bacterial mats and
used the extracted components to maintain their
biological processes. This indicates the probable
existence of chemoautotrophic symbiosis with
bacteria in their biological mechanism, which
provided the processes of metabolism.

Among other endemics in the Ediacaran
section, there are attached saccate organisms of
obscure provenance. For instance, there are
Vaveliksia velikanovi, Fedonkin, 1983 which may be
primitive Spongia (lvantsov et al., 2004); dendritic,
attached to the biomat substrate Lomosovis malus
Fedonkin, 1983; complex bilateral organisms from
the group Dipleurozoa (Dzik) — Proarticulata
(Fedonkin), Podolimirus mirus Fedonkin, 1983
(Fig.3.a). Moreover, there are «Spriggina» borealis
Fedonkin, 1979, Dickinsonia costata Sprigg, 1947
representatives of a small active benthos at the
bottom of the Precambrian sea  (Dzik and
Martyshyn,2015).
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Fig.3. Examples of samples with Vendian biota traces within Podilia:

a) Podolimirusmirus Fedonkin,1983. Negative epirelief. The late Ediacaran. Mogyliv-Podilsky Group. Lomoziv Beds. A quarry
of rubble stone production near the Dniester hydroelectric station-1, Novodnistrovsk city. Sample nom. 17 p 174.

b) imprint (trace of nutrition) Dickinsonia costataSprigg,1947. Trace fragment. Positive hyporelief. Lomoziv Beds. Popelyukhy

village. Vinnitsa region. Sample nom. 17 p 181.

¢) Kimberellaquadrata Glaessner, 1959. Negative epirelief. Lomoziv Beds. A quarry near the Dniester hydroelectric station-1,

Novodnistrovsk city. Sample nom. 17 p 182.

d) traces of bulldozer sediment. Positive hyporelief. Lomoziv Beds. A quarry near the Dniester hydroelectric station-1,

Novodnistrovsk city. Sample nom. 17 p 183.

e) Shaanxilithesninggiangensis Xingetal.,1984. Three-dimensional fossils in petrified tuff. Yaryshiv Formation. Bronnitsa Beds.
Bernashivka village. Vinnitsa region. Left slope of the valley of Zhvan River, 1 km from the mouth. Sample nom. 17 p 184.
f) a organism of the family Conulariida. Positive hyporelief. Bronnitsa Beds. Outcrop in Borschiv ravine, Mohyliv-Podilskyi city.

Sample nom. 17 p 185.

g) Astropolichnus sp. Positive hyporelief. Lomoziv Beds. A quarry near the Dniester hydroelectric station-1, Novodnistrovsk

city. Sample nom. 17 p 186.

h) CharniodiscusspinosusLaflammeetal.,2004. Negative epirelief. Lomoziv Beds. A quarry near the Dniester hydroelectric

station-1, Novodnistrovsk city. Sample nom. 17 p 187.

i) Nilpenia rossi Droser et al., 2014. Problematic specimens. Lomoziv Beds. A quarry near the Dniester hydroelectric station-1,

Novodnistrovsk city. Sample nom. 17 p 188.

During field research (2010 — 2014), authors
found very rare traces of dipleurozoa movement and
nutrition — Dickinsonia costata (Fig.3.b) and
Podolimirus  mirus.  Similar ichnofossils are
described from the shores of the White Sea and from
South Australia (Ivantsov, 2013; Sperling and
Vinter, 2010). In the same period in the Lomoziv
Beds (quarry of rubble stone production near the
Dniester hydroelectric station-1, Novodnistrovsk
city) A. Martyshyn discovered several specimens of
dipleurozoa - Yorgia waggoneri Ivantsov, 1999
(Ivantsov, 1999).

Numerous populations of Sekwia kaptarenkoe
are probably remains of attached to biomat substrate
saccate colonies of cyanobacteria close to Nemiana
simplex Palij, 1976 / Beltanelloides sorichevae
Sokolov, 1965, and attached algae Tymkivia sp.
colonies (Pali, 1976; lvantsov et al., 2014) which
was recently found by one of the authors.

We were able to make some interesting
conclusions about the widely distributed Nemiana /
Beltanelloides in deposits of the Mogyliv-Podilsky
Group. Analysis of numerous previous publications
and own observations of a large number of samples
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showed that this species is close to modern colonies
of cyanobacteria Nostoc. It had two types of
existence, namely: attached to biomat substrate and
passively moving benthos. The first type of
organisms, which are buried in situ, preserved with
characteristic zones of attachment in the middle part
of body, chains of gradually smaller individuals that
multiplied by budding. The second type is chaotic
multi-layered accumulations of different age
specimens in areas with lowered paleorelief. Such a
taphonomic diversity led to the formation of
Nemiana molds not only in a positive hyporelief but
also in a positive epirelief.

The abovementioned phenomenon  of
different types of existence is important for the
analysis of the general strategies of colonization of
the seabed organisms in the late Ediacaran. The vast
majority of paleontological materials from the
sediments of that time indicate that life on the seabed
was represented mainly by sedentary benthos
attached to the bacterial substrate.

The authors and previous researchers in
Podilia found fossilized remains of floating
organisms from the group of dickinsonia and yorgia,
as well as animals such as Kimberella quadrata
Glaessner, 1959 (Fig.3.c), which are probable
ancestors of Lophotrochozoa (Fedonkin and
Vaggoner, 1997).

Occasionally in sediments of the Mogyliv-
Podilsky Group, we can detect traces of the life of
the swallowing creatures, which indicates the fact of
significant evolutionary changes in the late
Precambrian biosphere. Findings of ichnofossils
allow us to assert that already at the beginning of the
late Ediacaran, some animals began to develop in the
anoxic zone under bacterial mats, which completely
covered the seabed. The morphology of the
ichnofossils is quite diverse, ranging from the simple
burrow of muloids Planolites, Helmintoidichnites, to
rather complicated traces of Treptichnus, traces of
nutrition Oldchamia, traces of the meniscus structure
Nenoxites, traces of bulldozer sediment and of eating
biomat by floating biolateral organisms (Fig.3.d).
Interestingly, the creatures that left them show a
unique phenomenon of group behaviour - the
movement along sub-trajectories. This fact may be
due to the ability of these creatures to interact with
the bottom currents.

A new group of passive- floating organisms in
argillites and siltstones of Lomoziv Beds was
detected during fieldwork in 2010. Apparently, these
organisms were free to lie on the seabed and could
be carried by the water stream. This is evidenced by
the repeated finding of them in the lenticular zones
together with Nemiana / Beltanelloides. Such
lenticular layers of siltstones are nothing more than
a material for filling the sludge on the seabed. The
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morphology of these creatures was also unusual.
They had a shape very similar to some types of
Phanerozoic foraminifera, with a characteristic
spiral twisted, organic envelopes. On the top of the
envelopes there are located on the helix relief blows,
internal depression, sometimes acute germs, as in
some forums. Occasionally, the degree of
preservation of these organisms is such that it allows
you to see the thin radial ridges around the cubes
around the periphery, which are very similar to the
pseudo-events of foraminifera. The cross-section
also shows similarities with the spiral single-
chamber Foraminifera. The size of fossils is up to 6
cm long, and 5¢cm wide. Until now, no similar fossils
have been discovered in any Ediacaran outcrops of
the Podilia.

Later than the abovementioned findings, a
number of mysterious new creatures, similar to
foraminifera in external morphology, as well as
details of the internal structure (agglutinated and
organic envelopes, rudimentary camera, possible
prints of pseudo-events, etc.) were detected in other
outcrops of the Podilia. The studies of various
authors showed the deep Precambrian origin of
foramen (Bosak et al., 2012). The moment of the
pulse phenomenon of diversification of this group of
organisms was established, which occurred in a
period that is roughly the same as the Vendian
(Bosak et al., 2012; Pawlowski et al., 2003). In
Pawlowski’s publication (Pawlowski et al., 2003), it
was predicted that fossilized remains of foramen
would be found in Precambrian rocks.

Paradoxically, one of the first Vendian taxa to
be described in Podilia was the smallest
representative of the macrofauna — a few millimeters
in size - Bronicella podolica Zaika-Novatski, 1965
(Zaika-Novatski, 1965). The species was described
as a possible primitive Cnidaria, although this
hypothesis was questioned based on more recent
research. For a long time, most Precambrian
researchers did not attach importance to these fossils
since they looked like very small-deformed spheres,
unsystematically scattered in the lower horizons of
separate tuff argillites of Bronnitsa Beds. In the
outcrops, they are found in association with probable
attachment discs of the frond-shape Glaessneria,
Planomedusites, mass detritus of problematic
Shaanxilithes ninggiangensis Xing et al., 1984
(Fig.3.e), Palaeopascichnus jiumenensis Deng et al.,
2008 and the traces of swallowing organisms of
Planolites, Torrowangea (Velikanov, Gureyev,
1984 ; Shen et al., 2007).

During the fieldwork in 2010 at the location
of the Borshchiv ravine (Mohyliv-Podilsky city), A.
Martyshyn discovered several samples of micro-
grained tuffs with numerous Bronicella that were
preserved along with their traces of translational
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motions in complex trajectories. These movement
tracks are very similar to the modern trail of deep-
water spherical shell-unicellular organisms from the
group Rhizaria Gromia sphaerica Gooday, 2000
(Matz et al., 2008). In addition, it was possible to
detect several specimens of Bronicella with
preserved protective outer layer that can identified as
a seashell.

Another important discovery in the same tuff
argillic layer were finds of conical shape fossils —the
possible ancestors of the Paleozoic Conularia
(Cnidaria), (Fig.3.f). Individual fossilized remnants
of animals belonging to this group were discovered
in China, Brazil, and Russia in the late Ediacaran
(Ivantsov and Fedonkin, 2002; Pacheco et al., 2011,
Yuan et al., 2011). Detailed research on these
organisms is scheduled for 2018. Up till now,
paleontologists did not know about certain finds of
Cnidariafossils, other than conlyarids. A. Martyshyn
collected a unique material of several taxa that
undoubtedly represent these organisms according to
morphological features. For instance, in 2012 three-
dimensional casts, morphologically similar to the
polyps of Astropolichnus sp. (Fig.3.g) from the
deposits of the lower Cambrian of Spain and the
Czech Republic (Pillola and Vintaned, 1995;
Mikulas and Fatka, 2017), were found. A unique
taxon was found in argillites of Lomoziv Beds. The
fossils represent a number of features that
distinguish them from the other Vendian species.
Certain specimens retain radial internal structures
similar to septa. In some cases, there are radial
elements around the casts of the bodies, tentacle
analogues, etc. In 2014, S.S. Solodkiy discovered
two three-dimensional casts with a six-radius
internal structure in Dzhurzhivka Beds, Nagoryany
Formation.

At the beginning of the active phase of study
of the Ediacaran in Podilia, evidence of the
movement of polyp forms along the seabed was
found (Velikanov et al., 1983). This finding, at that
time, did not attract much attention. The recently
discovered sediments in the late Ediacaran of
Canada, namely numerous fossilized polyps moving
along the bottom surface caused an active discussion
among experts about the lower boundary of the
coelenterates appearance (Menon et al., 2013). A.
Martyshyn represented material on this topic for
discussion at paleontological conferences in Ukraine
and at the «18th CZ - SK — PL Paleontological
conference, 2017» in the Slovak Republic. The study
of these petrified remains continues and soon the
results will be published.

For a long time among scientists, there has
been a discussion of the interpretation of the unusual
sedentary representatives of the Ediacaran fauna
classified in the Petalonamae group. These

organisms were first discovered by German
paleontologists in Namibia, 1908 (Pflug, 1970).
Despite long study and numerous findings in many
parts of the world, the nature of these creatures is still
unclear . Recently, the authors and our colleagues
have managed to find a lot of taxa of this group in
Podilia. For instance, they detected Charnia masoni
Ford, 1958, Charniodiscus spinosus Laflamme et al.,
2004 (Fig.3.h),, C. arboreus Glaessner, 1959, C.
oppositus Jenkins and Gehling, 1977, and new
species of leafy, calyx, sacky and tree-like forms.
Unfortunately, remains of the upper part of the body
are very rarely fossilized. We commonly detect only
the attachment structures of different types of
discoid, onion- and root-shaped morphology
(Seryozhnikova, 2010). Podilia’s outcrops are
unique and rich in the number and variety of
petrified attachment structures of frond-shape
organisms to the bacterial substrate (Ivantsov etc.
2015).

During the last study of Lomoziv Beds in
2014, A. Martyshyn discovered new specific
imprints in the layer of siltstone directly below the
gritstone layer. They were of two types: one has the
form of unidirectional-branched root-like structures,
and others - radially spaced, rather long and thin
root-like formations that deviated from central
depression (hyporelief). In the same year, similar
finds were described by a group of authors at a
location of South Australia and named Nilpenia rossi
Droser et al., 2014 (Droser et al., 2014) (Fig.3.i).
Researchers could not relate these formations to any
of the known groups of the organic world. Probably
this is one of the organisms with the level of
organization of Protozoa. In 2015, the authors
detected a fossil in Lomoziv Beds, which is a conical
growth of needle-like elements (probably spicules)
(Fig.4.a). The specimen is similar to Choia striata
Xiao et al., 2005 from the Lower Cambrian deposits
in Anhui Province, Southern China [Xiao et al.,
2005]. This species was classified as Demospongea
(Porifera).

During research in a Chinese outcrop near the
village of Lantian, a rich complex of uniquely
preserved biota of the Ediacaran and lower
Cambrian was discovered. Among the finds, a
number of species is interpreted as Spongia. One
species of the Ediacaran biota that was found in
South Australia is described as a possible sponge.
The taxon was named Palaeophragmodictya
reticulata Gehling & Rigby, 1996 (Gehling and
Rigby, 1996). The authors found similar fossils in
Lomoziv Beds in a quarry of rubble stone production
near the Dniester hydroelectric station-1,
Novodnistrovsk city.
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Fig.4. Collected remains of the Ediacaran deposits with traces of the molluscous fauna, its life activity, and flora that were collected
within the Dnister River:

a) the imprint of spicular elements of a problematic organism. Negative epirelief. Lomoziv Beds. A quarry near the Dniester
hydroelectric station-1, Novodnistrovsk city. Sample nom. 17 p 189.

b) ArumberiabanksiiGlaessneratWalter,1975. Positive hyporelief. Bernashivka Beds. Yaryshiv Formation. Bernashivka village.
Vinnitsa region. Left slope of the valley of Zhvan River. Not selected from the outcrop.

¢) a problematic organism, probably Tunicata. Positive hyporelief. Yampil Beds. A quarry near the Dniester hydroelectric station-1,
Novodnistrovsk city. Sample nom. 17 p 190.

d) Burykhiahunti Fedonkinetal.,2012. Positive hyporelief. Kanilivka Group. Studenitsa Formation. Komarovo Beds. The outcrop
is located 1 km southwest of Kitajogorod village. Khmelnytsky region. Sample nom. 17 p 191.

e) Wutubusannularis Chenetal., 2014. Positive hyporelief. Dzhurzhevka Beds. Nagoryany Formation. Lyadova village. Left bank
of the Dniester River. Sample nom. 17 p 192.

f) probable traces of movement Lamonte trevallis Meyer etal., 2014. Positive hyporelief. Dzhurzhevka Beds. Lyadova village. Left
bank of the Dniester River. Sample nom. 17 p 193.

g) Dickinsonia costataSprigg,1947. Negative epirelief. Kanilivka Group. Danylivka Formation. Pilipy Beds. The western part of
Tymkiv village. Khmelnytsky region. Sample nom. 17 p 194.

h) Tymkivia stuzhukiMartyshynsp.nov. Positive hyporelief. Kanilivka Group. Studenitsa Formation. Komarovo Beds. The outcrop
is located 1 km southwest of Kitajogorod village. Khmelnytsky region. Sample nom. 17 p 195.

i) Harlaniella vermiformis Martyshyn, sp. nov. Massive population of probable algae. Positive hyporelief. Kanilivka Group.
Studenitsa Formation. Polivanov Beds. The left bank of the Dniester River, 3 km southwest of Horayivka village. Khmelnytsky
region. Sample nom. 17 p 196.

At the several stratigraphic levels of the late and Ukraine have a remarkable resemblance

Ediacaran, A. Martyshyn detected numerous fossils
of Arumberia banksii Glaessner at Walter, 1975
(Glaessner and Walter, 1975) (Fig.4.b). These
problematic structures appear for the first time in the
section in the upper sandstone layer of Bernashivka
Beds (Yaryshiv Formation of the Mogyliv-Podilsky
Group) and form mass settlements. Above the
section, they are found sporadically to the top of the
Kanylivka Group. Findings of this genus from
Australia, India, the Urals, Yakutia, Great Britain,
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(Kolesnikov et al., 2012; Kumar and Pandey, 2008).
On qualitative specimens from Podilia and other
regions it is clearly seen that A. banksii, A.
vindhyanensis Kumar and Pandey, 2008, A.
multykensis Kolesnikov et al., 2012, and other types
are morphologically similar to the modern brown
and red algae of genera Fucus, Ascophyllum,
Odonthalia, Himanthalia, etc.

Recently, a group of scientists published the
data of the morphological study of modern bacterial
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structures in the salt-water reservoirs of the Salines
de Guérande, Loire-Atlantique, Region of Pays de
la Loire (Western France). In our opinion, these data
cannot be the reason for identifying them with fossils
of the Arumberia genus (Kolesnikov et al., 2017).
Our statement is based on numerous arguments.
Firstly, Arumberia generally occurs in rocks that
occurred in the conditions of active seaside
hydrodynamic. In Podilia, these are massive, oblique
sandstones of the Bernashivka Beds and the basal
sandstone layer of the Kanylivka Group. In rocks
with more stable conditions, the sediment
accumulation of Arumberia is rare. Secondly,
Arumberia have the same morphology in different
parts of the planet. The bacterial structures that were
described in salt basins have a random nature
associated with seasonal water level variations in the
stagnant conditions of a shallow salt evaporation
reservoir in the absence of currents. With the
appearance of hydrodynamic pressure, they are
deformed and destroyed. Fossil evidences of effects
of the interaction of water streams with bacterial
structures of this type are often present in the section
of the Kanylivka Group of the late Ediacaran. They
are clearly morphologically different from
Arumberia. As a result, we plan to describe the
unique findings of the volume of preserved
Arumberia. In transverse sections, it can be observed
that one of the species was an elastic tubular body
with a diameter of 3-5mm and a length up to 500mm.
It formed a colony and dense thickets on the seabed
in the coastal zone with active hydrodynamics.
During fieldwork in a quarry of rubble stone
production near the Dniester hydroelectric station-1,
Novodnistrovsk city, the authors repeatedly detected
low-relief oval prints on the lower surfaces of
argillites and siltstones of the Lomoziv Beds and
sandstones of the Yampil Beds. In 2012, A.
Martyshyn discovered the remains of oval creatures
with visible holes on the lateral surface. In 2015, an
amateur paleontologist S. Finko found similar fossils
(Fig.4.c). The time of the partial decomposition of
organisms is observed on some specimens. Then,
these structures can be interpreted as creeps of the
internal organs that have become visible through the
destruction of the outer shell. Further analysis and
the general morphology of the imprints revealed the
absence of analogues of such organisms in the
sediments of the Ediacaran in other regions of the
planet. Among the paleontological remains of
Phanerozoic and modern living creatures, this
morphology is typical only for Tunicata (Chordata
type, Ascidiacea class). The probability of such an
interpretation is consistent with the finding of a
specimen of Burykhia hunti Fedonkin et al., 2012
that was made by S. S. Solodkiy in 2013 in the
Kanylivka Group sediments (Fig.4.d). This taxon is

described from the late Vendian sediments of the
White Sea coast as a probable representative of
Tunicata (Fedonkin et al., 2012). According to
numerous studies, Tunicata was the most likely
ancestor of vertebrates. They are widespread in
modern seas and are important for an ecosystem, as
active filters and carbon dioxide absorbers.

A diverse biotic complex was discovered by
the authors in the Dzhurzhivka Beds (Nagoryany
Formation). In addition to the already mentioned
spherical colonies of Nemiana / Beltanelloides, there
are colonies of polyps — Bergaueria hemispherica,
B. perata, B. radiata, Conichnus conicus, and a new
species with bulk preservation and six-beam
structure inside organisms. Among the finds in these
deposits, fossils in the form of segmented tubular
bodies can be detected. Morphologically, they are
similar to the rare Wutubus annularis Chen et al.,
2014 from carbonate rocks of the Dengying
Formation of the late Ediacaran of China (Chen et
al., 2014). Presently, there is an ongoing discussion
about the nature of these organisms , which are
identified either as representatives of sedentary
benthos or worms.

One of the important finds are traces of
movement and siege sensing similar to Lamonte
trevallis Meyer et al., 2014 that were also described
in China (Meyer et al., 2014) (Fig.4.f). These
ichnofossils demonstrate the beginning of the era of
penetration into the sediment and its bioturbation
that eventually led to the end of the dominance of
bacterial mats on the bottom of the Precambrian
seas.

Very widespread at the end of the Ediacaran
of Podilia was the Vendotenid flora. Well preserved,
carbonated remains of plants of this group can be
found on Podilia outcrops from Dzhurzhivka Beds.
At this stratigraphic level, in 2015, we collected the
fossils of a new taxon of algae that is preserved
simultaneously in two taphonomic forms -
carbonated and bulk. Based on the information given
in the publications, this is one of the first examples
of such taphonomy in the world practice of research
of flora remnants of the Ediacaran. The
aforementioned plants had significant dimensions
(to 10mm in diameter, to 200mm in length), and
tubular structure. They grew up on the seabed in the
form of single specimens, chimney-type colonies
and dense thickets.

Paleontology of the Kanylivka Group. The authors
collected important information during the study of
deposits of the Kanylivka Group. As already
mentioned, this stratigraphic level begins with the
basal horizon of sandstones of Pylypy Beds that
occur unconformably in  the comminuted
phosphorite argillites of Kalyus Beds. Several
morphotypes (species) of Arumberia, single casts of
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Harlaniella podolica Sokolov, 1972, fragments of
Vendotenid algae, several types of bacterial
structures and interesting traces of life represent the
fossils of this layer.

Ichnofossils show the infrequency and the
poverty of the active benthos of this time interval.
Ichnofauna is represented by linear traces of
movement similar to Didymaulichnus,
Psammichnites, and radial traces of food close to
Asterophycus. During fieldwork in outcrops located
south of Berezivka village (left bank of the Dniester
River) in 2015, A. Martyshyn discovered traces of
the movement of a segmented worm-like organism,
similar to the traces of Gyrichnites sauberi Zessin,
2010 from the upper Ediacaran of Namibia (Zessin,
2010). Sometimes in the lower part of the sections,
there are isolated fossils of the species of the
Ediacaran fauna. For instance, there are
Beltanelloides, Nimbia, Cyclomedusa, Arumberia,
Platypholinia. In Danylivka Beds, the authors
detected a representative of the active benthos
Dickinsonia costata Sprigg, 1947 (Fig.4.9), three-
radially symmetrical, foliate organism Swartpuntia
germsi Narbonne et al., 1997. Among the algae, the
most widespread group is the Vendotenid - various
morphotypes of Vendotaenia antigua Gnilovskaja,
1971, sometimes Kanilivia insolita Istchenko, 1983,
twisted shapes similar to Grypania spiralis Walter,
Oehler and Oehler, 1976, and oval elongated shapes
that do not have a systematic description yet. The
fossilized remnants of a new type of algal Tymkivia
stuzhuki Martyshyn sp. nov. (Fig.4.h) that formed
settlements attached to the bacterial mats of sacked
individuals have been found on many levels of the
Kanylivka Group. Probably, the carbonated remains
of the Middle Proterozoic of China and Canada
Longfengshania stipitata Du, 1982 (Hofmann, 1985;
Du, 1982) are close to Tymkivia. Their modern
morphological analogues are probably green algae
Valonia, Derbesia, Boergesevia. Sporadically there
are three-dimensional fossils of round form,
probably colonies of cyanobacteria Beltanelloides
sp.

The most important paleontological indicator
of the Kanylivka Group can certainly be bodily
imprints of tubular fossils Harlaniella podolica
(lvansov, 2013; Sokolov, 1972). One of the
morphological differences of this genus was found
on the outcrop of the White Sea and was named H.
ingriana Ivantsov, 2013. The authors collected
similar fossils from the sediments of Studenitsa
Formation in Podilia. In the outcrops of Kitaigorod
and Bakota, massive imprints of a new
morphological difference of this genus which
previous researchers considered as ichnofossils,
traces of the life of swallowing organisms were
discovered. However, moles of mulches cannot form
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splits and branches. The decisive argument was to
find similar fossils on the outcrop of Buchay, where
three-dimensional casts together with relics of
carbonated shells were observed, and where bulky
casts were encountered along with relics of coaly
shells. The species was named Harlaniella
vermiformis Martyshyn, sp. nov. (Fig.4.i). Similar
variants of finding the bodily casts of H. podolica
together with coaly fragments of bodies have been
repeatedly received by the authors, as well as
described in the research of A.Yu. Ivantsova
(Ivantsov, 2013). This phenomenon led the
abovementioned author to interpret Harlaniella as
probable flora remnants.

One of the few taxa of genital rank that can be
found at different levels of the late Ediacaran is the
problematic fossils of the Palaeopascichnus Palij
genus. Their colonies are often found in the siltstone
and sandstones of the upper part of the Lomoziv
Beds, in the upper part of the clay sandstones of the
Yampil Beds (the Mogyliv Formation, the Mogyliv-
Podilsky Group), and sometimes in the argillites of
Studenitsa Formation of the Kanylivka Group. A
first find of these fossils was made in deposits of
Kanylivka Group and described as
Palaeopascichnus delicatus Palij, 1976 (Palij,
1976). During fieldwork, the authors compiled a
collection  of  various  morphotypes  of
Palaeopascichnus. Studying this material could help
in elucidating the nature of these widespread,
problematic fossils. A detailed analysis of the fossils
of this group from different locations in the world
has shown that they are likely to be body fossils of
an unknown protozoa (Antcliffe etc., 2011).

The sedimentation of this time occurred in
relatively calm conditions of shallow continental
slope or lagoon. The rocks are intensively laminated
with bacterial mats and often contain a large number
of redeployed fragments of bacterial structures.
Often, these fragments were filled with bottom
sediment, and then flows moved them along the
surface of the bottom. Due to the plasticity of such
aggregates, three-dimensional shapes of arbitrary
shape and size were formed that often resemble the
remains of living organisms. Such pseudofossils are
found in the form of single intraclasts in the mass of
the rock, and in mass clusters. The sedimentation
cycle of the Kanylivka Group ends with argillites
and siltstones of Okunets Formations that are a
transition zone to the deposits of the lower
Cambrian. According to the authors, the
stratigraphic boundary between the Proterozoic and
the Paleozoic can be measured by the level of the
first occurrence of typical Cambrian ichnofossils
(traces of vital activity of swallowing organisms)
that appear suddenly and massively in the upper part
of Okunets Formations. Siltstones and glauconite
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sandstones of the Baltic Formation of the Lower
Cambrian with rich ichnofauna and isolated
remnants of Sabelliditida are found above
(Ryabenko et al., 1976; Stratigraphy, 2013).
Conclusions.

1. This study provides new, extremely
interesting results for the reproduction of the
biocenosis pattern in the seas of the late Vendian
(Ediacaran), and for an understanding of the ways of
early diversification of the oldest stem groups of the
animal world.

2. In the outcrops of the Mogyliv-Podilsky
and Kanylivka Groups, a large number of fossilized
remains of molluscous organisms, traces of active
benthos, three-dimensional and coaly plant remnants
have been collected and analyzed.

3. Analysis of biotic complexes at different
stratigraphic levels confidently demonstrates several
trends in the evolution of the Podilia sedimentation
basin in the Ediacarian. The beginning of the late
Vendian was marked by the explosive dissemination
of molluscous biota, and the entire set of living
creatures passed the original path of development in
another, more ancient basin and was introduced into
this segment of the continental slope in the form of
an already formed biocomplex.

4. The total taxonomic composition of the
Vendian complex in Podilia is similar to the
orictocoenoses of Southern Australia and the White
Sea. Statistical comparisons show less quantitative
and species diversity in Podilia of the rather difficult
animals of the group Dipleurozoa (Proarticulata).

5. The isolated findings of the probable
ancestors of molluscs (Lophotrochozoa), the
proliferation and diversity of the group of
problematic organisms of Petalonamae typical of the
more ancient, Avalonian biota, give reason to
consider that the biotic complex of the late Vendian
(Ediacaran) of Podilia is slightly more ancient than
Southern Australian and White Sea, but significantly
younger than the Avalonian.

6. In the section of the late Vendian Podilia
Basin, the number and species composition of
molluscous biota rapidly decrease. At the same time,
in the same direction, diversity increases and the
morphology of swallowing organisms that can
penetrate an anoxic environment under the surface
of bacterial mats becomes more complicated.

7. During the late Ediacaran in this basin, the
situation in the plant kingdom changed quite
dynamically: from the massive development of
probable colonies of cyanobacteria at the beginning
of the Mogyliv-Podilsky Group to numerous and
varied plant remains in the Kanylivka Groups.

8. The massive evolution of algae caused a
sharp increase in free oxygen in the ecosystem, but
it was found to be too toxic to Ediacaran organisms,

since they arose and were adapted to life in
association with bacterial mats on the border of the
anoxic environment of the bottom and oxygen-poor
water zone. It was precisely at this time that new
types of organisms began to appear that, together
with algae, began to displace the molluscous
Ediacaran biota. The living creatures of the basin
continued to develop new ecological niches. The life
activity of various organisms, capable of subsistence
in the depths of the bottom sediment, led to active
bioturbation of the seabed and reduction of areas
covered with bacterial mats.

9. Abrupt change in the ecological situation
caused a crucial turning point in the history of the
planet, the massive extinction of the Ediacaran biota,
which gave way to those organisms that were able to
adapt to new conditions. These were the global
changes that are now called «Cambrian explosion».
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[aTyeTbCA 3a3HaYeHNM NepiogoM, — Tak 3BaHW defopiBCbKMIA 40N, 3HAWAEHWA Ha Te-

puTopii Kapniscbkoro paiioHy, Ai ctenu 3 KobensusKoro Ta ogHa ctatys 3 KpemeHuy-
LIbKOro paiioHy MonTtaBcbKoi 061acTi. MOX0AKeHHs OAHIET CTeNW JOKMNAAHO He BigOMe. 3a pesynbTaTamMmu BUBYEHHS 3pasKiB FipCbKuUX
Mopif YCTaHOB/EHO, L0 CMPOBMHOI PefopiBCbKOro ifona € KBapLIOBUIA NICKOBMK, L0 MICTUTb Y1aMK/ KPEMEHIO i BY/IKaHiYHOT Mo-
poau, a TaKoX Mae NOPOBUI TIMHUCTO-KPEMEHMCTUIA LieMeHT. MaTepian pewwTn cTen BU3HAYeHO K nnariorpaHit. OanH 3pas3ok €
OKBapLOBaHWiA, pellTa npeacTaBneHa 6i0TUTOBMM naariorpaHiTom. 3a pesynbTaTaMy NOPIBHAHHA CMPOBMHW AOCNIAKEHUX CTen 3i
wnichamm ripcbkmx nopig i3 CepeaHboro MoaHinpos’s i [JoH6acy, CMPOBMHOLKD iHLIMX MNam’ATOK, L0 AaTYHTLCS TUM CaMUM 4acoM, a
TaKOX 3a NiTepaTypHUMM JaHUMMW BCTaHOB/IEHO, LLIO FPaHiTHI CTeNN, HaiBiporigHiLLe, MaloTb MiCLLEBE MOXOAXKEHHS, a caMe 3 pailoHy
M. KpemeHuyK, fie 3a 061 eHeoniTy-6poH3u po3pobnsanuca aHanorivHi nopoaun. CrposuHa defopiBCbKOro ifona BUsSBMIAcA NPuUBI3-
HOO i, HaliBiporigHilwe, 6yna B1a06yTa Ha TepUTOPIi LieHTpanbHoro [loH6acy, fe iCHYHOTb BifC/IOHEHHS aHaNOTiYHUX MiCKOBHUKIB.
BaxnmBwii thakT — Te, WO ripcbKa Nopofa, 3 AKoi BUrotoBneHo ®efopiBCbKMIA i0N, BiANOBIAaE CPOBUMHI BigomMoro KepHociBcbKoro
ifona, IKWIA JaTyeTbCs TUM CaMM YacoM i OyB 3HaiiAeHWn Ha TepuTopiT [ HiNponeTpoBCLKOT 06/1acTi.

KntouoBi cnoBa: apxeonorivyHa neTporpacisi, kam’sHi cTenu, Joba eHeoniTy-6poH3un, MonTasa

Petrographic research of the Eneolithic-Bronze Age
stone stelae from Poltava Museum of Local Lore

I. S. Nikitenko?, O. B. Suprunenko?, M. L. Kutsevol*

INational Mining University, Dnipro, Ukraine, ihornikitenko@gmail.com
2Poltava Museum of Local Lore named after Vasyl Krichevsky, Poltava, Ukraine

Astract. The purpose of the article was to define the material provenance of stone stelae dated to the Eneolithic and the Bronze Age
(4t — 2m millennia BCE) from Poltava Museum of Local Lore named after Vasyl Krichevsky. Moreover, the aim was to ascertain
possible areas of stone mining. The research was performed using mineralogical and petrographic methods. The study of rocks was
carried out in thin sections using a polarizing microscope. To obtain more accurate data about clayey cement of sandstone, an XRD
analysis of extracted and precipitated cement material was conducted. The provenance of the stone materials was established by com-
parison of determined petrographic features of rocks with characteristics of similar rocks from outcrops and modern mining sites, as
well as data from geological survey reports and the petrographic literature. A comparison with thin sections of stone stelae dated to the
same epoch from Dnipropetrovsk National Historical Museum named after D. I. Yavornytskyi and Horishni Plavni Museum of Local
History was also performed. There were five statues studied, among which three were found in the south-west of Poltava Oblast
(Kobeliaky and Kremenchuk Raion), one in the south-east of the Oblast (Karlivka Raion) and one with unknown place of finding.
Petrographic research established that the statues from the south-west of Poltava Oblast, as well as the stele with unknown origin, were
made from plagiogranite (biotite trondhjemite). The statue from the south-east of Poltava Oblast, the so-called Fedorivskyi Idol, was
produced from sandstone (quartz arenite with argillaceous and siliceous cement). The granites have very similar petrographic features
and could have originated from the same area. The area in the south-west of Poltava Oblast, the Dnieper River valley in the vicinity of
the city Kremenchuk, belongs to the zone of the Ukrainian Shield, where similar Precambrian plagiogranites are exposed. The material
of the studied statues is also similar to the granites of stone stelae from Horishni Plavni museum that were discovered in the same area.
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Therefore, we can conclude that granite statues are most likely to be of local origin from the south-west of Poltava Oblast. The com-
parison of the sandstone stele material with the collection of sandstones from the Dnieper Left Bank area showed that it has no ana-
logues among local species of such rocks. On the other hand, similar rocks were established in the collection of Carboniferous sand-
stones of Donbas from the collection of the Institute of Geotechnical Mechanics named after M. S. Poliakov. The important fact is that
the material of the Fedorivskyi Idol is very similar to the sandstone of the known Kernosivskyi Idol from Dnipropetrovsk Oblast. Thus,
the sandstones from the Donets Ridge (central Donbas) were mined and transported outside the mining area. The eastern boundary of
their distribution zone is suggested by the places of the Fedorivskyi and Kernosivskyi idols’ discovery. Westward, in the Dnieper River

valley area, the Bronze Age population used local granites.

Keywords: archaeological petrography, stone stelae, Eneolithic, Bronze Age, Poltava

BcTyn. MiHepanoro-neTporpadgiyHi LOCNiAXeHHS B
apxeosiorii LWMPOKO BeAyTbCA BXe NoHaf nisTopa
CTONITTA. B YKpaiHi 3aCHyBaHHS apXeonorivyHoi ne-
Tporpadii nos’sizaHe 3 iM’am B. ®. MeTpyHs, SKUiA,
noyrHaroum 3 1960-X poKiB, MPOBIB 3HAYHY Kijlb-
KIiCTb fOCNifXeHb KaM’siHWX apTeakTiB pPisHUX
enox, 3HaliileHnX Y pe3ynbTaTi apXeonoriyHnx pos-
KOMOK Y LeHTpi Ta Ha niBAHI YKpaiHu. MiHepanoro-
neTporpagivyHi MeTogM Aat0Tb MOXK/IMBICTb BU3Ha-
yaTuM TipCbKi MOpPOAW, 3 SAKUX BUrOTOBAANMCA
Kam’siHi BMpOOKM, BCTaHOBMOBATM Micus X MOXO-
[DKEHHS, a BifNOBIAHO i 3’ACOBYBATY LUAXW MOCTa-
YaHHSA Kam’sHOT cupoBuHK. KpiM Toro, apxeonori-
YyHa neTporpadis [03BOMSE BUAINATU CTapOLaBHI
ripHNY0A00YBHI LEHTPU Ta apeasn NOLIMPEHHS X
NPOAYKLUIT.

HaBefeHa cTatTa npucBaYeHa neTporpadiy-
HOMY LOCNIPKEHHIO CTaTyin 406K eHeoNiTy-6poH3n
3 MonTaBCbLKOro Kpae3HaByoro My3eto imeHi Bacung
Kpuuescbkoro. Konekuis cten uiei enoxu, nopie-
HSHO i3 3I6paHHAM NOJIOBELbKMX 626, He YNC/IEHHa,
O[JHaK BOHa MICTWUTb Ay>Ke LiHHI 3pa3ku cTapojas-
HbOT Kam’fHOI  MNIacTWMKK, 30Kpema, BigoMy
nam’ATKy CKy/NbMTypun enoxu 6poH3u — ®efopisCb-
Kui igon (puc. 1) (Suprunenko, 2011). YactuHa cTen
eKCMOHYETbCS Ha My3eiHOMY NoABip’i, 30Kpema Ao-
CNiMKeHi y Uil cTaTTi rpaHiTHI ctenun (puc. 2), sKi
nepeBaXKHO NOXOAATH i3 MaTepiasliB OCTaHHIX Po3-
KOMOK nig, KepisHUUTBOM O. B. CyrnpyHeHKa.

Kam’aHa CKynbnTypa pi3HWX ernox — Of4uH i3
HanbiNbL AOCNILKYBaHUX apXeonoriyHnx matepia-
NiB 'y CydvacHii apxeonoriyHiini netporpadii B
ycbomy cBiTi (Agostoni, 2017; Rubinetto, 2014;
Wielgosz, 2016), ToMy, LLLO BENMKMWIA PO3Mip CTaTyi

Tabnuug 1. Mepenik JOCNIMKEHUX CTeN

[,03B0N1SIE BpaTy HEeBE/IMKI NPO6K AN BUTOTOB/IEHHS
neTporpaivyHmnx Wwnigis. B YkpaiHi focniKeHHS
KaM’siHUX CTe/l NepeBaXkKHO CTOCYBA/INCA MOMOBELb-
Kunx ctatyit (Daszkiewicz, 1982; Heraskova, 1991).
OcTaHHIM YacoM KaM’sHi cTatyi [obu eHeoniTy-
OpOH3M BMBYaNN aBTOPM LET cTaTTi. 30Kpema, neT-
porpadiyHo 6ynu BUBYEHI, 3i BCTAHOB/IEHHAM MOXO0-
[PKEHHA KaM’AHOT CUPOBUHK, cTaTyi 3 JHinponert-
POBCLKOr0 HawioHasIbHOro myseto im. . . ABopHK-
LbKOro Ta MopiLlHbOMNaBHIBCLKOM0 iCTOPUKO-Kpae-
3HaByoro myseto (Nikitenko, 2015; Nikitenko,
2016). Ane iCHYKOUMX Ha CbOrOfHI pe3ynbTartiB fo-
CNipKeHb HeOCTaTHLO A4/1 OTPUMAaHHSA MOBHOT Kap-
TUHW LLOL0 BUKOPUCTAHHA MiHEPa/IbHO-CUPOBUHHOI
6a3u AN BUrOTOB/IEHHS KaM’SHUX CTen J06u eHeo-
NiTy-6poH3n y CepeaHbomy MofHINpoB’i Ta YKpa-
THi B UinoOMy, TOMY NpoBefAeHHS MeTporpadivHmx
[OCNiPKEHb HOBUX apTehakTiB aKTyasibHe AK A4/15 ic-
TOpIT ripHWUYOT CrpaBu, Tak i 418 apxeosorii.

MeTa poboTn — 3a JONOMOro MiHepaioro-

neTporpapivyHOro aHasizy BU3HAUMTH, 3 AKUX TipCb-
KNX Nopij BUrOTOB/IEHO CTENN A06M eHeoNniTy-6po-
H3K i3 Konekuil MoNnTaBCbKOro Kpae3HaByOro my-
3€10, @ TaKOX X NMOXOPKEHHS, 30Kpema, BCTaHOBUTY
iMOBIpHI  TepuTOpii, e npoBagnnaca po3pobka
Kam’siHMX B/10KIB.
Martepian i meToaun gocnimpkeHs. Ansa neTporpadi-
YHOro JocnifpkeHHs 6ynun B3aTi Npobu 3 N’ATK cTa-
Ty, WO AaTyoTbCs L0600 eHeoNiTy-6poH3un (Tabn.
1). Big6ip npo6 3A4i/icHIOBaBCA 3 YLLIKOIKEHNX ab0
nig3eMHUX (3aKonaHuX) JiNgHOK cTen. Po3mip 3pas-
KiB 6yB MiHIMa/IbHWIA 4N BUTOTOB/IEHHS MPO30PUX
Lnichi.

Ne | IHB. No HaiiMeHyBaHHS [atyBaHHs Micue 3Haxigkm Martepian

3.1.

1 2371 fbe,qopuacu(mm KiH. 11 - c. defopiska KaPJ'IIBCbKOFO pai- MicKoBNK
igon noy. Il Tuc. go H. e. oHy lMonTtascbkoi 0611., 1979 p.

2 15% AxTponomopHa | KiH. Il - c. KomeHpgaHTiBka Kobensubkoro KoHTakT nnariorpa-
CKYNnbnTypa noy. Il Tuc. go H. e. pavioHy MonTaBcbkoi 0671, 2013 p. | HIiTy | nermaTuty

3 20 AHTpONoMoppHa EHEONIT-6pOH3a B K.OHT.aKT nnariorpa-
CKy/bNTYypa HiTY i nermatuTy

4 21 AHTponomopHa | KiH. Il - C. byTeHku l§o6enﬂu,b|<oro painony Mnariorpasit
cTena noy. Il Tuc. go H. e. MonTtascbKoi 06711., 2017 p.

5 12 Crena IHrynbCcbKa KaTakombHa | C. [IeTpauuBKa erl\/.I.eHl-IyLI'bKOFO Mnariorpanit

KynbTypa, Il TMC. 1o H. e. | paitoHy MonTascbKoi 0611, 2011 p.

* [1B03HauHi HOMepH BifNOBIfalOTb HOMepaMm CTaTyil B KaTa/o3i BUCTABKY, PO3TALLOBAaHOT Ha NOABIP’T My3eto.
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Puc. 1. defopiBcbkuii igon B eKCNo3uLii My3eto

JocnigpKeHHs 34i/iCHIOBaOCh 3a A0MOMOr O
nonspu3sauiiHoro mikpockona JIOMO MOJTAM P-
312. B pesynbTati MiHepanoro-netporpagivyHoro
aHasi3y BCTaHOBMEHO FipCbKi Mopoau, 3 AKUX BUro-
TOBJIEHO 3a3HaYeHi CTatyi.

MOXOKEHHA CUPOBUHMN KaM’ AHUX CTaTyii BU-
BUA/IM LUNSXOM MOPIBHANBHOrO netporpagivyHoro
aHanisy 3i 3paskamu ripcbkux nopig i3 CepeHbOro
MoaHINPOB’ A, KOMEKL €0 LWNiiB NiICKOBUKIB IHCTU-
TYTY reotexHiyHol MexaHiku iMm. M. C. Monsikosa
HAH YKpaiHu, CMPOBMHOKO AOCNiAXKYBaHUX aBToO-
pamu paHille Kam’siHUX cTaTyi 4o6bu eHeoniTy-6po-
H3K 3 [HINPONETPOBCLKOr0 HaLiOHA/IbHOr0 My3et0
im. [. 1. ABopHMUBKOro Ta MopillHLOMNaBHIBCLKOIO
iICTOPUKO-KPAE3HABYOr0 My3€t0, a TaKoX Ha OCHOBI
aHanisy reofiorivyHoi litepaTypu i 3BiTiB.

[ns 6iNbl TOYHOrO BU3HAYEHHS CUPOBUHM
depopiscbkoro igona (1), a came cknagy LEMEHTY
MiCKOBUKY, 3 SKOr0 MOro BUroTOB/IEHO, BUKOHAHO
0ro peHTreHoasoBuUii aHani3. I3 Liel0 MeTOH Bu-
NYYNIN LEMEHT MICKOBUKY Yepe3 OCapKeHHs Ta
OTpUMau NOPOLLKOBUIA Npenapar. PeHTreHiBCbKUi
ANpakUiiHWI aHani3 3paska 34iMcHUAN Ha audpa-
kTomeTpi POH-2. 3iioMKa npoBoaunack B iHTEp-
Basli KyTiB 4 — 65° 26, i3 KPOKOM CcKaHyBaHHA 0,1
rpag./xs. Ang [iarHoCTMKM MiHepasis BUKOPUCTaHO
KapToTeKyY eTasloHiB 6a3u gaHux PDF-2 MixHapog-
HOro LEHTPY 3 AndpakuiiHnx gaHnx (ICDD) 2003
p. i3 3acTocyBaHHAM nporpamv PCPDFWIN. Mono-
XXEHHS AN(pPaKLInHUX MakCUMyMIB Ha PEHTIeHor-
pami NOpiBHIOBa/IMN 3 HaBELEHVMW eTa/IOHHUMM 3Ha-
YeHHSAMW MiHepaniB Uil 6a3u gaHnx (aHaniTmk — O.
€. 'peyaHoBCbKa, IHCTUTYT reoximii, MiHepanorii Ta
PYLOYTBOPEHHS iM. M. M. CeMeHeHKa).
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Puc. 2. AHTponomopgHa cKynbnTypa Ha noAsip’i My3eto

PesynbTati Ta ix aHanis. B pesynbtati Mi-
Hepaoro-neTporpagivyHoro aHanisy n’sTu cratyi
MK 3’cyBa/n, WO 3pa3ok 1 (PegopiBCcbKuid inon)
BUIOTOB/IEHO i3 KBAPLLOBOIO MiCKOBUKY 3 MIMHUCTO-
KPEMEHUCTUM LIEMEHTOM, MaTepiaioM YOTUPLOX iH-
LWMX 3paskiB 6ynu nnariorpaHiT. Makpockoniy-
HUM OGCTEXEHHAM CTeN 3paskiB 2 i 3 MU BCTaHO-
BW/IM, LLLO MNariorpaHiT KOHTaKTyBaB i3 nerMaToif-
HUM >KWUbHUM TPaHiTOM, KU neTporpaiyHo He
[ocNipKyBaBCs.

MickoBmK. CepeaHbO3ePHUCTUIA KBapLIOBUiA
MiCKOBUK i3 TMUHUCTO-KPEMEHUCTUM LEMEHTOM, 3
SKOT0 BWUrOTOBNEHO «®PefopPIBCbKUI 140M1», Mae
CNiBBiAHOLLEHHS Y1aMKOBOT YaCTUHU i LLEMEHTY, Lo
npm6nm3Ho popisHroe 80 1o 20 %, BiANOBIAHO. Y a-
MKOBWIA MaTepian Ha 97 % cKnageHuii KBapLom, Ta-
KOX MPUCYTHI (hparMeHTn KpemeHto (3 %) Ta oau-
HUYHWIA YNaMOK BYNKaHIYHOT TipCbKOT Mopoaw.
CTpyKTypa ynamKoBOl YaCTUHW — cepeHbO3epHU-
CTa, NOMIpPHO BifCOpPTOBaHa, CTYNiHb OOKaTaHOCTI
3epeH Bif cnabko- [0 cepefHboobKaTaHOI. YacTo
BIZIMIYAETLCA KOHPOPMHa CTPYKTYpa Y1aMKOBMX 3e-
peH KBapuy. B LUbOMy BUMAaAKY 3epHa YLLiNIbHEHI i1
LIEMEHT MOMiDXX HUMM BifCYTHIA.

KBapL, AiarHoCTyeTbCA 3a XapaKTepHUMN 415
HbOI0 OMTUYHMUMIW BNACTMBOCTAMU. 3epHa KBapuy
MatoTb Pi3HWUIA CTyNiHb NPO30POCTi 3aN1eXHO Bif Ki-
NbKOCTI BKMHOUEHb. Mpun cXpeLleHnx HiKonax aeski
YNaMK1 MaroTb XBUNACTE 3racaHHs, TakoX CrocTe-
piratoTbCs 3epHa 3 Mo3aiuHo 6ya0Bot0. OKpewmi 3e-
pHa KBapLy KOpofoBaHi LeMeHTOM. MiHiManbHWiA
po3mip ynamkis — 0,09 MM, MakcumanbHuiA — 0,6 MM,
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cepefHiii — 0,3 MM. B okpemux 3epHax cnocTepira-
IOTb TOHKI pereHepauiiHi 06namiBku, SKi Biaains-
FOTbCA FPAHULAMM 3 TEMHUX MUTYBATUX YaCTUHOK.

KpeMmiHb CKNafaeTbea 3 MiKpO3epHUCTOrO ar-
peraty Keapuy i XanuegoHy. be3 aHanisatopy ui
ynamkmn npo3opi Ta nogibHi sepHam KeapLy. Po3mip
ynamkiB kpemeHsi — 0,2 — 0,4 MM, obkaTaHiCTb cepe-
OHA.

BynkaHiyHa ripcbka nopoja Bu3HayeHa Yy
cKnagi ogHoro ynamky. BiH mae po3mip 0,1 x 0,2 MM
i cepefHiii cTyniHb o6KaTaHOCTI. MepBUHHI MiHe-
panu i BynKaHi4yHe CK/o 3aMillleHi arperaTtom Leo-
NTY i retuTy.

MiHepa/lbHWiA  CKNag LEMEeHTY MiCKOBMKA
(06’emH. %): xanuefoH — 50, KaoniHiT — 45, rigpoc-
noga (iniT) - 5.

KpemeHUCTUIA LLEMEHT CKIAAAETbCA 3 Xasue-
AoHy. bes aHanizaTopy BiH Mae 6ypyBaTuii BigTiHOK,
4yMM BIAPI3HAETLCS Bif 6e36apBHUX YnamkiB Kpe-
MEHS, LLLO0 MatoTb TaKWii caMuiAi MiHepanbHWUIA CKnag,
Mpw yBIMKHEHOMY aHasi3aTopi crnocTepiratoTbes Ci-
puiA Ta 6iNnin KoNbopK IHTEPGEPeHLT, TAKOX, YacTo
NposiB/IEHe XapaKTepHe XBU/ISICTE 3racaHHs, 06ymo-
B/IeHe BOJIOKHUCTOIO 6Yf0BOKO MiHepany. CTPyKTy-
PHI Pi3HOBMAW XaNLeOHOBOr0O LEMEHTY: 3a KiflbKi-
CTHO | pPO3MOAINEHHAM Y MOPOAI — 3aKpUTWiA NoOpo-
BWIA, 32 PIBHOMIPHICTIO 3aMOBHEHHS NOPOBOro Npo-
CTOpY — OCTPIBHWI, 3a CTyMNeHeM KpUCTaivyHOCTI —
APIGHOKPUCTANIYHNIA, 3a B3AEMOBIAHOLUEHHAM 3
YNaMKOBVMM 3epHaMM — LIeMEHT He3a/1eXkHoT Leme-
HTauiT.

KaoniHiToBWIA LemMeHT y wnigi mae 6ypyBa-
TWiA BIATIHOK. Mpn yBIMKHEHOMY aHanizaTopi cro-
CTepiraeTbCs 1MOro MikpokpuctasiyHa 6yfosa, Ha
JedKnX AinsaHKax nposs/ieHa nyckysarta hopma 3e-
peH. BennuuHa pgosanomneHHs MiHepany 0,007,
Konip iHTepdepeHyii — cipuii. CTPYKTYPHI pi3HO-
BUAM LIEMEHTY, L0 6y BU3HAYeHI: 3a KiNbKICTIO Ta
PO3MOAINEHHSAM Y NOPOAI — 3aKPUTWIA NOPOBUIA, 3a
PIBHOMIPHICTIO 3aMOBHEHHSA MOPOBOro NPOCTopy —
OCTPIBHWI, 3a CTYNeHeM KpPUCTaliYHOCTI — MiKpPOK-
PUCTaNIYHWIA, 32 B3AEMOBIGHOLIEHHAM 3 Y/IaMKo-
BUMMW 3epHaMUN — LIEMEHT He3a/IeXKHOI LemMeHTauii i
MPOHUKHEHHS.

Figpocntoguctuid (iniToBuiA) LEMEHT 3yCTpi-
4aeTbCA IK CAaMOCTINHO, TaK i pa3oM 3 KaoNiHITOBUM
LleMeHTOM. B ocTaHHbOMY BMMNaAKy B arperati Kao-
NIHITY [HOAI CMOCTEepirardTbCA OKPeMi NYCKW, L0
BUPI3HAIOTLCA MPU CXPELLEHNX HIKONAX 3aBLAKU
6inbLl BUCOKUM KONbOpam iHTeptepeHuii. dopma
iHOMBIAIB MiHepany JlycKyBaTa, [ABO3a/10MJIEHHS
0,030. ¥ BMnaaKy caMOCTIliHOr0 PO3BUTKY iNiTOBO
LIEMEHTY, po3Mip MiHepanbHUX iHAMBIAIB BiNbLUWIA,
Hi>K Npw acouiauii 3 KaoniHiToM. B ogHOMY 3 ynam-
KOBWX 3epeH KBapLy rigpocniofa cnocTepiraeTbCs y
(POpMi  [eCTPYKTMBHOIO LEMEHTY MPOHUKHEHHSA Y

TpiwmHax pospuey. CTPYKTYPHi pi3HOBMAM LeMe-
HTY: 3a PiIBHOMIPHICTIO 3aMOBHEHHSI NOPOBOro MNpo-
CTOpPY — TOYKOBWIA, 3a CTYMNEHEM KPUCTaNiYHOCTI —
MiKPOKPUCTaNiYHMIA, 38 B3aEMOBILHOLLEHHSAM 3 Y/a-
MKOBUMM 3epHaMV — LIEMEHT He3a/IeXHOI LieMeHTa-
LT Ta NPOHUKHEHHS.

PesynbTaTy NeTporpagiuyHoro BUBYEHHS nig-
TBEPPKEHI PEHTreHO(a3oBUM aHasli3oM LEMEHTY
(pvic. 3). 3a ioro faHMMK, OCHOBHY Macy 3paska Lie-
MEHTY CKNajae KaoniHitT. Ha peHTreHorpami npucy-
THI TiNbKK Moro 6asasibHi pedpiekcn (001) i (002),
AKUM BifnoBiAal0Tb 3HAYEHHA MIXKNIOWMHHUX Bif-
CcTaHeli 7,16 i 3,57 A. KBapL MiCTUTLCS Yy HE3HAUHI A
KifIbKOCTi. Ha npuCYTHICTb peHTreHoaMopgHoro
KpemHesemy (onasy, Xa/iuefoHy) BKa3ye LUMPOKe
«rano» B 061acTi KyTiB 18-25° 20. B He3HauHili Ki-
NbKOCTI Yy NPo6i LeMeHTY, 3a AaHUMMN PEHTTeHIBCb-
KOro aHanisy, MiCTUTbCA iniT.

Moxo>KeHHs NiICKOBMKY. B paiioHi 3Haxigku
®ef0piBCLKOrO ijoNa NPosBK | POAOBULLA MICKOBK-
KiB BiACcyTHi (Butsyn, 1963). Hainbamxui nposisu po-
3TaloBaHi Ha NiBHOYI JHiNponeTpoBCLKOT Ta NiBAHi
XapkiBcbkoi o6nacteit (Vidergauz, 1984; Barskaya,
1965). Lli nickoBWKYM BifHOCATb [0 NONTaBCLKOT Ce-
pii HeoreHy, BOHM TeX Hanexartb A0 KBapLOBOT Bif-
MiHW, MalTb KPEMEHWUCTWIA i FAVHUCTUIA LEMEHT.
Takox Ha TepuTopii XapKiBCbKOI 061acTi NposB-
NeHi Me3030MCbKi MICKOBMKM 3 KApOOHATHUM LieMe-
HTOM, a y NoaHINpoB’1, B paiioHi M. KaHiB i Ha niB-
Houi YepHiriBcbKoi i CymcbKoi o6nacTeid, pogo-
BULLA YTBOPIOKOTH KBApLOBI MICKOBMKMN Gy4albKOi
cepii naneoreny (Tkachuk, 1984). Hainbnmxkui 3a mi-
HepasIbHUM CK/1afoM [0 CUPOBUHY PefopiBCbKOro
ifoN1a cepeq, 3rafjaHunx BuLLe FipcbKUX nopig nonta-
BCbKi Ta GydalbKi NiCKOBUKW, NPOTE BOHW MalOTb
HWU3KYy BiAMIHHOCTeN. Mig yac NpoBeAeHHs iHLWIMX
JOCNIMKEeHb MU 3i6pann KONeKUito byyalbKmnx nic-
KOBVKIB i3 MiBHOYI KpaiHu (gonuHa p. [ecHa) Ta
MoNTaBCbKMX KBapLLOBUX MICKOBUKIB 3 NiBOGEpPEX-
HOI YacTuHK [HinponeTpoBCcbKOI 06nacTi (c. Bceec-
BATCbKe HOBOMOCKOBCLKOIO paiioHy, ¢. CnoB’sHKa
MeXiBCbKOro paioHy Ta c. KaTepuHiBka lMNeTpona-
BNMIBCbKOr0 paioHy). By4albKi KBapLOBi BigMiHK
MICTATb NMLIE KPEMEHWUCTUIA PEeNiKTOBWI LLEMEHT,
TaKOX Y HUX TpanifloTbCA YNaMKu TNayKOoHITY,
ynamKu TipcbKux Mopig npeacTaBneHi NOogUHO-
KUMW 3epHaMK, cepef AKUX MnepeBaxkae MiKpOKI/IiH,
YaMKUN KPeMEHH0 JOCUTb PIAKICHI, a yIaMKu BY/Ka-
HiTiB He xapakTepHi (Tkachuk, 1984). MonTtaBcbKi
KBapL,0Bi NICKOBMKM 3 KDEMEHUCTUM LIEMEHTOM TeX
MiCTATb HabaraTo MeHLLe YNaMKiB ripCbKmX nopig, a
LIeMeHT HaivacTille 6a3anbHWiA i nnLLe 3pigka — no-
POBWIA, YNaMKOBI 3epHa Y BUMafKax TOPKaHHS He
MatoTb 03HaK CTUCKaHHS.
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Puc. 3. PeHTreHiBCcbKa AndpakTorpama LeMeHTy nickoBuky (Pegopiscbkuid igon).

Cuka BUNpomiHoBaHHsA. KIn — kaoniHiT, 11t — init, Qz — kBapLy

Hain6inbL 6113bKi 3a CKagoM A0 CUPOBUHU
deopiBCbKOrO i0/1a KapboHOBI MICKOBMKM LIgHT-
pasibHoro [loH6acy. Lie KBapLoBi Ta ONiroMiKTOBI
MiCKOBMKM 3 NOMliMiHEpanbHM NOPOBUM, 3a3BMYai
Xa/uefoHOBMM Ta TIMHUCTUM, LemeHTOM. Cepep
yNnamKiB TipCbKUX MNopij NnepeBaxkaroTb KPemeHi, a
TakoX TpannawTbest BYNKaHiTK (Tkachuk, 1984).
Uepe3 HEMOX/IMBICTb BMBYEHHSA 3pa3KiB 3 MpUpos-
HVX BIACMIOHEHb NOPIBHIOBAIN CUPOBMHY Kam’sHOI
cTatyi 3i wnicamn Konekuii IHCTUTYTY reoTexHiu-
HOT MmexaHiku iM. M. C. Monskosa HAH YKpaiHu.
Haii6inbL nogibHUMK L0 CUPOBUHW CTaTYl BUSBU-
NNCA MICKOBMKMN KaulbMiyCbKOi CBITH.

BaxxnmBrM (hakToM € Te, L0 3 aHa/I0MYHOro
maTtepiany 6yno erOT(EneHo iHLLIWIA BIGOMWI ion

} L L=

Puc. 4. TTicKoBWK KBapLIOBWIA 3 FIMHUCTO-KPEMEHUCTUM LIEMEHTOM i AOMILLKOK YNaMKiB FipCcbKux nopig;

a — depgopiscbkuii ifon, b — KepHociBecbkuli igon;
Qz - kBapu, Chert — kpemeHucTa nopoga, Cement — LeMeHT.
CBiTNo npoxifgHe, HiKONI CXpeLLeHi, 36ibLL. 47%

paHiTwW. 3paskn 2, 3, 4 i 5 npeacTasneHi
nnariorpaHiTamMu, SKi MatOTb He3HauHi BigMiHHOCTI
y MiHepaibHOMY CKnagi i TeKCTYPHO-CTPYKTYPHUX
0CO6/MBOCTSAX.
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enoxm 6poH3K, 3HaliaeHNii Ha TepuTopii c. KepHoci-
BKa HOBOMOCKOBCLKOIO paiioHy [ HinponeTpoBCb-
KOT 06n1acTi, AKuiA 36epiraetbcs y JHinponeTpoBCh-
KOMY HauiOHa/lbHOMY iCTOPUYHOMY My3el M.
[. 1. ABopHMUbKOro. Monpy pi3HOMaHITHICTb Kap-
OOHOBUX MICKOBWKIB, CMpOBUHA KepHOCIBCLKOro
ifona TeXx npefcTaBneHa KBapLOBUM MICKOBUKOM 3
TMIMHUCTO-KPEMEHUCTM LIEMEHTOM i3 [JOMILLKOIO
3epeH kpemeHto (puc. 4) (Nikitenko, 2015). Toi
(hakT, Wo obwuasa igonwu, 3HaingeHi y JliBobepex-
HoMy MofHINpoB’T, 6y BUroTOB/EHI 3 OAHAKOBOT
MPVBI3HOI CYPOBWMHKM, TOBOPUTL MPO CUCTEMHICTb
BYKOPWUCTaHHSA LbOro Mmatepialy Ta MnocTavyaHHs
0ro o 3a3Ha4eHOr o PerioHy.

3pasokK 2 BU3HAYEHO AK OKBApLIOBaHWUI Kpy-
HO3epHUCTWIA NnariorpaHit. MiHepanbHWIA CKnag
(06. %): nnarioknas — 50, kBapL, — 40, MiKPOKNIH —
10, 6i0TUT — MeHLUe 1, CepuLMT — YacTKM BiACOTKa.
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Mnarioknas yTBOPHE KpucTanm TabnmTyactol o-
pMU PO3MIPOM A0 7 MM, 3 ABIAHNKOBMM 3racaHHsAM
Ta NOOLMHOKUMMN aHTUMEPTUTOBUMM BK/TIKOUEHHAMM
MIKpOKNiHy, cnabo 3amilieHnin cepmumtom. Keaply
NpeACTaBNeHWIA KPYMHUMI arperatamu i3 3epeH He-
NpaBUIbHOI (OPMU 3 XBUMACTUM 3racaHHsM. Y
LI NPUCYTHE TabNUTHACTE 3ePHO MiKPOK/IHY po-
3MipoM 3 MM, a TaKoX ApibHi KPpUCTanu Lboro MiHe-
pany. BioTUT NpPUCYTHIl y BUrNSAI OKACHEHWUX Ny-
COK 6yporo Konbopy. Y wnidi BiH YTBOPHOE OfHe
CKYNYeHHS NIYCOK, a TaKOX MPUCYTHIN Y MPOXu/I-
Kax. CTpyKTypa nopoam rinigioMmopHo3epHUCTA.
3pa3ok 3 3a MiHepaibHUM CKNafoM BU3Ha-
YeHO AK nnariorpaHiT 6ioTuToBUIA (pUc. 5). MiHepa-
NbHWIA cknag (06. %): nnarioknas — 57, keapy, — 35,
6ioTUT — 5, MIKPOKNIH — 1, MyCKOBIT — 1, enigoT i
KNIHOLOT3MT — 1, cepuumMT — YaCTKM BifCOTKa, ana-
TUT — YaCTKM BifcOTKa. MNnarioknas y

o

. 408

Puc. 5. MnariorpaHiT 6ioTutoBKiA (3pasok 3 3a Tabn. 1).
Pl — nnarioknas, Qz — keapu, Bt — 6ioTuT.
CBiTNo npoxifgHe, HiKONI CXpeLLeHi, 36ibLu. 47%

3pasok 4 mae 6113bKUIA 40 3pas3ka 3 MiHepa-
NbHWUIA CKNag, i TeX 6yB BU3HAYEHWIA K naariorpaHit
6i0TUTOBUIA. Mloro MiHepanbHWiA cknag (06. %): nna-
rioknas — 66, keapy — 26, 6iotut — 5, xnoput (No
6ioTnTy) — 1, MyCKOBIT — 1, enigoT — 1, cepyuut —
4aCTKW BifcoTKa. Mnarioknas npesacTas/eHnid Kpuc-
Tanamu po3mipom Big 0,3 go 2 MM. KpynHi Kpuctanu
HalyacTiLle He MatoTb ABIMHUKIB. MiHepan 3amiLLe-
HWIA MOOAMHOKMMMK flycKamun cepuumty. KBsapl,
YTBOPIOE iHAMBIAM HenpaBubHOT hopMu i3 XBUNAC-
TUM 3racaHHAaM. Kpuctanm keapuy cnabo katakna-
30BaHi (pO3BMHYTA CUCTEMA TOHKUX TPILLMH). Mak-
CMasbHUIA PO3Mip KpucTanis cknagae 1 Mm. biotut
npeAcTaBeHNA nyckamu 6yporo Konibopy 3 NpsiMum
3racaHHsM Ta NieoXpoi3MoM, iHOAI NIyCKN 6ioTUTY
4aCTKOBO 3aMiLLieHi 3e/IeHNM XJIOPUTOM, KW ifeH-
TUIKYETHCA 3a HU3bKMMMW KOSTbOpamu iHTepiepeH-
uii. EnigoT i KNIHOLOT3MT Y Nopoji BMPI3HAKOTLCA
cepeq, HaBKONMMLLHIX MIHEpPaniB XapakTepHUMu Ans

nopo_,u,i npea-

CTaB/fieHUIA KpucTaiaMn TabMTyacToi Ta i3omMeTpu-
YHOT (hopMM 3 MONICUHTETUYHMMU ABiliHMKaMK. Po-
3Mmip KpucTanis Big 0,5 10 2,5 MM, cepeHiin po3mip
— 61m3bKo 1 MM. KBapL, cKiafjae arperat Kpuctanis
HenpaBWNbHOT (POPMM i3 XBUNACTMM 3racaHHsAM. Po-
3Mip 3epeH Ao 3 MM. BioTUT YTBOPIOE IYCKM NpaBu-
NbHOT (hOpMW, MEPeBaXHO OPIEHTOBAHI B O4HOMY
HanpamKy. EnigoT i KNiHoLoi3nT y nopofi npeacTa-
B/IEHI KpUCTanamMun HenpasW/bHOI (DOPMK 3 aHOMa-
NbHUM iHTepepeHLiiHM 3a6apBieHHAM. MiKpoK-
NiH NPUCYTHIW y hopmMi KpucTanis poamipom 0,5 —
1,0 MM, AKi MalOTb XapakTepHe rpatyacTe 3racaHHs.
MyCKOBIT NpefCcTaBNeHNiA NOOLANHOKMU NIyCKamu 3
[0CTaTHbO [IOCKOHA/I0K0 CMAiHICTIO, MPO30pUMK
npv napanefibHUX HIiKOAX, Ta Mae BUCOKI KOMbopw
iHTepdepeHUii. AnaTuT y NOPOAiI NPUCYTHIN AK ak-
LIeCOPHWI MiHepas Ta YTBOPKOE NPU3MAaTUYHI Kpuc-

_Tann. CTpyKTypa nopoau rini4ioMopgHo3epHuCTa.

1‘lr - -

HVIX aHOMa/IbHYMW KO/ibopamu iHTepdepeHuit. My-
CKOBIT YTBOPHOE NPO30Pi IYCKMN 3 [OCTaTHLO JOCKO-
Haot0 cnaiHicTio. CTPyKTypa nopoau rinigiomop-
(hHO3epHUCTA.

3pa3ok 5 3a netporpagiyHnNMmM XapakTepuc-
TUKaMKN Halibnmye CToiTb 40 3paska 3. MiHepanb-
Hui1 cknag (06. %): nnarioknas — 55, keapy, — 40, 6i-
OTUT — 4, MIKPOK/TIH — MeHLLe 1, MyCKOBIT, pyfHUi1
MiHepan, enifoT, CepuumT, anaTuT — YacTKY BifCO-
Tka. lnarioknas yTBOPKE iHAMBIL TabnMTyacToi
(hopMKn, NepeBaXXHO 3 MOMICUHTETUYHUMW ABIAHN-
Kamu. Po3smip kpuctanis Big 0,5 fo 2,5 mm. BoHu
MatoTb YiTKO BUPaXKeHY TPILLMHYBATICTb 3a ChaiHi-
CTH0, cnabo cepuumTm3oBaHi. Keapu, npeacTtaBieHumin
[OCTaTHLO KPYNMHUMW KpUCTasiamu, WO MatoTb po3-
Mip [0 5 MM, a 0cHoBHa ix maca — 0,5 — 2,0 mm. bio-
TUT YTBOPHOE NYCKM BYPOro Konbopy, iHoAi 3 3eneH-
KyBaTUM BigTiHKOM. [l0BXMHA NYCOK JOCATaE 2 MM.
YacTrHa Nycok posLuenseHa 3a cnavHicTo. biotut
3YCTPIYAETLCA AK Y BUrNALI NOOLUHOKNX KPUCTaIB,
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TaK i CKynyeHb, CHDOPMOBAHUX Pa3oM i3 MYCKOBI-
TOM, PyAHUM MiHepasioM Ta MiKpO3epHUCTUM enifo-
TOM. MiKpPOKNiH NpeAcTaBneHni OAUHUYHUMI K-
cTanamy HenpaBW/bHOI i TabnuTyacToi opmu i3
rpatyacTvm 3racaHHsaMm, po3mipom go 0,5 mm. Ana-
TUT TPanAgeTbea y Qopmi APiGHUX NPU3MaTUUHMX
KpuCTaniB, AK BK/OUYeHHS Y kBapLi. CTpyKTypa no-
poam rinigiomopthHO3epHNCTa Ta anoTPioMoptHO-
3epHucTa.

MMoxo4>KeHHs rpaHiTiB. 13 HaBefeHUX BuULLE
onucis Mopig BUAHO, WO TX neTporpadiyvHi xapakTe-
PUCTUKM 34e06inblioro 36iratoTbes. 3paskn 3, 4 i 5
NPaKTUYHO IAEHTUYHI, a 3pa30K 2 BifAPI3HAETLCA Bif
HMX GiNbLUMM BMICTOM KBapLly Ta MEHLLO KiflbKi-
CTHO 6i0TUTY, Yepes Lo NOro MOXKHa BU3HAUNTU AK
NeNKOKPaTOBWIA TpaHiT. 3BaXKaloum Ha Le, MOXHa
NpUNYCTATK, WO BCi YOTMPU KaM’sHi cTenu Bynu
BUIOTOB/IEHI 3 FPaHITiB OAHOr0 NOPOAHOr0 KOMr/le-
KCy.

Crenn 2, 41 5 noxoaaTsb i3 NiBAEHHOMO 3aX04y
MonTaBcbKOI 061acTi, CTaTys, 3, MOXOMKEHHSA SKOI
HeBiZOMe, BUrOTOB/EHA 3 MOPOAW, LU0 HaliimMOoBIp-
Hiwwe 6yna BMAo6yTa Ha Tii camiin TepuTopii.

MiBaeHHO-3axigHa YacTuHa MonTaBWUHN Ha-
NeXuTb [0 TepuTopil po3noBcrofkeHHs nopig Ce-
PeAHLOMNPUAHINPOBCLKOr0 Merabfioky YKpaiHCb-
koro wuta (YL) (Yesypchuk, 2004). MNnariorpa-
HITW — HaibiNbLl PO3MOBCIOMAKEHI TiPCbKi nopoaw
LbOro merabnoky. BoHu Hanexartb [0 AHINponet-
POBCLKOr0, CaKcaraHCbKOro, CypcbKoro, c/iaBropo-
[cbKoro Ta iHryneuskoro komnsekcis (Yesypchuk,
2004; Shcherbakov, 1984).

Ceno KomeHfaHTiBKa, fe 6yno 3HaiigeHo
CTeny 2, po3TaLloBaHe B 0KOAUUAX M. ["opiwHi Mna-
BHi lMonTaBcbkoi 06nacTi, No6nusy TepuTopii, e
MonTaBCbKUIA FipHUYO-36arayyBasibHUiA KOMOIHAT
NPOBOANTL PO3POOKY 3ani3HuX pya. Ceno byTeHku,
3BifKM MOXOAUTb CTaTyA 4, po3TallioBaHe fasi Ha ni-
BHIYHWMIA cxif. MeTpaLliBKa, 3BiAKN NPUBE3EHO CTa-
Tyto 5, po3milyeHa no6amnsy m. KpemeHuyk. B paii-
OHI JjaHMX HacefeHNX NYHKTIB rPaHiTHI nopoawu 3a-
NAratoTb Ha MEBHilM FAMOWHI, OCKiNbKM AaHa 30Ha
HaNeXunTb A0 rpaHuLi YKpaiHCbKoro wuta i JHin-
pOBCLKO-[oHeLbLKOT 3anagnHu. Buxogayum 3 Toro,
LU0 B A@BHMHI MOrnn Buaobyeartucs fnLLe rpaHitu,
LLL0 YTBOPIOKOTb NPUPOLHI BiCNOHEHHS, abo 3ansra-
I0Tb 6/IM3bKO [0 MOBEPXHIi, HaNGAMKXYMMKU NpO-
fBAMU fiaHMX FPCbKUX NOpig f0 MicLdA 3Haxiaku ap-
TedhakTiB € Ti, L0 3HAX0AATbCA B AONMHI [Hinpa no-
6113y MicT KpeMeHuyk i MopiwHi MnasHi. B ubomy
paioHi iCHYE Ljina HU3Ka POAOBNLL, PO3TaLLOBaHUX
SIK Ha 1iBOMY, TaK i Ha npaBomy 6epesi [Hinpa. Haii-
6inbLUi NiBOGEPEXKHI pofoByMLLa po3TalloBaHi No6-
nmn3y cenuuwia Bnacieka Kiposorpagacbkoi 06nacTi, a
TakoX cin Mana KoxHiBka, Miwwaxe, Pegytu i Cono-
LunHe MonTaBCcbKOT 061acTi.
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PoaoBuLLa rpaHiTiB iCHYHOTb | Ha MpaBoMy 6e-
pesi, HaibinbLi 3 HUX PO3TaloBaHi NO6GAN3Y Cin
Kawm’aHi Motoku, [epiiBka i Yukaniska. MonosHa
KOpUCHA KOonasinHa Ha 3rafjaHnx pofoBuLLax — Cipi
Ta POXKEeBO-Cipi cepeiHbO3EPHUCTI rpaHiTK (Butsyn,
1963; Bernadskiy, 1964). 'paHiTK, NposBneHi B
LIbOMY paioHi, Hanexarb A0 AHINPONeTPOBCHKOro
Ta CakcaraHCbKOro KOMIMJIEKCIB, & TaKOX CidyTbCA
XWNbHUMW NermMaToifHuMmn rpaHitamu. CakcaraH-
CbKi rpaHiTv 3a3BuYari BigpisHATLCA Big AHINpone-
TPOBCbKMX OiNbLUOK FOMOT€EHHICTHO, BBaXAEThCA,
LLL0 BOHW CTaHOB/ATbL MaJliHreHe3 AHINPONeTpPoBCh-
Kux nnariorpaHitie (Shcherbakov, 1984). Cakcara-
HCbKI TpaHiTKU 06/15MOBYIOTb KpMBOPI3bKy 3ai30-
PYAHY CTPYKTYpY, LLO nposBfieHa no6aunsy M. Iopi-
LUHi MnaBHi. CakcaraHCbKi rpaHiTi CBOro Yacy onu-
CYBINCA K TaNlelNHCbKI Ta KpemeH4yLbKi. 1o-
poan 060X KOMMMEKCIB Po3rnsganmncs K pisHoBi-
KOBI, afie 3a onucamn Manu ay>xe 61mM3bki MiHepa-
noro-netporpagivyHi 0co6MBOCTI — CBITMO-Cipi Cce-
peAHbO3EPHUCTI FPaHITN 3 MaCUBHOKO TEKCTYPOIO Ta
HESICHOBMPaXXEHOK  THeiconogibHicTio.  Ctapi
OMUCK TiPCbKNX NOPiJ, BaXX/MBI, OCKIIbKU B HUX Ja-
ETbCA XapaKTepuCTMKa CaKcaraHCbKWUX rpaHiTIiB
came 3 paiioHy M. KpemeHuyk. Tak, MiHepasbHWi1
CKNafj, ranelmHCbKNX TFpaHiTiB HaBOAMBCA TaKuWii
(06. %): nnarioknas — 50, keapy, — 35, 6ioTUT — 8,
MYCKOBIT — 5, Xnoput — 2, enigoT — 1. bioTut mae
OypyBaTO-3e/1€HNIA KONip, MIKPOK/iH YTBOPHOE He-
npaBubHI KpUCTav abo 061MIBKM HABKO/O KpWC-
Tanis nnarioknasy (Usenko, 1975).

OTXe, CMPOBMHA YOTUPLOX OMUCAHUX TPaHIT-
HUX CcTen ayxxe 6m3bKa 40 rpaHiTiB, Wo BigC/MoHHO-
toTbea y CepeaHboMy MoAHINPOB’T, 30Kpema, B paii-
OHI M. KpemeHuyK. 3a pesy/ibTatamu HaLLoro rore-
PefHbOro LOCNiIKEHHS, MPUCBAYEHOro neTporpa-
(hiyHOMY aHani3y CMPOBMHU KaM’sHUX CTen [06m
eHeoNiTy-6poH3K 3 My3eto M. ["opiLLHi MnaBHi, BCTa-
HOB/IEHO, LLIO BCi BOHW BMIOTOBNSNNCS i3 IPaHiTiB,
LLL0 3yCTpIYaroTbCA Ha MiCLIEBMX pojoBuLax. Haii-
GinbLy XX rpyny cknanv 6i0TMTOBI NnariorpaHitu,
AKi 32 MiHepa/lbHUM CKMaAoM i TEKCTYPHO-CTPYKTY-
PHUMW  OCOB/IMBOCTAMK  BiAMNOBIAaOTb CUPOBUHI
cTatyin 3 T[1oNTaBCbKOTO KPAae3HaBYOro Mys3eto
(Nikitenko, 2016). Bce e CBigunTb Ha KOPUCTb MO-
XO[)KEHHS CYPOBWMHWN AOC/IXKEHUX TPaHITHUX CTa-
Ty 3 palioHy M. KpemeH4yK.

B1CHOBKMN. TakMM YMHOM, Kam’siHi CTenn 1o6u eHe-
ONiTy-6pOH3MN, LLLO NOXOAATb i3 NiBAHSA MNonTaBCLKOI
o6nacti, 6ynnM BUrOTOB/EHI 3 KapAUHAIbHO PI3HUX
FPCbKMX MNopij SK 3a CKNagoM, Tak i 3a micLem no-
XO[PKEeHHS. BinblicTb CTen Konekuii 3po6neHi 3
nnariorpaHiTie, HabMMK4Yi MPOSBM AKUX 30Cepe-
[PKeHi B 4ONnHI p. [AHINPO, a of4Ha cTaTys, 3HaingeHa
Ha niBAeHHOMY cxofi o6nacTi (PefopiBCbKMIA ifonN),
Oyna BUroToB/IEHa 3 MiCKOBUKY Kam’SIHOBYTi/IbHOT
CUCTEMMU, LLIO YTBOPHOE NPUPOLHI BIACNOHEHHS B
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LIeHTpanbHii YacTuHi JoHbacy. Baxxnuso, Lo cnpo-
BUMHa dDefopiBCLKOro ifona Bignosigae marepiany
iHLWOT BigoMoi cTaTyi fo6u 6poH3n — KepHOCIBCb-
KOro igona, Ky 6yno 3HalieHo Ha niBHoYiI JHinpo-
neTpoBcbKOI 06/1acTi. OBMABI cTaTyi MOXYTb 6yTK
BU3HaYeHi K TakKi, WO NoXoAsTb 3 Of4HIET TepuTopii,
OCKIi/IbKW BigCTaHb MiXK MicUAMM TX 3HaXifKW CKna-
hae 61m3bko 80 KM. Buxoaauum 3 Lboro, nocrayaHHs
MiCKOBMKOBWX 6/10KiB ab0 rOTOBUX CTaTyii 3 TEPUTO-
piil [oHeUbKOro Kpsbky Ha JliBobepexoksa [AHinpa,
cKopiw 3a Bce, 6yno cucteMHum. Takox deaopis-
CbKuii i KepHOCIBCbKMIA i0nM NpnbamM3HO no3Hava-
0Tb 3aXifiHY MeXy MOLUMPEHHS CTaTyi 3 Kam’sHO-
BYTi/IbHUX NICKOBUKIB, OCKI/IbKM 3axifHiLLe MiCLb TX
3HaxifKuW, 30KpeMa, Ha TepuTopil cydacHoro Kobe-
NAUBKOro Ta KpemeH4yubKOro paiioHiB, 4ns BUrO-
TOB/IEHHS CTaTyl BUKOPUCTOBYBAIUCh MPaHiTh 3 f0-
NWHW JHinpa.

Moagakn. ABTOpK LLMPO BASYHI KONEeKTUBY MNonTtas-
CbKOr0 Kpae3HaB4oro mMyseto iMeHi Bacuna Kpuues-
CbKOro 3a J0noMory B po60Ti 3 KONeKLi€to, npawlis-
HMKaM [HCTUTYTY reoTexHiuHoT MmexaHiku iM. M. C.
MonskoBa HAH Ykpainu i ocobucto B. A. bapa-
HOBY 3a MOX/MBICTb MPaLtOBaTA 3 KOMEKLIED LUi-
(hiB KapbOHOBMX MiCKOBUKIB [oH6ACY i HafjaHi KOH-
cynbTauii, a Takox O. €. 'peyaHOBCbKIli 3a NpoBe-
[leHe peHTreHoga3oBe AOC/IIKEHHS.
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EkonorivHa Ta reonoriyHa 3yMOoB/IEHICTb NMOLUMPEHHS AepeB
I YarapHWKIB Ha geBacToBaHMX 3eMisax KpnBopixoksa
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MPOMUCIOBUX MaifaHumKax, 30HaxX 00BasIeHHs FiPHUYOPYAHUX, MeTaNTypriiHunX, bygise-
NIBHMX Ta LEMEHTHMX NigNPYEMCTB. Pe3ynbTaTw, BUCHOBKM Ta pekomeHgauii. Ha geBacToBaHuUX 3eMsix KprBopiXoks BusBAeHo 55
BUAIB AEPEB Ta YarapHMKIB, Ki HanexaTb 4o 33 pogdis, 18 poguH Ta ogHoro Bigainy (MokpuToHaciHHI). Hainbinbw nowwmpeHi — cepe-
[HbOBMGArIMBI A0 PiBHS 3BOMOXKEHHS Ta POAKYOCTI FPYHTIB, CBITN0MHOOHI, IHTPOAYKOBaHI BUAW. Pi3HOMaHITTS eKOMOriYHNX YMOB
[leBacTOBaHVX 3eMe/b, TPUBaNICTb (POPMYBaHHS POC/IMHHOIO MOKPUBY Ha LMX TEPEHAX 3YMOB/IHOKOTh 30i/IbLLUEHHS KifIbKOCTi TaKCOHIB
[lepeBHO-YarapHNKOBMX BU/iB Ta 3MEHLLUEHHS MMTOMOT Barn abopureHHnx BugiB. KinbkicTb aTMOCcthepHUX oMafjiB BUKIMKAE TEHAEH-
Lit0 [0 36iNbLUeHHS MUTOMOI Bary YarapHuKiB. Teputopii 4eBacTOBaHUX 3eMeflb, L0 MICTATb OAHOYACHO MYXKi Ta CKeslbHi FipCbKi
nopoau, HalibiNbL NepCneKTUBHI A8 CTBOPEHHS AePEBHO-YarapHNKOBUX HacamKeHb 6e3 NonepeAHbOro HaHECEHHS APy POAKY0ro
rPYHTY. Me30- Ta MiKpo3anagyHu, HMKHA YaCTHa CXMY, a TaKOX YacTuHa 6epM, Lo 6e3nocepeaHbO NpUsrae 4o CxXuny, — Lie Hail-
6iNbLL NepCneKTMBHI MicLs, Ae AOLINbHO NOYMHATY CTBOPEHHS TakKUX HacagkeHb. PekOMeHA0BaHI NepcnekTVBHI BUAW AEpPeB Ta Ya-
rapHyKiB Ans QiTOpeKynbTUBaLiT 4EBACTOBAHMX 3eMeflb KpMBOPIXOKA Ta IHLUMX NPOMUCIOBMX PErioHiB. Mpu LpoMy, AepeBHi BUAMN €
6iNbLL NpiopUTETHUMK ANS QiTOPeKyNbTUBALIT 3eMefb, SIKi PO3TaLLOBaHi Y MiBHIYHO-CTEMOBI 30Hi. B TOI Yac, Sk YarapHUKOBI BUAW
[OUiNIbHO BUKOPUCTOBYBATU Ans (iTOPEKyNbTUBALLIT B perioHax, KOTpi po3TalloBaHi Y LeHTpa/lbHO-CTeNOBI 30Hi. [obmpatoum Buan
[lepeB Ta YarapHUKIB [/ CTBOPEHHS HAaCcaPKEHb Ha [JeBaCTOBaHMX 3eM/ISIX, HEOOXiAHO TaKOX YpaxoBYBaTU MOX/MBICTb X HEKEPOBa-
HOMO BUKOPUCTaHHS K [pKepesia XapyoBoi Ta NiKapCbKoT CPOBUHM.

KntouoBi cnoBa: geBacTOBaHi 3eMi, AepeBa Ta yarapHuku, iTopekynbTuBayis, Kpueopi>koksa

Ecological and geological determination of trees
and shrubs’ dispersal on the devastated lands at Kryvorizhya

V. Savosko?, Yu. Lykholat?, K. Domshyna®, T. Lykholat?

IKryvyi Rih State Pedagogical University, Kryvyi Rih, Ukraine, savosko1970@gmail.com
20Oles Honchar Dnipro National University, Dnipro, Ukraine,
3Kryvyi Rih Regional Boarding School for Rural Youth, Kryvyi Rih, Ukraine

Abstract. Ecological and geological conditionality for trees and shrubs’ dispersal species in devastated lands at Kryvyi Rih Basin
(Central Ukraine) was studied. All kinds of devastated lands (the band’s side of ore quarries, heap of rocks, dumps, abandoned industrial
sites, cavalier, slag heaps, tailings, collapse zones) were investigated. The taxonomic structure of species, their distribution by geo-
graphic characteristics, biomorphic and ecomorfic spectra were analyzed. The probability of distribution of trees and shrubs was det6er-
mined by the values Spearman rank correlations. In the devastated lands at Kryvyi Rih Basin, 55 species of trees and shrubs from 33
genera, 18 families and 1 angiosperm are naturally growing. Mediating to the level of moisture and soil fertility, light-loving, introduced
species are the most common. The distribution of trees and shrubs on the devastated lands is affected by: the diversity of the ecological
conditions of such lands, the duration of vegetation formation and the amount of precipitation. It has been established that the territories
of the devastated lands at Kryvyi Rih Basin, containing both loose and rocky rocks, are the most promising for the creation of woody
and shrub plantings without preliminary application of a layer of fertile soil. The diversity of ecological conditions of the devastated
lands, the duration of the formation of vegetation in these areas increase the number of taxa of shrubs and of the proportion of aboriginal
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species reduce. Mesodepression and microdepression, the lower part of the slope, as well as the part of the banquettes, directly adjacent
to the slope, are the most promising places where it is advisable to begin the creation the trees and shrubs plantations. Perspective
species of trees and shrubs for phytoreclamation of the devastated lands at Kryvyi Rih Basin and other industrial regions were recom-
mended. Species of shrubs are appropriate to be used for phytoreclamation ol land located in the central steppe zone. Species of trees
and shrubs to create plantations on devastated lands, one must also take into account of their uncontrolled use as a sours of food and

medical raw materials.

Keywords: devastated land, wood & shrub species, phytoreclamation, Kryvyi Rih Basin

BcTyn. HaiakTyanbHiWoW npo6semoto  Cboro-
[leHHs CTa/10 ONTMMI3aLia (3MeHLLEeHHS HeraTUBHUX
BMAVBIB Ha [OBKINNA NIIOAWHW Ta MOBEPHEHHS Y
NpakTUYHe BUKOPUCTAHHS) Pi3HOMaHITHMX TEXHO-
reHHUX HOBOYTBOPEHb, fe MOBHICTIO 3pyNHOBaHWIA
'PYHTOBWIN Ta POCAIMHHWIA MOKPUBW, TiLPONOTIYHWIA
pexxum (Mazur et al., 2015; Sherstyuk, 2017; Sme-
tana, Mihajlenko &. Jaroschuk, 2009; Yarkov &
Paranko 2013) Ta Big6ynocs popMyBaHHS aHTpOMNo-
reHHux  mopdockynentyp  (Malaxov,  2003;
Malahov, 2009). 3a3Buuain Taki Teputopii MaroTb
Ha3BY aHTPOMOreHHi / TeXHOreHHi naHawagpTn, no-
pyLUeHi / feBacToBaHi 3emMni, a 4O TX Nnepeniky Bifg-
HOCATb: Kap’epu, BigBain / TEPUKOHM |/ KaBabepH,
NPOMMUCNOBI MaifaHuMKK1, XBOCTO-LLIAMOCXOBULLA
Ta iH., WO HeraTMBHO BM/MBAE Ha 3LOPOB’A Hace-
neHHs YkpaiHn (Lykholat et al., 2016°; Yermishev
et al., 2017). Mnowa fgeBacToBaHWUX 3eMeflb AYXe
dtkbrf: y cBiTi BOHa carae 3HayeHb 1,2-1,5 MnH. ra,
B YKpaiHi — noHag 250 Tuc. ra, B OCHOBHOMY B [JHin-
POBCbKO-[JOHELIbKOMY NPOMUC/IOBOMY PerioHi, 30K-
pema Ha Kpmsopixoki — noHag 30 Tuc. ra (Kolopats,
2016; Uzbek, 2015; Malahov, 2009).

Y 6inbLWOoCTi BUMNaAKIB Ha 4eBacTOBaHUX 3eM-
NAX Nicnsa 3aBepLUeHHs iX BUKOPUCTaHHS He NpoBO-
ONNNCA PeKybTMBALiHI po60oTH. 13 YacoM Ha X Te-
peHax MoyaB (HOPMYBATMUCA POC/AUHHWUIA MOKPWB,
SKWIA cnyryBas NONirOHOM Pi3HOMaHITHUX eKOMoro-
60TaHivHMX focnimpkeHb. Ha KprnBopiXOKi cuctemMHe
BUBYEHHSA (PIOPW Ta POCIMHHOCTI Ha AeBaCTOBaHNX
3eM/iX po3noyanocs 3 KiHug 60-x pp. XX cT. 3a-
BOAKN 3ycunnsM BUKagadis KprBopisbKoro fep-
YKaBHOro rnejaroriyHoro YHiBepcuteTy
(Dobrovolskyi, Shanda & Haieva, 1979; Reva,
Shanda & Komisar, 1993; Saphonova &. Reva,
2009), a 3 cepeguHy 1970-X — i 3aBAAKM 3yCUINAM
CNiBpPOGITHMKIB KprBOPi3bKOro 60TaHIYHOrO cagy
(Pluhina, Chaika & Chupryna, 1981; Mazur &
Smetana, 1999; Smetana, Mihajlenko & Jaroschuk,
2009). 3a Leii Yac ycTaHOB/EHI MeBHI 3aKOHOMIpPHO-
CTi PO3BMTKY POC/IMHHOIO NOKPUBY, 30KpeMa, CTagil
BiJHOBNEHHS Ta BUAOBWIA CKNaj AOMIHAHTHUX Ta Ccy-
640MiHaHTHUX BUAIB. MpW LbOMY [OCAIAHWKKX pO-
61 NPUNYLLEHHS, WO PO3BUTOK POC/IMHHOIO NOK-
pvBY Bif0OYyBaETbCA 3a 30HA/IbLHUM (CTENOBMM) Tu-
MOM POC/IMHHOCTI | TOMY OCHOBHa yBara npugins-
nacs Tpas’AHUCTUM POC/IMHAM, Y TOI Yac AK fepeBHi
BUAM (PaKTUYHO 3aMLWIUINCA NO3a YBarow Aocnii-

HUKiB. MOXNKBO, Lie MOB’A3aHO i 3 eKOM0ro-60TaHi-
YHUMM 0COBIMBOCTAMU LMX POC/IMH — TX aMOBi/bHI-
CTIO Y 3acCe/ieHHi [jeBacTOBaHMX 3eMeflb Ta HeoobXisa-
HiCTHO GiflbLL TPMBAIONO Yacy y NPosBi ycrixy ix 3a-
KpinneHHs Ha TepuTopiax. MpoTe B NpaKTUYHKX pe-
KOMeHAaLiaX UMx Ta  IHWWUX  JOCNIAHWKIB
(Dobrovolskiy, 1980; Davyidov, Dobrovolskiy &
Mihaylov, 1971; Mazur & Smetana, 1999; Uberman
& Ostrega, 2012; Sheoran, Sheoran & Poonia, 2010;
Yarkov & Paranko, 2013) HarosioLlyBasiocs Ha npio-
PUTETHOCTI NiCOrOCNoAapCbKOro HanpsMKy peKy/ib-
TMBaLii 1eBacTOBaHMX 3eMe/flb 3a [I0NOMOrow CTBO-
PEHHS CTIMKMX Ta Pi3HOMaHI THUX iepeBHO-YarapHu-
KOBUX HacaKeHb.

MepLui cucTeMHi JOCNIPKEHHA [epeBHO-Ya-
rapHMKOBMNX POC/IMH Ha AeBacToBaHMX 3eMnsax Kpu-
BOPIXOKA, 3anoyaTkoBaHi y 70-80-x pp.. XX cTo-
niTTa B.®. TepeweHkoM (Tereschenko, 1992), 6ynu
CNPAMOBaHi Ha BUSBNEHHS MOX/MBOCTEW CTBO-
PeHHS HacapkeHb 6e3nocepeHbO Ha CKeNbHUX Bif-
Basiax lMiBHIYHOro ripHNYo-36aravyyBa/lbHOr0 KOM-
GiHaTy. PerynapHi foCnifpKeHHs BULOBOrO CKnagy
Ta CTaHy [lepeBHO-4YarapHUKOBMX BIUAIB Ha 4eBacTo-
BaHMX 3eM/sX perioHy posnoyas 3 2005 p. I.1. Kop-
LwmnkoB 3 yuHsimn (Korshikov et al., 2008; Korshikov
& Krasnoshtan, 2009; Korshikov, Krasnoshtan &
Pasternak, 2012). MpoTe Ui AocnifgpkeHHs B OCHOB-
HOMY Oy NOKani3oBaHi B NiBHIYHIA YacTWHI peri-
OHY, MaKCUMa/IbHO CMPUATAMBIN NS POCTY Ta Po3-
BUTKY [epeBHUX POCANH. MprU6IN3HO B Liei Yac Mu
TaKOoXX 3p06unK NepLuy crnpoby 3’sacyBaTit 3aKOHOMI-
PHOCTI BUOBOrO CKMafy Ta MOLUMPEHHS AepeB i Ya-
rapHUKIB Ha [eBacTOBaHWX 3emsisixX KpuBopixka
(Savosko & Alekseeva, 2007). 3arasiom, He3Baxa-
HOUM Ha MEepPCreKTUBHICTb BUKOPUCTAHHA [epeB Ta
yarapHvKiB 3a4/19 PITOpeKynbTMBaLIT Ta hiTomeni-
opaLii feBacToBaHMX 3eMeflb, Li BUAM POC/IUH (Pak-
TUYHO 3a/IMLLMINCA 1032 MeXaMu KOMIMIEKCHOIO
€KO/I0ro-60TaHiuHOro AOCIKEHHS.

MeTa po60Tu — 3’iCyBaTN eKOMOTYHY i reonoriyHy
3YMOB/EHICTb MOLUMPEHHSA AePEBHUX Ta YarapHUKO-
BWX BMAIB Ha [ieBaCTOBAHMX 3eMJIIX KpMBOPIXOKA.

Matepiann i MeToan AocnimkeHHs. [MpoTtarom
2006-2017 pokiB 6ynu gocnifxeHi Teputopii
[leBacToBaHMX 3eMefb KpUBOPIXOKS TaKUX 06’ EKTIB:
1) 6opT BignpauboBaHOro Kapepy Ne 2
MpueatHoro akuioHepHoro Tosapuctea (MpAT)
«LleHTpanbHui ripHUYo-36aravyBasibHU
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Kom6iHaT» (y noganbwomy — Kap’ep ripHu4o-36a-
radyyBanbHOro Komb6iHaty); 2) sigsanu NeNe 1, 4, 5,
7, 10, MeTpoBcbKuMiA BiABan, BigBan «CxifgHWUIA Ban»
MpAT «LleHTpanbHWin  ripHUY0-36aradyBasibHWIA
Kom6iHaT» (BigBann ripHM4o-36aradyBasibHOro
KOMGiHaTy); 3) MPOMMCNOBWIA MainfaHuyK, BiABanu,
He3aTonseHi 60pTh kap'epy MKOBTHEBOro rpaHiT-
Horo Kap’epy ("paHiTHUIA Kap’ep), 4) TEPUKOHWU / Ka-
Ba/IbEPX, XBOCTOCXOBWLLA, MOKWUHYTI MPOMWUC/IOBI
MalijaHunKN, 30HN 06BANIEHHS KOMMLLIHIX 3ai3HNX
PYAHWKIB iM. OpmKOHiKiase, im. P. Jllokcembypr,
im. KaraHoBuu4a, im. ®pyH3se, iMm. KoMiHTepHY, «bi-
NbwoBuK» (LLaxTHi Teputopit); 5) He3aTonneHi 60-
pTV Kap’epis Ne 1, 2, 3, BifBasM / TEPUKOHW NaHL-
LWwaghTHOro 3aKkasHuWKa MiCLEeBOro 3HauyeHHs «Bisu-
pka»  (JlaHAowadTHWIA  3aKasHUK  «Bisunpka»);
6) 6opT, GepMn Ta AHULLE MIBAEHHOT YaCTUHK, LLO
He eKcnnyaTyeTbes, KOBTOKaM’ AHCLKOro Kap’epy
MpAT «Xaiigenb6eprliemeHT YkpaiHa» (XKoBToka-
M'HCbKWI Kap'ep).

CnoyvaTky BW3HaYaIn: ICTOPi0 CTBOPEHHS,
M/0LLY, & TAKOX CYyHYaCHWI CTaTyC 3a3Ha4eHUX Tepu-
TOpili AeBacToBaHUX 3eMeflb. Y MObOBMX YMOBax
MapLUPYTHUM Ta PeKorHoCLMpYBa/lbHUM MeToAamMu
BM3HaYa/IM NO06’EKTHUIA (HIOPUCTUYHWIA CKNag, fe-
PEBHUX Ta YarapHWKOBUX BUAIB, AKWIA YTOUHIOBANN
3a BM3Ha4yHMKOM (Dobrochaeva, Kotov & Prokudin,
1987). ¥ poboTi 6yna NpuiAHATO HOMEHKNATypy po-
4iB Ta poguH 3a C. K. YepenaHosum (Czerepanov,
1995). Ha3Bu TakCcOHiIB nofaHi BifnoBigHO A0 Mix-
HapoAHOro iHAEKCY HayKOBUX Ha3B pocanH (The In-
ternational Plant Names Index, 2017). AHani3 pos-
noginy BUAiB 34iCHIOBaNN 33 NEBHUMY CMEKTPaMMU:
reorpagivhum - 3a A. Jl. TaxTafKaHOM
(Taktadzan, 1978), GiomophonoriyHmum 3a
I. . Cepebpsikosum (Serebrjakov, 1962), ekomop-
thivuHMm — 3a O. J1. Benbrapgom (Bellegard, 1950),

50

3 ypaxyBaHHAM [O0MOBHEHb, YTOYHEHb Ta PEKOMEH-
pauin H. M. Marteeesa Ta B. B. Tapacosa
(Matveev, 2003; Tarasov, 2005). KopensuiinHi pos-
paxyHKW BUKOHYBa/IM 32 KNaCU4YHUMMK MEeTOAMKaMU
Ha Ha/HWK4YOMYy piBHI 3HauywocTi P 0,05
(Lakin, 1990).

Pe3ynbTatn. TaKCOHOMIYHWIA CKNafL LepeBHO-Ya-
rapHMKoBOI (hiiopn AOCNIMKEHNX TEPUTOPIN aeBac-
TOBaHMX 3eMeflb KpnBopiXoKka MicTUTb 55 BMAiB i3
33 pogiB Ta 18 poauH, AKi BIZHOCATL BUHATKOBO [0
Bigainy TokputoHaciHHi  (Magnoliophyta). TMpwu
LIbOMY Hali6inbLL YnCneHHi 3a (h10PUCTUYHUM CKNa-
oM poauHu Po3oBi (Rosaceae Juss.) — 16 BuAiB Ta
8 BugiB, Bep6osi (Salicaceae Mirb.) — 9 Bugis Ta 2
poaw, KneHosi (Aceraceae Juss.) — 7 BUIB 3 04HOr0
poay Ta MacnuHogi (Oleaceae Hoffmanns. & Link,)
—4Bugn ta 4 poam, B TON Yac 5K iHWI POAVHY BU-
ABU/INCA MEHLL YNCNIEHHUMM Ta B BiNbLUOCTI BUMNaj-
KiB € MOHopogoBMMK. Cepef, PoAiB HabinbLL Yinc-
NeHHuMK Buseuancs poam Knex (Acer L.) — 6 Bugis,
Tonons (Populus L.) — 5 Bugis, B’a3 (Ulmus L.) — 3
BUAM.

[JocnimpkeHi TepuTopii feBacToBaHUX 3eMeslb
KpuBOpIXOKA XapaKTepusyoThCs Pi3HOK HaCUYeHi-
CTIO BUAAaMK [iepeB Ta yarapHukis (puc. 1). Tak, Ma-
KCUMasibHa KiflbKiCTb BUAIB LX POCNVH BUSIBNEHA B
mexkax "paHiTHOro Kap’epy Ta LLIaxTHUX TepuTOpil,
BiAMNoBigHO, 43 Ta 38 WTyK. [leLlo MeHLLe 1epeBHO-
yarapHMKOBUX BUAIB 6y/10 BCTAHOB/IEHO Ha TEPUTO-
pii MaHawadTHOro 3akasHWka «Bizmpka» Ta XKoB-
TOKaM’'AHCLKOr0 Kap'epy, BignoBigHo, 32 T1a 29 wWr.
TepeHn [ipHMYO-36aravyBasibHOro KOMGIHaTy Mic-
TATb HaiMeHLLY KinbKiCTb BUAIB AepeB Ta yarapHu-
KiB — 23 BUAN B MeXax Kap’epy Ta 26 BMAIB — Ha
BifBanax.
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Puc. 1. KinbkKicTb pofuH, pofiB Ta BUAIB i AepeB Ta YarapHUKIB Ha 4eBaCTOBaHMX 3eMNAX KprBOpiXoKa
[JesactoBaHi 3emni: | — Kap’ep ripHuyo-36aradysanbHOro kombiHaty, Il — Bigsanu ripHuyo-36aradyBanbHOro KOMoiHary,
Il — MpaHiTHWA Kap’ep, 1V — LLaxTHi TepuTopii, V — NlaHawadTHMIA 3aKa3HUK «Bisupka», VI — )KoBTOKaM'IHCbKWIA Kap'ep
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AHasi3 0TpMMaHnX pesy/nbTaTiB Nokasas, Lo
23 BMAK fepeB Ta YarapHuKie (abo 45,5 % Big 3ara-
NbHOT KifIbKOCTi BUABNEHUX) 3YCTPiYalOTLCS NnLLe
Ha OAHIN—ABOX AOCNILKEHNX TepUTOpPIAX LeBacTo-
BaHWX 3eMenb Kpueopixoks, 15 Bugis (27,3 %) — Ha
TPbOX—40TMPLOX, 6 BUAIB (10,9 %) — Ha N’aTn Ta 9
BuaiB (16,4 %) — Ha BCixX TepuTopiax. Ha Hawy fy-
MKY, Hai6ifbLL NOLUMPEHi BUAW CNij BBaXKaTU (o-
PUCTUYHUM  ALPOM, [epeBHO-YarapHUKOBI BUAU
SIKOro Halibifbll aganToBaHi A0 CKNafHUX eKOsOori-
YHUX YMOB [OCNIMHKEHNX 3eMefb. 3araioM, Ao ne-
pefiiky UbOro (h/IOPUCTUYHOIO fA4pa Ha/lexarb:
KneHn siceHenuctuii (Acer negundo L.), Ckymnis
3BmyaitHa (Cotinus coggygria Scop.), Mopix Bonoch-
kuii (Juglans regia L.), XXumonocTb TaTapcbka
(Lonicera tatarica L.), AHTMNKa a6o Maranebcbka
BuwHA (Prunus mahaleb L.), Po6iHia 3Bu4aliHa
(Robinia pseudoacacia L.), LunwwuHa 3BuYaiiHa
(Rosa canina L.), CBuanHa KpvBaBo4epBOHa, abo
KpoB'aHa (Swida sanguinea L.), B’s3-6epect (UImus
minor Mill.).

BioreorpachiuHa xapakTepucTuka. [epe-
BHO-YarapHuKOBI BUAW LeBacToBaHMX 3eMenb Kpu-

BOPIXOKS XapaKTepusyrTbCst 0CO6/IMBUMUN NMOKA3HN-
Kamu po3noginy 3a NoxXomkeHHsM Ha abopureHHi Ta
iHTpoayKoBaHi B1AKW. Mpu LBOMY CNif 3a3HaYMTW,
LU0 Mifg abOpUreHHUMM MU PO3YMIEMO NTNLLIE Ti BUAW,
AKi € aBTOXTOHHVMMW Ta MOLUMPEHI B NPUPOAHIl
thnopi perioHy, 30Kpema, y [JHiNponeTpoBCLKii 06-
nacTi (Tarasov, 2005) Ta Ha TepeHax MpaBo6epex-
Horo ctenosoro [MpugHinpos’s (Kucherevsky,
2004).

YCTaHOBNEHO, L0 Ha BCIX AOCNIMKEHUX Te-
puTOpIAX feBacToBaHMX 3eMenb KprBopiXoksa cepes
[epeBHO-4arapHNKOBOI (H/I0pU MepeBaXkatoTb abo-
pureHHi Buau (puc. 2). MpoTe NPosiB LbOoro AoMiHYy-
BaHHSA Ha OKpeMUX AiNsAHKaxX NeBHUM YMHOM Bifpi3-
HAETbCA. Tak, y Mexax ["paHiTHOro Kap’epy Ta Ha
LLIaXTHMX TEPUTOPIAX BMSABNEHO MiHIMa/IbHY Kiflb-
KicTb abopureHiB — 47-51 % Bif 3ara/ibHOI Ki/lbKO-
CTi BUAiB. ¥ Mexax JlaHALWahTHOro 3aKa3Hmnka «Bi-
3MpKa» Ta >KOBTOKaM'AHCHLKOrO Kap'epy nuToma
Bara abopureHHuX BUAIB AePeB Ta YarapHuKIB AeLLo
6inbwa —52-53 %. [leBacToBaHi 3eM/i ripHM40-36a-
rayyBasibHOro KOMOGIHaTy XapakTepusyrTbCs Mak-
CUMaJIbHOKO MWUTOMOKO Barok abopureHis — 65—
70 %.
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Puc. 2. Po3nogin 3a NOXoMKeHHAM [1epeBHO-YarapH1KOBKX BUAIB Ha AeBACTOBAHUX 3eMAsAX KpMBOPIXKS
[JeacToBaHi 3emni: | — Kap’ep ripHuyo-36aradyBasbHOro kombiHaty, Il — Bigsanu ripHuyo-36aradyBanibHOro KOMGiHary,

Il - FpaHiTHWIA Kap’ep, IV — LLaxTHi TepuTopil,

V — JlaHawadTHW 3aKasHUK «Bisnpka», VI —>KoBTOKaM'IHCbKWIA Kap'ep

AHani3 po3noginy [epeBHUX Ta YarapHMKo-
BUX BMAIB [eBacTOBaHMX 3emesnb KpuBopixoka 3a
(hIOPUCTUYHUMU obnactamu MOXOLXKEHHS

(TaktadZan, 1978) noka3as, L0 BOHW NPUPOLAHO Mo-
LUMpeHi y bopeansHomy, [aBHboCcepe3eMHOMOPCh-
KoMy, MagpeaHcbkomy niguapcteax [fonapktuy-
Horo uapcTea (Tabn. 1). Mpu usoMy apeanu 22 Buais
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(40,7 % Big 3aranbHOT KiflbKOCTI) AepeB Ta YarapHu-
KiB, fIKI NPUPOLHO 3pOCTal0Tb Ha [|eBaCTOBAHMX 3e-
Msx KprBopidOKs, po3TalloBaHi B MeXax OfHIET
(hIOPUCTUYHOT 061acTi, B TOW Yac K apeann 17 Bu-

aiB (31,5 %) NnpupoHO NOLNPEHI B MeXaX [BOX 006-
nacteid, 12 Bugis (22,2 %) — TpbOX 0b6nacTeli Ta 2
Bugn (3,7 %) — 4otupbox Ta Oinblie obnacTei.
OavH BuA, SK Tibpug, Mae HeBU3HAYeHe MNOXO-
[PKEHHS.

Tabnuus 1. Po3nogin 3a 6ioreorpadivyHMmy 06nacTsaMmn BUAIB AePEBHO-YarapHUKOBOI (h10py AeBaCTOBaHNX 3eMefb KprBopixXks

Po3nogin BuaiB Ha AeBaCTOBaHMX 3eMsX
_ Kap’ep Bigsanm rip- Narguwad-
ripHuyo-36a- HU4o-36a- A . o .
["paHiTHUI LLlaxTHi Tepu- THUW 3aKa3- JKoBTOKa-M's-
dnopucTnyHa 06nacTb ravy-Basib- ravy-Baib- s . i
. . Kap’ep TopIi HUK «Bi3u- HCbKWUW Kap'ep
HOro KoMb6i- HOro KoMoi- Ka»
HaTy HaTy P

LUT. % LuT. % LUT. % LuT. % LUT. % LUT. %
LinpkymbopeanbHa 4 17,4 5 19,2 7 16,7 4 10,5 4 12,5 5 17,2
CxifjHoasiicbKa 2 8,7 2 1,7 5 11,9 4 10,5 4 12,5 4 13,8
Atnartvko-TlisHiaHo- | g3 | 434 | 3 | 135 | 3 | 71 | 4 | 105 | 3 | 94 | 3 | 103
amMepUKaHCbka
CKenacTux rip 0 0,0 0 0,0 0 0,0 0 0,0 0 0,0 0 0,0
MakpoHesiiicbka 0 0,0 0 0,0 1 2,4 0 0,0 0 0,0 0 0,0
Cepe3eMHOMOpPCHKA 0 0,0 1 3,9 3 7,1 3 79 2 6,3 1 35
IpaHo-TypaHcbKa 4 17,4 5 19,2 7 16,7 4 10,5 4 12,5 5 17,2
MagpeaHcbKa 2 8,70 2 7,7 5 11,9 4 10,5 4 12,5 4 13,8
LivpkymGopeansHa 1 44 3 | 15| 6 | 143 | 5 13,2 7 | 219 | s 17,2
Cepe3eMHOMOpPCHKA
LipkymGopeaibHa ~ 3 | 10| 2 |77 |5 | 119 | 5| 132 | 3| 94| 3| 103
IpaHo-TypaHcbKa
Crensctxrip-Mag-— |5 | 99 | 00 [ 00 | 0o | 00 | 1| 26 | 0o | 00 | o | o0
peaHcbka
Linpkymb6opeasibHa —
CxifgHoasincbka - 1 44 1 39 0 0,0 1 2,6 0 0,0 0 0,0
IpaHo-TypaHcbKa
Linpkymb6opeasibHa —
Cepea3eMHOMOpPCHKA - 8 34,8 8 30,2 10 23,3 9 23,7 8 25,0 7 24,1
IpaHo-TypaHcbka
Bugn, nowwpeHi B 4o-
TUPLOX Ta GinbLue (no- 1 4,4 1 3,9 2 13 2 5,3 0 0,0 0 0,0
PUCTUYHKX 06/1aCTAX

Cepep, GioreorpagivyHnx obnactein 3a KifbKi-
CTIO BMAIB, apeann AKNX PO3TaLLOBaHI B MeXax 0f-
Hi€l obnacTi, Linpkymb6opeanbHa, CxigHoasilicbKa
Ta ATNaHTMKo-IMiBHIYHOAMeprKaHCbka 06n1acTi ma-
I0Tb Haibinblie NpeacTaBHWULTBO, BIANOBIAHO, 5
(17,24 %), 4 (13,79 %) Ta 3 Buam (10,34 %). 3a Ki-
NbKICTIO BUAIB, MPUPOLHO MOLUMPEHUX Y MeXax
ABOX (DNOPUCTUYHUX 06nacTel, KombiHauiT Linpky-
mbopeanbHa — IpaHo-TypaHcbKa Ta Liupkymbopea-
NbHa — Cepei3eMHOMOPCbKa XapaKTepu3yoTbCs Ma-
KCUMa/IbHAM MPeLCTaBHULTBOM, BiAMOBIAHO, 3 BU-
LiB (13,04 %) Ta 1 Buay (4,35 %). Takox noLumpeHa
KoMOGiHauis o6nacTeli Ckenactux rip — MapgpeaH-
cbka — 1,85-2,63 %. Cepepg BMAiIB, NPUPOLHO NMoLIn-
PEHMX Yy MeXaxX TPbOX (IOPUCTUYHMX 06NacTen,
Kom6iHauis LinpkymbopeanbHa — CepefzeMHOMOp-
CbKa — IpaHo-TypaHCcbKa XapaKTepu3yeTbCA Makcu-
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M&aJ/IbHOO KinbKicTio Bugis — 11 wr. (20,37 %). 3a-
3HaYeHi TeHAEHUIT MOBTOPIOKOTLCA | HA OKPeMUX fi-
NAHKaX [eBacTOBaHUX 3eMe/lb KprBOPIXOKS.

BiomopgiuHmii Ta eKoOMOpPIYHNIA CNEKTPU.
B mexax focnimpKeHNX TepuTopili 4eBacToBaHUX 3e-
Me/b KpMBOPIXOKSA BUABNEHO NepeBaXkaHHA B Kislb-
KOCTi BUAiB [lepeB NOPIiBHSHO 3 KifIbKiCTHO BUAIB Ya-
rapHukis (puc. 3). Cnif 3a3HauuTy, WO B MeXax
yCiX [iNIAHOK NWTOMa Bara [epeB CTaHOBUTUME
70,9 % (Big 3arasbHOI KiflbKOCTi BUAiB), & YarapHu-
KiB e 29,1 %. Mpu ubOMYy MaKCUMa/IbHY NMUTOMY
Bary AepeB BWAB/IEHO Ha TepUTOPIi AeBaCTOBAHUX
3eMeflb FipHMYo-36aradvyBasibHOro KoMbiHaTy — 73—
74 %. B mexax ['paHiTHOro kap’epy ta LLlaxTHux
TepUTOPIi BUABNEHA AELLO MEHLUA KiNbKICTb AepeB
— 71-74 %. Ha TepeHax naHAWapTHOIo 3akasHuKa
«Bisnpka» Ta XKXOBTOKaM'IHCbKOI0 Kap'epy nutoma
Bara JepeB HalimeHLua — 59-63 %
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Puc. 3. biomopiuHWii cnekTp AepeBHO-YarapHUKOBMX BUAIB Ha AeBACTOBaHUX 3eMsiX KpuBopixxoKs
[JesacToBaHi 3emni: | — Kap’ep ripHuyo-36aradyBasbHOro kombiHaty, Il — Bigsanu ripHnyo-36aradyBanibHOro KOMGiHary,

Il - FpaHiTHWIA Kap’ep, IV — LLaxTHi TepuTopil,

V — JlaHawadTHW 3aKasHUK «Bisupka», VI —>KoBTOKaM'IHCbKWIA Kap'ep

MpoaHanisyBaBLUN BigHOLLIEHHA BUAIB Aepe-
BHO-YarapH1UKOBOT (P/10PV Ha [eBACTOBAHNX 3eM1AX
KpuBopixoka [0 I'pyHTOBOro 6aratctsa, MW BuUpi-
nuan N’Aate rpyn Tpodomopd (puc. 4): onirotpogu
(ManoBubarnvei 4o piBHA POAKOYOCTI efaoTonis),
onirome3oTpodm (BIZHOCHO cepesHbOBMGArIunBI),
me3oTpodm (cepegHbLOBMGArNMBI), Me3omeraTpotu
(BigHOCHO GaratoBmbarnuei) Ta meratpogm (6ara-

ToBMGarnmei). B 3arasbHiil KiNbKOCTI AepeB Ta yarap-
HUKIB cepef, TPOOMOpP( MepeBaXxaroTb Me30TpomK
(34 Bugn — 61,8 % Big 3arasbHOI KiNIbKOCTi BUAIB).
3Ha4yHO MeHLWe 6yno onirome3oTpois Ta MeraTpo-
¢is (no 8 smais — no 14,6 %), we MeHLue 6yno oni-
rotpois (4 Buan — 7,3 %). HaiMeHW yncneHnmm
BusBuAuca merarpodu (8 sugis — 14,6 %). Cepef
[OCNIgHWUX TepuTOpiin 3a3HavyeHa 3aKOHOMIPHICTb
MOBTOPHETLCA Maike 6e3 3MiH.
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Puc. 4. TpochomoptHUIA CnekTp AepeBHO-YarapHUKOBKX BUAIB Ha AEBACTOBaHMX 3eMsAX KprBOpiXOKa
[JesacToBaHi 3emni: | — Kap’ep ripHuyo-36aradyBasbHOro kombiHaty, Il — Bigeanu ripHmyo-36aradyBanibHOro KOMGiHary,
Il — MpaHiTHWIA Kap’ep, IV — LLlaxTHi TepuTopil,

V — NaHawadTHWiA 3aKasHuK «Bisupka», VI — XKoBTokaM'sHCbKUIA Kap'ep
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B ekonoriyHoMy CnekTpi 3a BifHOLUEHHAM
[epeBHO-4arapHUKOBMX BWAIB [eBaCTOBaHWX 3e-
Menb KpuBOPIKXKA A0 PiBHS 3BOMOXEHHS 'PYHTIB
MPOCTEXYETLCA TEHAEHLIA [0 KcepomesodiTusaw il —
TOOTO A0 36i/bLUEHHA MUTOMOT Barv BigHOCHO cepe-
[HbOBMGAr IMBNX BUAIB (puc. 5). Tak, y Mexax Yycix
[OCNigHMX TepuTopil NMToMa Bara Me3odiTis (cepe-
OHbOBMOArIMBUX [0 PiBHS 3BOMIOXKEHHS IPYHTIB) Ta
Kcepome3oqiTiB (cepefHbOBMOArIMBIX) HaliBULLA i
CTaHOBUTUME, BigNoBiaHo, 62,9 % Ta 28,7 % (Bif 3a-
rafibHoOil KifIbKOCTi BMAiB), Y TOW Yac SiK MMTOMa Bara

Me30rirpoqiTis (BiZHOCHO BOMOrO/KO6HMX) 3HAYHO
MeHLWa — nuwe 3,7 %. Takox cnij 3a3HaunTK, Wo
cepef, [epes Ta YarapHVKiB, MPUPOAHO MOLUMPEHUX
Ha JeBacToBaHUX 3eMnax Kpusopixoksa, 3yctpiva-
HOTbCA FirpoinbHi BUAM — TO6TO BUAM, LLO 3pOCTa-
I0Tb Ha TEpUTOPIAX i3 AOCTaTHIM PiBHEM 3BO/O-
XKEHHA. OfHaK X KifbKiCTb HEe3HayHa — nuLie
3,64 %, y TOi1 Yac K cepef, 55 BuAiB, BUABNEHUX Ha
TaKnX 3eM/IsIX, BiACYTHI KCepogiTv — BUAMK, LLIO Npu-
POLHO 3pOCTaloThb Ha TepUTOPIAX i3 MiHIMaIbHOK
KifIbKiCTIO BONOrM (TO6TO POC/MHU CYyXMX Cepepo-
BULLL XXUTTSA).
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Puc. 5. FirpomopHuii CnekTp AepeBHO-YarapHNKOBYKX BMAIB Ha 1eBaCTOBaHUX 3eMNsX KpMBOPIXKKS
[JesacToBaHi 3emni: | — Kap’ep ripHuyo-36aradyBasbHOro kombiHaty, Il — Bigeanu ripHnyo-36aradyBasibHOro KOMGiHary,

Il — MpaHiTHWIA Kap’ep, IV — LLlaxTHi TepuTopiT,

V — NaHawadTHWiA 3aKasHWK «Bisnpka», VI — XKoBTokaM'sHCbKUIA Kap'ep

TeHaeHUIT CTPYKTYpW FirpoMopgyHOro crek-
Tpa [AepeBHO-YarapHMKOBMX BUAIB, 3a3HaYeHUX
BULLE, NMOLUMPEHI | HA OKPEMUX TEPUTOPIAX 4EeBACTO-
BaHVX 3emenb Kpueopixoks (puc. 5). [JomiHyBaHHS
Me30KCepoiTiB XapaKTepHe 415 BCiX AOCIKEHNX
TepuTopiid. Mpu LbOMy NUTOMa Bara Li€ei rirpoMmop-
(biyHOT rpynu cTtaHoBWTb BifA 55,8 % (IpaHiTHWIA
Kap’ep) fo 69,2 % (BigBanu ripHuyo-36aravysab-
HOro Kom6iHaTy). Me30(iTh TakoX ABNAIOTb CO60H0
LpYry 3a YNCENbHICTIO rpyny — iX NUTOMa Bara Ko-
NMBaETLCA B Mexax Bif 23,1 % (Bigsanu ripHuyo-
36aradyBa/ibHOro KombiHaty) go 34,9 % (IpaHiT-
HWI Kap’ep).
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B ekonoriyHoMy cnekTpi 3a BifAHOLLEHHSAM
[epeBHO-4YarapHMKOBUX BUWAIB [eBacTOBaHMX 3e-
Menb KpmBOpiXKA [0 piBHA OCBIT/MIEHOCTI fOMIHY-
t0Tb reniogitv (To6To CBITNONOGHI BMAM AepeB Ta
yarapHukie) — 33 Buam, abo 60,0 % Big 3araibHOI
KinbKoCTi BugiB (puc. 6). Togi Ak, cuioreniogiTis
(BigHOCHO CBITNOMKOOHMX) YN0 Y 2,2 pasa MeHLle
(15 Bmpgis — 27,3 %), reniocuiogiTie (BigHOCHO Ti-
HbOMOGHNX) Y 4,7 pasa meHwe (7 Bugis — 12,7 %).
Cnif 3a3HaunTK, WO cepen 55 BUAIB, BUSBNEHUX Ha
[ieBacToBaHMX 3eMnax KpnBopiXoKs, BiACYTHI cuio-
(hiTK — TO6TO BUAN, L0 NPUPOLHO 3POCTal0Th Ha Te-
puTOPIAX i3 MIHIMAbHOK KIifIbKICTHO COHAYHOrO
cBiT/a.
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Puc. 6. l'eniomopHMiA CNeKTp AepeBHO-YarapHMKOBUX BMAIB HA AeBACTOBaHNX 3eMnsaxX KprBopiXoks
[JesactoBaHi 3emni: | — Kap’ep ripHuyo-36aradysanbHOro kombiHaty, Il — Bigsanu ripHuyo-36aradyBanbHOro KOMoiHary,

Il - FpaHiTHWIA Kap’ep, IV — LLaxTHi TepuTopil,

V — JlaHawadTHW 3aKkasHUK «Bisnpka», VI —>KoBTOKaM'IHCbKWI Kap'ep

3asHaueHi BuLLe TeHAeHLiT 6y0oBK reniomop-
(hHOTO CMEKTP [lepeBHO-YarapHUKOBUX BUAIB MalOTb
MicLe i Ha OKpeMUX TepuTopisiX AeBacTOBaHUX 3e-
menb Kpuneopixoks (puc. 6). ToTanbHe LOMiHYBaHHSA
renioitie xapakTepHe AN BCIX JOCNIIKEHNX Tepu-
TOpil. Mpun ubOMy NMTOMa Bara Liel eKoMopgivHOT
rpynu ctaHoBuTUME Bifg 50,0 % (JlaHAwadTHWIA 3a-
KasHWK «Bisupka») go 62,8 % (paHiTHWIA Kap’ep).
ExkomopiyHa rpyna cuiorenioiTis Takox gpyra 3a
4nCcenbHICTHO, IX NUTOMa Bara CTaHoBUTb Bif 20,7 %
(PKoBTOKam'stHCbKMIA Kap'ep) Ao 31,25 (JlaHgwadT-
HWI 3aKa3HWK «Bi3npka»). TpeTs 3a YNCENbHICTIO
reniomopdiuHa rpyna — reniocuioitu, ix nMToma
Bara KofimBaeTbea Bif 13,2 % (LLaxTHi TepuTopil) go
18,8 % (JlaHAwadTHUI 3aKa3HMK «Bi3npka).

3YMOBNEHICTb NOLMpPeHHs. EkonorivHi ta-
KTOpW, AIKi 3yMOB/IOIOTh MOLUMPEHHS lepeBHO-Yara-
PHUKOBWX BMAiIB Ha [AeBacTOBaHUX 3eMnax Kpuneopi-
XOKSA, By PO3NOAINEHI HA TPU YMOBHI piBHI: Ma-
Kpo-, Me30-, MiKpopiBeHb. MaKpopiBeHb BMANBY
eKONOriYHUX (hakTopiB DOPMYETLCA 3a pPaxyHOK Aii
rnobanbHMUX nepeaymoB POCTYy Ta PO3BUTKY fepe-
BHO-YarapHuMKoBMX BUAiB. Me30piBeHb, Ha Hally
LYMKY, 3YMOB/IHOETLCS FEHE3UCOM Ta Pi3HOMaHITHi-
CTHO [1eBacTOBaHWX 3emefib. MiKpOpiBeHb — pesy/ib-
TaT Aii reonorivyHmMx yMoB Ta oporpadiyHmx 0cob/u-
BOCTeli B OKpeMUX JI0KaLisiX.

MpocTopoBe PO3MILLEHHSA AOCNIAKEHNX HAMU
[leBacTOBaHMX 3emeflb KpuBOPIXOKS [ano MOXIn-
BICTb X YNoOpsKyBaHHS B eKOMOriyHi paam (ekoce-
pii) 3a knimatuyHumK rpagieHTamm. OTOX 3a MoKa-
3HMKaMK 3pOCTaHHA TemrepaTypy aTMocthepHOro
NoBITPSA AOCHIMKEHI TepuTopil aeBacToBaHMX 3e-
menb KpuBopiXKa yNopsaKOBYOTLCA B TaKy eKoce-
pito: LaxTHi TepuTopii < (FpaHiTHWIA Kap’ep,
Kap’ep ripHnyo-36aravyBasibHOro KombiHaty, Big-
Ba/IM  TipHWYO-36aravyyBa/lbHOr0 KOMOiHaTy) <
NanpwagTHWA 3aKa3HKK «Bisupka» < XKoBTOKam'a-
HCbKWIA Kap'ep. 3a NOKa3HUKaMK 3pOCTaHHA KiflbKo-
CTi aTMocepHMX onagiB CHOPMOBAHO HACTYMHY
ekocepito: XXOBTOKaM'SHCbKMiIA Kap'ep < JlaHgLuad-
THWIA 3aKa3HUK «Bisnpka» < ([paHiTHUIA Kap’ep,
Kap’ep ripHnyo-36aravyBanibHOro KombiHaty, Big-
Ba/IM TipHM4Y0-36aradyBasibHOro KoM6iHaTy) < Llla-
XTHi TepuTOpii. Ha Hally AyMKY, OAaTKOBUM BaXK-
NMBUM €KONOTiYHUM (HaKTOPOM MaKpOpPIBHSA € Yac —
TPVBANICTb PO3BUTKY CMIOHTAHHOIr O POC/IMHHOIO MO-
KpMBY Ha [eBacTOBaHMX 3eM/sX. 3a LM MOKasHu-
KOM BMWSIB/IEHO HACTYMHY 4iTKY eKOCepit0 3poc-
TaHHS: YKOBTOKaM'sIHCbKMIA Kap'ep < (Kap’ep rip-
HMYO0-36aravyBasbHOro Komb6iHaTy, Bigsanu rip-
HWY0-36aravyBasibHOr0 KOMGiHaTy) < [paHiTHWIA
Kap’ep < JlaHAwaghTHWI 3aKa3HMK «Bi3npka» < LLla-
XTHi  TepuTopil.MOHATTA  «aeBacToBaHi  3eMAi»
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00’eaHY€E Oy>Ke Pi3HOMAHITHI 33 MOXOMKEHHAM aH-
TPOMNOreHHO 3yMOBAEeHi TepuTopil. Mpu LboMy 3ase-
YKHO BIif LiNecnpsaMoBaHOCTI /IOACLKOT AiAbHOCTI
Ta 3aCTOCOBAHWMX TEXHOMOTIYHMX CXEM MOX/MBE
(hopMyBaHHA BifiBaNiB, KaBa/bepPiB, TEPUKOHIB,
Kap’epiB, NPOMUC/IOBMX MaifaHuYmnKiB, XBOCTOCXO-
BULL, LLISIAMOCXOBULL, Ta iH. 3a3HayeHi 06’€KTN aH-
TPOMNOreHHNX NaHAWadTiB 3aKOHOMIPHO XapakTe-
PU3YOTLCA 0COBIMBUMM YMOBaMW POCTY Ta PO3BU-
TKY [A€PEBHO-YarapHMKOBUX POC/UH. Mpu Lbomy
OKpeMmi TepuTopii JeBacTOBaHUX 3eMeflb MarThb Me-
BHUIA nepesniik OKPeMUX aHTPONOreHHNX HOBOYTBO-
peHb. ToMy € 06r'pyHTOBaHa MOX/IMBICTb YNOPAAKY-
BaHHA [eBacTOBaHMX 3eMeflb B MEBHY €KOMOriYHy
cepito. Y 3B’53Ky 3 UMM AeBacToBaHi 3eMni Kpmeo-
PIXOKA 32 NMOKa3HMKaMW 3POCTaHHA Pi3HOMAHITTS

eKOMOrYHUX YMOB YTBOPIOKOTHL Taky YropsfKoBa-
HicTb: Kap’ep ripHnyo-36araqyBanbHOro KOMGiHaTy
< Bigganu ripHnyo-36aravyBasbHOro Kom6iHaty <
(NaHpwaTHWI 3aKa3HUK «Bi3npka», XXoBTOKam's-
HCbKWIA Kap'ep) < LLlaxTHi Teputopii < paHiTHWIA
Kap’ep.

3ara/siom, BMKOPUCTOBYHOUM 3a3HauYeHi BULLE
YMOPALKYBaHHSA pPO3TallyBaHHSA [eBacTOBaHMX 3e-
Menb (ekonoriyHi cepii) KpnBopixoks Ta 60TaHiuHi
MOKa3HUKN [epeBHO-YarapHUKOBMX POCAvH (Kifb-
KiCTb TaKCOHIB Ta NTOMa Bara eKoCMneKTpiB: biore-
orpaciyHoro, 6ioMopgiyHOro Ta eKOMOPMIYHOro)
po3paxyBasiv KOpenawuinHy MaTpuLito, sika 'pyHTyBa-
Nacst Ha 3HaYEHHAX paHroBUX Kopensui CnipmeHa
(tabn. 2).

Tabnuus 2. KopensigiiiHa MaTpuLs 3a1eXXHOCTe eKooro-60TaHiYHWMX NMOKa3HWKIB MOLUMPEHOCTi ePEBHO-YarapHUKOBMX BUAIB Ta

€KOJIOFiYHUX XapaKTepPUCTVK 1EBACTOBAHMX 3eMe/b KpUBOPiXOKs

EKOMOriyHi XapakTepmMcTMKIN AeBaCTOBaHWX 3eMeb
Ekosoro-60TaHiuHi NOKa3HUKM TemnepaTypa KiNbKiCTb T?WMBB?JE';" %gf)' pi3HOMaHITTA
[lepeBHO-YarapHUKOBMX POCINH aTMocthepHoro aTMocthepHUx y P €KOMOTi4HNX
. ; JIMHHOTO MOK-
noBiTps onagis YMOB
pusy
BUAIB 0,343* -0,429* 0,686** 0,971**=
KinbkKicTb poais 0,257 -0,229 0,600** 0,943***
poAVH 0,286 -0,371* 0,457* 0,857***
abopureHHMX BUAIB -0,343* 0,429* -0,686** -0,914***
MuToma fepes 0,286 -0,600** -0,229 0,171
Bara me30TpodiiB 0,514** -0,257 0,343* -0,229
Kcepome3oqiTis 0,114 0,200 -0,400* -0,286
reniodiTis -0,229 0,029 -0,629** 0,286

MPUMITKK: «*» — KoedpiLlieHTW paHrosoi Kopenauii CnipMeHa [OCTOBIpHI Ha PiBHI 3HauywocTi P < 0,05; «**» —

P <0,01; «***» - P < 0,001.

Pe3ynbTaTi KOpPenauinHMX po3paxyHKiB Mig-
TBEPANN, LLLO MiXK eKONOro-60TaHiYHNUMK NOKa3HK-
Kamu MOLLUMPEHOCTI [epeBHO-YarapHUKOBUX BULIB
Ta eKO/IOTr iYHVMU XapaKTepUCTUKamMu 4eBaCTOBaHUX
3eMenb KpurBOpPIXOKS ICHYE [JOCTOBIPHWUIA 3B'30K
(Tabn. 2) — CTaTUCTUYHO 3HaYYLLMMKN BUSBUAUCS 18
KoeiLieHTIB kopenauii (3a moxmsux 32). Mpu
uboMy y 10 BMNaAKax HasBHWIA NPSAMUWIA 3B’S30K
(r>>0), TO6TO Yy pasi 3p0CTaHHs NMOKa3HWKIB eK0/o-
FMUYHMX XapakTepuCTUK [eBacTOBaHUX 3eMmefb Bif-
6yBa€eTbCA 30i/bLLEHHS YAC/TOBMX 3HAYEHb KO0 0-
60TaHiYHMX MOKa3HWKIB [epeBHO-YarapHUKOBUX
pocnuH. [ns BOCbMi iHWMWX BUMaAKIB, HaBMakw,
MPOCTEXYBaBCS 3BOPOTHIM KOpenauiiH1iA 3B’S30K
(r> < 0). Ha nifcTaBi OLiHKM CUAX KOpensuiitHoro
3B’A3KY MK €KO/0ro-60TaHiYHUMM MOKa3HUKamm
MOLUMPEHOCTI fepeBHO-YarapHMKOBMX BUAIB Ta KO-
NOTIYHMMW XapaKTepUCTUKaMK [eBacTOBaHUX 3e-
Me/lb BCTAHOB/IEHO TaKi CTaTUCTUYHI 3aKOHOMIpHO-
CTi. ¥ cemun Bunagkax npocnigKoByBaBcs ClabKui
3B'A30K, LUECTU — CepefHil, OQHOr0 — CW/IbHUINA
(0,7 < | r?| <0,9) Ta YOTMPLOX — fy>Ke CUMbHMIA KO-
pensALUiiHniA 38’ A30K.
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Cepef, eKO/IOriYHNX XapaKTepucTUK 4eBacTo-
BaHMX 3eMeflb KpMBOPIXOKA Haibinbll iCTOTHO Ta
CTaTUCTUYHO AOCTOBIPHO BMN/INBAKOTH Ha MOKA3HMKM
NOLUMPEHHSA AePEeBHO-YarapHNKOBNX POC/IUH TpuBa-
NicTb opMyBaHHS POCMHHOIO MOKPUBY Ta Pi3HO-
MaHITTS eKOMorivYHNX yMOB. Jns LMX XapakTepuc-
TUK [,eBacTOBaHMX 3eMe/lb BUSABIEHA MaKCUMaslbHa
KiNbKICTb MMOBIPHMNX KOE(iLLIEHTIB KOpensLii 3 Hali-
6inbLLOK cU/OK 3B°A3KY. Cepes NOoKa3HKKIB nowmn-
PEHOCTI [iepeBHO-4arapHMKOBMX BWAIB HalibinbL
3a1eXKHNMM Bif, €KOJIOT IYHUX XapaKTepuUCTUK [eBac-
TOBaHWX 3eMeflb BUSBUINCA KifIbKIiCTb BUAIB Ta Nu-
TOMa Bara abopureHHuX BuAiB. Ocob/mnBICTb AeBac-
TOBaHWX 3eMe/b NoNArae y NoBHin BiACYTHOCTI Npu-
POAHOro 'PYHTOBOr0 NOKPUBY, a Oro PYHKLUIT BU-
KOHYIOTb TipCbKi nopogun, fAe BigdyBatoTbCA Mpo-
Liecy MepBMHHOrO IPYHTOYTBOPEHHS. OfHaK iHTeH-
CUBHICTb Ta YCNILWHICTb UMX MpOLeCiB i3 npupoa-
HUX MPUYUH He3HayHa. ToMy MPUMITUBHI IPYHTU
[1eBaCTOBaHMX 3eMe/lb XapaKTepu3yTbCA HeCcnpus-
TAVBMMU [0S POCTY Ta PO3BUTKY POCAUH (Di3ny-
HUMMW, XiMiYHUMK Ta (Di3UKO-XiMIYHUMMW BNacTMBOC-
Tamu (Dobrovolskiy & Shanda, 1982; Mazur et al.,
2015; Savosko, 2010; Savosko, Nevyadomsky &
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Kudriava, 2010; Savosko, 2011b; Savosko & Bu-
lachova, 2011).

®i3nyHi, XiMiyHI Ta i3nMKO-XiMiYHI XapaKTe-
PUCTUKWM TIPCbKUX MOpIg, 3 AKUX CPOpMOBaHi JeBa-
CTOBaHi 3eM/i, — BaXXIMBUIA €KOMOTIYHMIA (haKTop,
O 3aKOHOMIPHO 3YMOBJIHOE MOLUUPEHHS AEPEeBHO-
yarapHMKOBUX POCAMH. 3a HalMMKU CrOCTepeXeH-
HAMW, Y pa3i YTBOPEHHSA [eHHOT MOoBepXHi AeBacTo-
BaHMX 3emenb KpMBOPIXOKA TiNIbKN 3 MYyXKUX TipCb-
KUX Nnopig (rnH, CYrIMHKIB, & IHKOAW i F'YMYCOBMI-
CHMX LUAPIB I'PYHTY) CMOHTAHHWIA POCAMHHWIA NOK-
PUB (POPMYETLCA BUHATKOBO 3 TpaB’AHUCTUX BUAIB
pocnvH. LLITy4He BUCaIKEHHS B TaKMX yMOBax fe-
peB Ta 4yarapHuKiB BUABWIOCA MalOyCNilLHUM. Y
pa3si YTBOPEHHs AeHHOT NMOBEePXHi feBacToBaHUX 3e-
MeNb TiNbKKN 3 KpUCTanivyHMX ripcbkux nopig (Keap-
LMTIB, CNaHLiB Ta iH.) CNOHTaHHWUIA POC/IMHHWIA NOK-
PUB BUXOLUTb AYXXe i Ay>XKe 3piMKeHNM Ta npescra-
B/IEHVM JIMILLIE TPaB’AHUCTUMM BMAaMW. 3a OfgHOYac-
HOT HasBHOCTI MYyXKUX Ta KPUCTaTIYHUX TiPCbKUX
Nopif Ha CyyacHi feHHIN NOBEPXHI [eBaCTOBaHUX
3eMenb CTBOPHOKOTLCS HaliKpalli eKOMOorivyHi yMOBM
ON19 NOSBU Ta MOLUMPEHHS [epeBHO-YarapHUKOBMX
BUAIB.

[JeBacToBaHi 3emMni KpnBOpiXOKA XapakTepu-
3yHOTbCA 0CO6/IMBUMU Ta AYXKE Pi3HOMaHITHUMU (o-
pMamu mMe3openbedyy, Lo 3yMOB/HOE NEBHI 3aKOHO-
MIpHOCTI nepepo3noginy aTMocqepHUx onagis. Ak
HacnNifoK YTBOPHOKTLCA 0CO6/IMBI NoKawiT, cnpuaT-
MBI ANA poCTy Ta PO3BUTKY AePEBHO-YarapHUKO-
BMX POCAMH. Y 6inbLIOCTI BUNAAKIB Lie Mikpo3ana-
OMHW, & TaKOX HXKHS YacTuHa CXU/TIB Ta npuserna
[0 HUX cmyra 6epmu.

O6roeopeHHSA. [eBacToBaHi 3emi KpuBopiXoks,
He3BaXXarun Ha PO3MILLEHHS PerioHy B CTEMoBiii
(hisnKo-reorpadiyHiin 30HI, fe XapakTepHe MOBCIo-
[IHe NoLMpeHHs TpaB’ AHUCTOT POC/IMHHOCTI, BUSIBU-
NNCH pe3epBaToOM MPUPOLHOro 3pOCTaHHSA [epeBHo-
yarapHVKoBUX BMAIB. MpoTe X PNOPUCTUYHE Pi3HO-
MaHITTA He3HauHe, HapaxoBye nuile 55 BUAIB, Bif-
HeceHMX TiNbKK Ao Bigainy MokputoHaciHHi. OTpu-
MaHi HaMK pe3ynbTaTW LWOAO KiNbKICHUX MOKa3HW-
KiB 0IOPUCTMYHOIO CKNaAy AepeB Ta YarapHUKIB Ha
[leBacToBaHMX 3emnsix KpuBopi3bKoro perioHy win-
KOM 3iCTaBHi 3 aHUMM 3 iHLLIMX NPOMUCNIOBUX Peri-
OHiB YKpaiHu Ta cBiTy (Berger et al., 2011; Chajka,
2014; Korshikov, Krasnoshtan & Pasternak 2012;
Smetana, Mihajlenko & Jaroschuk, 2009). Takox
CNnif 3a3HaunTW, WO KiNbKICHI MOKa3HWKW MOLLW-
PEeHHS iepeBHO-YarapHUKOBMX BUAIB Ha TepeHax fe-
BacTOBaHMX 3emefib KpuBOpiXOKA [ar0Tb MigcTasu
noroguTnUCcA 3 [OYMKOK OKPeMWX AOCHNiLHUKIB
(Tarasov et al., 2003) Wwoa0 HopMyBaHHA Ha TaKNX
Teputopiax pigkoniccs. 3 eKonoro-60TaHivyHOI To-
UKW 30pYy HaWbinbL NPUCTOCOBAHWMK BUAaMU [0

YMOB TEXHOTEHHMX 3eMe/lb BUSBUICS Maslo- Ta Ce-
peaHbLOBUGArNMBI 10 PiBHS 3BOSIOXKEHHS Ta POAIOYO-
CTi T'PYHTIB, CBITNOMOGOHI, IHTPOAYKOBaHI AepeBHi
Buau. MNpu uboMy BOHV NPUPOAHO NnoLumpeHi B Linp-
KymbopeasibHiin, ATnaHTUKO-MMiBHIYHOaMepUKaHCb-
Kiin, CepeazeMHOMOPCbKIN Ta IpaHo-TypaHCbKili 6i-
oreorpagiyHnx AOPUCTUYHUX o0bnacTax [ronapk-
TUYHOrO LapcTBa.

Llinkom noriyvHo, Wwo pisHOMaHITTA eKosoriy-
HMUX YMOB [eBacToBaHUX 3eMesib KprBopixoks, a Ta-
KOX TpMBanicTb POPMYBaHHS POC/IMHHOIO NMOKPUBY
Ha LMX TepeHax CTaTUCTUYHO JOCTOBIPHO 36iNbLUY-
t0Tb Ki/IbKiCTb TAKCOHIB (BUAIB, POLiIB Ta POAMH) fe-
peBHO-YarapHMKOBUX BUAIB | 3MEHLUYHOTb NMUTOMY
Bary abopureHHux Bugis. To6TO 3a HaCNPUATNBI-
LUMX €KOSTOTIYHMX YMOB iHTPOLYKOBaHI iepeBHO-4Ya-
rapHMKOBI BMAN BUSBUAKUCS GiNbll aganToBaHUMU
ANs fleBacToBaHMX 3emefb perioHy. KifnbKicTb aTmMo-
cthepHMX onagiB AKHaNiCTOTHiLLE BNMBAE Ha KiNbKi-
CHI MOKa3HWKW MUTOMOI Baru aepes. TOMy BBaXa-
€MO, LU0 YarapHWKOBI BMAM Oinbll NepcrneKTUBHI
ANSt eKONOTiYHMX YMOB MiBAEHHWUX TEPUTOPIN peri-
OHy. Temnepatypa aTMOCH(EPHOro MOBITPSA AyXe
3HAYHO 3YMOB/IOE Ki/IbKICHI MOKA3HUKW MUTOMOI
Barv me3oTpoqis..

Hawi npunyweHHs, Wo AeBacToBaHi 3emi,
ChopMOBaHi 3i 3MiLLaHMX MYXKMX Ta CKeNbHUX Tip-
CbKMX NOpij, HanbinbLw CNpuATAMBI 41 pocTy Ta
PO3BUTKY [epeBHO-YarapHUKOBMX POC/IUH, LiSIKOM
3iCTaBHI 3 pe3ynbTaTaMu AOCNILKEHb, KOTpi 6ynu
NpoBefeHi B MiBHIYHIN YacTUHI KprBopixoks. 3a po-
3paxyHkamn B. K.  TepewgeHko (Tereschenko,
1992), cKenbHi ripcbKi MOPOAW 34aTHI Y HiYHWIA Yac
aficopbyBaTu 3 aTMOC(EPHOr0 NOBITPS NEBHY Kislb-
KicTb BO/lOrN (00 2-5 MM Y «[0LL0BOMY eKBiBase-
HTi»), WO MO3UTUBHO BM/NBAE Ha YarapHWUKOBI Ta,
0c06/1MBO, Ha fepeBHi BMAM. IHWI Hawi npuny-
LLEHHS LWoA0 (hOpMYyBaHHSA ONTUMAaIbHUX YMOB ANA
[EPEeBHMX Ta YarapHUKOBUX POC/NH Y HWXKHIN Yac-
TUHI CXWNIiB [eBacTOBaHWX 3eMeflb NiATBEPIKY-
IOTbCA pe3yfibTaTaMu  MaTeMaTUYHOrO MOZENto-
BaHHA (Smetana, Dolina & Yaroschuk, 2013). 3a
MPOrHO3HUMM PO3pPaxyHKaMU 3HayeHb JIOKaSIbHUX
Koe(iLliEHTIB 3BOJIOXKEHHS Ha TaKMX efIeMeHTax Me-
30penbedy KiNbKiCTb HAAXOAKEHHS BONOI M 3a paxy-
HOK CTOKY 3i CXMNiB aTMOC(EPHUX onagiB 36ibLuy-
€TbCA Ha 15-25 %.

He3Baxaroum Ha M’ATAECATUPIYHWIA [OCBIf
TEOPETUYHMX AOCILKEHb Ta NPAKTUYHUX BULLYKY-
BaHb, A0CI 3a/IMLLAETLCA OCTATOYHO He 3’SICOBaHUM
nepenik JepesB Ta yarapHWKIB, MaKCUMasIbHO nepc-
NeKTUBHUX ANs hiTopeKyNbTMBALLIT Ta piTomeniopa-
Uil peBacToBaHUX 3emenb KprBOPIXOKA Ta iHLWIKX
MPOMMUC/IOBUX PErioHiB, KOTPI po3TallioBaHi y cTe-
MOoBiVi NPUPOAHO-KNIMATWUYHI 30Hi.

Ha Hawy aymKy, [0 nepeniky nepcrekTus-
HUX 4na PITOpekynbTUBaLiT BUAIB Y MepLuy Yepry
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cnig BigHeCTN NpeACTaBHUKIB (DNOPUCTUYHOTO sapa
[epeBHO-4arapHUKOBMX BWAIB [eBaCTOBaHWX 3e-
menb Kpusopixoksa. Cepef, aepes ue: B’s3-6epecT,
lopix BonocbkuiA, KneH sceHenucTtuii, Marane6-
CbKa BUWHS (AHTUMKA), POGIHIA 3BUYaliHa; cepeq
yarapHuKiB: XXMMooCTb TaTapcbka, CBMAMHA Kpo-
B'AHa, CKyMmnis 3BMuYaliHa, LUunwnHa 3BUYaiiHa.
BOHW He nuLLe NPUPOAHO NOLUMPEHi Ha BCiX gochi-
[JHUX TepuTOopiax, a i MaroTb AOCTaTHLO BMCOKI MO-
Ka3HUKW >KWUTTEBOCTI, KBITYHOTb Ta M/IOLOHOCATD.
Mpn ubOMy cnig 3a3HayYnNTK, WO [AEPeBHI BUAU
6iNbLL NepcneKTUBHI ANa iTOpeKyNbTUBaLiT AeBac-
TOBaHUX 3eMeflb Ha MiBHIYHUX TepeHax Kpwmsopi-
HOKS.

B Hawomy BuMagky Le AeBacToBaHi 3emi
LLlaxTHMX TepuTOpiii, Bigsanis Ta Kap’epy ripHuyo-
3baradyBa/lbHOro KOM6iHaTy, ['paHiTHOro Kap’epy,
ToAi SK YarapHWKOBI BUAM AOLiINbHO BUKOPUCTOBY-
BaTW ANa (hiTopeKynbTnBaLii NiBAEHHNX TEPUTOPIiA
Kpusopixoka: JlaHAwadTHOro 3akasHuka «Bisu-
pKa» Ta 0co6AMBO GOPTY HeMpautoroyoi YaCTUHK
KOBTOKaM'AHCLKOI 0 Kap'epy.

3arasiom, MigcymoBytOUM pesynbTaTh Bnac-
HUX pgocnimkeHb (Savosko & Alekseeva, 2007,
Savosko, 2011), a TakoX HayKOBi JOCATHEHHS None-
peAHVKIB: BMKNafadviBe KpuvBopi3bKoro negaroriy-
Horo yHisepcuTety (Davyidov Dobrovolskiy &
Mihaylov, 1971; Dobrovolskiy, 1980), cnispo6iTHu-
KiB KpuBopi3bkoro 6otaHiyHoro cagy (Mazur &
Smetana, 1999; Mazur et al., 2015; Korshikov,
Krasnoshtan & Pasternak, 2012), Buknagayis [Hin-
POBCbKOr0  HauiOHa/IbHOTO  YHIiBEPCUTETY  iMeHi
Onecs NoHuapa (Ale[eyeva et al., 1971; Lykholat et
al., 2016°; Lykholat et al., 2016? Travleyev, Belova
& Zverkovsky, 2005; Zverkovsky, 1997), Buknaga-
4ie [AHINPOBCLKOr0 arpoeKoHOMIYHOro YHiBepcu-
TeTy (Bekarevich et al., 1971; Demidov et al., 2013),
CNiBPOGITHMKIB IHCTUTYTY Npo6neM NPMPOACKOPU-
CTyBaHHS Ta ekonorii (Shapar, Skripnik & Bobyir,
2005) Ta BUKagayis HauioHasbHOrO YHiBepcUTeTY
6iopecypciB Ta npupogokopucTyBaHHsa (Brovko,
1988; Brovko & Brovko, 2011; Brovko & Brovko,
2012), a TakoX CBIiTOBi AOCArHeHHs (Sheoran,
Sheoran & Poonia, 2010; Kowalska & Sobczyk,
2012; The Forestry Reclamation Approach, 2016)
chopmyBain nepenik AepeBHO-4arapHUKOBUX BU-
[iB, MepcnekTMBHMUX ONs iTopeKynbTMBaLil Ta gi-
ToMeniopauill AeBacToBaHUX 3emenib KpuBopisb-
KOrO FipHUY0-MeTanypriiHoro periony.

Cepef, fiepeBHMX [0 LbOro nepeniky BK/LO-
yeHi: A6puKoc 3BuyariHWMiM (Armeniaca vulgaris
Lam.), bepesa nosucna (Betula pendula Roth),
B’s13-6epect (Ulmus minor Mill.), Fopix Bonocbkui
(Juglans regia L.), Ay6 3BunyaiiHnii (Quercus robur
L.), Ay6 yepBoHuit (Quercus rubra L.), KneH sceHe-
nnctuii (Acer negundo L.), BuwwHs marane6cbka abo
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AHTUNKa (Prunus mahaleb L.), MacnvnHka By3bKo-
nucta (Elaeagnus angustifolia L), Po6iHis 3BnyaitHa
abo 6ina akauis (Robinia pseudoacacia L.), Po6iHis
Kneika (Robinia viscosa Vent.), CocHa 3BMYaliHa
(Pinus sylvestris L.), CocHa KpuMcbka abo Mannaca
(Pinus pallasiana D.), Cymax nyxHactuin (Rhus
typhina L), Tonons 6ina (Populus alba L.), Tonons
penbTonucTa (Populus deltoides Marsch.), Tonons
nipamiganbHa a6o itaniiceka (Populus italica (Du
Roi) Moench), AceH 3BnyaiiHnii (Fraxinus excelsior
L.). Cepep, YarapHuKoBuX Lie: buproumHa 3snyaiiHa
(Ligustrum vulgare L.), By3ok 3BuuyaliHuii (Syringa
vulgaris L.), Amopgha kywosa (Amorpha fruticosa
L.), nig ykpaiHceknii  (Crataegus ucrainica
Pojark.), bysnHa yopHa (Sambucus nigra L.), O6ni-
nuxa KpywmnHonogi6Ha (Hippophae rhamnoides L.),
YKumonocTb TaTapcbka (Lonicera tatarica L.), Kapa-
raHa gepes’saHucTa abo >KoeTa akauia (Caragana
arborescens Lam.), CeugnHa KpoB'siHa (Swida
sanguinea L.), Ckymnis 3BuyaiiHa (Cotinus
coggygria Scop.), LwunwuHa 3BnuyaitHa (Rosa
canina L.).

TakoX Ay>Ke BK/IMBO Ta akTya/lbHO Haroso-
CMTW, LLIO OKPEMI PEKOMEHAOBaHI Hamu Ans itope-
Ky/ibTBaLiT 4eBacTOBaHUX 3eMeflb [AepeBHO-Yarap-
HWKOBI BUAWN aKTMBHO BMKOPWUCTOBYHOTHCA NIFOLbMU
AK Xap4yoBi Ta NiKapCcbKi POC/IMHA. 30Kpema, cepes
JepeBHMX BWAiB Ue — AOpMKOC 3BUYaliHWUIA
(Armeniaca vulgaris) Ta opix Bonocbkuii (Juglans
regia). Cepep, YarapHUKOBUX — [Nif yKpaiHCbKWiA
(Crataegus ucrainica), by3uHa yopHa (Sambucus
nigra), O6ninuxa KpywuHonogibHa (Hippophae
rhamnoides), LUunwwnHa 3BuyaiiHa (Rosa canina).
OcKiNnbKKM pIiCcT Ta pO3BUTOK LMX BUIB HAa AeBacTo-
BaHWX 3eM/isiX Byae BigbyBaTnCA B 0CO6/IMBUX EKO-
NOTiYHMX Ta reonoriyHMX yMoBax, ICHYE Be/vKa
VIMOBIPHICTb HAKOMUYeHHS B LMX POC/IMHAX TOKCK-
YHUX XIMIYHUX €NEeMEHTIB Y 3Ha4YHMX KOHLEHTpa-
LisX, Wo, 6e3nepeyHo, NOTEHLIHO LWKigIMBO ANs
30,0p0B’A MoANHK. KpiM TOro, HasBHICTb TaKMx po-
C/IMH Ha [1eBaCTOBAHMX 3eM/1SX 3HAYHO 36i/bLUYE He-
KOHTPO/IbOBaHe iX BiABifYyBaHHS HacCeNeHHAM, LU0
3aKOHOMIPHO 3Ha4HO 36iMbLUYE MMOBIPHICTb TpaB-
MaTM3My Ta HellaCHMX BUMNaAKiB, BiAnoBifaNbHICTb
3a AKi MaloTb HECTU (haKTUYHI GanaHCoyTpuMyBadi
Takux 3emesib. OCb YOMY, Ha HaLLly NepeKOHINBY fy-
MKY, BUKOPUCTaHHA NI0L0BMUX, AMiLHUX Ta NiKapCb-
KUX BUiB, @ 0COBNMBO YarapHMKiB (K LLUBUAKOPOC-
NAX, BOCTYMHMX 33 PO3MipaMun — TOMY MakCMMaslbHO
npuBabANBMX 419 HaceNeHHS), HeoLiNIbHe Ha AeBa-
CTOBaHUX 3eMnax KpmBopixoka (Ta iHWKUX NpoMumc-
NOBWX PEriOHIB), PO3TaLLOBaHNX BAMXKYE HIXX 5 KM
Bif, MiCbKMX YXUTNOBUX MacuBiB abo CifibCbKMX Ha-
CeNleHNX MyHKTIB.
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BucHOBKM Ta peKoMeHfaLii. 3a pesynbTatamu BU-
KOHAHOro A0CNigKeHHS chopMOBaHO TaKi BUCHO-
BKM.

1. TakCOHOMIYHWIA CKNaf AepeBHO-YarapHu-
KOBOI (hniopn JOCNifKEHMX TepuTOpili AeBacToBa-
HKX 3eMefib KpuBopiXka MicTuTb 55 BugiB i3 33 po-
[iB Ta 18 poauH, ki BigHOCATL A0 Bigainy Mokpu-
TOHaCiHHI. Hali6inbLl NpucTOCoBaHi BUAM A0 EKONO-
FYHUX YMOB LX TEPMTOPIN cepeHbOBMOArinBi 4o
PiBHS 3BOJIOXEHHA Ta POAKYOCTI IPYHTIB, CBIT/O-
NtO6HI, IHTPOAYKOBaHI BUAW, SKi NPUPOAHO NOLLK-
peHi B LinpkymbopeasnbHiin, ATnaHTUKO-IMiBHiYHO-
amepuKaHcbKiin, CepeA3eMHOMOPCHKIA Ta IpaHo-
TypaHcbKil 6ioreorpaiyHnX (hIOPUCTUYHNX 06Na-
CTAX [[0NapKTUYHOIO LapcTsa.

2. Pi3HOMaHITTA €KONorivyHMx ymoB feBacTo-
BaHUX 3emenib KpuBopixoka, TpuBanicTb (hopmy-
BaHHA POC/IMHHOIO NOKPWBY Ha LMX TepeHax cTaTu-
CTUYHO JOCTOBIPHO 3yMOB/MOKOTb 30i/bLLIEHHS Kiflb-
KOCTI TaKCOHIB (BULiB, POAiB Ta POAWH) AepeBHO-Ya-
rapHYKOBMX BWAIB Ta 3MEHLUEHHS MUTOMOI Baru
abopureHHNx BugiB. KinbKicTb aTMochepHMX ona-
[iB 3yMOB/IHOE TEHAEHLiO 0 36iN1bLUEHHA NUTOMOT
Bary 4aCTKM YarapHUKIB.

3. Teputopii geBacToBaHMX 3eMenb Kpueopi-
XOKS, AEHHI NOBEPXHI AKUX MICTATb OfHOYACHO My-
XKi Ta CKenbHi ripcbKi nopogu, 6avarbca HanbinbLL
NepcneKTUBHUMM [19 CTBOPEHHS lepeBHO-YarapHu-
KOBMX HacafkeHb 06e3 MnonepesHbOr0 HaHECEHHS
LLapy POAHOUOrO I'PYHTY.

4. Me30- Ta MiKpo3anagnHu, HAXHA YacTuHa
CXWUJly, & TaKoX YacTvHa 6epm, Lo 6e3nocepesHb0
npunsrae Ao CXuny — ue Halibinblw nepcneKkTuBHI
Mmicus, fie oL iNIbHO NOYNHATU CTBOPEHHSA TaKMX Ha-
Ca[pKeHb.

5. [epeBHi BUAKM 6inbLu nepcnekTUBHI Ans gi-
TOPeKy/NbTMBALiT [1eBacTOBaHMX 3eMeflb Ha MiBHiu-
HUX TepeHax KprBOPIXOKA Ta IHLWIMX MPOMMCIOBMX
PErioHiB, L0 pO3TaloBaHi Yy MiBHIYHO-CTEMOBIA
30Hi. YarapHukoBi BMAWM [OOLIBHO BUKOPUCTOBY-
BaTW AN iTOpeKynbTUBaLIT NiBAEHHUX TEPUTOPIN
KpunBOopixXoKa, a TakKoX iHLUMX MPOMUC/IOBUX PErio-
HiB, PO3TallOBaHMX Y LEHTPaNbHO-CTEMOBIA 30Hi.
[Jobvpatoun BMAM [epeB Ta YarapHuKiB 419 CTBO-
PEHHS HacaKeHb Ha [,eBaCcTOBaHMX 3eMsX, Heob-
XijHO TakoX ypaxoByBaTV MOX/IMBICTb HEKepOBa-
HOrO X BUKOPUCTaHHA HAceNeHHAM AK [Kepesa Xa-
PYOBOT Ta NiKAPCbKOT CUPOBUHMN.

PekomeHgauii BupobHMUTBY. Ans (iTope-
Ky/bTUBaLiT [eBacTOBaHMX 3eMeflb MPOMUCIOBUX
PerioHiB, po3TaloBaHMX Y CTENOBIl 30HI, A0OLIIBHO
BMKOPUCTOBYBATU Taki BUAN fepeB: AGpPUKOC 3BU-
yaiiHuiA, Bepesa noswucna, B’s3-6epecT, Mopix Bono-
CbKuiA, [1y6 3BMyaiiHuin, [y6 4YepBOHMiA, KneH sice-
HenmcTuin, BuwHsa marane6ebka, Mac/imHKa BY3bKo-
nncta, PobiHia 3BuyaliHa, PobiHia kneiika, CocHa

3BUYaliHa, CocHa KpumcbKa, Cymax nyxHacTuii, To-
nons 6ina, Tonona gensTonucTa, Tonons nipamiga-
NbHa, ACeH 3BUYaliHWIA; Ta YarapHUKiB: buptounHa
3BMYaiiHa, By3oK 3BUYaiiHMiA, AMmopda KyLLoBa,
nig ykpaiHCbKWii, By3uHa yYopHa, O6ninmxa Kpy-
lwnHornogibHa, YXumosnocTe TaTapcbka, KaparaHa
Jepes’aHucTa, CeBuanHa Kpos'AaHa, CKymnis 3BuW-
yaiiHa, LUvnwwuHa 3BnYaintHa. [ns CTBOpeHHs Haca-
[PKEHb Ha TepUTOPIAX, PO3TaLoBaHMX MOPYY i3 Xu-
TNI0OBMMW MacvBaMu Ta HaceNeHMM NyHKTamu (40 5
KM), 3314 3anobiraHHs HEKOHTPO/IbOBAHOIO BUKO-
pUCTaHHS Ta MOLUMPEHHSA Xap4yoBOi Ta NliKAPCbKOT
CUPOBUHM, & TaKoX 3anobiraHHs TpaBMatu3my Ta
HeLacHMUX BUNagKiB Mifg vac 36mpaHHs Uiel cupo-
BWHM Haroner/iMBo He PEKOMEHAYEMO HacaKyBaTu
Taki BuAaiB gepeB: Abpukoca 3BMYaiiHOro i ropixa
BOJIOCbKOr0, Ta 0C06/IMBO YarapHMKOBWUX BWAIB:
Fnody ykpaiHcbKoro, BysuHu uvopHoi, O6ainuxu
KpyLIMHONOAI6HOT, LLMNWWHKM 3B1YalAHOT.

Y nofganblumx OOCAIMKEHHSX AOUINbHO 3a
[0MOMOro0 MapLUPYTHOrO Ta PeKOrHocuMpyBasb-
HOro MeTofiB 06CTEXMTN BCi TepUTOpIT AeBacToBa-
HUX 3eMefib KpMBOPIXOKS Ta BUSABUTU AINAHKM 3 Ma-
KCUMa/IbHO KOHTPaCTHUMMK  €KOMOTIYHUMK  YMO-
BaMu. B moganbLuoMy 3a JOMOMOrOK HaniscTayio-
HapHMX Ta CTauioHapHUX MEeTOAIB AOCMiMKEHb €
CEHC 3’ACYyBaTV CyYacCHWI CTaH fepeBHO-4YarapHuKo-
BUX BUAIB, AKWI I'PYHTYETHCA Ha MOKXKYMKAX XKUT-
TEBOCTI POC/INH Ta IX MOPGOMETPUYHMX BUMIpax I
pospaxyHkax. Kpim TOro, akTyasbHO [OCNignTy
MPOBigHI  eKONoro-isionoriyHi - XapakTepucTUKy,
AKi BigobpaxatoTb aganTauiiHi NOTeHLiT HanbiNbLL
MOLUMPEHMX Ta CTINKUX AEePEBHUX Ta YarapHUKOBUX
BMAiB.

IMopsaka. Bucnosnoemo wnpy noAAky
MpnBaTHOMY aKLiOHEPHOMY TOBapuUCTBY «Xaige-
nbbepr LieMeHT YKpaiHa» 3a HafjaHy MOX/IMBICTb Y
pamkax npoekty Quarry Life Award 2014 nposectu
[NOCNIPKEHHA [lepeB Ta YarapHWKiB NiBAEHHOI Yvac-
TUHW, LLO He eKcnnyaTyeTbes, 2KOBTOKaM’ AHCLKOr0
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AHoTaLlisl. BuknageHi pesynbTaTu y3arajbHeHHs Ta aHaslisy JaHWX Npo reoioriyHy no-

Received 01.02.2018; 3ULLit0 NOKNAAIB i MiHepabHWIA Ta XiMiUHWIA CKNag Py CEMU MiHEPaNoro-TeXHOMOMYHMX
Received in revised form 05.04.2018;  pisHoBugiB, AKi CKNaalOTb NPOAYKTVUBHY TOBLLY IHIYMELbKOTO POAOBULLA. Pyan KOX-
Accepted 09.06.2018 HOTO PI3HOBMAY XapaKTepU3YIOTHCA YiTKOK CTPaTUrpatiuHol MpUB’A3KoHo. MepLuomy

pi3HOBMAY BiAMOBIAAE LIOCTUIA 3a1i3UCTUIA TOPU3OHT; APYTOMY — M’ ATUIA 3a1i3NCTWIA; Tpe-
TbOMY — M’ATUIA CAHLEBWIA; YETBEPTOMY — YETBEPTUIA 3aMi3UCTUIA; N’ATWIA Pi3HOBMA 06’ €AHYE BEPXHIO YaCTMHY PO3pi3y ApYroro 3a-
Ni3UCTOr0 ropu3oHTY, a TaKOX TPETIiA, YeTBEPTWIA CNaHLEBI Ta TPETIl 3ai3MCTUIA FOPM30HTK; LLOCTOMY Pi3HOBMAY BiAMNOBIAaE LieHTpa-
NlbHa YacTUHA APYroro 3a1i3uCTOro ropnu3oHTY; CbOMOMY — 6a3a/ibHi BEPCTBY APYroro 3a1i3ucToro ropu3oHTy. OCKINbKN 4151 KOXKHOTO
cTpaturpadivyHoOro ropusoHTy BAacTMBa ayTUreHHa MiHepanorivyHa 30HalbHICTb, MiHEPaNOro-TeXHOMONYHI PI3HOBUAW pYy[, XapakTe-
PU3YOTbCA 3HAYHOK HEOAHOPIAHICTIO MiHEPasIbHOMO Ta XiMiYHOro cknagy. JoAaTKoBuM (PakToOpoM BapiaTUBHOCTI AKICHUX NMOKa3HM-
KiB pyf € Y4iTKO NposiBeHa BEPTUKaNbHA 30HANIbHICTb PYAHMUX MOKNaAiB. BepxHs iX yacTWHa CKnajeHa reMaTMuToBMMM KBapLuTami
(NpofyKTamu rinepreHHUX 3MiH NepBUHHUX MarHETUTOBMX KBAPLMTIB); NMPOMIXHA — MiHEPaIorivyHO i XiMiYHO HE3MIHEHUMMU, ane po-
3yLiNbHEHMMY iX pi3HOBMAAMU. TToUMHAKOUN 3 TAMBUHM -250 M, MarHETUTOBI KBapUMTW HaeXaTb 40 30HU LieMeHTaLii Kopy BMBIT-
POBaHHS, XapaKTepu3yTbCs NiBMLLEHMM BMICTOM 3a/1i3a Ta MOKasHMKaMmn QisnyHuX (rycTuHa, 06’eMHa Maca) Ta TeXHiYHMX (Mil-
HiCTb, BYpPUMICTb, MOAPIOHIOBaHICTL) NapameTpiB. 3a3HaueHe YCKIagHIOE BUKOHAHHS ONepPaTMBHOIO Ta NEPCNEKTUBHOIO MaHyBaHHs
reos0ropo3BigyBanbHUX, FipHUYOA00YBHUX POGIT, 36aradeHHs pya. Y 3B’A3KY i3 UMM HeobXigHa akTyanisallis iCHyr40i MiHepanoro-
TEXHOMOTIYHOT, a Ha Ti OCHOBI — MiHEpaNoro-TeXHIYHOT Knacudikaliii pya.

KnrouoBi cnoBa: 3anisucTo-KpeMHucTa dopmauis, Kpmeopissbkuil 6aceiiH, MarHe TUTOBI KBapUMTH, XiMiYHWIA CKnag pys, yMOBH
YTBOPEHHSA pyg, Knacudikauis pya.

The regularities of changes ore composition Ingulets’ ore mining and processing works
M.O.Shepelyuk, V.D.Evtekhov, O.Ya.Smirnov

Krivyi Rih National University, Kryvyi Rih, Ukraine.
E-mail: m.shepeluk@gmail.com, evtekhov@gmail.com, smirnovknu@mail.ru

Abstract. The Inhulets’ke deposit of low-grade magnetite ores (magnetite quartzites) is characterized by a complex structure of pro-
ductive series, which includes five ferruginous (from the second to the sixth) and four schistose (from the third to the sixth) horizons
of the Saksagan suite of the Kryvyi Rih series. All of them are stratigraphically tied: the first ore variety corresponds to the sixth
ferruginous horizon; the second one to the fifth ferruginous horizon; the third one to the fifth schistose horizon; the fourth one to the
fourth ferruginous horizon ; the fifth one to the combined rock mass of the second ferruginous and also the third, the fourth schistose
and the third ferruginous horizons; the sixth one is tied to the central part of the second ferruginous horizon; the seventh one to the
lower part of the second ferruginous horizon. Stratigraphic control of determining varieties of ores defines the high level of heteroge-
neity of each variety by mineralogical, chemical, structural, textural indicators, i.e. by parameters, which determine the main indicator
of iron ore raw materials that is ore dressability. All this requires updating ores classification, which must be based on the material
rather than stratigraphic characteristics of ore deposits. The results of studying the chemical composition variability of ores during
2011-17 showed a steady tendency to increase the indexes of total iron content in ores (Fetwt.) and iron content in the magnetite (F€magn.)
with the growth of mining operations and the depth of working out ore deposits. The reason is iron repositioning from the crust of
weathering to the hypergenetically unstable magnetite ores of deep (over 250 metres) hypsometric horizons, as well as iron redistribu-
tion in the process of folding between the limbs and the trough of the Lichmanivska syncline which is the main geological structure of
the deposit.
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BcTyn. bigHi marHeTUTOBI pyamn (MarHeTUTOBI KBa-
punTn) IHrYNeLsKoro pofoBMLLA, PO3TALLIOBaHOrO
Ha KpaiHbOMYy MiBAeHHOMY (hnaH3i KpmBopi3bKoro
6aceliHy (Belevtsev, 1962), po3pobnstoTbCs, Noyun-
Haroum 3 1961 p.; BUpPOGNAETLCA 3a/1i30PYAHWIA KOH-
LIeHTpaT i3 BMiCTOM 3ai3a 621M3bko 65 mMac.% (¢hab-
puka Nel) i 68 mac.% (thabpmka Ne 2). PogoBuLLe €
YHiKa/lbHUM 3a KiNbKICTIO cTpaTurpapivyHnx ropu-
30HTIB Y CKnagi npoayKTueHOT ToBLWi [Ahkozov,
1982, Pedan, 1973]. BugobysatoTbcs pyam n’ st 3a-
nismcTux (Big Apyroro A0 LIOCTOro) Ta YOTUPLOX
(Bif TPETLOro A0 LIOCTOro) CNaHLUEeBUX roOpU30OHTIB.
3a iCHYI4O00 Knacugikauieto, pyam 06’eHaHi B CiM
MiHepanoro-TexHoMOriYHuX pPisHOBUAIB (COPTIB).
Benuka KinbKicTb pisHMX 3a MiHepaslbHUM CK/1afoM
pyA 06yMOB/HOE BUCOKMIA piBeHb BapiaTMBHOCTI 3a-
rasibHoro BMICTy 3ani3a (Fesr) I BMICTY 3a/i3a B
cknagi MarHeTuTy (Fewarw) — rOIOBHMX MOKA3HUKIB
AKOCTI pyan. [logaTkoBuM (hakTOpPOM 3MiHW CKnagy
PYA € 3HaYHe 3arMbneHHs Kap’epy (B NOTOYHMI Yac
ioro rnnbuHa noHag 400 M) i po3LWMPEHHS (DPOHTY
ripHM4o0A006YBHMX POGIT.

MpoTsarom maiixe 60 pokiB ekcrinyatauii pogosuLa
B 3B’13KY 3 CYTTEBOIO 3MiHOKO XiMIYHOIO CKNagy pys,
HarpoMapKyoTbCA NPOSABM HELOCTaTHLOT BifMoBiA-
HOCTI NOKa3HWKIB SKOCTi pyp, napaMeTpam, ofepxa-
HUM 3 BUKOPUCTaHHAM ICHYHOYOT TX MiHepasioro-Te-
XHOMOrYHOT Knacudikauii. B 38’A3Ky 3 LM Ha3pina
HeoOXifgHICTb aKTyanisayii MiHepanoro-reHeTUYHO,
MiHepasioro-TexXHOM0NYHOT Ta IHWKX Knacugikawiii
PYA pojosuLa.

MeTa po60TW — BM3HAYEHHSA TOIOBHUX TEHAEHLiV
3MIHWM AKICHUX MOKa3HWKIB pyf 3i 36i/bLUEHHSAM
rAMGWHM ekcnnyatauii IHryneLbkoro pogosuLa.
O6’eKT [OCMIMPKEHHA — MarHeTUTOBI KBapuuTh
NPOAYKTMBHOT TOBLL IHIyNeLbKOro poaoBuLLa.
MpegmeT LOCNILKEHHS — MIHEPa/IbHUIA | XiMIYHWIA
CK/1af, MarHeTUTOBMX KBApLUTIB.

BuxigHnin matepian i meToguka po6oTtwu. bynu
y3ara/ibHeHi 1 npoaHani3oBaHi AaHi Npo 3arasibHui
BMICT 3a/1i3a Ta BMICT 3a/i3a B CK/afi MarHeTuTy,
ofepxaHi npotarom 2011-17 pp. Ans pyz4 BCixX MiHe-
panoro-TexXHiYHMX PisHOBUAIB, AKI BUAINAIOTLCA B
NPOAYKTMBHIA  TOBLWi pogosuwa. PesynbTatu
XiMiYHMX aHanisie 6ynnM ofepxaHi B (hoHAax
IHF3Ky Ta KprBOpi3bKOoro HauioHabHOro yHiBep-
cuTeTy. B npoueci cTBOpeHHS 6aHKy BUXIgHWX fa-
HMX, X 06pO6KM Ta aHanisy BMKOPWUCTOBYBA/INCH
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anpo6oBaHi MakeTy CTaTUCTUYHUX KOMM’HOTEPHUX
nporpam.

OpepxaHi faHi Ta iX 06roBopeHHs. PesynbTati
y3ara/ibHeHHs Ta aHani3y AaHuX npo BMICT rosios-
HUX XiMiYHMX KOMIMOHEHTIB Yy CKnagi pya 6ynu Bu-
KOpPUCTaHI aBTopamun Ans CKMajaHHS reHepanisosa-
HUX XapaKTepUCTUK pyf CeMU MiHepasioro-TexHo-
NOTiYHUX Pi3HOBWAIB Ta BCTAHOB/EHHS 3aKOHOMIp-
HOCTI 3MiHM BMICTY 3ani3a B CKnagi pyz 3 pO3BUTKOM
(hpOHTY ripHMYOL06YBHMX POGIT 3a nepiog 3 2011
[0 2017 p.

PisHoBug |. MarHeTMTOBI pyan MiHepasioro-TexHo-
NOriYHOrO pi3HOBMAY | CKNagatoThb LWOCTWIA 3ani3unc-
TWUIA FOPU30OHT CakcaraHCbKol CBIiTU. B 3B’53KY 3 YiT-
KO CTpaTuUrpagivyHo NpMB’A3KoK0 PyAn Lboro pi-
3HOBWY XapaKTepu3ytoTbCs MiHEpanorivyHow Ta Xi-
MIYHOK HeOAHOPIAHICTIO. B po3pisi WwocToro 3ani-
3UCTOrO FOPU3OHTY MepeBaXKaroTb 3a/1i3HOC/HOLKO-
MarHeTUTOBI KBapUWTW, MiANOPALKOBaHe 3HAYeHHS
MatOTb MarHeTUT-3ai3HOCNOAKOBI | MarHeTUTOBI
(vepBoHOLLIAPYBATI Ta CipoLlapyBaTi) KBapuutu. J1o-
Ka/lbHO pyau 6ynu 3MiHeHi B 3B’A3KY 3 HaTPiEBUM
MEeTacoMaT0o30M, IKUIA MPOSBMBCA TX eripuHisauieto
Ta pubekiTusauieto (Evtehov 1989, Kalyaev 1965,
Kushev 1972, Pirogov 1975). B 3B’A3KY 3 BifAroH-
KO0 KpeMHe3eMy BifnpaLb0BaHUMM MeTacoMaTu3y-
FOUMMM PO3UMHAMM i3 30H eripuHisaLlii Ta pubekiTn-
3auii, Tina HaTpieBMX MeTacoMaTUTIB YacTo obpam-
NeHi ManonoTykHuMmu (go 10 M) 30Hamu OKBap-
LyBaHHA pyg. B 30HaxX po3pyBHUX NOPYLUEHb PYAn
LbOro pi3HOBMAY 3a3Hann [LpobneHHs, BGpekdiiy-
BaHHS, iHOAI KaTaknasy, MinoHiTusauii [Belevtsev
1962, Eliseyev, 1961]. MeTacomaTo3 i TeKTOreHes
3HAYHOK MIPOKD BM/IMHYNN HA SAKICHI MOKa3HWKK
pya. B uinomy BOHM BiHOCATLCS A0 HanbiNbL BU-
COKO3a/li3UCTUX PyJ POLOBULLA: 3ara/lbHWI MICT 3a-
ni3a (Fesr) B X Cknafi konusaetbea Bif 35 go 40
mac.%, cepeaHili nokasHuK — 38,00 mac.%; BMICT 3a-
ni3a B cknagi marHeTUTy (Fewarw.) 3MIHIOETLCA Bif 29
[0 35 Mac.%, B cepefiHbOMY CTaHOBUTL 32,68 mac.%
(tabn. 1). AHani3 pe3ynbTaTiB CKOPOYEHOro (ha3o-
BOr0 aHanisy pyp 3a nepiog 2012-17 pp. nokasas,
LLLO 3 PO3BUTKOM (DPOHTY, NOrMNBNEHHSAM FipHUYO-
[06YBHMX POBIT CNOCTEPIraeTbCa YiTka TeHAeHLis
[0 3pOCTaHHA 3HaYeHb XiMIYHNX MOKa3HUKIB AKOCTI

pyA (puc. 1).
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Puc. 1. XapakTtep 3MiHW 3ara/ibHOro BMICTY 3ai3a (Fesar. — &) Ta BMICTY 3ani3a B cknafli MarHeTuty (Fewars. — 6) B pyaax | pisHosugy

3 FNGMHOIO BignpautoBaHHs poaoBHMLLA.

PisHoBug 1. AK i MarHeTUTOBI pyan MiHepanoro-
TeXHONOrivyHoro pisHosuay |, pyau pisHosuay Il ui-
TKO CTpaturpauyHo npue’sa3aHi, CKNajaroTb
NA’TUIA 3a1i3UCTUIA TOPU3OHT CakCaraHCbKOi CBITU
BHAC/TiJOK YOr0 TaKOX XapakTepu3ytTbCs 3HA4HOO
MiHepasioriyHor, XiMiYHOK HeO4HOPIAHICTIO. B iX
CKnafii nepesaxaroTb YepBOHOLLAPYBATI (3a1i3HOC-
NOAKO-BMICHI) MarHeTUTOBI KBapuuTu, nignopsg-
KOBaHe 3Ha4yeHHs MaloTb CcipowlapyBsati (cunikat-
BMICHI) MarHeTuTOBI KBapuuTh Ta CUHbLOLLIAPYBATI
3aNi3HOCNIOAKO-MarHeTUTOBI KBapuMTW. B 30Hi Ko-
HTaKTYy 3 M’ATUM i LUOCTUM C/IaHLIEBUM FOPU30OHTOM
Bifj3Ha4ar0TbCA MaONOTYXXHI BEPCTBOMNOLIOHI Ta fi-
H30BWAHI Tina CWNiKaT-MarHeTUTOBUX KBapUMWTIB.
Pyan pisHoBugy I, sik i pisHoBuay |, nokanbHO 3a-
3Ha/IM Aii HaTPIEBOrO MeTacomaro3y Ta PO3pUBHOI
TEKTOHIKM. BHacnifoK LbOro cepef, HUX NPUCYTHI
NPoAyKTW X eripuHisauii, pubekiTu3aLii, okBap-
LlyBaHHS, 6peKuYitoBaHHS, KaTaknasy, MinoHiTu3auii
(Belevtsev 1962, Evtehov 1989, Eliseyev, 1961,
Kalyaev 1965, Kushev 1972, Pirogov 1975). Ximiu-
HWIA cknag pya pisHosuay |l 6amsbkuid 4o cknagy
Py4 pi3HOBUAY |: 3araibHUIA MICT 3asi3a KONMBa-
eTbca Big 36 [0 42 mac.%, cepefHili MOKasHUK —
38,02 mac.%; BMICT 3ani3a B CKnafi MarHeTuTy — Bif
31 no 39 mac.%, cepefiHiin NokasHWK — 34,53 mac.%.
AK i ana pya pisHosuay |, ans pya pisHosuay 1l xa-
paKTepHa TeHAEHLiA A0 3pOCTaHHA 3HaYeHb XiMiy-
HMX MOKAa3HMKIB X AKOCTi 3 rMMOBUHOI BignpaLto-
BaHHA pofoBuLLa (puC. 2).
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PisHosug I11. Moknagun pya uboro pisHOBUAY TaKoX
XapaKTepu3yrTbCsA CTPATUTPaMUHO NPUHANIEX-
HICTIO: BOHW CKNafatoTb M’ATUIA CnaHUeBWin ropu-
30HT. MNeTporpadiyHa i MiHepanoriyHa HeoLHopiA-
HiCTb pyf 06yMOBNeHa ayTUreHHO-MeTaMopgoreH-
HOK 30HanbHICTIO (Pedan 1973, Hodyush 1967)
N’ATOr0 CNaHLEBOr0 rOPU30HTY: LEHTPa/IbHI Yvac-
TUHW Oro po3pisy CKnafeHi BepCcTBaMM CuiKaT-
MarHeTUTOBMX KBapUMTIB, nepudgepiiHi — marHe-
TUT-CUNIKATHMX 3 NPOBEPCTKaMM BiJHUX MarHeTuT-
BMICHUMX CMNIKaTHUX KBapuUTiB Ta cnaHuiB. Kinbki-
CHO MepeBaXat0Tb MarHeTUT-CUMIKATHI KBapuuTw.
3pifKa B LEHTpa/IbHMUX 30HaX FOPU3OHTY Bif3Hava-
FOTbCA NIH30BUAHI Tifa CipoLLapyBaTUX MarHeTuTo-
BUX KBapUMTIB. JOCKTb NOLLUMPEHI 30HN APOGSIEHHS,
BUMOBHEHI BpekYisMK, iHOAI KaTakiasutamu, mino-
HiTaMK 3a1i3UCTUX KBapLMTIB i CNaHuiB; NOKaIbHO
Opekuyii Ta Npunerni 30HN TEKTOHIYHO HeropyLue-
HWUX PyA 3a3HaBa/Ii BTOPUHHOIO OKBapLlyBaHHSA. 3a
XIMIYHUM CKNafom pyau pisHosmay |11 BigHoCATLCA
[0 Haibinblw 6igHWMX pyA POAOBULLA: 3araibHWI
MiCT 3ani3a konmeaeTbea Big 30 Ao 37 mac.% cepea-
Hili NoKa3HKK — 34,04 mac.%; BMICT 3ani3a B cKnaai
marHeTuty — Big 19 fo 31 mac.%, cepefHili nokas-
HUK — 26,44 mac.%. [nsa pya uboro pisHoBuay Ta-
KOX YITKO NposiB/ieHa TeHAEHLIA [0 3pOCTaHHA BMi-
CTy 3ani3a 3i 36i/1bLUEHHAM INUOUHM TipHUYOL00YB-
HUX pobIT (puc. 3).
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Puc. 2. XapakTep 3MiHV 3ara/ibHOro BMICTY 3ani3a (Fesr. — a) Ta BMICTY 3ani3a B cknagi MarHeTuty (Fewars. — 6) B cknagi pyg Il pis-

HOBWAY 3 IMMBWHOIO BiANpaLloBaHHs POAOBULLA.
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Puc. 3. XapakTep 3MiHV 3ara/ibHOro BMICTY 3ani3a (Fesr. — a) Ta BMICTY 3ani3a B cknagi MarHeTuty (Fewars. — 6) B cknagi pyg 11 pis-

HOBWAY 3 IMMBWHOIO BiANpaLloBaHHs POAOBULLA.

PisHosug V. Tina pyg uboro pisHoBMay Bignosija-
0Tb YETBEPTOMY 3a/1i3MCTOMY FOPU3OHTY CaKcaraH-
CbKOT CBIiTK. Pyau TakoX neTporpaivHo i MiHepa-
NOrivyHo HeogHOPIAHI. B po3pisi ueTBepTOro 3asisu-
CTOr0 rOpW3OHTY 6ifbll YITKO B MOPIBHAHHI 3
M’ATVM i LLOCTUM 3a/1i3UCTUMW FTOPU30HTaMM NPOSiB-
NeHa ayTUreHHO-MeTaMop(OreHHa MiHepanoriyHa
30HasbHICTL (Pedan 1973, Hodyush 19670). BoHa
(DIKCYETLCA 3MIHOK B HanpsAMKY Bif LEHTPa/IbHUX
[0 nepudepiiHnX 30H po3pi3y FOPW3OHTY BEPCTB,
CKMafleHVX HaCTYyMHUMW MiHepasibHMK BiAMiHaMU
3a1i3UCTUX  KBapUWTIB:  3a/i3HOCNHOAKO-MarHeTu-
TOBi — MarHeTUTOBI YepBOHOLLIAPYBaTI — MarHeTu-
TOBI cipoluapyBarti — CW/likaT-MarHeTUToBI — Mar-
HETUT-CUNIKATHI. Y BepPXHiil YacTWHI po3pi3y ropu-
30HTY MPUCYTHIl TaKoXX ManonoTy>XXHuiA (ao 10 m)
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MPOBEPCTOK MarHeTuT- i CTaBpO/IT-BMICHUX rpa-
HaT-KyMIHT TOHIT-KBapL-6i0TUTOBMX CcnaHuiB. He-
YMCNEHHHI 30HW APO6NEeHHs CKNageHi Gpekdisamu,
iHOZi KaTaknasutTaMu, MioHiTaMuM 3ani3MCTUX KBap-
LMTIB | CNIaHL|iB YeTBEPTOr0 3a/1i3UCTOr0 FOPU30HTY.
JlokanbHOo 6pekyii Ta NpUneri 30HN TEKTOHIYHO He-
MOPYLLEHNX 3a/i3NCTUX MOPif 3a3HaBaN BTOPUH-
HOr0 OKBapLlyBaHHA. BUCOKWIA piBeHb MiHepasioriy-
HOI BapiaTMBHOCTI OOYMOB/IHOE 3HAYHI KOMMBAHHS
MOKa3HWKIB XiMiYHOro CKnagy pya: 3araibHuil MicT
3ani3a konmeaetbes Bifg 30 fo 40 mac.% cepepHii
nokasHukK — 35,89 mac.%; BMICT 3ani3a B ckagi ma-
rHeTUTy — Big 15 Ao 35 mac.%, cepeaHili NOKasHMK
- 30,19 mac.%. AK i ans pya BuULLE ONUCaHNX Pi3HO-
BUAIB, ANA PyL pisHoBUAY |V XapakTepHa TeHAeHL s
[10 3pOCTaHHA BMICTY 3ani3a 3 rMOMHOI0 Bignpawo-
BaHHA pogosuLla (puc. 4).
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Puc. 4. XapakTep 3MiHW 3ara/ibHOro BMICTY 3a/i3a (Fesar. — &) Ta BMICTY 3ani3a B cknagi MarHeTuTy (Fewarn. — 0) B cKnagi pya 1V pis-

HOBWAY 3 IMMBWHOIO BiANpaLloBaHHs POAOBULLA.

PisHoBug V. Ha BigMiHy Big pya iHWKWX MiHepa-
NOTO-TEXHO/OTIYHNX PI3HOBUAIB, PYAN Pi3HOBULY
V CKNafaroTb He OAWH, & YOTUPY CTPaTUrpagiyHnX
FOPM30HTM CaKcaraHCbKOi CBITW: YeTBEPTWIA i TPETild
CNaHLEeBi FOPU30OHTK, TPETIlA 3aNi3NCTUIA FTOPU30HT, a
TakoX BUCAYY MayKy Apyroro 3aniauctoro ropmso-
HTY, fKa 6e3rnocepeiHbO NpuArae 4o TPeTboro cna-
HLIEBOrO ropu3oHTy. B neTporpadiyHomy Ta MiHe-
pasioriyHoMy BiHOLLEHHAX PYAM LbOro piHOBUAY
TaKOX Ay>Ke HeoAHOPIAHI. KiflbKiCHO nepeBaxaroTb
MarHeTUT-CUIIKaTHI  KBapuuTK, nignopsgkoBaHe
3HaYeHHs MatTb CW/iKAT-MarHeTUTOBI, MarHeTuT-
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BMICHI cunikaTHi KBapUMTW, HEPYAHI CUNiKaTHI KBa-
pUMTY Ta MarHeTUT-BMICHI KBapLL-CUNIKATHI CnaHLi.
B cknafi BepcTBM BUCAYOT NAYKK LpYroro 3anisuc-
TOro0 FOPU30HTY NPUCYTHI NiH30BUAHI Tina MarHe-
TUT-BMICHUX  FpaHaT-KyMiHI TOHIT-KBapL-6i0TUTO-
BUX CnaHuiB. B cknazi TpeTboro i YeTBepToro cnaH-
LieBUX TFOPU3OHTIB MepeBaXKatoTb MarHeTUT-BMICHI
KBapL-CuNiKaTHI cnaHLi 3 npowapkammy MarHeTuT-
CUNIKATHWUX, CUMIKATHWUX | MOHOMIHepa/IbHNUX KBap-
uuTiB. B cxigHoMy i 3axigHOMY Kpunax JInxmaHis-
CbKOT CMHKNiHai, MEHLLOK Mipoto B i 3aMKOBIi1 Ya-
CTWHI B po3pi3ax pyAHUX TiN CNOCTepiratoTbCa 30HM



Shepelyuk M.O., Evtekhov V.D., Smirnov O.Ya.

Journ.Geol.Geograph.Geoecology,27(1), 131-137

[po6neHHs, bpekUitoBaHHS, iHOAI KaTaknasy Ta Mi-
NOHITU3aUIT 3ani3UCTUX KBapuuTiB i cnaHuie. Jlo-
KaJlbHO pyAM UbOro pPi3HOBUAY BTOPUHHO OKBapLo-
BaHi. Pyan pisHoBMAY V BIHOCATLCS 40 HaiMeHL
AKICHWX py/ poAoBuLLa. 3aranbHuiA MICT 3anisa B iX
cknafi KonumeaeTbes Big 25 A0 35 Mac.% cepeaHii
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nokasHuk — 31,92 mac.%; BMICT 3ani3a B cknagi mMa-
rHeTUTYy — Bif 15 A0 26 mac.%, cepeaHili NOKasHMK
22,04 mac.%. B pygHuX NoKnagax TakoxX npossneHe
3aKOHOMIipHe 3pOCTaHHS BMICTY 3ai3a 3 FM16UHO
Ta PO3WMPEHHAM (PPOHTY BIAMPaLtOBaHHA POAO-
BuLla (puc. 5).

40,00

35,00

30,00
e o L]
25,00 o3 %,
] .
20,00 ~ =
* ] . :
15,00
0 -100 200 -300 -400
FincoMeTpudHMiA piBeHb, M

Puc. 5. XapakTtep 3MiHM 3ara/ibHOro BMICTY 3ani3a (Fesar. — &) Ta BMICTY 3ani3a B cknagi MarHeTuty (Fewarw. — 6) B cknagi pys V pis-

HOBWAY 3 IMMBWHOIO BiANpaLloBaHHs POAOBULLA.

PisHoBug VI. Pyam uboro pisHoBUAY CK/1ajakTb
LeHTpaNbHY YacCTWHY [ApPYroro 3aii3ucToro ropu-
30HTY — HalibinbLl NOTY)KHOrO B NPOAYKTUBHIiA TO-
BLLi poZoBMLLa. Mexy pyAaHOT BEPCTBM LibOro pi3HO-
BUAY Y BUCAYOMY (KOHTAKT 3 TijlaMun pya pi3HOBUAY
V) Ta nexkxadyomy (3 Tinamu pyg pisHosuay VII) npo-
BOAATb 3 ypaXyBaHHSM [BOX MOKa3HUKIB: 1) 3a BMi-
CTOM Fevarn, KW y pyaax pisHosuay VI nepesuiye
20 mac.%; 2) 3a BMICTOM CUNiKaTIB, AKi B HE3HAUHIl
KifIbKOCTi MpucyTHi B pygax pisHosugy VI, a B
CKnagi pyf BMCAYOro i nexaqoro 60KiB € OCHOB-
HVMW MOPOAOYTBOPOBA/IbHYMW MiHepanamu i AKi B
BUCAYOMY Boui npefcTaBneHi NPrbN3HO B PiBHOMY
CMiBBiAHOLIEHHI 6I0TUTOM i KyMIHITOHITOM, a B fe-
Xayomy 6oui — KYMIHITOHITOM 3 He3Ha4yHOH
[JOMILLKOK 6i0TUTY, XnopuTy. Ona noknagis pya
LbOro pi3HOBUAY TaKOX XapakTepHa neTporpadi-
YHa, MiHepasioriyHa HeoAHOPIAHICTb, 06YMOB/EHa
MPOSBOM ayTWUTreHHO-MEeTaMOpP(OreHHOI 30Ha/IbHO-
CTi Agpyroro 3anisauctoro ropusoHty (Pedan 1973,
Hodyush 1967). LieHTpasibHa YyacTUHa pygHoro no-
Knagy CKnageHa MalonoTy)XHVMW MPOoBepCcTKamMu
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3a/1i3HOC/TIOAKO-MarHeTMoBMX KBapumTIB. Y Hanps-
MKy [0 nepudepiiHiX Y4acTUH po3pi3y Moknagy ix
3MiHIOKOTb NOTYXXHI BEPCTBM YEePBOHO- Ta Cipolua-
pyBaTMX MarHeTUTOBUX | CUNiKaT-MarHeTUTOBUX
KBapUMWTIB. Takum YMHOM, NOKNag pys pi3HoBULY
VI cKnageHwin Haibinbll BMCOKO3ani3nCTUMK py-
[aMun pyroro 3a1i3ucToro ropusoHTy. B cxigHomy
i 3aXiflHOMYy Kpu/iax, MEHLUOI Mipol0 B 3aMKOBIVi
YyacTUHi  JIMXMaHIBCbKOT CUHK/iHaN (hiKCytTbCS
30HW ApOGNeHHs, OPeKYitoBaHHSA, iHOAI KaTaknasy,
MIJIOHITM3aLT Ta BTOPUHHOIO OKBapLlyBaHHS py4. B
XIMIYHOMY BiJHOLUEHHI PyAM LbOro pisHOBUAY
6iNbLL 0AHOPIAHI B MOPIBHAHHI 3 pyAaMu iHLLIMX Pi-
3HOBMAIB. 3arasibHUIA MIiCT 3ani3a B iX CKnagi Konun-
Ba€TbCA Bif 25 10 37 mac.% cepefHiin NOKasHUK —
33,00 mac.%; BMicCT 3ani3a B CKNnafi MarHeTuTy — Bif
15 fo 26 mac.%, cepefHii nokasHuk 25,19 mac.%.
TakoX (DIKCYETLCA NMOCTYMNOBE 3POCTaHHA BMICTY 3a-
ni3a B cKnagi pya y npoueci ekcnayarauil pogosuila
(puc. 6).
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Puc. 6. XapakTep 3MiHW 3ara/ibHOr0 BMICTY 3ani3a (Fesar. — &) Ta BMICTY 3ani3a B cknagi marHeTuty (Fewarn. — 0) B cknagi pya VI pis-

HOBUAY 3 MMBMHOLO BifMNpaLoBaHHA POAOBMLA.
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PisHoBug VII. Pygamu LbOro MiHepanoro-TexHoso-
riYyHOro pisHOBMAY CKafeHa 6asaibHa YacTuHa
[pyroro 3ai3ucToro ropusoHTy. Mexa pyaHoi Bep-
CTBW B T BUCSYOMY 6OLLi 3 BEPCTBOKO py[ pisHOBUAY
VI npoBoAMTbCA 3a BMICTOM Y CKnafdi pya Fewarn.
6/m3bKo 20 Mac.% (peasibHO Lie NMOKa3HUK MOXe
pocsratun 25 mac.%). Pyam miHepanoro-TexHosnoriy-
Horo pisHosuay VII B neTporpadivyHomy i miHepa-
NOriYHOMY BiJHOLUEHHI Giflbll OAHOPIAHI B MOpiB-
HAHHI 3 pygaMu IHLWKXX pisHOBMAiB. Bulle 3a3Hava-
NOCb, LLO AN ApYroro 3a1i3ucToro, [K i iHWKWX cTpa-
TUrpadivuHNX ropu3oHTIB CakcaraHCbKOi CBITU Xapa-
KTepHa ayTWreHHo-mMeTaMmopqoreHHa MiHepaori-
YyHa 30HanbHicTb (Pedan 1973, Hodyush 1967).
Pyaun Lb0oro pisHOBMAY CKNajatoTb BEPCTBY KYMiH-
FTOHIT-MarHeTUTOBMNX | MarHeTUT-KYMIHT TOHITOBKX
KBapLMTiB 1exxayoro 60Ky Apyroro 3a1isucToro ro-
PW3OHTY. JIOKaIbHO B PO3Pi3i Ljiei BEpCTBU MPUCYTHI
NIH30BUAHI Tina cipowwapyBatux MarHeTUTOBMX
KBapuuTiB. B cxigHOMY Ta 3aXiAHOMY Kpunax, MeH-
LLOK MIpOK0 B 3aMKOBIli YaCTWHI JINXMaHiBCbKOI
CUHK/IVHaNI B pO3pi3ax PyLHUX TiN LbOro PisHOBUAY
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BUAINAIOTLCA 30HWM [APO6MeHHs, OBpeKYitoBaHHS,
IHOLI KaTaknasy Ta MiIoHITM3aLT 3a1i3UCTUX KBap-
umTiB. JTOKaNbHO PyAmM 3a3HasI BTOPUHHOIO OKBap-
LlyBaHHA. 3aranbHuii MicT 3aniza (Fes.r) B CKnagi
py4 UbOro pi3HOBMAY KONMBAETbCA Bif 25 o 40
mac.% cepefHili nokasHuk 30,83 mac.%; BMICT 3a-
nisa B CKnagi marHetuTy — Bif 15 fo 26 mac.%, ce-
pefHiin nokasHmk 19,23 mac.%. [Ans pyn pisHoBmay
V11 TakoX (hiKCY€ETLCA MOCTYMNOBe 3pOCTaHHA BMICTY
3a/1i3a 3i 30i/IbLLUIEHHAM FUOWHY | PO3LLNPEHHS (hpo-
HTY BignpaLtoBaHHs pogosuLia (puc. 7).
Y3ara/lbHeHHA pe3y/bTaTiB XiMIYHMX aHanis pyf
BUABMNO ABI X 0CcO6MBOCTI: 1) 3Ha4Hy BapiaTvs-
HIiCTb KOXHOI0 MiHEPaNOro-TeXHOOriYHOro Pi3Ho-
BUAY 3a MOKa3HWKaMuK 3araibHOro BMICTy 3anisa i
BMICTY 3a/i3a B CKNagi MarHeTuTy; 2) CnifibHy Ans
BCiX MiHepasioro-TexXHONOriYHUX pPisHOBUAIB pya
TEH/EHLI0 A0 3pOCTaHHA NOKa3HWKIB BMICTY 060X
(hopm 3ani3a 3i 306i/bLLUEHHAM FNUGVHY BiAnpaLo-
BaHHA PYAHMX MOKNALiB 1 PO3LUMPEHHAM (PPOHTY
ripHMY0[00YBHUX POGIT.
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Puc.7. XapakTep 3MiHU 3arasibHOro BMIicTY 3ani3a (Fesr. — @) Ta BMICTY 3ani3a B cknafi marHeTuty (Fewars. — 6) B CKNagi

pyg VI pisHoBMay 3 FMGMHOMO BifNpawtoBaHHs POAOBULLA.

MepLue NOACHIOETLCA MiHepasoriyHo HeoaHopIA-
HICTIO pya MiHepasioro-TeXHOMOriYHMX Pi3HOBULIB
AKi BUAINAKTLCA Y BIANOBIAHOCTI 3 X Knacugika-
Li€r0, MPUAHATOK reonoriyHoo cnyxo6oto IHM3KYy.
Knacudikauis 6yna po3pobneHa HanpukiHui 60-X Ta
Ha noyatky 70-x pokis XX cT. BugineHHs miHepa-
NOro TEeXHONOrYHWUX Pi3HOBMAIB BifOYBaNoCh Yy
NpoLeci 3aTly4eHHs 40 PO3POOKU pyf N’ATK 3ani3n-
CTUX FOPU3OHTIB, WO 06YMOBWUIO CTpaTMrpagivuHy
NpWB’A3KY PI3HOBMAIB pyf. Y NOTOYHMI yac Taka
Knacudikallis pya cnpuidMaeTbes SiK 3acTapina.
MpuumnHa 3pocTaHHA BMICTY 3ani3a B CKnagi pya
yCiX Pi3HOBUAIB 3i 36iNbLUEHHAM N6UHK Bignpa-
LIKOBaHHS PYAHMX MOK/ALIB | PO3LUNPEHHAM PPOHTY
ripHMUMX pobiT He 3’sicoBaHa. Ha AymKy aBTopiB, Lie
morno 6yTu noe’si3aHe 3 ABOMA reo1I0riYHUMmM Npo-
Liecamm:
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— Mirpauieto XiMiYHMX KOMMOHEHTIB Y PO3pi3i Kopu
BUBITPIOBAHHA 3ai31CTO-KPEMHUCTOT hopMaulii i
MoB’A3aHMM 3 UMM NepeBifKIafeHHAM 3ai3a, po3-
YMHEHOTr0 Ha PiBHI BEPXHIX riMNCOMETPUYHUX FOpK-
30HTiIB (Big +60 0 -100 M) y pyaax 6inbLu rIM60oKmMx
riNCOMETPUYHKX rOpU30HTIB (MoHaz -250 m);

— Mirpauiero pyL0yTBOPHOB/IbHUX XIMIYHUX KOMIO-
HeHTIB B npoueci hopMyBaHHSA JINXMaHIBCbKOI CUH-
KniHani — rofloBHOT reonorivyHoi CTPYKTYpu pofo-
BULLA,— SIKE CMPUYMNHSNO0 NEPEPO3MNOAiN KpemMHe3emMy
i oKcupis 3aniza MiX ginsgHKkammn pyaHuX noknagis y
Kpunax Ta 3aMKOBII YaCTWHI CKNaf4KK, Ha Lo 3Bep-
Tann ysary nonepegHi pocnigHuku (Tokhtuev
1973). KpemHesem, 6ifbll MirpayiiHo3gaTHUiA y
MeTaMOP(IOreHHNX POo34MHax, Mirpyeas 3 Kpun
CK/afIKV AKi 3a3HaBa/IN CTUCHEHHS, [0 i LapHipy.
MeHL XiMIYHO aKTUBHE 31130 KOHLEHTPYBa/IoCh Y
BUINALI MarHeTUTY, rematuTy, CUNIKaTiB Yy pyaHNX
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noknagax Ha Kpunax cuHkKniHani. MipHNM4oa06yBHi
poboTn B Kap’epi IHryneyskoro M3Ky cnpsMmoBaHi
Bif, LIAPHIpY [0 Kpwn JINXMaHIBCbKOT CUHK/iHaNI. 3
UMM MOB’s3aHe MOCTiliHe 3aKOHOMIpPHe 3pOCTaHHA
BMICTY 3ani3a B CKnagi BUaooyToi pyau.
MOX/IMBUIA TakoX CMifIbHWIA BM/IMB Ha XiMiYHWIA
cknag pyg 060x (hakTopis.

3MiHM XiMIYHOrO CKNagy MarHeTUTOBUX KBapUUTIB
POLOBYMLLA HE TifIbKW BNMHYNN Ha TX SKICHI NOKa3-
HUKW, e TakoX CMPUYUHUAN 3MIHW TX LWifbHUC-
HMX, MiLHICHUX MOKa3HMKIB. B 3B’A3KY 3 LM Heob-
XiHe KOMM/IEKCHE BUBYEHHS 3MiH CKagy 1 BnacTu-
BOCTEN pyj 3 rMBUHOKO Ta aKkTyanisauis iCHyUMX
MiHepasioro-reHeTUYHOI, MiHepasiioro-TexHooriy-
HOT, MiHepanoro-TexHiYHOI X Knacudikauin, Ha
AKUX TPYHTYETLCS OMTUMI3aLis Cy4acHOro OLiHto-
BaHHA SKOCTI pyfd, NPoBefeHHs 6ypo-BUOYXOBUX,
ripHM40400YyBHMX POGIT, TpaHCNOPTYBaHHI PyAHOT
macu Ta 36arayeHHs pya.

BucHoBKNM

1. MpogykTnBHa TOBLLA IHryNeubLKOro poaosuLa
KpuBopi3bKoro 6aceiiHy € YHiKa/lbHOK 3a KifbKi-
CTHO CTpaTUrpagiyHUX ropu3oHTIB AKI BXOAATH [0 i
cKnagy — M’aTb 3a1i3UCTUX | HOTMPK CnaHuesnx. Bu-
LiNATbCS CiIM MiHEPaNOro-TeXHONOTYHUX Pi3HO-
BUAIB pYA.

2. Heponikom miHepanoro-TexHosoriyHoi Knacugi-
Kauil pya e ctpaturpaivyHa npue’s3ka ix pisHOBU-
AiB. Uepes Le [0 CKnagy KOXKHOro 3 MiHepaoro- Te-
XHOMIOMYHMX PI3HOBUAIB Py4 BXOAUTb [eKiflbKa Mi-
HepaB Ha CaWTi K 0()OPMUTK NIOTIYHKX Pi3HOBUAIB,
LU0 CMIPUYMHAE BUCOKY BapiaTUBHICTb FO/IOBHUX NO-
KasHWUKIB SKOCTi pyf — 3araibHOro BMICTYy 3asisa
(Fesar.) Ta 3ani3a B cknagi MarHeTuty (Fewarw,)-

3. Hesgaxkatoum Ha BHYTPILLHIO BapiaTUBHICTb XiMi-
YHOrO0 CK/Magy KOXHOro 3 CemMu pi3HOBUAIB pya, Ans
BCiX X YITKO NPOSBNEHWNIA TPEHS, [0 3pOCTaHHS BMi-
CTy 3a1i3a 3 [NTIMOUHOK PO3POOKM PYAHMX NOKNagiB
i po3WwMpeHHSM (POHTY BignpautoBaHHS Pojao-
BMLLIA.
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Abstract. The ecological situation in the territories of Donetsk and Luhansk regions in the
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significantly increase the risk of emergencies in industrial enterprises and infrastructural
facilities. Conflicts occurring in industrially developed territories with a large number of environmentally hazardous enterprises and
objects constitute a particular danger to the environment. This article considers critical infrastructural objects on the example of objects
of water supply (filtering stations) of Donetsk and Luhansk regions. Damage to or destruction of these objects threatens national
security, the economy, and the health and safety of the population. Water supply facilities require the attention and access of
international experts for preventing man-made and ecological disasters. An expert evaluation was carried out to assess the
environmental threats and risks, existing threats were identified, an information and analytical system was developed, and
recommendations were issued for minimizing the risks of man-made and ecological disasters. The current risk of an industrial accident
with significant environmental consequences occurring in the course of the conflict is in the range from "low" to "average™. According
to an expert assessment within the framework of the OSCE Project Coordinator's study in Ukraine, in the course of development of
any adverse scenarios, the potential danger of emergencies with serious environmental consequences remains significant. With large
volumes of liquid chlorine emissions into the air, the population living in the zone of possible chemical contamination can be subjected
to a severe degree of poisoning, which will lead to lethal consequences and a large number of victims. Economic development of
Donetsk and Lugansk regions without the obligatory consideration of environmental factors is impossible. Ensuring the rehabilitation
of the ecology of Donetsk and Luhansk oblasts is an important factor in bringing environmental protection activities in the region into
line with the requirements of environmental safety in the current social and economic conditions and making these activities an integral
part of the sustainable economic and social development of Ukraine.

Keywords: water supply, filter station, potable water, ecological safety, threats and risks, integral criterion.

PU3NKN BUHUKHEHHS TEXHOTeHHO-eKOJ/TOMYHNX KaTacTpog
Ha (iNIbTPYBasIbHUX CTaHLisaX [JoHeubKoi Ta JlyraHcbKoi 06n1acTeit YKpaiHu

O.A. ¥Ynuubkuia, B.M. Epmakos, O.B. byrnak, O.B. JlyHboBa

[Jep>kasHa ekonorivyHa akagemis nicnaginioMHOT OCBITY Ta ynpasniHHS, Kuis,
e-mail: Oksanalunova@gmail.com

AHoTauifl. EKonorivyHa cutyauisa Ha Teputopisax JoHeubKoi Ta JTyraHCbKOi 061acTeil B yMOBaX BOEHHOTO KOH(AIKTY, L0 TPMBaE 3
noyatky 2014 poky, HecTabinbHa i MOTPeOYye SKHAWLUBUALIONO BUWPILLUEHHS. BOEHHI KOH(IIKTM CNPUYMHIOTb Uiy HU3KY
Hebe3neyHMX BMMBIB Ha IPYHTU Ta NaHALWadTy, NOBEpPXHEBi i NiA3eMHi BOAW, POCAMHHICTL | TBAPUHHWIA CBIT, GOIOBI Aii 3HAUHO
36iNbLUYHOTb PUSMKWN BUHUKHEHHS aBapiiiH1X CUTYaLlili Ha MPOMMC/IOBUX NiAMPUEMCTBAX Ta iH(PacTPYKTYpHUX 06’ekTax. Ocobnmsy
He6e3neky Ana LOBKINNA CTAHOBNATL KOHMAIKTY, L0 Bif6YBalOTLCA Ha MPOMMUCIOBO PO3BUHEHUX TEPUTOPIAX 3 BE/IMKOKO Ki/IbKICTIO
€KOMOrivyHO Hebe3neyHuX MignprMeMcTB Ta 06°€KTIB. Y CTaTTi PO3rNAHYTO 06’ €KTU KPUTUYHOT IHPPaCTPYKTYpU Ha NpUKnagi 06’ekTiB
BOAOMNOCTaYaHHs (inbTpyBasbHNX CTaHLil) JoHeLbKOT Ta JTyraHCbKOi 06nacTeid, HeAie3aaTHICTb abo 3HMLLEHHS KX 3arpoXKyroTb
HauiOHa/IbHI 6e3neLi, EKOHOMILLI, 3A0POB’ 0 Ta 6e3newi XXUTTERIANLHOCTI HaceneHHs. O6’eKTM BOLOMOCTa4YaHHs NOTPeOYOTh yBaru
i JOCTYNMYy MiXHApPOAHWUX EKCMEPTIB ANA MonepeskeHHs Hafg3BUYaiHNX CUTYalii eKOMOriYHOro Ta TEXHOreHHOro xapakTepy. Ans
3’iCyBaHHs eKOMOMiYHMX 3arpo3 i pPU3MKIB BM3HAYEHO HasiBHI 3arpo3n, MPOBEAEHO EKCMepTHe OLiHIOBaHHA, PO3p06/EHO
iH(hopMaLliliHo-aHaNiTMYHY CUMCTEMY Ta HafaHO pPeKOMeHAauil o0 MiHiMi3aLii pu3NKiB BUHWKHEHHS TEXHOTrEHHO-EKOMOTiYHUX
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KaTacTpod. CyyacHW pU3NK BUHMKHEHHS B X04i KOH(NIKTY NPOMMC/IOBOI aBapil 3i 3HAYHUMM EKOMOTiYHUMM HacnigKamy nepedyBae
B MeXax Bij, "HM3bKoro" fo "cepegHboro"”. 3rigHo 3 eKCNepTHOR OLLIHKOK B paMKax gocnimpkeHHs KoopauHatopa npoekTis OBCE B
YKpaiHi nig yac peanisauii Oyab-AKNX HeCnpUSTAMBMX CLEHapiiB NOTeHUiMHAa Hebe3neka aBapiliHUX CUTYyauiil i3 CcepinosHuMn
€KOMOTYHUMMN HacCMiAKaMy 3a/IMLIAETLCS 3HAYHOK. 3a BE/IMKMX 06CATiB BUKMAY PiAKOro X1opy B aTMOCHepHe MOBITPS HaceneHHs,
L0 NPOXMBAE B 30HI MOX/IMBOIO XiMIYHOTO 3apaXKEHHS, MOXE OTPUMATW BXKKMIA CTYMiHb OTPYEHHS, L0 NPU3BEAe A0 NeTabHMX
HacniaKis Ta BEIMKOT KifIbKOCTIi )xepTB. EKOHOMiYHMIA po3BrUTOK [oHeLbKoil Ta JlyraHcbKoi 061acTeil 6e3 060B’A3KOBOr0 BpaxyBaHHS
€KOIOTiYHNX (PaKTOPIB HEMOX/MBWIA. 3abe3neyeHHs BifHOBNEHHs ekosnorii [oHeupkoi Ta JlyraHcbKoi obnacTeli siBnsie coboro
BaXK/MBUIA YNHHWK AN NPUBEAEHHS NPUPOJOOXOPOHHOI AisNIbHOCTI B PErioHi y BiAMOBIAHICTL i3 BMMOraMu eKo/orivyHoi 6e3neku B
CYYaCHMX COLiafIbHMX Ta EKOHOMIYHMX YMOBaX Ta HeBiJ'EMHY CK/Iaf0BY CTafiloro eKOHOMIYHOO Ta COLianbHOr0 PO3BUTKY YKpaiHu.

KntouoBi cnoBa: BogonocTauaHHs, (inbTpyBasbHa CTaHLif, NMTHA BOAA, eKOMOriYHa 6e3neka, 3arpo3n Ta pusnky, iHTerpanbHui

KpUTepin.

Introduction. The ecological situation in the
territories of Donetsk and Luhansk regions in the
context of the military conflict which began in early
2014 is unstable and requires an early resolution
(Kravchenko O., 2015).

Military conflicts lead to a number of
dangerous impacts on soils and landscapes, surface
and underground waters, vegetation and fauna, and
military actions significantly increase the risk of
emergencies in  industrial  enterprises and
infrastructural facilities. Conflicts occurring in
industrially developed territories with a large
number of environmentally hazardous enterprises
and objects constitute a particular danger to the
environment (Timochko T., 2016).

In the conditions of the lack of official
information on the state of the environment in
eastern Ukraine for assessing the damage done
within the framework of the provision of services, all
available sources of information were analyzed and
summarized, which made it possible to form a vision
of the level of environmental hazard.

Ensuring the rehabilitation of the ecology of
Donetsk and Luhansk regions is an important factor
in bringing environmental protection activities in the
region into line with the requirements of
environmental safety in the current social and
economic conditions and making these activities an
integral part of the sustainable economic and social
development of Ukraine (Semerak O., 2018).

The level of security in a zone of military
conflict is determined by the magnitude of the
impact of the negative processes that occur and lead
to social tension (environmental problems, social
conflicts) in the country. Therefore, one of the
strategic approaches to Ukraine’s natural and
technological safety in the area of hostilities should
be the principle of non-zero risk, which requires the
establishment of an effective system of economic
mechanisms to ensure the safety of people, nature
and society.

Economic development of Donetsk and Lu-
gansk regions without the obligatory consideration
of environmental factors is impossible.

As a result of the fighting on June 10, 2014,
two workers of the Enterprise "Voda Donbassa"

were wounded on the territory of the pumping sta-
tion of the Siversky Donets-Donbas Channel and the
water supply equipment was damaged. Accidents at
the pumping stations led to the stoppage of water
supply in several cities of Donetsk region.
Volnovakha district remained completely without
water. As a result of the bombing on July 2, the first
rise of the Siversky Donets Donbas Channel was
damaged, following which an employee of the En-
terprise "Voda Donbassa" was fatally injured.
Material and methods. The purpose of this study is
to find out the main problems of continuous provi-
sion of quality potable water for residents the terri-
tories of Donetsk and Luhansk regions , both those
controlled and uncontrolled by the Ukrainian author-
ities, and the identification of threats and risks of
man-made and ecological disasters at the filter sta-
tions and ways of avoiding them.

Modern ecological problems of the Donbas
concern not only the violation of ecosystems or
natural protected areas, but also the living conditions
of the population, namely the prevention of pollution
of sources of drinking water. The level of ecological
and man-made danger of the Donbas has always
been conditioned by the presence of critical
infrastructure objects on its territory, which includes
filter stations (Bondar O., 2017).

The main source of the water supply in the
Donetsk and Luhansk regions is the river Siversky
Donets. In the water supply system of the settlements
of Donetsk and Lugansk regions, filter stations play
an important role in purifying (lighting), disinfecting
and bringing the chemical and biological
composition of water extracted from the river
Siversky Donets within the norms of drinking water
in accordance with the requirements of the State
Sanitary Norms and Rules “Hygienic requirements
for drinking water intended for human consumption”
(Rudko G., 2016).

Altogether in the Donetsk and Luhansk
regions there are more than 20 filtering stations,
which provide about 5.5 million people with
drinking water, the location of the stations is shown
inFig. 1
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Fig. 1. Scheme of water supply in the Donetsk region

It should be noted that in the controlled terri-
tory, central executive bodies and local authorities,
whose areas of management include filter stations,
have the opportunity to control the development of
events related to the operation of the facility, which
allows them to take measures to prevent emergency
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situations, and in case of such situations, to quickly

locate and eliminate them (Minprirodi, 2017).

Today the threat of damage to such objects is
quite large because of the ongoing hostilities Partic-
ular attention should be paid to critical infrastruc-
tural objects located on the contact line or close to it.
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Given the location of objects, in case of an accident,
the localization and elimination of the consequences
of an emergency can be complicated because of the
inability to access the damaged places.

The main filtering stations (FS) of the region
include:

Fig. 2. Starokrymsk filter stations Ne 1, 2
Enterprise «Voda Donbassa»

Fig. 3. Gorlivka filter stations Ne 1, 2 Enterprise «\Voda Donbassa»

1. «Starokrymsk filter stations Ne 1, 2 Enterprise
«Voda Donbassa»
2. «Gorlivka filter stations Ne 1, 2 Enterprise «Voda

Donbassa;

3. Donetsk filter station Enterprise «Voda
Donbassa»;

4. Verkhnokalmiusk filter station Enterprise «VVoda
Donbassa»;

5. Zakhidna filter station Enterprise «Popasnyansky
rayonnyi VVodokanal».

Starokrymsk filter stations are located near the city of
Mariupol in Donetsk region (Fig.2). The main activity
is cleaning and supplying drinking water to the
population. Filter station Ne 1 was put into operation in
1936. Filter stations Ne 1, 2 together provide drinking
water to about 500 thousand consumers in such
settlements as Berdyansk, Shyroka Balka, Pokrovske,
Kalynivka, Vynogradne and the city of Mariupol.

Gorlivka filter stations are located near the city of
Gorlivka in Donetsk region (Fig.3). The main activity
is cleaning and supplying drinking water to the
population. Filter station Ne 1 was put into operation in
1958. The design capacity of the station Ne 1 is 68 000
md/day, in fact — 47 000 m®/day. Filter station Ne 2 was
put into operation in 1964 and together the stations
provide drinking water to such cities as Gorlivka,

Toretsk.
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Donetsk filter station is located near the Kruta Balka
of Yasynuvata district in Donetsk region (Fig.4). The
main activity is cleaning and supplying drinking water
to the population. The filter station was put into
operation in 1981. The filter station provides drinking
water to such cities as Awvdiivka, Mariinka,
Krasnogorivka and , partly, Donetsk.

Fig .4. Donetsk filter station Enterprise «\VVoda Donbassa»

Verkhnokalmiusk filter station is located near the
Mineralne of Yasynuvata district in Donetsk region
and located on temporarily occupied territory (Fig.5).
The main activity is cleaning and supplying drinking
water to the population. The filter station was put into
operation in 1959.

Fig. 5. Verkhnokalmiusk filter station Enterprise «Voda
Donbassa»
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Fig. 6. Zakhidna filter station Enterprise «Popasnyansky
rayonnyi VVodokanal»

Zakhidna filter station is located near the Bilogorivka
of Popasna district in Luhansk region (Fig.6). The
main activity is cleaning and supplying drinking water
to the population. The filter station was put into
operation in 1992,

In the process of water purification liquid chlorine is used. Filter stations have chlorine and reagent
farms where liquid chlorine is stored in pressurized containers, which creates preconditions for the occurrence
of man-made and ecological disaster in case of damage and depressurization of capacities. The technological
indicators of the above-mentioned FS and the integral criterion for assessing threats and risks are given in

Table 1.
Table 1. Integral criterion for estimating threats and risks of filtering stations
. Capacity (in fact) Number of Integral
Ne Name Location 3 consumers, S
thousand, m®/day criterion
thousand
«Gorlivka filter stations Ne 1, 2 .
1 Enterprise «Voda Donbassay Gorlivka 187 370 1,219321734
Donetsk filter station Enterprise Kruta
2 «Voda Donbassa» Balka 140 350 1,219321734
3 Verkhnqkalmlusk filter station Mineralne 320 550 1,219321734
Enterprise «VVoda Donbassa»
Zakhidna filter station Enterprise
4 «Popasnyansky rayonnyi Bilogorivka 60 1000 1,219321734
Vodokanal»
«Starokrymsk filter stations Ne 1, .
5 2 Enterprise «Voda Donbassa» Mariupol 105 500 1,219321734

Discussion. Due to damage to pressure vessels
which retain liquid chlorine its uncontrolled release
into the atmosphere is possible, which will lead to
pollution of the environment and poisoning of peo-
ple (Bilyavsky G., 2006). It should be noted that one
kilogram of liquid chlorine, when interacting with
oxygen, is converted into 315 liters of gaseous chlo-
rine, which is rapidly expelled by the wind. Taking
into account the features of each of the filter stations,

in the case of the release of liquid chlorine into the
atmospheric air, the area of the zone of possible
chemical contamination will be from 2 km? to
30 km?. At the same time, the number of people in
the predicted zone of chemical contamination in case
of an accident in places of storage of chlorine can
range from 0.3 thousand to 90 thousand people de-
pending on the direction of the wind.
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Considering that the majority of these filter
stations located close contact line, there is a high
probability of damage and depressurization of
containers of chlorine and its subsequent
uncontrolled release into the atmosphere, which
can lead to mass poisoning of the population. The
population living in the zone of possible chemical
contamination can receive a severe degree of
poisoning in case of large volumes of liquid
chlorine emissions into the air, and this can lead to
lethal consequences and a large number of victims.

About 3 million people can remain without
drinking water in the event of the shutdown of filter
stations due to the disruption of technological
process (leak of chlorine), which will lead to a
significant complication of the humanitarian and
sanitary-epidemiological situation in the region
and will create preconditions for deterioration of
the socio-economic situation.

To assess possible environmental threats and
risks introduced we adopt the hierarchy analysis
method (Lysychenko G., 2008).

The hierarchy analysis method is a method
for solving multicriteria tasks with hierarchical
structures that include both visible and
imperceptible factors (Shmandiy V.M., 2013). This
method was developed by the American
mathematician Thomas Saati in the early 1990’s
and is based on pairwise comparisons
(Saaty T.L., 1987). In addition, its application
allows one to include in the hierarchy all the
problems, knowledge and facts available to the
researcher. The Saati interval scale was used to
evaluate the threats using the pair comparison
method (Zahedi F., 1986).

The algorithm of this method consists of the
following steps:

- Formation of database of characteristics of
criteria, factors and threats;

- Filling matrices of pairwise comparisons of
elements of each level by a group of experts, which
includes a system analyst;

- Definition of eigenvectors of matrices of
pairwise comparisons and their normalization.
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The criteria used are the following:
- criterion for assessing the source of the
threat;
- criterion for assessing the level of threat
impact;
- criterion for assessing the spread of the
threat.

For the assessment of environmental threats
and risks, an information and analytical system was
developed and, together with a representative of the
The Ukrainian Civil Protection Research Institute
(UKkrCPRI), an expert evaluation was made on the
following hierarchical tree, shown in Fig. 7.
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Conclusion. According to the results of research on
the environmental situation on the territory of
Donetsk and Luhansk region, it has been established
that armed conflict has considerably worsened the
situation with regard to the safe functioning of
critical infrastructural objects (filter stations). The
level of threat and risk assessment reached 1.2.

Since the beginning of the conflict there have
been recorded more than 500 accidents and
violations of the normal mode of operation of the
critical infrastructural objects, some of which
created environmentally hazardous situations.
Significant numbers of them remain potential
sources of emergency pollution.

The current risk of an industrial accident with
significant environmental consequences occurring in
the course of an industrial accident ranges from
"low" to "average". According to an expert
assessment within the framework of the OSCE
Project Coordinator’s study in Ukraine, in the course
of development of any adverse scenarios, the
potential danger of emergencies with serious
environmental consequences remains significant.

In order to prevent the occurrence of
ecological and man-made accidents and disasters, it
is necessary to continuously monitor and analyze the
functioning of facilities associated with the
operation of filter stations located both in the
controlled and temporarily occupied territory of
Donetsk and Lugansk region.

It is also necessary to conduct detailed
research on natural and artificial processes that have
a negative impact on the environmental situation
within the Donetsk and Luhansk regions, especially
in the temporarily occupied territories due to the
existence of interconnections between potentially
high-risk objects located in the controlled and the
temporarily occupied territory.

In order to minimize the risks of man-made
environmental disasters associated with the
operation of filter stations it is necessary:

- to develop plans for localization and
elimination of the consequences of accidents
to high risk objects, wherever such plans are
absent;

- to take measures (technical calibration of
capacities, planning and preventive
maintenance of their services) in order to
prevent depressurization of pressure vessels
with chlorine;

- to change the technological process in the
part of replacement of liquid chlorine for
purification and filtration of water on
sodium hypochlorite;

- to develop and implement alternative ways
of providing drinking water to the
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population in case of the termination of the
work of the filtering stations;

- to create "security zones" with a radius of 5
kilometers around each of filter stations in
order to prevent their bombardment, due to
their location very close to the contact line.

Summarizing the above, it should be noted
that the problems of damage to the environment due
to anthropogenic impact and the armed conflict in
eastern Ukraine require increased attention to the
solution of environmental problems at all levels of
the organization of society and the search for the
latest approaches to their solution.
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The main components of the formation of recreational and tourism activity
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Abstract. The article considers the issues of further development of the conceptual appa-

Received 22.04.2018; ratus of such a direction as recreation and tourism and the question of determining the
Received in revised form 18.05.2018; various directions and components of recreation and tourism economy. The purpose of
Accepted 30.05.2018 this work is to identify the main components of recreational and tourist activity as an

integral part of the inter-sectoral complex. It is stressed that tourism activity can be viewed
from the standpoint of the economy, because it has all the features of the economy, although this approach is not widespread. It is also
possible to study the recreation and tourism sector as a type of economic activity. Recreational and tourist activity is considered as a
service market, both as a social system and as an economic system. It was emphasized that in geography and regional economy,
recreational and tourist activity is considered as an inter-sectoral complex. A pivotal problem is the definition of objects and entities in
systemic relations, where, depending on the nature of the system, tourists can act as objects and subjects. It was established that the
formation of the subject area of recreational and tourist activity is based on geographical concepts, including the concept of «tourist
destination», the concept of territorial organization of the population and economy, the concept of territorial recreational systems. The
position of geographers in the development of the subject area of tourism enhances resource orientation of tourism activity; we note
that the resource is both population and tourist destinations. In the article we considered the Ukrainian taxonomy of types of economic
activities, which are directly involved in tourism and recreation. It is determined that tourism and recreation sector occupy a special
place in the sphere of services. In essence, tourist services are multi-component, and the tourist product itself combines the result of
the activities of enterprises that carry out completely different activities. The schematically structured recreation and tourism complex
by types of activities indicates the formation of areas of economic activity and industry directly related to recreation and tourism, such
as mass recreation of the population — unorganized and organized, and tourism, the sphere of recreation. Thus, the representation of
recreation and tourism activity as an inter-branch complex offers new possibilities for forecasting its development and formation of
new directions of use of recreational and tourist resources.

Key words: recreation, tourists’ activity, destination, recreational and tourist resources, geographical principles, inter-sectoral com-
plex

OCHOBHI KOMIMOHEHTU (hOpMyBaHHS peKpeaLiiHO-TYPUCTUYHOI Lisi/IbHOCTI

B. B. fABopcbkal, I. B. MeBko?, B. A. Cuyl, K. B. Konomieup!

10Opecbkuit HallioHanbHWIA yHiBEpCMTET iMeHi I. . MeuHnkoBa
2TepHoNiNbCbKWIA HaLioHaNbHWIA NeJaroriuHuii yHisepcuTeT iMeHi Bonognmupa MHaTioka

AHOTaLifl. PO3rnsHyTO NMTaHHSA NO4abLLOro po3po6eHHS MOHATINHO — KOHLENTYanbHOr0 anaparty Takoro Hanpsmy AissIbHOCTi 5K
peKpeauinHo — TYpUCTUYHA Ta MUTaHHS BU3HAYEHHSA PI3HMX HaMpPsSMIB Ta KOMMOHEHTIB PeKpeaLiiHo-TypUCTMYHOrO rocnoAapcTaa.
HaronowueHo, o TYPUCTUYHY AiNIbHICTb MOXHA PO3rNsSAaTh 3 MO3ULINA ranysi rocnogapcTsa, OCKibKN BOHA Ma€e BCi 03HaKM rasysi
€KOHOMIiKW, X04a Takuid Migxif He nowmpeHuid. MigkpecneHo, Wo B reorpadii Ta perioHanbHili eKOHOMIL peKpeawiiHo — TYpUCTUYHY
[iSNbHICTb PO3rNsaarThb AK MiXKrany3eBuidi KOMMNIeKC. PO3rsSHYTO CCTEMATMKY BUAIB EKOHOMIYHOT AiSNbHOCTI, SiKi 6e3nocepesHbO
3aflisiHi B TypU3Mi Ta pekpeauil, Ta HaBefleHO CTPYKTYPYBaHHS pekpeaLliiHO —TypUCTUYHOIO KOMMJIEKCY 3a BUAaMU AisiIbHOCTi. Pek-
peauiiHo — TypUCTMYHA AifNbHICTb PO3rNIAAAETLCA | AK PUHOK MOCAYT, i SIK CoLliaNibHa CMCTeMa, | IK eKOHOMIYHa cucTeMa. CTpuKHeBa
npo6aema nosisirae y BU3Ha4YeHHI 06'€KTIB Ta CyO'EKTIB Y CUCTEMHUX BiAHOLLEHHSX, A€ 3a/1e)KHO Bif XapaKTepy CUCTEMU TYPUCTMH
MOXYTb BUCTYNaTK SK Cy6'eKTamu, Tak i 06'ekTaMu. BCTaHOBEHO, L0 (hOpMyBaHHS NpeAMETHOT rany3i pekpeauiiHo — TYpPUCTUYHOI
LiSNbHOCTI 6a3yeTbCs Ha reorpadivuHMX KOHLENLUiAX, Cepeq AKMX KOHLUEMNLis «TYPUCTUYHOT AeCTMHALLiT», KOHLEMNLis TeputopiaibHOT
opraHisauii HaceneHHs i rocnoAapcTBa, KOHLENLis TEPUTOPialbHUX PEKPeaLliiHAX CUCTEM.

Kntoyogi c/ioBa: pekpeauis, TypucTUYHA AiSNbHICTb, JeCTUHaLT, pekpealinHo—TYypUCTUYHI pecypcu, reorpadiyHi NpuHLmMnm, Mixk-
ranyseBuil KOMMaeKc
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Introduction. Quite quickly, though completely un-
obtrusively for the eye, tourist trips, which were
originally available only to selected ones, have be-
come one of the main engines of the world economy.
«Hunting for the change of places» was characteris-
tic of mankind from the very beginning of its exist-
ence, but only in the last century, this need was trans-
formed into a commercial product. In the 60’s of the
twentieth century, due to cheaper flights and the ex-
pansion of package tours, humanity has reopened the
world itself — the so—called «tourist revolution» or
«revolution of services» took place. For example, in
2017, tourism totaled 7.6 trillion. dollars of global
economic activity — a little more than one tenth of
the GDP of the planet, and the number of travelers
steadily increasing and to date is 1.25 billion people
a year (The Travel & Tourism, 2017).

Thereby the rapid development of tourism
have led to increased attention to recreational and
tourist activities and its in—depth theoretical and
methodological development. The situation is com-
plicated by the interdisciplinary nature of this scien-
tific direction and the increasing competition of var-
ious sciences in its development.

A significant number of scientific publica-
tions, ideas, concepts are dedicated to the various as-
pects of recreational and tourist activity from the
standpoint of consideration in social geography.
Such Ukrainian geographers as O. Beidyk, O. Lyu-
bitseva, O. Kolotukha, O. Shabliy, I. Smal, 1.
Smirnov, O. Topchiyev, F. Zastavniy, and others
have devoted theirs papers to the issue of tourist ac-
tivity of the country in whole and different regions.
At the same time, insufficient attention is paid to the
issue of geographical principles of recreational and
tourist activity as a branch of national economy.
The purpose of this work is to identify the main
components of recreational and tourist activity as an
integral part of the inter-sectoral complex.

The researchers again and again emphasize the
uniqueness of tourism in terms of the scale and pace
of its dissemination, as well as its interdisciplinary
multidimensional and substantive complexity. Tour-
ism is viewed as a socio—economic phenomenon
(Van Tsynshen, 2003, Oliynyk, Stepanenko, 2005,
Maslyak, 2008, Tkachenko, 2009, Topchiyev,
2005), which in the second half of the twentieth cen-
tury. gave birth to a tourist revolution comparable to
the civilizational consequences of the industrial rev-
olution. And in this context, it should be considered
as one of the factors and stages of civilization ad-
vancement of mankind. In the field of tourism, the
interests of economy and culture, regional studies
and ethnography, natural history and history, eth-
nography, culture and sport, international relations

and ties. Tourism combines the trends of globaliza-
tion and ethno-national identity. Tourist activity
comprehensively connects the spheres of material
production, exchange, circulation, service, leisure
and provides the features of completeness of eco-
nomic complexes of all levels. Tourism is regarded
as one of the priority sectors of the economy and as
one of the most dynamic types of business
(Tkachenko, 2009, Topchiyev, 2005).

Material and methods of the study. The materials
of the research were literary sources, as well as some
developments of modern ukrainian and foreign sci-
entists on the study of recreation and tourism activi-
ties. The use of logical-analytical, comparative and
descriptive methods, which enabled to highlight the
peculiarities of the formation of the subject area of
recreational and tourist activity, was important for
achieving the goal.

Results of the study and their discussion. The
problem of the formation and arrangement of con-
ceptual apparatus of recreational and tourist activity
is the most difficult one today. Among contemporary
scholars, it is widely believed that "recreation" is a
much broader concept, since it includes virtually all
types of human activities in its free time, which is
spent outside its permanent home, while "tourism™ -
the concept is narrower and deeper, as this process is
accompanied by the consumption of the relevant ser-
vices, that is, the purchase of certain products / goods
or services and the use of resource potential of the
territory.

Concerning the notion of recreational activity,
there are many definitions, in our opinion the most
complete of the following: recreational activity - the
activity of man in his spare time, carried out in order
to restore the physical and spiritual forces of man
and is characterized by a variety of human behavior
and the value of its process (Velychko, 2013).

Tourist activity is considered as an industry or
type of economic activity (Fig. 1) (Velychko, 2013,
Dyachenko, 2007, Zoryn, Kvartal’nov, 2000, Oli-
ynyk, Stepanenko, 2005). Modern tourism has all the
necessary features of the economy, among which:

— the demands of society for travel services;

— production of specific products — tours, tourist
product;

— availability of tourists and goods manufacturers
and their consumers;

—the use of special resources — destinations, technol-
ogies, organizational and economic forms;

— mass development of entrepreneurship;

— profit is a sign of economic activity.

This approach applies to all economics, partly to
managers. But most of the researchers emphasize the
very limited nature of tourism as an industry.
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Let us show some methodological conflicts of
this approach. Tourist activity is represented as an
economic system, which produces and exchanges
tourist services and goods (Velychko, 2013, Dy-
achenko, 2007). The aggregate of enterprises and or-
ganizations of the sphere of services and sphere of
material production, which provide production and
distribution of tourist products and goods, develop-
ment and exploitation of tourist resources, the for-
mation of the infrastructural material and technical
base of tourism, are called tourism industry. We em-
phasize that tourists is not marked in this system:

Type of economic
activity

Economic

Market of
services

they must necessarily be, but outside of the eco-
nomic system.

In modern conditions, recreational and tourist
activities are regarded as a market of services, in
which tour operators and other actors form a recrea-
tional product and sell it to consumers — tourists. Ac-
cording to economic considerations, travel is a tour-
ist product purchased by tourists, and on the basis of
the object — subject relations in the field of travel ser-
vices — is a specific activity of tourists themselves.

Branch of the economy

Interbranch
complex

Activities and
relationships of
traveling people

Fig. 1. Approaches to the definition of recreational and tourist activity

In some countries (for example, the Russian Federa-
tion), tourism has become officially defined as a type
of economic activity (Zoryn, Kvartal’nov, 2000):
tourism activity is tour operator and travel agency
activities, as well as other activities for the organiza-
tion of travel. This definition does not include tour-
ists themselves and violates the logical meaning of
«activity», which necessarily relates the subject of
activity (tourists) with objects (tourist environment
— destinations).

The widespread consideration of recreational
and tourist activity as a social system, for which a
complex methodological problem remains the sub-
ject — object relations. Consideration of tourism as a
branch of the economy relies on the concept of an
economic system, in which tourist enterprises (tour
operators) — a subject of tourism activity, and tour-
ists, consumers of tourism product — its object. At
the same time, the representation of recreational and
150

tourist activities as a social system considers tourists
as the subject of the system, and all other compo-
nents — as its object. Note that according to the defi-
nition of the World Tourism Organization (UN-
WTO), subjects of tourism activity are tour opera-
tors, travel agents, tour guides, as well as tourist ser-
vices — places of accommodation, cafes and restau-
rants. And here the paradoxical situation: tourist ac-
tivity without tourists, tourism — without customers
of tourist services. It is clear that all these develop-
ments and definitions already require further refine-
ments and new approaches.

The State Agency of Ukraine for Tourism and
Resorts, which operated until 2015, distinguished
between tourism industries and recreational indus-
tries. The tourism industries (activities) include
travel agencies and operators, excursion bureaus,
sightseeing objects, objects and institutions of busi-
ness purpose, collective accommodation facilities,
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covering hotels, hostels, motels, campsites, tourist
bases and camps. Recreational activities are repre-
sented by collective recreation facilities — recreation
centers, refreshment houses, as well as collective ac-
commodation facilities for rehabilitation and treat-
ment — sanatoria, health improvement clinics, re-
freshment houses with treatment, children’s institu-
tions of the whole year, children’s centers, health in-
stitutions (of short— 2 days stay), balneological hos-
pitals.

The structure of the recreational and tourist
economy includes related industries, represented by
enterprises of food and trade, transport and commu-
nal services, as well as corresponding establish-
ments, institutions and organizations — specialized
educational institutions, banking institutions, public
organizations.

Despite the rather clear and complete list of
objects of recreation and tourism activity, the rele-
vant sector (branch) of economy in Ukraine contin-
ues to be formed at present. Today, the function of
the central executives, which ensures the implemen-
tation of tourism policy, is carried out by the Depart-
ment of Tourism and Resorts under the Ministry of
Economic Development and Trade of Ukraine. In
the regions administrations this direction is pre-
sented by separate departments and committees with
very limited administrative powers.

The United Nations Statistical Commission
has adopted a temporary classification of tourism ac-
tivities (1993) — Standard International Classifica-
tion of Tourism Activities (SICTA). There are 74
specialized types (subclasses) of economic activity,
as well as 110 types, which are partly related to tour-
ism, are classified into the sphere of tourist services.
As you can see, numerous types of economic activity
are directly included in the tourist services, or they
can partially carry out tourist functions. There is a
problem of determining the boundaries of tourism:
where begins and where ends tourist activity.

Tourism covers most sectors of the economy:
industry, agriculture, construction, transport, com-
munications, trade, public catering, housing and
communal services, consumer services, culture, arts,
sports, science, credit and financial services and in-
surance, computer science. The changes taking place
in recent decades in the global economy, (consolida-
tion and massive displacement industries, strength-
ening of integration processes between countries and
entire regions, globalization and regionalization) led
to the formation and development of new highly dif-
ferentiated inter-industry complexes rather than iso-
lated branches of economy. In this sense, tourism
and hospitality industry can be characterized as a
single interdisciplinary complex consisting of vari-
ous industry servicing tourists in order to satisfaction
of tourist needs. At the same time, in the services

sector, the tourist sector occupies a central position,
due to the high complexity and close interconnec-
tions of tourist services within all sectors. So in the
national economy, tourism is viewed both as a
branch of the national economy and as an inter-
branch complex, although it is clear that these two
approaches are opposed to each other.

The unified link in the national classification
of economic activity types (CEAT-2010) is chapter
79 of the section N—activities of travel agents, tour
operators, provision of other reservation services,
and related administrative and auxiliary services.
Their list continues chapter 77 — rent, hire and leas-
ing, chapter 81 — maintenance of houses and territo-
ries, chapter 82 — administrative and auxiliary office
activities, other auxiliary commercial services.

One of the main target of recreational facilities
is health and treatment, directly related to section Q,
chapter 86 — health care. For many types of recrea-
tion, the R section is a base and includes art, sports,
entertainment and recreation, also its chapters: 90 —
activities in the field of creativity, art and entertain-
ment, 91 — functioning of libraries, archives, muse-
ums and other cultural institutions, 92 — organizing
gambling, 93 — activity in the field of sports, organ-
ization of rest and entertainments. A milestone for
recreational activities is Section | — Temporary Ac-
commodation and Catering, which has two chapters:
55 — Temporary Accommodation and 56 — Food and
Drink Activities.

As we see, the latest national classification of
economic activity types, which complements and
partly replaces the traditional sector taxonomy, can
not clearly determine the place of recreation and
tourism as a type of economic activity. As in the in-
dustry classification, recreational and tourist activi-
ties cover a large number of classification units.

The complicated methodological problem is
subject — object relations in recreational and tourist
activity in general. Consideration of tourism as a
branch of economy or kind of economic activity re-
lies on economic systems in which tourism enter-
prises are the subject of tourism activity, and tour-
ists, consumers of tourist product — its object. Rep-
resentation of tourist and recreational activities as a
social system considers tourists no longer as an ob-
ject of the system, but as its subject. System forming
attitudes to this approach are the «tourist actions» of
travelers, their «tourist activity», their relation to the
subsystem of the recreational and tourist economy,
which is already the object of the system.

Gaining popularity approaches to the defini-
tion of tourism as the activities and relationships of
people traveling. Contrary to the economic and in-
dustrial («tourism industry») definition of the sub-
ject of tourism in this direction tourists are the core
of tourismology. According to such views, tourism
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is a phenomenon of universal culture, a means of
self-realization of mankind. The main object of the
researcher in this approach is «not hotels but peo-
plex». The core of tourism science is «traveling mans.
It is believed that tourism is an integral part of mass
culture of modern society, it corresponds to the main
characteristics of the cultural forms of this phenom-
enon. Being its origin, tourism has in its basis the
same principles of functioning as the mass culture.
Having fun, a person satisfies his spiritual needs,
evaluates his own personality, analyzes his role in
the various social systems - this is the opinion of the
supporters of mass culture. C. Mills, speaking of the
self-consciousness of a modern man, wrote that he
«tended to see himself as at least an alien, if not an
eternal traveler, explaining this fact as a transform-
ing force of history».

We emphasize the special role of the popula-
tion in recreational and tourist activity: on the one
hand, it is the subject of tourism and recreation,
which forms the demand for tourist services and
forms tourist flows; on the other hand, they are pro-
ducers of tourist services and goods forming part of
the «tourist industry». Population acts as a peculiar
resource in relation to tourist and recreational activ-
ities. The recreational and tourist activity of the pop-
ulation is determined by equal welfare and quality of
life, as well as its cultural and educational level and
mentality.

Geographic science plays a special role in the
formation of the subject area of recreational and
tourist activity. General Secretary of the World
Tourism Organization F. Franzialli (1997-2005) in
a report at the International forum of the World As-
sociation of Professional Training in Hospitality and
Tourism AMFORT (2000) emphasized that repre-
sentatives of geographical science are most prepared
to understand the essence of tourism. In tourism, the
active interaction of society with nature is estab-
lished (Franzialli, 2002). Therefore, tourism is de-
fined as a form of natural — social life and life of a
traveling person. Tourism is characterized as spatial
(geographical) diverse human activity. One of the
authoritative researchers N. Leiper defines tourism
as a holistic system that combines tourists, tourist at-
tractions and tourism industry (Leiper, 1979).

Positions of geographers in the development
of the tourism subject area enhances by he resource
orientation of tourism activities. Tourism is a re-
source industry: the consumer value of a tourist
product depends on the quality of recreational re-
sources. The concept of rent for a recreational re-
source (J. Crampton, USA) is introduced as the dif-
ference between the income from the use of the
available resource and the minimum income from
the same resource that is used. As already noted, ap-
proaches to the definition of tourism as the relations
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of traveling people are becoming popular. In this ap-
proach, the population is a resource factor for tour-
ism and its tourism activity is determined by the
level of welfare and quality of life of the population,
its mentality. And such characteristics — the prerog-
ative of geographical disciplines in particular geog-
raphy, regional geography.

Geographic science has made a significant
contribution to the development of the category of
recreational and tourist activities. Along with the tra-
ditional geographic and cadastral characteristics of
natural conditions and natural resources for recrea-
tion purposes (Beydyk, 2001, Lyubitseva, Pankova,
Stafiychuk, 2007, Fomenko, 2007), geographers
have developed the concept of «tourist destination.
Its author, N. Leiper (1970s), describes tourism as a
spatial diverse human activity and emphasizes the
activity principle as a major in the theory of tourism.
He defines tourism as a holistic system that com-
bines tourists, tourist destinations (objects, cities, re-
gions) and the tourism industry. Such approach to
the definition of the subject area of recreational and
tourism activities called the activity direction (by
Leiper). At present, the destinations are considered
as the main component of tourist resources and as a
nodal part of the tourism product.

Destinations are called territories attracting
tourists and tourists, along with recreational natural
resources, tourist attractions and routes included in
the tourist product. In numerous tourist dictionaries,
destinations are countries, regions, cities which at-
tracting tourists and serving as the main centers of
localization of tourism activity, flows of tourists and
their outgoings. These are places of maximum con-
centration of tourist attractions and tourist facilities.
Ukrainian researcher T. Tkachenko defines the des-
tination as an object — a city, region, district, locality,
place, institution that has tourist and recreational re-
sources — unique or special, attractive for tourists,
accessible due to the necessary infrastructure (amen-
ities, services), brought to the consumer in the form
of a well-developed and prepared for sale by modern
means of marketing communications (logotype,
trade mark, etc.) of a tourist product (Tkachenko,
2009). Modern researchers understand destinations
most geographically and widely on such composi-
tion: 1) tourist resources; 2) tourism infrastructure;
3) tourist enterprises and organizations; 4) related
enterprises for servicing tourists; 5) socio—economic
environment; 6) the local population with its mental-
ity.

Another compulsory geographical characteris-
tic of recreational and tourist activity is its territorial
organization. Geographers have developed the con-
cept of territorial organization of the population and
economy. Social geography is defined as a science
of the territorial organization of society. For all types
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of economic activities, including for recreation and
tourism, their placement and forms of territorial or-
ganization are investigated. At the local and regional
levels, the concept of territorial recreational systems
has already been developed (Van Tsynshen, 2003,
Maslyak, 2008, Topchiyev, 2005). The concept of
destinations, which brings together tourist attrac-
tions and regions, is gaining in popularity. At the
global level, the features of international tourism, the
formation of centers and regions of international
tourism and the formation of tourist flows are ex-
plored.

In geography and regional economy, recrea-
tional and tourist activities are considered as an in-
terbranch complex (Van Tsynshen, 2003, Top-
chiyev, 2005). On the one hand, recreation and tour-
ism affect practically all sectors of the economy: in-
dustry, agriculture, transport and infrastructure, the
social sphere in general, the sphere of service, social
infrastructure, culture, education, science, manage-
ment. On the other — in the economic complex
formed the direction of economic activity and indus-
try directly related to recreation and tourism, such as
mass recreation of the population — unorganized and
organized, and tourism.

Powerful sphere of domestic recreation of the
population exists, which at present is not yet desig-
nated as a component of the economic complex and
which, however, needs research, planning and man-
agement. Geographers traditionally call the recrea-
tion and tourism industry of the country or region a
recreational (recreational and tourist) complex, em-
phasizing its interdisciplinary structure and charac-
ter.

We analyze the recreational and tourist com-
plex of the region (country) by types of recreation
and tourism activity, as well as related constituents —
recreational and tourist resources, infrastructure, ser-
vices (Fig. 2). Recreational and tourist activities sat-
isfy the needs and demands of the population for rec-
reation and tourism. It should be remembered that
the needs of the population of other regions and
countries (inbound tourism) can be satisfied also.
Recreational activity is divided into short—term (do-
mestic) and long—term, which can be unorganized
(self-employed) — individual, family, mass, or orga-
nized (on acommercial basis). An integral part of the
recreation is excursion activity, which can be cov-
ered with tourism (multi—day excursions). Tourist
activities are divided into outbound and inbound
(foreign tourists), as well as domestic (within its own
country) and external (outbound).

In the recreational and tourist activities are
involved infrastructure, which can be divided into
two components: the general infrastructure serves

the population entirely and directly tourist
infrastructure, aimed at satisfiction the needs of
tourists. The same division can be applied to the
sphere of services and sphere of material production.
Such a classification of tourist services has a meth-
odological and methodological value for the assess-
ment of the tourist product, as well as for the analysis
of the structure of recreational activities and its par-
ticipation in market relations.

Particular attention deserves a relatively new
concept of «destinations», which represent a gener-
alized characteristic of tourist resources, including
tourist regions, their natural and geographical fea-
tures, attractions, tourist routes, tourist infrastructure
and tourism industry in general. In the scheme (Fig.
2), all the components of tourism activity (called the
tourist industry) are allocated (dotted).
Conclusions. The given structure of recreational
economy makes it possible to consider tourism as a
branch of economy on characteristics of its compo-
nents — infrastructure, service, production of tourist
goods and tourism management. In this composition,
it is also called «tourist industry», which is marked
with a dotted line in the scheme. It is also possible to
study the recreation and tourism sector as a type of
economic activity. To do this, to the given direction
of the components of the tourism industry should be
added massive organized rest of the population.
There is an opportunity to consider tourism activity
in the modern format, with an assessment of tourist
resources (destinations). The scheme represents the
components of recreation — mass recreation and rec-
reation and leisure which are not yet mastered in
terms of economic relations and management. The
presented structure of the recreational and tourist
complex makes it possible for its various system ob-
jects — subjective formalizations, which consider
tourists as subjects of social relations and systems,
and all other components of the economy or the tour-
ism industry itself as its object.

According to our opinion, the representation
of recreational and tourist activity as an interbranch
complex offers new possibilities for forecasting its
development and formation of new directions of use
of recreational and tourist resources (destinations).
Consideration of recreation and tourism activity of a
country or region as an interbranch complex pro-
vides the most complete and detailed analysis, since
it involves all components of recreation and tourism
—and those that already have a certain organizational
and economic status and are marked as an industry
or type of activity with the relevant enterprises and
institutions, and those that exist as actions of the
population without official definition.
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Summary. The Western Donbas is a mining-manufacturing region of Ukraine with a po-

Received 30.04.2018; tential for increasing coal extraction in the following years. The operation of mines is
Received in revised form 18.05.2018; followed by intense water drainage of highly mineralized ground water which accumulates
Accepted 01.06.2018 in tailing ponds, which were built in the ravines without barriers screening the water-con-

taining rocks. The problem of rational usage and protection from contamination and ex-
haustion of all types of water sources available for practical usage is relevant for the studied region, and all around the world. The
development of a fundamental scientific solution to this problem was started in 1986, when a constantly operating mathematical model
(COMM) of the changes in hydrogeological conditions of the Western Donbas was developed. The authors were the Pavlohrad Geo-
logical-Survey Expedition (PGSE), the Dnipropetrovsk Affiliate of the Institute of Mineral Resources (DAIMR) and the Department
of Geology and Hydrogeology of O. Honchar Dnipropetrovsk National University. It is a regional, multi-functional, constantly im-
proved hydrogeological project limited in space but without a time limit. The COMM of the Western Donbas, along with the most
obvious advantages, has one disadvantage. In spite of its small scale (1:100000) , it provides only a general characteristic of techno-
genic changes in the ground water regime of the territory and cannot constitute a single scientific basis for developing nature-protection
hydrogeologic measures. Therefore,it has been supplemented with mathematical models of the territories adjacent to the local objects
of technogenic impact on the ground water. This includes tailing ponds, tailing dams, mining dumps and mine drainage. The first three
types of technogenic objects have already been sufficiently studied and described in scientific publications (Eugrashkina , 2011 ;
Eugrashkina , 2012; Eugrashkina , 2013; Eugrashkina, 2013). This paper focuses on the mathematical models, changes in hydrogeo-
logical conditions under the impact of the fourth factor mine drainage. The first three factors contaminate ground water, the fourth
causes decreases in the operational reserves as a result of flow of the fresh water from the upper horizons to the productive dried-out
layer.
Key words :mathematical model , theory of wells, regime observations, adequacy, cone of depression, ground water, nature-protection
measures

9K0/10r0-rnporeonornyeckast UICTOpuUsl PasBUTUS YroibHOM NPOMBILLIEHHOCTU
3anagHoro [loH6acca nog BAUSIHMEM KOMMJIEKCa TEXHOTeHHbIX (haKTOpPOB

I".IN. €srpawukiHa, B.K. MapueHko, I. O. TkaueHko, O.l. Koponb, A.B. MaceHko

JHinpone TPOBCbKUIA HaLliOHaNbHWIA yHIBepcMTET iMeHi Onecsa MoHuapa , [Hinpo, YkpaiHa ,
e-mail: albinamasenko@gmail.com

AHoTauif. 3axigHnin [loHbac — ripHM4ogo6yBHUIA perioH YKpaiHu 3 nepcnekTnBaMu 36i/bLUeHHS BUAOOYTKY BYFifNf y HAaCTYMHi
pokwu. EKcnnyaTalis WwaxTt cyrnpoBOAXKY€ETbCSH IHTEHCMBHUM BiZ/IMBOM Nif3eMHUX BOJ, MiABMLLEHOT MiHepanisayil, AKi akyMyntoTbCs
y CTaBKax - HakonuvyBayax, nobyaoBaHuX y 6ankax 6e3 ekpaHisalii BOAOBMICHOT YaCTMHW. 3aNpPOMNOHOBaHI K pafnKanbHWiA 3acio
OXOPOHW I'PYHTIB, NOBEPXHEBMX i MiA3EMHMX BOA, BOHW CTa/IN JXKEPenom ix 3abpyaHeHHs. ToMmy npobiema pauioHaibHOro BUKOpK-
CTaHH$ 1 OXOPOHW Bif, 3a6pyAHEHHS | BUCHAXKEHHS YCiX BUAIB AKepen BOAW, NPMAATHUX AN NPaKTUYHOMO BUKOPUCTaHHS, akTyabHa
[Nst LOCNIIKYBaHOr0 PErioHy, SIK i B yCbOMY CBiTi. dyHAaMeHTa/lbHe HayKOBe PO3B’3aHHS Liel npobnemn noyvate B 1986 poui cTBO-
PEeHHAM NOCTIMHO Aitoyoi MaTemaTuyHoi mogeni (MAMM) 3miHu rigporeonoriyHnx ymos «I ipHM4ogo6yBHa YacTuHa 3axigHoro [oH-
6acy». AsTopu: lMaBnorpagcbka reonoro-po3eigysansHa ekcrneauuis (MIFPE), AHINPONeTPoBCLbKE BifAiNeHHs IHCTUTYTY MiHepasib-
HUX pecypcis (OB IMP) i kadeapa reonorii Ta rigporeonorii AHY imeHi Onecst MoHuapa. Lle perioHanbHa, 6aratopyHKLioHa/IbHa,
6e3nepepBHO BLOCKOHaOBaHa rifporeosiorivyHa 3agaya, 06mMexxeHa y npocTopi i HeckiHueHHa y yaci. MAMM 3axigHoro [oH6acy
nopsg i3 6inbLUicTio 6e3CYMHIBHMX Nepesar Mae OfiuH Hefonik. 3 ornagy it gpioHoro macwtaby (1 : 100 000) BOHa Aae NuLle 3arasibHy
XapaKTePUCTMKY TEXHOrEHHUX 3MiH PEXMMY Nig3eMHUX BOA AOCAIAKYBaHOI TEPUTOPIT | He MOXe 6YTU eAUHOK HAYKOBOK OCHOBOHO

156


mailto:albinamasenko@gmail.com
mailto:albinamasenko@gmail.com

Yevgrashkina G. P., Marchenko V. K.,
Tkachenko I. O., Korol O. I., Masenko A. V.

Journ.Geol.Geograph.Geoecology,27(1), 156-161

[Nl po3p06IEHHS NPUPOAOOXOPOHHUX 3aXO0AiB Tif[pOreonoriyHoro cnpsMyBaHHs. TOMY BOHa JONOBHEHA MaTeEMATUYHUMI MOLENSMM
TEPUTOPIiA, NPUNErNX A0 NOKaNbHUX 06°EKTIB TEXHOFEHHOTO BM/IMBY Ha NiA3eMHi BOAW. Lie CTaBKM - HAaKOMMUyBadi, XBOCTOCXOBULLA,
LWaxXTHI BigBanM i LWaxTHWUIA BOAOBIAMB. Tpy NepLli BUAN TEXHOTEHHNX 06’€KTIB Y)Ke JOCUTb AeTafbHO BUCBIT/IEHI Y HAyKOBUX My6-
nikayiax (Eugrashkina, 2011; Eugrashkina, 2012; Eugrashkina, 2013; Eugrashkina, 2013)]. ¥ HaBefeHil1 CTaTTi po3rnsagatoTbcs Ma-
TemMaTWU4Hi Mogeni, 3MiHW rigporeonoriyHNX YMOB 3a BNMBY YETBEPTOrO (haKTopa LLaxTHOro BOAOBIAAMBY. MepLi Tpu (akTopu 3a-
OPYLHIOKTL Nig3eMHI BOAW, YETBEPTUI CIPUYMHIOE 3MEHLLEHHS eKCMyaTaLliiHMX 3anaciB Yepe3 nepeTikaHHA NPICHUX BOA i3 BEPXHIX

rOPW30HTIB Y NPOAYKTUBHI OCYLLIEH TOBLL,.

KntouoBi cnoBa: MaTeMaTUYHA MOfENb, TeOPisi CBEPA/IOBIH, PEXKUMHI CNOCTEPEXKEHHS! , aleKBATHICTb, ienpeciiiHa BOPoHKa, nifze-

MHIi BOAW, NPUPOJOOXOPOHHI 3ax0au.

Introduction. The objective of this research was
creating and elaborating mathematical models of
changes in the hydrogeological conditions of the ter-
ritories in the zone of mine drainage impact. For sci-
entific substantiation of nature-conservation hydro-
geological procedures, we used the mathematical ap-
paratus of the classic theory of single and connected

Table 1. Hydrogeological character of mines in Western Donbas

boreholes in random spatial arrangement. The ade-
guacy was proven by comparing the results of calcu-
lations with real conditions of operation and regime
observations in the zone of mine drainage impact.
Material and methods. Chronologic sequence of the
commissioning the mines and characteristic of their
hydrogeological conditions is presented in Table 1.
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1 12,33 14
Pershotravenska 1963 | 180-200 P2, Civ 132 0.009 0.1 1400
2,90 666
6,74
2 Ternivska 1964 100 =5 P2, Civ 70 0.008 0.09 8 750 778
21,0 15
3 Stepova 1965 145-250 —_— P2, Civ 140 0.009 0.1 1400
3.5 556
6,86
4 Pavlohradska 1968 105 %3 P2, Civ 73 0.008 0.07 9125 1042
5 Yubilaina 1970 180-230 24,39 P, C 161 0.009 0.11 17 1463.6
) 2,21 2 ' : 888 :
6 Blahodatna 1971 115 E P, C 86 0.008 0.09 10 955.6
15.0 2 ' : 750 :
7 Samarska 1973 160 581 P2, C 80 0.007 0.08 1 1 000
= 2, Civ . . 428
5.34
8 Dniprovska 1975 260 B0 P2, Civ 42 0.006 0.09 7 000 466.7
Mine named after L0
9 the Heroes of Space 1979 470 371 Civ 25 0.001 0.04 2000 625
1,13
10 | Zahidno-Donbaska 1980 585 57 3% Civ 2 0.001 0.07 2000 285.7
_ 43,66 15
11 Stashkov Mine 1982 140 T P2, Civ 120 0.008 0.11 000 1090.9
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Analytical models are presented in Figs. 1-4. De-
velopment of the mathematical model of the eastern
groups of mines (Fig. 1) was finished due to the de-
cision to close the “Pershotravneva” mine. The
model was published in an article co-written by the
scientific supervisor (Eugrashkina and Marchenko,
2016). All epignostic [epignosis is a characteristic of
hydrogeological process in the past — Translator‘s
note] and predicting tasks were solved using the
method of gradual changes in the steady states. The
current studies were conducted independently for the
group of mines in the Western Donbas. The basis of
the mathematical models were the 2 methods — the
abovementioned method of changes in the steady

Stepova Mine

3T r-‘;__;
r

states conditions and the Theis fundamental solution
modified for solution of this task.

The mathematical model for the group of mines
— Pavlohradska, Blahodatna, Heroes of Space (Fig.
2) was developed after of the Pavlohradska Mine
was put into operation in 1968. It worked as a “single
well” to 1971, then the Blahodatna Mine was put
into operation, making a mathematical series of first
single, and then associated “wells”. In 1979, the
Mine named after Heroes of Space joined this group.
Since then, all the mines created a model of three
randomly located wells.

The mathematical models for the rest of the
mines are in the stage of development (Fig. 3-4).

Yubileina Mine
5

\/r
1

Pershotravenska Mine

Fig. 1. Model of locations of the eastern group of mines, scale: 1:100 000, r3.s =4 100 m; r1-3= 2 200 m; r1.s= 4 200 m.

Minc named after the
Heroes of Space

Pavlohradska Minc

N
\

Bla 10datna Mine

Fig. 2. The model of locations of the Mine named after Heroes of Space, the Blahodatna Mine, the Pavlohradska Mine, scale: 1:100

000, rg-4=4 600 m; re-4 =2 500 m; rg.6 = 2 800 m.
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7Z.ahidno-Donbaska Mine

ﬂlo
Lo L
4 I“?_4 J 2
Pavlohradska Mine Ternivska Mine

Fig. 3. The model of locations of the mines of the Zahidno-Donbaska, Pavlohradska, Ternivska, scale: 1:100 000, r2.4= 6 300 m; r2-10
=2 600 m; rs-10= 7 750 m. The Pavlohradska Mine is included in two models (Fig. 2, 3).

Dniprovska Mine
8
r ﬂ
7-8
Lo
7 r?—ll 4 ] ]
Samarska Minc Stashkov Minc

Fig. 4. The model of locations of the Samarska Mine ,the Dniprovska Mine, the Mine named after Stashkov, scale: 1:100 000, r7.s=
8 000 m; rg-11=2 000 m; r7-12= 8 100 m.

The model in Fig.2 chronologically characterizes in detail the change in hydrogeological conditions to 2020
inclusive.

The examples of solving the task of prediction and analysis of the results. According to the selected methods,
for three associated “wells”, the mathematical description of the water drainage processes at the end of 2020
looks as follows:

1. Method of gradual change in the steady states, Pavlohradska Mine, Ne 4
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The calculated decrease corresponds to the
depth of the working area of the Pavlohradska Mine.
This correspondence is a direct justification of the
model‘s adequacy to real conditions. Analogical cal-
culations of decreases were made for the Blahodatna
Mine and the Mine of Heroes of Space with calcula-
tion of the numbers 6 and 9 respectively.

The expressions 1 and 2 contain the following sym-
bols:
> S, — total water decrease in the mining shaft of Pav-
lohradska Mine (conventional number 4) m;
Sa46 — decrease caused by water drainage from the
Blahodatna Mine, m;
Sa9 — decrease caused by water drainage from the
Mine of Heroes of Space, m;
Q4, Qs, Qo — water drainage of the corresponding
mines, thousands m?/day;
r4 — radius of the Pavlohradska Mine shaft, m;
rss, rag — distance from the Pavlohradska to the
Blahodatna Mine and the Mine of Heroes of Space,
m;
Ta, Te, To — weighted average values of hydraulic
conductivity of the water-bearing horizons of the
drained layer in the mine sections, m?/day;
as, as, ag — the corresponding level-conductivity,
m2/day;
ts, t6, to— the duration of operation at the end of late
2020, years.
For the Blahodatna Mine and the Mine of Heroes of
Space, the following results were obtained:

1. Method of gradual change in the stationary

conditions:

2S6=112,0 m; £Sg= 450 m.
160

2. Theis fundamental solution:
>So=111,0 m; ZSg= 437 m.

The difference between the factual and assessed
depth of mining working areas is 1 m for the Blaho-
datna Mine, and 13m for the Mine of Heroes of
Space. The accuracy is high and indicates the cor-
rectness of the parameters and the selection of the
methods. This difference in time should decrease, for
classic hydrogeological processes always converge.
Conclusions and recommendations on the problem
investigated.

1.Four main factors of the negative impact on
the regime, capacity and the quality of the ground
water for drinking and technical supply are as fol-
lows: tailing ponds of the mine waste water, tailing
dam of the central concentrating mill (CCM), mining
dumps and the mine water drainage.

2.The first three factors contaminate the
ground water, the fourth decreases its operational ca-
pacity by flowing down to the productive water-
bearing horizons which have dried-out during the pe-
riod of exploitation.

3.This factor is impossible to eliminate, for it
is caused by natural geologic-hydrogeological con-
ditions of the deposits.

4. he first and the second factors could be
eliminated as follows: instead of the first pond and
tailing dam, in each ravine, a cascade of three water
reservoirs could be built. The discharge of low-min-
eralized water is made to the first one. It is used for
irrigation with provision of substances for improving
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soil properties. The amount of these substances was
calculated in accordance with the method of the
Ukrainian Research Institute of Hydraulic Engeneer-
ing and Land Development. The second and the third
water reservoirs are covered by a colloid-saline
screen barrier. This is an invention of the Sokolov-
sky Ukrainian Research Institute of soil science and
agrochemistry. The properties of such screen barrier
to absorb salt and provide clean water to the water-
bearing horizons. In the experimental variant, the
screen barrier was successfully working for 5 years.
This development can be improved in order to ex-
tend the term of operation of the required water fil-
tration. After expiry of the control term, the water is
released into the third pond, in the second pond the
screen barrier is renewed. Thus, due to cleaning, the
loss of water flow to the dried productive horizons is
compensated.

5. For the third factor — mining dumps, effi-
cient methods of recultivation have been developed
and proposed by Oles Honchar DNU and Dnipro
State Agrarian University.

Conclusions on the developed mathematical models
of changes in the hydrogeological conditions in the
zone of mine water drainage impact.

1. Classical theory of wells is a fundamental
basis for developing mathematical models of mine
water drainage.

2. The adequacy of the results of modeling to
the real changes in the hydrogeological conditions is
proved by comparing with the results of modeling,
regime observations, made by the Prydniprovia Ge-
ological Survey Expedition.

3. Mathematical models allow highly accurate
solving of the following tasks:

a) direct problems which characterize changes in the
hydrodynamic pressures under the impact of the
mine drainage in time and spaxe;

b) inverse tasks of determining and concretization of
the hydrogeological parameters;

¢) inductive tasks for substantiating the selection of
an equation which describes the studied process and
method of solving tasks.

4. The final goal of all types of studies is sci-
entific substantiation of the complex of nature-pro-
tecting hydrogeological measures.
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Accepted 21.05.2018 o ’ [OCNIDKEHHS MoNArae y NoeAHaHHi emMnipuyHmNX (CNOCTEPEeXKeHHS, MOPIBHAHHS) Ta Teo-

peTnyHux (cuctemaTum3sallis Ta Knacugikalisa) MeTofiB HayKoOBOro Mi3HaHHA. Y npoLeci

Ham1caHHA CTaTTi TakoX 3aCTOCOBaHO iCTOPMYHMIA METOZ Ta Yy3arabHeHHS OTPUMaHMX
pesynbTatiB. Oco6/MBE 3HAUEHHS Mae aHani3 BNAMBY 30BHILLHIX i BHYTPILLHIX YAHHUKIB HA €KOMOTiYHUIA CTaH. HafjaHo XapakTepu-
CTUKY BNNBY KOH(IKTY Ha f[OBKiNNSA. OLiHEHO BUAN MOX/IMBUX PU3NKIB CTBOPEHHS KOHKYPEHTHWUX YMOB PO3BUTKY Typu3My, a
came eK0MoTiYHMX, A5 NOMiNWEeHHs iHBECTULIHOT NpMBa6bIMBOCTI perioHy. MNpoaHanizoBaHO Ta BU3HAYEHO EKOJOTiYHI PU3MKMN KOH-
hAiKTY, AKi 3rpyrnoBaHo y AeB’ATb HaliMeHYBaHb. Y CTaHOB/EHO, L0 A4S HOpMasli3aw,il eKO/IOriYHOro CTaHy perioHy HeobXigHO pPo3-
POBUTM 3HAYHY KiNbKiCTb 3aX0AiB 3415 36epeXXeHHs eKOCUCTEM TepUTOpIl. Y3aranbHeHO i AOMOBHEHO OCOG/MBOCTI €KOMOTiYHOIO
CTaHy B Mepiof KOH(ANIKTY Ta MOro BNANBY Ha TYpW3M i3 TOUKM 30py CycnifbHOI reorpadii. JloBefeHO He0OXiAHICTb BiHOBMEHHS
MUPY, PO3BUTKY CUCTEMM EKONOTYHOrO MOHITOPMHIY, B TOMY YMC/i 3 BAKOPUCTAHHAM CYMYTHUKOBMX AaHUX AUCTAHLIAHOIO 30HA4Y-
BaHHA 3eMni Ta 3a1y4eHHAM BM/IMBOBUX MDKHAPOAHUX NapTHEPIB i3 METOK PO3BUTKY TYpU3MY.

Knto4oBi cnoBa: KOH(NIKT, eKONOMiYHNiA CTaH, pU3nK, NOCTKOHMDAIKTHUWIA nepiog, Typusm.

Ecological risks of development of tourism under the case of Donbas
G.M.Zavarika

Volodymyr Dahl east Ukrainian national university, Severodonetsk, Ukraine
Dgalina_10@ukr.net

Abstract. In the article the ecological risks of tourism development on the example of Donbas in the conditions of the conflict period
are researched. The research methodology combines the empirical (observation, comparison) and theoretical (systematization and
classification) methods of scientific knowledge. During the process of writing the article the historical method and the synthesis of the
results also are used. The analysis method for external and internal factors influence on the ecological state of the region was used
during available statistical data processing. As a result of the conducted research, the types of possible risks of creating competitive
conditions for tourism development, in particular environmental, for improving the investment attractiveness of the region were
evaluated. It is confirmed that tourism belongs to industries that depend on the state of the environment. The cleaner and safer it will
be, the more chances of successful development can be expected. The article describes the impact of the conflict on the environmental
state. The ecological risks of the conflict are analyzed and defined, they are classified in nine groups. Among them: the destruction of
the soil integrity, the replacement of the territory, the destruction of forests, fires and deterioration of air quality, large burials, flooding
of mines, pollution of drinking water, violation of ecosystems and protected areas, the danger of the destruction of enterprises. The
study identified that in order to normalize the ecological condition of the region, it is necessary to develop a significant number of
measures for the conservation of the territory ecosystems. It is noted that among the unresolved issues, it is important to identify the
ecological risk, methods for its identification, the consequences of the impact on tourism development and strategies for improving the
environmental situation in the region. It is stressed that for the development of tourism, first of all, it is necessary to create peaceful
favorable conditions in the region. The peculiarities of the ecological state during the conflict period from the social geography point
of view are generalized and supplemented. The study results proved the necessity of carrying out systematic monitoring of the
environment state, including the use of satellite remote sensing Earth data within involvement of influential international partners.

Keywords: conflict, ecological state, risk, post-conflict period, tourism
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BeTtyn. Typuam HaneXxuTtb A0 ranysei eKOHOMIKY,
(DYHKUIOHYBaHHSA SIKUX 3a/1€XWUTb Bif CTaHy [o-
BKiNAS, i UM ymcTiwe Ta 6e3nedyHille BOHO 6yae,
TUM GifbLLIE LLIAHCIB Ha YCMilLHe MainbyTHE cnif oui-
KyBaTun. TOMy TYPUCTUYHO PO3BUHEHI KpaiHW npu-
LINAI0Tb 3HAYHY yBary NUTaHHKO MOHITOPUHTY eKo-
NOTIYHOro CTaHy JO0BKifNA. YKpaiHa nparHe po3su-
BaTM Typu3M, ane KOH(MIKTHUA CTaH 3aBaXae
LboMy npouecy. Typusm B YKpaiHi B OCTaHHI nepe-
LKOHMNIKTHI POKM NOYaB PO3BMBATUCH, 3POCTaB TY-
PUCTUYHWIA MOTIK Ta 3’ABASAINCA HOBI TYPUCTUYHI
MapLUpyTU. Ane BHaCNigOK KOHQIIKTY TYPUCTUYHI
MOTOKW MoYasin 3MeHLLYyBaTUCA. B yMOBax KOHKype-
HLLiT 3 METOK MOMINLLUEHHS IHBECTULIAHOI NpnBab-
NIMBOCTI TepMTOPIT HEOOXIiAHO OLiHUTK YCi BUAK MO-
XXMBUX PU3UNKIB PO3BUTKY TYPU3MY, B TOMY YACAI 1
eKONOriYHUX. AHani3 eKoMoriyHoro CTaHy TepuTo-
pii MM NPOBOAMMO Ha Npuknagi JoHbacy.

HUWHILWHIO reoekonorivyHy cutyauito [oHb6acy
[lesKi HayKOBL BU3HayaloTh K Kpn3oBy. Lle Hachi-
[OK TPMBA/IONO HEXTYBaHHA O6'€KTMBHUX 3aKOHIB
BUKOPUCTaHHA Ta BIATBOPEHHS NMPUPOAHO-pecypc-
HOro noTeHuiany KpaiHW. MopyLUeHHS 3aKOHIB Po3-
MiLLEHHSA NPOAYKTUBHUX CUJT CMPUYNHINO CTPYKTY-
PHI feopmaLii HapogHOro rocnoaapcTea, a came
nepeBarn CMpPOBNMHHOAOOYBHUX — HalibiNbLl €KO/O-
riYHO Hebe3neyHX ranyseil NPOMUCIOBOCTI.

AK Hacnigok: 3abpyaHEHHS MPOMMUC/IOBUMU
BiAXo4amu Ta CMITTAM MOBITPS, BOAOIM, 3eM/i Ta
naHgwadgTis. LLaxTHi TEPUKOHW, Kap’epw, Bigsanu,
BIACTIVHMKMA Ta HakonuyyBadi 3aiMaroTb BeNKi
MOLL Ta 3yMOB/IKOKOTH CK/aAHY eKOMOriyHy CUTya-
Lito Ha [loH6aci. OcobnmBoCTI cneuianisauii peri-
OHY (ripHM4ofo6yBHa, MeTanypriiiHa, XiMiyHa Ta
BMPOOHMLTBO ByAiBeNIbHUX MaTepianiB) Ta 3acTapi-
NN TT TEXHIYHWIA piBeHb 3MYCUN NOAEN Ha AeAKNX
TEpUTOPIAX NepecensaTucsa Yepes noripLeHHs cTaHy
3[0pOB’SA. 3HAYHOI eKOMOriYHOI LIKOAWU TepuTopis
3a3Hae BHacNigoK KOHMNiKTY. CaMe Le NUTaHHSA no-
Tpebye BCeBIYHOIro HayKOBOr0 A0C/iIPKEHHS Ta aHa-
nizy.

Kpim HalioueBMAHILLIMX HACcNiAKiB KOHQIKT-
HOT CUTYyaLiT Y CXigHMUX perioHax YKpaiHu, Takux sk
3arnbenb NMOAeN, 3HULLEHHS XXMUTIOBOI Ta LOPOX-
HbOI IHPPACTPYKTYpW, 3araibHa pyiHaLis cnpuim-
HIOE TaKOX MOTipLUEHHS1 EKOHOMIYHOrO CTaHy Kpa-
THW, 3arpoXye [OBKINKO, MOTipLye couiasibHi
YMOBW XUTTA. B yMOBax KOH(MIKTY NOTPiGHO npu-
[INATY yBary UMM MOX/IMBMM Or0 Hacnigkam, Ta
JocnifpKyBaTh IX KOMNIEKCHO, OCKiNIbKX Npo6iemu
CTaHy AO0BKIiNNA MOXYTb IErKO NepeTBOPUTUCS Ha
3arposu couiasbHOro xapaktepy. Hanpwknag, cu-
NbHe 3a6pyAHEHHS NMUTHOT BOAN YW NOLUKOKEHHS
MOTY>KHOr0 MPOMMC/IOBOIO 06’€KTa HEMUHYYe Mpu-
3BeyTb [0 XBOPOO i 3arnbeni nogew, Lo, y CBOO

yepry, BUK/IM4Ye npobremy eKOHOMIYHOro Xxapak-
Tepy. Came TOMY Heob6XifHe BCEOCSXKHe [A0Chi-
[PKEHHA HacNiAKiB KOH(IKTY Ha JloH6aci Ta Wwnsxis
TX BUPILLIEHHS.

[locTaTHbO fieTaslbHO BUBYAKOTLCA KOOTiYHI
npo6nemn y cBiTi Ta B YKpaiHi (Yatsenko, 2014),
asie BUCBIT/NEHI e He BCI aCMeKTU BU3HAYEHHS KO-
NOTIYHOrO PM3MKY Ta MOro Br/IMBY Ha PO3BUTOK TY-
pu3my.

He3Baxkaroum Ha Te, L0 TYpu3M SIK eNleMeHT
PU3MK-MeHEePKMEHTY CBITOBUMU PU3MKaMK paHiLle
B HayKOBIli niTepaTypi He po3rnsgascs, NeBHi goc-
NiKeHHS Pi3HMX acnekTiB, L0 MatoTb BigHOLLEHHS
[0 uiel Temn, nposogunn B. A. KeaptasibHos, . A.
ManupsH, B. . M'ynges (Kvartalnov, 2000).

Mpobnemn CcTasoro po3BUTKY Typusmy, A0
AKUX Hanexartb i MOX/MBI PU3NKK, PO3rnsganmcs
NviLe eni3oAnyHO y cnelianbHii nitepatypi, AK iHO-
3eMHilA, TaK i BiTUM3HAHIN. Lle npaui €. borgaHosa,
[. boyeHa, P. bpaiimepa, C. Banxinna, . linbepra,
N. TpuHis, M. JoniwHsoro, O. Ayposuua, |. 3opiHa,
M. KabyLwkiHa, B. KapTanbHoro, O. Ky3bMiHa, K.
Kynepa, H. PackiHa, B. ®egopyeHka, . dnetyepa,
B. Linbyxa Ta iH.

Cepef, HEBUPILLEHMX MUTaHb BaXKMBUM Oa-
YNTbCH BU3HAYEHHS EKONOTIYHOTO PU3MKY, METOLIB
oro ifeHTMQiKaLiT, HacNiaKiB BMNMBY Ha PO3BUTOK
TYpU3My | CTpateriin NoninLweHHs eKooriYHoi cu-
Tyauii y perioHi.

EkonoriuHi npobnemMn posrnsgann BiTUK3-
HAHI HayKOBLi Mig 4Yac po6oTM Kpyrioro crony
«EKONOriyHi Hacnigku 36poiHOr0 KOHMAIKTY Ha
JoHb6aci: Ak BigHOBUTY €KONOTriYHy 6e3MneKy Ta eKo-
NoriyHi Npasa rpomagaH?» y 2015 poui, KOH(epeH-
Uit «MepcnekTmsm BigHOBMEHHA Cxoay YKpaiHu Ha
3acafax 36asaHcoBaHOro po3suTKy» y 2015 poui, y
JPpYyKOBaHUX npausx, 3BiTax MiDKHApPOLHUX OpraHi-
3auin, nepw 3a sce OOH, OBCE, NMPOOH Ta ge-
AKMX NePIOANYHUNX CTaTTAX, Ha AKi MOCU/IAETLCA aB-
Top. Ane B HUX PO3rNafatloTbCs TiflbKM eKONOriyHi
NpPo6aeMu i He NOB’A3YETLCSA CTaH HaBKO/IMLLHLOIO
CepefoBULLA 3 PO3BUTKOM TypU3MY.

MeTa cTaTTi nonsrae y BUABMEHHI eKONoriy-

HUX PU3NKIB PO3BUTKY TYPU3MY BHaCNiLOK KOH(/i-
KTy Ha npvknagi [oHb6acy.
Martepian Ta MeTo4M AocnifpKeHb. JIFOACTBO BCe
GinbLUe YCBILOM/IIOE, LLIO €KOMOTiYHI PU3MKKN B HO-
BOMY TUCAYONITTI BUMLLM YN HE HA NepLue MicLe B
CBITi 3@ 3HAYEHHAM. AHTPOMNOreHHe HaBaHTaXKEHHS
Ha NPUPOAY B AeAKMNX MICLAX MepeBuLLye BCi MOX-
MBI HOPMW, LLIO HEraTMBHO BiOMBAETLCS Ha EKOO-
rYHOMY CTaHi JOBKINNA.

EKONOriyHi pM3mKn — Lie pU3NKKN 3anogisiHHs
HernornpaBHOT LLIKOAW NPUPOAi. PeasibHiCTb X NPosiB-
NAETbCA Yepes 3abpyLHEHHS NOBITPS, BOLOWM, pyii-

163



Zavarika G.M.

Journ.Geol.Geograph.Geoecology,27(1), 162-170

HYBaHHA NaHAWapTy, BUCHAXKEHHS TPYHTY, BUPY-
6Ky niciB, 3HULLEHHSA hnopu i ayHW. Lie Moxe 6yTu
MPUYMHOK NiABULLEHOT 3axXBOPIOBAHOCTI  Hace-
NEHHA, BTPaTU NPUPOLHNX PECYPCIB.

MpoaHasizyBaBLUW BU3HAYEHHSA MOHATTSA «pU-
3MK», HaBefleHe Pi3HMUN HayKOBLAMW, MOXHA C(ho-
PMYNIOBATU BU3HAYEHHSA PU3UKY K «IMOBIPHICTb
HacTaHHS HebaXKaHOT BMNa4KOBOI Nogii; BTpaTw, no-
B'I3aHi 3 HaCTaHHAM HebaXaHO! BUMaAKOBOI Mogir;
Heb6e3rneka NOMWUIKOBOIO PilLeHHs i BTpaT; Aisfb-
HIiCTb, NOB’A3aHa 3 NOA0NaHHAM HEBU3HAYEHOCTI CU-
Tyauii; CTUMyN 419 OTPUMaHHSA [04ATKOBOro npu-
OYTKY [,03BOSIMB BUSBUTM MPUYMHK, LLIO 3YMOB/IIO-
HOTb I AMHAMIYHICTb, BIACYTHICTb €4MHOT AYMKM Bi-
[IHOCHO cucTeMaTm3auii pusnkiB». CuctemaTmnsauito
6a)XxaHO NPOBOAUTM 3a TaKUMMK KnacudikauiiHuMm
O3HaKamu:  [Kepeno  BUHWMKHEHHS;  MacluTab
BM/IMBY; MPVPOLA EKOMOTYHOT 0 PU3MNKY; BIJIUB EKO-
NOTIYHOro CTaHy Ta XapaKTepy AisnbHOCTi; TepMi-
HOBa (4acoBa) BM3HAYEHICTb BMN/UBY; TEPMIHOBICTb
BUHUKHEHHS; IMOBIpPHICTb 30MTKY; BN/JMB Ha Jto-
OVHY.

E(eKTMBHI HanpsMU 3HWXKEHHS €KOJoriy-
HOro pU3NKY [03BONSE BU3HAUUTM Kracugikauis.
EKoNoriyHi pusnku BuAineHi OKpemoro rpynoto, Wwo
MOB’A3aHO 3 aHa/i30M KPU30BUX CUTYaLLil, SIKi CKna-
NNCS B €KOJOTIYHIN cepi, YaCTOTOI TaKMX CUTYya-
Lif. Y BM3HAYEHHI i OLiHIOBaHHI eKOMOTiYHUX pu-
3MKiB BBXKAEMO 3a NOTPiGHE BUAINNTM HU3KY 0CO6-
NMBOCTENA: Liei BUA PU3MKIB MOB'A3aHUI 3 THLLINMK
pu3MKaMu; ICHYHUMX Hapasi 3HaHb HefoCTaTHbO
[ANA BU3HAYEHHA PiBHSA Hebesnekw; AnHaMIYHICTb
HOPMaTUBHO-3aKOHOAaBYOT 6a3un; PO3BUTOK TEXHO-
NOTii NPU3HAYeHNX A1 BUPILLIEHHS €KOMOriYHMX
npo6nem; 36iNblUeHHS aKTUBHOCTI rPOMafCbKOCTI
LL,0A0 3aXMUCTY HABKONMMLLIHBLOIO CepesioBMLLA.

[Nsi KOXXHOr 0 BUAY PU3KKIB BU3HAYEHO CBOKD
rpagauito. MpumMipom, AN MegUYHUX PU3UKIB BU-
3HaYeHO TaKi KaTeropii: HU3bKWIA PiBEHb, CEPeaHili,
BUCOKWI, Ay>e BUCOKWIA Ta LUBWUAKI 3MiHWN PIBHS.
[ns 6e3neky NOAOPOXEN TEX BM3HAYAETLCA N’ATb
KaTeropii: HeCyTTEBUIA PiBEHb, HU3bKWIA, CEPeaHii,
BMCOKUIA Ta eKCTpeMasibHO BUCOKMIA. HapewTi, ans
CUTYaLil Ha aBToLUNAXaX: LYXKe HU3bKUIA, HU3bKNIA,
KepoBaHWiA, BUCOKWUIA Ta Ay>Ke BUCOKUIA PU3NKM.

EnigemionoriyHuii Ta eKONOriYHWIA CTaH paii-
OHY nepeabayvyBaHOT MOI34KN Ma€e BE/IMKE 3HAYEHHS
i came BiH LiKaBWUTb TYPUCTIB NepLu 3a Bce. ToMy
KpaiHu 3a3BMYaii 3BepTatoTb 3HaYHY yBary Ha Bifno-
BIAHICTb Came LM KPUTEPIAM, OCKIfIbKA XBUSIHO-
IOTbCA 3a PiBEHb MOMUTY HAa TYPUCTUYHI MOCNYTW.
OTOX, BMHWMKAE HEOOXiAHICTb PO3pobUTK 3axoau i
BK/1alaTV KOLUITU Y pauioHasibHe NPUpPOAOKOPUCTY-
BaHHA, OXOPOHY HABKONWLIHLOIO CepefoBuMLLa,
CTBOPIOKOYM 3aMOBIAHVKM, MapKW, OYMLLAK4YM BO-
oMK, 6Goprounch 3 THGEKUIAMK, NigTPUMYHOUN
NPUAHATHUM CaHITapHO-eNigeMioNOriYHNIA CTaH.
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Typur3M MOXe CPUATY MOSABI | PO3LUNPEHHIO
MacLuTabiB NodibHNX pU3MKIB 3a paxyHOK 36ifbLue-
HOI0 HaBaHTXXEHHSA Ha NPUPOLAHO - PECYPCHWUIA No-
TeHuian. Ane BOAHOYaC caMe 3aBAsKM TypusMmy 6a-
rato pobuTbCs 415 TOro, Wo6 CNpuATU 3MEHLLEHHIO
LMX pU3KKiB. 30KpeMa, 3'ABUIOCA MOHATTA eKONOri-
4HOro, abo 3e/1eHOro Typr3My, B OCHOBY SIKOTO MOK-
NafeHo TPU NPUHLMNN:

1) yacTunHa goxogiB, OTPUMaHKUX Bif 06cnyro-
BYBaHHSA TYPUCTIB, 3a/INLLIAETLCA Ha MicUsAX | crips-
MOBYETbLCA Ha OXOPOHY NPUPOAU;

2) LOTPUMaHHA NPUPOAOOXOPOHHUX BUMOT
3BOAUTBLCA B PaHT OCHOBHOIO 3aKOHY;

3) Typ1CTMYHa Noi3aKa Bif0YBaETLCA 3 fOCHI-
OHVLBKOIO METOHO.

Y umx NprHUMNax Hacamnepes, nposBAAETLCA
ifes 60poTbOM 3 eKONOTIYHUMMN PU3NKAMUN B MiCLIAX
nepebysaHHA Typuctis (Kvartalnov, 2000).

Cnip 3a3HauMTV NPOBILHY POSb Y KOOPAMHA-
Ui’ Ta cTaHgapTM3aLii CBITOBOT TYPUCTUYHOI Ais/b-
HOCTI  MDKHapo4HWX  opraHisauiii,  30Kpema
FOHECKO, COT. NpoBefeHi HUMK reHepasbHi aca-
M6/1eT, KOH(epeHLii Ta iHLWI 3aX0AM CnpsiMoBaHi Ha
PO3p06/IEHHST NPaKTUYHMX PeKoMeHAauin  Wwoao
HOPM PO3BUTKY Typu3my. OcobnmnBoT yBaru 3acny-
roByrOTb KOHBeHLiT Ta pekomeHpaauii KOHECKO 3
OXOPOHU K MPUPOAHOT, TaK i KyNbTypHOT Ta icTopu-
yHoi cnagwuHu noacTtea. | [loH6ac He CTaHOBUTL
BUHATOK LL0A0 HEOOXiAHOCTI TX BUKOHAHHS.

3 iHLIOro 60Ky, PO3BUTOK TYPU3MY 3a/1EXNTb
Bifl €KOMOrYHOro cTaHy TepuTopii MMOBIpPHOT fec-
TWHaUii, TOMy O6inbll [JOKNAfHO 3YMUHUMOCL Ha
LbOMY MUTaHHI.

MeTofauKa [OCHIMKEHHA nondrae y Moea-
HaHHI emMMipuYHMX (CNOCTEPEXXEHHS, MOPIBHAHHS)
Ta TEOPETUYHUX (CMcTeMaTM3aLis Ta Knacudikawis)
MeTOZiB HayKOBOro Mi3HaHHSA, 3aCTOCOBaHMX A/
rpynyBaHHs eKOMOMYHUX PU3NKIB. TakoX 3aCTOCO-
BaHO ICTOPMYHUIA MeTOA ANs aKTyanisauii Temu Ta
y3ara/ibHeHHA OTPUMaHNX Pe3ynbTaTiB Mif Yac Bu-
3HaYeHHs BUCHOBKIB. OCO6MBE 3HAYEHHA Ma€e aHa-
Ni3 BNAMBY 30BHILLHIX | BHYTPILWHIX YMHHWKIB Ha
eKONOriYHWIA CTaH. 3HayHe YCKNMafHeHHs B POOOTI
BUHWKJ/IO Yepes BifJCYTHICTb MOHITOPUHIY CUTYaLlil 3
60Ky BignoBiAHNX OQiLIAHMX CTPYKTYP.
PesynbTati Ta iX aHanis. KOH(AiKTK cnycToLy-
I0Tb HaBKO/WLUHE cepefoBuLle. EKONOriyvHi Hac-
NiLKN KOHMANIKTY Ta BOEHHWX Ail PiAKO CTatoTb
npioputeTamMn y NOCTKOHMAIKTHUX 3axojax, He3Ba-
Xaroun Ha Te, Wwo 60IoBI AiT Y BUCOKOIHAYCTpiani-
30BaHMX MICLEBOCTAX MOXYTb CMPUYMHUTM HOBI
BUMaAKM 3abpyaHeHb Ta 3aroCTPUTK iCHYHOYI Npo-
6nemun. B yKpaiHCbKOMY BOEHHOMY KOH(NIKTI npu-
CyTHi 06nBa BapiaHTW, a TaKOX MOTipPLUEHHS reoe-
KO/MOFYHOro  CTaHy MNPUPOAHOIo  CepeaoBuLla
(Krivda, 2015).
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[0 eKonoriyHnx pusunkiB BRANBY KOH(NIKTY
Ha A0BKiNA MOXHA BifJHECTW:

1. PyiHauito LinicHOCTI rpyHTOBOrO NOKPUBY

MOWKOMKEHHS TPYHTY BUKIUKAHI MexaHiy-
HUMK (hakTopamu, MPoi3aoM MO TepUTOpii BaXKKOT
TEXHiKMW, NepLU 3a BCe TaHKiB Ta iHWWX TUMIB ryce-
HUYHOT TEXHIKMN.

YTBOPEHi POBY PYVHYIOTb CTPYKTYPY I'PYHTY,
NoOpYLUYOTb TepUTopiabHi AiNAHKK Ti MeLLKaHL,iB;
KpiM TOrO, MOPYLUEHHSA LINOCTI AepHY BUK/NKAE
NiABULLEHY epo3ito I'PYHTY. HapeLuTi, poBu BeNIMKOT
LOBXVHW MOV MOPYLUNTY LWASXN Mirpauil AeaknX
BWAIB TBAPWH. Y IOBUMX AMaX FMHYTb TBAPUHW, OCO-
6/111BO KON Li MACTKM PO3TalloBaHi Ha /1icoBUX CTe-
XKax. Ha TepuTopisax y COTHI i TMCAYI KBagpaTHMX
KifIOMeTPiB NOBHICTIO 3HULLYETLCA BCA /liCOBa €KO-
cucTeMa. Ekonorun 3sepHynu ygary, Wo NpocTo Ha
Te, W06 3aKonaTu BUPBKM Bif BUOYXiB Ha AinsHui 15
X 15 KM, NOTPi6HO 6/1M3bKO 1 TUCAYI BaHTaXiBOK
TNy KamA3. Bxe He Kaxyuu npo Te, Lo Y 6ifbLuo-
CTi i3 LMX BMPB BMICT BXKKMX METasiB MOXe nepe-
BuwyBsaTn Hopmin y 150 pasie (Horbulina, Vlasiuka,
Libanovoi, Liashenko, 2015).

AK 3a3Ha4vae CcniBpo6ITHUK IHCTUTYTY 300/10-
rii imeHi 1. 1. LWmanbrayseHa HAH YkpaiHu Onek-
civi Bacuniok, Bif BUOYXiB Ta Npoi3ay BaXKOT BiliCh-
KOBOI OPOHETEXHIKM, & TaKOX YHaC/ifOK 3BeAeHHS
cneyia/lbHUX YKPUTTIB  PYMHYHOTbCH  YHIKa/bHI
naHAwadgTn, cepel AKUX — 3HaYHi CTENOBI AiNSHKN.
HaykoBLi 1 NpUpoA03axXMCHUKN HapaxyBaan, 30K-
pema, 16 Tuc. sups Haskono Casyp-Morunun. Ak
yTouHMB O. Bacuniok, Le unLue Ta iHpopmauis, Ky
BiJOOpaXKEHO Ha AOCTYMHUX AN aHanisy aepokoc-
Mi4HUX 3HiIMKax NASA.

Pesynbtatn [OCNI[KEHHS IPYHTIB
(Kravchenko, Vasilyuk, Voytsikhovskaya, Norenko,
2015) cBiguaTb NP0 3HAYHMWIA BMICT BRXKKMX MeTaniB
Ha MmicLi po3puBiB cHapaaiB. Tak, KOHLEeHTpauis Tu-
TaHy y npo6i I'pyHTY Ha Micli po3pmBY CHapsaa Ha
TepuTopii  CTenoBOro 3anoBigHuMKa «Kpeigosa
thnopa» y 150 pa3is nepesuLLye (hOHOBI KOHLIEHTpa-
Lii yboro metany. KoHuUeHTpaLlis BaHagito Yy i xe
npo6i ctaHoBMTb 100 Mr/Kr, AN NOPIBHAHHS: Y o-
HOBIV Npo6i BaHagi B3arasni BiACYTHIN. BussneHo
TaKOoX MepeBuLLEHHSA MO cynbdartax y 2,3 pasa, py-
XOMUX (hopMax BaXKKWUX MeTasiB: CBMHUK — 1,3
pasa, kagmito — 1,5 pasa. Came cnsiaBu Ha OCHOBI TU-
TaHy 3 gobaBKamu BaHafil0 3aCTOCOBYHOTH B aBia-
LiMHIN | pakeTHil TeXHiLi. BUsiBNeHO NepeBULLIEHHS
CTPOHL,I0 Ha MICL,i pO3pUBIB CHapsAAIB Y C. 3aKiTHe;
KOHLeHTpaLis Li€i peyoBUHM cTaHOBUTL 150 Mr/kr
Ha MiCLLi YTBOPEHHS BUPBM N/oLLE0 12 M2, Y Wil e
npo6i r'pyHTY B 4 pasn MnepeBuLLYIOTb (JOHOBI KOH-
LeHTpawii cynbdaTtn, Kagmiii NepeBuLLYE KOHLEHT-
pauiiy 9 pasis. JocnigpkeHHa Ha TepuTopii JoHewb-
KOT 06/1acTi nokasanu, Wo MarTb MiCLe 3HaYHi 3a-
OpYLHEHHS IPYHTIB CTPOHLIEM, TUTAHOM, BaHajieM

Ta KafMieM yHacnifoK 60M0BUX Aiid. Yce Le 0Tpytoe
aTMoc(epy Ta I'pyHT, a 0TXKe, 3 OnajaMu noTpanuTb
y I'pyHTOBI Ta noeepxHesi Bogu (Kravchenko, Va-
silyuk, Voytsikhovskaya, Norenko, 2015).

2. 3amiHyBaHHS TepuTopii

3HayHy npobsieMy CTaHOBNATL 3aMiHYBaHHA
TepuTopii Ta CHapsAK, SKi 3a1MLatoTLeA nicns 60iB
i B TOMY UMC/i Ha CiNlbCbKOrocnoapcbKuX yrifaax,
L0 B NojanbLLUoMy 06pobnstoThes hepmepamu, Mi-
CLUEBUMW XXMTensMK. 3a cnoamu NOMIYHMLI eH-
ceka OOH 3 rymaHiTapHux nutaHb Ypcynm Mio-
nnep, cxifHa YKpaiHa NOCTYNnoBO CTaE OAHUM i3
HanbifbLL 3aMiHOBaHWX PerioHiB y CBITi. Y MiH060-
pOHV paHille 3adBNAMN, WO Ha PO3MIHYBaHHA LMX
TepuTopiin moxe niTv Big 10 go 15 pokis (Horbulina,
Vlasiuka, Libanovoi, Liashenko, 2015).

HixT0 3apa3 TOYHO He MOXKe CKa3aTu, CKiflbKu
i e 3a1MLLKIoCh MiH Ta Hepo3ipBaHMX BMOYXOBUX
NPUCTPOIB. PO3MiHYBaHHS TEPUTOPIl 34iACHIOETLCA
3 ypaxyBaHHAM CUTYaLlii, AKa [03BONSAE UM MepeL-
KO/pKae NpoBOANTU Taki poboTu.

OkynoBaHa YacTuHa [LoHeLbKOT i JTyraHCbKOl
o6nacTeii CTaHOBUTb 6IM3bKO 18 TUC. KM?, a 3 ypa-
XYBaHHAM NPUerivx panoHis He meHwe 20 Tuc.
KM? nignsrae KOMMMEKCHin nepesipui Ta 0um-
LLLEHHHO, OCKINIbKN Ha Hili MOXYTb NINLLIATACS MiHMW i
3a/IMLWKN  BUBYXOBMX MPUCTPOIB. 3a OLiHKamu
Odpicy OOH 3 KoopauHauii rymaHiTapHUX NuTaHb,
onpunogHeHMn y nuctonagi 2015 poky, TifbKu
B3/10BX NiHIT 3ITKHEHHS
3a6pyaHeHa TepuTopis naoleto 300 KM2, Ha 3Bifb-
HEHWX TEPUTOPIAX Y>Ke MOXHA NMPOBOANUTU TaKi po-
60TK, a Ha TUMYACOBO OKYMOBAHWX — JINLLIE MICNA iX
3Bi/IbHEHHS, afe roTyBaTuch Tpeba cborogHi. Mpoc-
TUM 3HATTAM BUSIBIEHWX MiH TYT He 06iTMCb. MOoKK
o B 30HI ATO 3[iCHIOETLCA HECUCTEMHE PO3Mi-
HyBaHHSA MICLEBOCTI, MepeBaXXHO B3[0BX NiHIT PO3-
MEeXYBaHHS, Ta OKPeMUX O6’€KTIB Y 3BiSIbHEHUX
paiioHax. Sk BBaatoTb (haxiBLi, Ha [loH6aci Heob-
Xi[JHO NPOBOAMTM TaK 3BaHe «ryMaHiTapHe PO3MiHy-
BaHHsA» (Yatsenko, 2014).

3. 3HULLEHHSA niciB

Nicn [loHeubkoi obnacTi 3a3HaM 3HAYHKX
BTpaT y pe3ynbTaTi 60M0BMX fild. AK 3a3Havae ro-
nosa [JoHelbKoi 061aepxaamiHicTpauii Masno Xe-
OpiBCbKMIA, NiCOBUIA (hOHA PErioHYy CTaHOBUTbL 214,5
TUC. reKTapi., 3 akux 53 470 rekTapis (41%) po3sTa-
LLOBaHI Ha TUMYaCOBO OKYMOBaHi TepuTopii. «3
MOYaTKOM POCICbKOI arpecii mpoTn YKpaiHu nicu
[ OoHeLbKOT 06/1aCTi 3a3Ha/IM 3HAYHWX BTPAT: Ti/IbKM
B 2014 poui B pe3ynbTaTi BefjeHHs 60M0BUX Aiid Big-
oynoca 154 nicosi noxexi, AKi 3aBgann wkoan 4
708 ra nicy», — 3a3HaumB I1. XKebpiBCbKMin. [unHa-
MiKa nicopo3eefieHHs 3 2013 poky ckopoTuiaca B 16
pasiB: AKLio B 2013 poui 6yno 3acamxeHo 729 ra, T0
B 2017-My € Tinbku 45 rekrapiB HOBOro nicy
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(Informacijno-anality‘chny‘j stanu
dovkillya, 2016).

3a nmigpaxyHKamMu eKonoris, 36UTKK Bif, 3HM-
LLEHHA Nicy Ha TepuTopii TifIbKM ABOX 3anoBigHNX
006’eKTiB [lJoH6acy — PerioHaslbHOro naHAwahTHOro
napKy «JloHeLbK1in Kpsxk» | HalioHanbHOro npupo-
[HOTO napky «CBATI ropu» — BXe nepesuwimnm 14
MAIpA, FPH. 3arasnoM Hapasi HanivyeTbea 33 NogibHi
MOHiBeYeHi BOrHeM 06’ €KTM NPUPOLHO-3aMoBi4HOr0
(hoHAy — 3i 150 HasBHMX Ha [oH6aci. | Sk Hacnigok
UMCMIEHHMX NOXKEX, CTpaKaakTh Nony nayil Yyepso-
HOKHWXHMX BUAIB, AKMX Ha [loH6aci 6yno gocrart-
HbO Gararo.

3a [esKUMK JaHVMW, 3araioM NoCcTPaXaanu
00 17 % nicoBux i 24 % cTenoBMx TepuTopii [oH-
bacy Big ix 3aranbHoi nnowi (Horbulina, Vlasiuka,
Libanovoi, Liashenko, 2015).

TakoX 3HayHO 36inbWKINCA 06CArM Hesa-
KOHHOT — TaK 3BaHOI HEKOHTPO/IbOBAaHOT — BUPYOKM
nicy.

oglyad

BorHem nowkomxkeHo 36 226,19 ra nicis., LLO
CTaHOBUTbL 18 % Bif NAoLLi niciB y Mexxax 30Hn ATO
Ta 12,19 % Big 3arafbHOI nnowi 3rapui; 113 735,2
ra cTenis, WO cTaHOBMTb 23,19 % Bia noLLi cTenis
y Mexax 30Hu ATO i 38,29 % Big yciel nnoLwi 3ra-
pvw,; 147 044,56 ra opHKX 3emefib, WO CTAHOBUTL
14 % Big nnowi opHUX 3eMenb i 49,5 % Big nnowi
srapuy (Kravchenko, Vasilyuk, Voytsikhovskaya,
Norenko, 2015).

4. Tloxexi Ta NoripLUeHHs cTaHy nosiTps

MoXeXi MOXYTb 3pyViHYBaTV NPUPOAHI CKNa-
Q0B peKpeayjiiHOro noTeHuiany, a came, qropy Ta
thayHy, NpUPOAHO-3anoBigHMI (HOHA, SIKi € OCHOBOHD
PO3BUTKY JiKyBaJIbHOr0, CMOPTUBHOrO, €KOJOoriy-
HOro Typusmy. B pe3ynbTaTi NoXeX 3ropino 6arato
[IOMiBOK MiCLieBUX MeLLKaHLiB, NignpuUeEMCTB.

| 6e3 TOro CXWUNbHI A0 NOXEX Yepe3 Cyxy fi-
THIO MOrogy fiick Ta CTENW ropifiv YacTille, HixX 3a-
3BMYail. 3ibpaHa iHopMmaLis cBiguMTb, LLO BHACAI-
[OK cyTnyoK y 2014 poui BuHUKNO y 20 pasiB 6i-
Nblle noxex, HK y nonepegHbomy (Kravchenko,
Vasilyuk, Voytsikhovskaya, Norenko, 2015).

3rigHo 3 ony6niKoBaHUMMK aHanizamm JaHuX
cynyTHuka NASA, cxigHOEBPOMNENCbKNIA Nigpo3ain

Tabnuus 1. EKONOriyHi NoKasHWKM Po3BUTKY JTyraHcbKoi 06nacTit

No6anbHOro LEHTPY MOHITOPUHTY MOXEX MOKa-
3aB, WO y 2014 poui YacToTa /liCOBUX Ta CTEMOBUX
MOXEeX Ha OAUHMUIO nnowi y JoHeubKid obnacTi
3pocna 'y 2-3 pasu NopiBHAHO 3 NPUErIMMA PErio-
Hamn YkpaiHm Ta Pocii (Kravchenko, Vasilyuk,
Voytsikhovskaya, Norenko, 2015).

3a  paHuMu (Kravchenko, Vasilyuk,
Voytsikhovskaya, Norenko, 2015), ynpogoBx uep-
BHA—BepecHA 2014 poky B 30HI ATO 6yno 3agikco-
BaHO 2 901 BMMNafOK 3aropsiHHA. 3arajioM YWC/OoBI
MOKa3HUKN KiNbKOCTI 3a(piKCOBaHMUX CYMYyTHUKOM
noxex y 15 pasiB nepeBuLLYytOTb MNOKasHUKK 2013
poky. [ocnigpkeHHs nokanisauii BUSBNEHUX 3aro-
paHb 2014 - ro nokasano, Lo AK MiHiMym 81 % 3
YCiX BUMaAKIB CTA/IUCb Ha AiNsHKaX NPUPOLHOT CTe-
MOBOI Ta NiCOBOT POCMHHOCTI Ta pifLle — Ha Nonsx.
| nuwe 19 % BiporigHO Mar0Th BiJHOLUEHHS A0 Te-
puTOPIT HaceneHMX NyHKTIB abo TX okonuub. Mopis-
HAHHS KiSIbKOCTi MOXeX Yy Mexax 30HM ATO i3 Mu-
HY/IMMW POKaMK MOKasye, WO 3arajibHi TeHAeHLiT
LLOAO0 AMHAaMIKM KifIbKOCTI MOXEX AyXKe MOofLi0OHI.
"0/10BHOKO NPUYMHOIO CMNJIECKY 3a(DiKCOBaHMX 3aro-
psHb € X TPUBANICTb Y Yaci, WO [03BONSE CYNyT-
HUKY X 3apikcyBaTun. A Lie 03Havae, L0 KaTacTpo-
(hiuHe 36iNblUEHHA 3aiKCOBaHMX 3aropsiHb CBif-
YNTb NPO OAHE: MOXEeXIi BiSIbHO MOLUMPIOKOTLCA MO
TepuTopii 30HM ATO i HIXTO X He racutb
(Kravchenko, Vasilyuk, VVoytsikhovskaya, Norenko,
2015).

3ibpaHi (Krivda, 2015) y micTi LWacTa Nlyra-
HCbKOI 06/1aCTi AaHi NOKa3yHoTb, L0 JTyraHCcbKa efne-
KTpOCTaHLUis, BignosifasbHa 3a noctaBky rnoHag 90
% YycCi€l eneKTpoeHeprii 06nacTi, 6yna amyLleHa of-
HOYaCHO 3HM3UTW BUPOOGHMLTBO Ta BMKOPUCTOBY-
BaTW HW3bKOCOPTHE BYTifNA 3 Pe3epBHOro 3anacy.
Lle cnpyunHMNo 3Ha4He MoripLeHHs AKOCTi MNoBi-
Tps. B MmOMeHTW, Konn BigbyBanmcsa 06¢Tpinu, B no-
BITPi PI3KO 3poCTana KOHLUEeHTpaLis WKIAIMBUX pe-
YOBWUH — NPOAYKTIB BUOYXY (OKCUAIB CipKM, HITpO-
reHy TOLLO), MepeBMLLYIOYM TPaHUUYHO AOMYCTUMI
3HayeHHA y 5-8 pasiB. OCTaHHI POKM MOKa3yOTb He-
3HaYHe 3HVKEHHSA BUKWAIB, L0 NOB’A3aHO 3i 3MeH-
LLUEHHAM BOEHHOT aKTMBHOCTI (Tabn. 1).

MoKa3HUKN 2016 p. 2017 p. (ouiky- 2018 p. Temn 3HWKeHHsa 2018 p.
(cpaxT) BaHHA) (nporHos) 002017 p., %

Buknam B aTMOCepHe NoBiTps, TUC. T. 155,5 155,00 154,0 994

O6carv 3a6opy BoA1, MIH. M 3 145,1 149,45 153,93 97,0

3aranbHi 06carun CKE/I,anHﬂ 3Bop03THV|x BOA Y BOAHI 837 86.21 88.80 97,0

00’€KTUN, M/TH. M

BiaBefeHHs HeJOCTAaTHBO OUMLLEHNX 33Bop0THV|x 82,68 79.65 77.26 97.0

B0/, 260 6e3 OYUCTKMU, M/IH. M

1 xepeno: Sajt Lugans‘koyi ODA, 2018.
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Takox Be/IMKy Npo6sieMy CTaHOB/IATb BUOYXU
rasy, KU BUXOAMTb Mif Yac BUZ0OYTKY BYrinns, Ta
nasiarodi TEPUKOHK, 3a LeaKUMU NigpaxyHKaMn 3a-
pa3s ix 6nmn3sko 300. To6T0 6n1m3bko 90 BYrneno6y-
BHMX nocenieHb [loH6acy MOXyTb MNOCTpaXAaTH Bif
BMOYXiB Ta pafioakTVBHOIO MWy, SKW YTBOPHO-
€TbCA TEPUKOHAMM.

5. Benuki noxoBaHHS

Ha TepuTopisx, fe TpyuBanm 60i, y pasi noxo-
BaHHA B HEHANIXHWX, He BifiBEeHNX A4/15 LibOro Mi-
CUSX, Y HAaBKOJIMLLHE CepesioBMLLE NOTPaNA0ThL TO-
KCVHW. Y Npoueci po3KnajaHHa BeIMYe3HOro Yymcna
TPyniB YTBOPKOKOTLCA PEHOBUHM, IO 3 AOLLAMU UM
'PYHTOBMMU BOLAMM NOMafatoTh Yy BOAOVMU, OTPY-
totoun ix. LLi )X oTpyTn rybnatb TBApWH i Ha Micui
MOX0BaHHSA. BOHM TuM 6ifblue Hebe3neuHi, Wo ix
[is MOXKe rnoyaTucs K Bigpasy, Tak i yepes 6arato
pokiB. Hapasi gaHi CTOCOBHO 3Ha4Y€HHS BOEHHWX M0-
XO0BaHb Y MOripLUeHHi eKoNoriyHol cutyauii Ha [1oH-
6aci BifCyTHi B3arani.

6. TligTonneHHs waxT

"ONI0BHUI PU3MK BOEHHWX Al HA CXOfi CTa-
HOBUTb NIATOM/IEHHSA LWIAXT BHACNILOK NIAHATTA pi-
BHA I'DYHTOBMX BOA. HEKOHTPOMbOBaHI NiATOMNEHHS
oxonntotoTb Big 40 fo 50 % nnowi ripH14YoL06YyB-
HMX PanoHiB i CPUYMHIOKOTL 40 NOPYLUEHHS Tigpo-
reonorivyHol cUCTeMM, a TakoX 3abpyAHEHHS Migse-
MHuX Bof (Krivda, 2015).

Y 3B'13KY 3 aKTVBHUM CKOPOYeHHSAM abo npu-
MUHEHHAM BWAOOYTKY BYrinna Ha TepuTopii [OH-
6acy nouaBcsa Niginom piBHIB NiA3eMHMX BOA, LLO
MOXE BMK/IMKATW 3a60/104yBaHHS | 3aCOMEHHS Mic-
LieBOCTi. 3HauHa 3acefieHa CbOroAHi TepuTOopia BHa-
CNMIJOK LbOro MOXe crtatum 6e3nt0fHOI0. Takox,
KONV BUIAMaNW BYTINNA 3 NAACTiB, TaM YTBOPWAMCA
TPILMHK, AKI Tenep 3anoBHIOKTLCA BOLOD, NOpoa
pO3KMCaEe i CTae cnabKilMM rpyHT, BiH ocifae goaa-
TKOBO. A BPaxoBYHOUM, LLIO Maike MosoBMHa noce-
NeHb [oHbacy CTOITb Ha TaKMX MyCTOTax, MOXYTb
noyaTu TpiwaTn OyANHKM | pBaTUCA KOMYHiKaLliliHi
cropyau.

7. 3abpyaHEeHHS NUTHOT BOAU

HaiiveHLW 3a40KYyMEeHTOBaHWIA BB KOH(-
NIKTY Ha AKICTb MUTHOI BOAK, ale, 3BaXKatoun Ha HU-
HILLHIO CUTYyaUito, MOXHA NOriYHO NPUNYCTUTK Ti
noriplweHHs. YucneHHi Mesia Heo4HOPA30BO MOBi-
LOMJIANN MPO MPUNUHEHHS BOLOMOCTaYaHHA, MoLu-
KO[PKEeHHS BOLOBOLIB.

3a pesynbTaTamu nposefeHuUx MiXHapog-
HOKO 6naroginHoto opraHisayieto «Ekonoris-rpaso-
JiognHa» (M. Kuie) gocnigpkeHs Bogy 3 p. Cieepcb-
Kuii JloHeup y M. YyryiB Ha TepuTopii XapKiBCbKOi
o6nacti Ta y M. LLlacTa JlyraHCcbKoT 0651acTi HKYe
CKMAY CTIYHUX BOJ, 3 OUYMUCHUX CNOPYL BUSB/EHO bi-
NblLUE HiX NO/ABIHE NepeBuLLEHHS 3 MiHepanizauii y
npo6i 3 p. Cieepcbkuii [oHeup, Wo y M. LLacta

(Kravchenko, Vasilyuk, Voytsikhovskaya, Norenko,
2015).

CunbHe 3abpyfHeHHA MUTHOT BOAW YM MOLL-
KO[PKEHHSA MOTY>KHOro NMPOMMUC/I0BOr0 06’€KTa He-
MVHY4Ye Npu3BeayTb A0 XBOPOO i 3armbeni nogen,
LL,0, Y CBOIO Yepry, BUKANYe Npo6siemMu ik EKOHOMi-
YHOrO, TaK i eKO/IOriYHOro xapakrepy.

CbOrofHi NiHis (PoHTY ige NPakTUYHO MO
Cisepcbkomy [oHuto. MprbnnsHo 70 % waxTt pos-
TaloBsaHi No Tol 6iK. Ane HaiBaXK/IMBILLWIA HIOAHC
— Te, L0 TepuTOpIf, AKa KOHTPOMOETLCA YKPATHCh-
KM ypsiaoM, po3miLLeHa, B OCHOBHOMY, Ha J1iBoGe-
pexoki Cisepcbkoro AiHus — rincoMeTpuyYHO KOHT-
ponboBaHa YKpaiHOK Teputopis — Hk4e. | SKLLo
BEPXOBOAMN He3aKOHHWUX 30pPOMHMX YrpynyBaHb 3a-
KPUIOTb LUAXTX A0 MEBHOI0 FOPU30HTY, YacTuHa
BOAM 3 yCiM 6pyaom nonnmee y 6iK TepuTopil, KOH-
TponboBaHOT YKpaiHoto (Krivda, 2015).

8. TlopyLueHHAa ekocucTeM Ta NPUPOLOOXO-
POHHWX TEPUTOPI

Cxif, YKpalHu — e ofiHe 3 HebaraTtbox Micup,
[e 30epernncs yHikasbHi TMNYaKoBO-KOBWOBI Lji-
NVHHI cTenwu, 6alipayHi Ta 3annasHi nicu. LiiHHWINA
NPVPOAHO-NaHAWAPTHAI CNajoK ABNAIOTbL COO0HD
KpengsHi ckeni, aki notpanuam B Top-100 Bceykpa-
THCbKOro KOHKypcy «CiM NpupogHnX vygec Ykpa-
THU». BaxnuBo, LLO Ha TepuTopisx [OHeLbKoi Ta
JlyraHcbKoi obnacTei, ae BeayTbes 60i0BI Ail, mic-
TUTLCA BE/IMKA KifNbKiCTb 06’€KTIB NPUPOAHO-3arno-
BiAHOro oHAy. 3anoBifHi TepuUTOPIi MNOLKOMKEHI
BaXKKMM TpaHcnopToM. Boiiosi aii Ha TepuTopii [o-
HeLbKOT Ta JlyraHcbKOl 06nacTeli TakoX Cnpuymn-
HWUW 3a6pYAHEHHS 3eMeNb | NOPYLUEHHSA naHALwag-
TiB NpUpoaHO-3anoBigHOro goHay. Moctpaxganu
TepuTopil BIAAINEHHA YKPaiHCbKOro [epXaBHOro
CTENOBOro MPUPOLHOro 3anoBifHNKa «XOMYTOBCb-
KW CTen», HauiOHaNbHUX NPUPOAHUX NapKiB «Me-
oTnga» i «CBATI ropu», perioHanbHUX naHawagT-
HWUX NapkKiB Ta 3anoBiAHUKIB «[OHELLKNA KPSXK»,
«CNOB'AHCbKUIA KypopT», «KpamaTopcbKuit», «3y-
EBCbKMNiN», «KnebaH-Bunk», BigaineHHs JTlyraHCcbKoro
MPMPOAHOro 3amnoBigHuKa «lMpoBanbCbKNIA CTEM,
«TpboXxi3beHCbKMin  cTen», «CTaHUYHO-JTyraHChb-
KuiA». YucneHHi 06'eKT NPUPOAHO-3aMnoBi4HOIO
(hoHay JoHb6acy nocTpakaanu Bif 6yaisHULTBA (ho-
pTUDIKaLiinHMX crnopys, BupybyBaHHS MiCOBMX Ha-
CafpKeHb, JTICOBUX i CTEMOBUX MOXEX, MOPYLLEHHS
ekocuctem  (Horbulina, Vlasiuka, Libanovoi,
Liashenko, 2015).

BoeHHi fii Ha [JoH6aci CnpuymMHUAM 3HaYHI
eKONOriyHi HacniKn BNMBY Ha pekpeawiiHo-pecy-
PCHWI MOTeHLias, MawTabn AKUX BaXKKO OLIHUTK
3apas, OCKiflbKu He MPOBOAUTLCA CUCTEMA MOHITO-
PUHTY 32 HUMWU. Ane NUTaHHA Lie BKpali BaXIuBe,
TOMY L0 MOTPIGHO 36epertTn HasiBHI pekpeaviiHi

pecypcu.
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9. Hebe3sneka pyiHyBaHHSA NigNPUEMCTB

LLle ofHVMM Cepino3HMM HacnigKoM BefeHHS
6oioBMX fil MOXe 6yTu Hebesneka pyinHyBaHHA
NigNPUEMCTB, OCKiflbKN [JoH6ac — perioH i3 BUCO-
KOK KOHLIeHTpaujieto 06’eKTiB NiABuLLEHOT Hebes-
nekn. [lo moyatky BiiiHWM TyT gisno noHag 6 500
MPOMMCIOBUX NiLNPUEMCTB, Cepes, AKMX 3HauHa Ki-
NbKICTb — NiANPUEMCTBA NifABULLEHOT €KOHebes-
MeKku.

PyiiHyBaHHs, 3aBfaHi MPOMMWCIOBOCTI peri-
OHY, CMPUYUHUAN NPAMI MOLUKOMKEHHS 3aBOACH-
KOro o6n1afjHaHHA, NOBHY 3yMWHKY BUPOGHMLTBA Ye-
pe3 HecTavy CUPOBUHW, eHeprii, po6o4yoi cunmn abo
KaHaniB 36yTy, BUNaAKoBi BUKNAWN 3a6pyaHIOBab-
HWX PEYOBWH, 3yMOBWUIN NepeBefeHHs MiANPUEMCTB
Ha 6i/bLU LWKiAMBI TEXHONOT T, L0 BN/IMHY/O Ha K-
iCTb NOBITPA perioHy. XiMiyHi BIACTIAHUKA i Bif-
CTIiHMKM LUIAXTHNX CONOHUX BOJ, Hapasi iIHTEHCMBHO
MPOCOYYIOTLCS B I'PYHT i 3MiLLYHOTLCSA 3 NiA3eMHUMM
'PYHTOBMMW BOAAMM, LU0 MOTipLUYE EKONOTiYHWI
CTaH TepuTopii, Aka morna 6u 6yt 06’eKTOM Typu-
CTUYHUX JeCTUHALiN, y Linomy.

YKpaiHcbKa MenbCiHcbka cnifika 3 npas Jo-
LVHW OMPUIOAHWA 3BIT NP0 HACNIAKN KOH(NIKTY
Ha [oH6aci gna poBkinas. ABTopu 3BITYy Haragy-
t0Tb, LLO i A0 NOYATKY KOHMNIKTY pO3BUHEHA BaXKKa
MPOMMC/IOBICTb LibOr0 PerioHy — LWaxTu, BesIMKi Me-
TanypriiHi 3aBogn, XiMiyHi riraHTn «Ctupon» i
«JlncnyaHebknii HM3» — cTaHOBMNA 4Yumany 3a-
rpo3y A0BKiNJIO0.

MpoTe Mig Yac KOHMAIKTY cuTyauis we 6i-
Nblle 3arocTpunacs: «EkonoriyHa cutyauisa [oH-
6acy, TpuBanuii Yac nepebyBalOuM y Kpr30BOMY
CTaHi, B nepiog BOEHHMX fiil Habyna 03HaK eKonori-
YHOI KaTacTpodu», — naetbea y 3BiTi (Horbulina,
Vlasiuka, Libanovoi, Liashenko, 2015).

Bce Le HeraTMBHUM Y/MHOM Bif6WNI0CA Ha po-
3BUTKY Typu3My B [loH6aci, ToMy Ans peanisauii pe-
rioHasIbHOT eKONOriYHOT NONITUKK CNifl BUKOPUCTO-
ByBaTM Taki MeXaHi3MuW: 3aKOHOAaBYO-MpPaBOBUA,
YNpPaBNiHCbKNIA, EKOHOMIYHWIA. BOHM BK/IHOYAKOTb:
PO3p06IEHHS 3aKOHOAABYOT Ta HOPMATUBHOT 6asm
LWOAO MOPAAKY BUSABMIEHHS, OLIHIOBAHHSA, iHBEHTa-
pu3alito pecypcis, NpugaTHUX 4ns Typusmy, ix na-
CropTM3aLito, peecTpaLito, BU3HAYEHHS MPaBOBOro
PEXNMY TYPUCTUYHUX PECYPCIB Ta MapKyBaHHS pe-
CypCiB, IX MOHITOPWUHT Ha Bi4NOBIAHICTL HOPMATUB-
HUM BMMOTaM; BHECEHHS 3MiH i AOMOBHEHb A0 3aK0-
HOfaBCTBa YKpaiHM Npo nnaHyBaHHs 3abyf0Bu Te-
PUTOPI; NPO iHopMaL,ito B YaCTUHI IHCTUTYLiAHO-
(hyHKLiOHaNnbHOro 3abesneyeHHs 36upaHHs, 06po-
6KK, aHani3y, 36epeXKeHHs Ta BUKOPUCTaHHSA i 3aXu-
CTY iH(hopmauii WoAo CTasoro po3BUTKY Typusmy
(Sajt Lugans‘koyi ODA, 2018).

BoeHHi fiT Ha cxofi YKpaiHW 3aBfam LWKoAM
yCim 6e3 BUHATKY 06'eKTaM AOBKiNNA. ns 3MiHN cu-
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Tyauii Ha Kpallle noTpibHo 6yade nofgonaTu Heratu-
BHi €KOMOriYHi HacnigKun, CnpuymHeHi KOHQIKTOM.
[ns BupiLeHHs Uiel npobnemMn oyeBmaHa HeobXia-
HIiCTb BiJHOB/IEHHA | PO3BMTKY CUCTEMMW EKOJIOriy-
HOTO MOHITOPUHTY, B TOMY YUCAi 3 BUKOPUCTaHHAM
CYNYTHWKOBMX [aHUX AWUCTaHLIAHOrO 30HAYBaHHS
3emsii. AK My BXe 3a3Hayann BULLE, Yepe3 Maike
YOTUPW POKM NICASA NOYATKY XKOPCTKOro KOHMAIKTY
Ha CX0fi YKpaiHu 3'aBNS0TbCA 03HAKM MOro NOTYX-
HOTO BM/IMBY Ha €KOJIOTiYHWIA CTaH BUCOKOIHAYCTpI-
alizoBaHOro JJoH6acbkoro perioHy Ta Cepilo3Hui
PU3VK 415 300POB'A LUMBINLHOTO HACENEHHs, AKWiA
3a/mLaTMmMeThbes | B ManbyTHboMY. Libomy perioHy
3Hafo6UTLCA Mi>KHAPOAHA AOMOMOra A4/151 3HUKEHHS
piBHS 6e3MeKmn Ta «03e/leHeHHN» LWKiANMBOT ANs fo-
BKiN/IA NPOMMC/IOBOCTI.

TypUCTUYHO-peKpeaLliliHa rany3b eKOHOMIKM
CXoly YKpalHu, Lo nepeXuna cnag TYPUCTUYHOI
pisinbHocTi 2014 — 2015 pokiB, noynHarouu Big 2016
p. Mae TeHAeHLIO [0 MOBISILHOrO 3pPOCTaHHS, Lo
MOB’A3aHO 3i 3MEHLLEHHAM eKOJIOri4YHOr0 pU3mKy.

Y 2016 poui NoTiK TypUCTiB Y perioHi nopis-
HAHO A0 2015 poky 3pic yagiyi, npoTtn 18 % 2015 p.
00 2014 poky (Sajt Lugans‘koyi ODA, 2018). NMpoTe
NPOAOBXKYE CnocTepiraTucs TeHAeHUis 36ibLIEHHS
yuncna ocib, AKi BUDKMKaOTb 3a MeXi KpaiHu, nopi-
BHAHO 3 KIiJIbKICTIO BHYTPILWHIX TypucTie. Xoua
came PO3BMTOK BHYTPILLUHLOrO TYpU3My MU BBaXa-
€EMO NepLuoyveproemm (Tabn. 2). Takox y 3a3Hade-
HWI1 Nepiog 306iNbLIMBCA Malixe BABIYI JOXiA Bif Ha-
[aHHA TYPUCTUYHUX MOCAYT.

3BaKatoum Ha KOHMNIKT Ha cxogi, YKpaiHy
BIZJHOCATb [0 TaK 3BaHOIO «YepPBOHOIO CeKTopax,
TO6TO BBaXKAOThb Hallly [epXaBy HeGe3neyHor s
iHo3eMHUX TypucTiB (Sajt INTERNATIONAL SOS,
2018).

OfHaK iCHYIOTb i1 HainbiNbL 06’ EKTUBHI JOC-
NiMKeHHs, AKi feTani3yloTb CTYMeHi pUsnKy 3ase-
YKHO He TiflbKK Bif gepXxaBun Ta (hopManbHUX 03HaK
6e3neku 4na TYPUCTIB, a 1 BUXOAAYN 3 peasibHOT CU-
Tyauii Ha TUX YK IHWKNX TepuTopiaX. AK npasuo,
Taki focnimpKeHHs Ny6iKyTb CTPYKTYPU, SKi 3aii-
MaloTbCA NPaKTUYHOK [LiANbHICTIO, — Hanpukiag,
CTpaxyBaHHAM Y HafaHHAM 6e3nocepeAHbOT Lomno-
MOIM MoCcTpaxanum Bif peanizauii TMX Ym iHLWIKX
pu3nkiB. OfHa 3 Takmx CTPYKTyp — MixHapoaHa
komnaHia International SOS, sika Hagae CBOIM Kie-
HTam yci BUAM JONOMOrK (BK/IKOUaOUN MeguyHy) B
YCbOMY CBITi. LIl KOMNaHis cknagae Ta nepioguyHo
ny6/iKye NPOrHo3n pU3MKIB A1 MaHApPIBHUKIB 3a
TPbOMa KaTeropisimu: Meu4Hi pu3unku; 6esneka ais
MaHAPiBHMKIB; CUTyaLlisl Ta 6e3MneKa Ha aBTOLLIAXaxX
(Sajt INTERNATIONAL SOS, 2018).

Cnif 3ayBaXuTu, L0 Y NPOrHO3ax pU3MKiB Ha
2018 pik (Sajt INTERNATIONAL SOS, 2018). Yk-
paiHa BUrS4ae LOCUTb-Taky HEMoraHo, a NoAeKyamn
/i BigBepTO NprBabinBo. 3 iHLIOT TOUKKM 30py (Sajt
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INTERNATIONAL SOS, 2018), ony6nikoBaHWi
MPOrHO3 JOCUTb 06’ EKTUBHWIA, OCKINbKM Ha TEPUTO-
pisix, fe nposoanTbcs ATO, pusnk 6e3nekn nogo-
POXKel MO3HaYeHO K eKCTPeMasibHO BUCOKWUIA, LLO
Lii/IKOM 3p0O3YMifI0 3 NPaKTUYHOT TOYKK 30pY. 3 iH-

lworo 60Ky, Taka nogada iHpopmaui’ 3Ha4HO afek-
BaTHiLLE OLiHIOE PU3MKK B’I3HOIO TYpU3My [0 Ha-
LLOT AepXKaBu, HXK JOCNIKEHHS Ta PENTUHIK, AKi
HajalTb YKpaiHi Kateropito «pu3nK eKCTpeMasibHO
BUCOKMIA» Yepe3 KOHQIKT Ha [loH6aci (Tabn. 3).

Tabnuus 2. OCHOBHI MOKa3HWKM PO3BUTKY Typu3My B JTyraHchKiil o6nactit

[MoKa3HWKK Poku

2013 20141 2015; 2016
KinbKicTb cy6’eKTiB TYPUCTUYHOT AisSNIbHO-
CTi YCHOrO 225,0 15,0 11,0 19,0
y TOMY uncni: 470 8.0 8.0 70
- FOPMANYHI 0co6U ' ' ' '
- (hi3nYHi 0coby —Nignpremui 178,0 7,0 3,0 12,0
CepefiHb000/1iK0Ba YMCESbHICTb LUTATHUX
npaLiBHVKIB, 0Ci6 154,0 21,0 17,0 27,0
Tﬂmc():XIr%EIA HaflaHHA TYPUCTUYHUX NOCNYT, 307958 6013 8211 17049
TYPUCTUYHI NOTOKM, 0Ci6, YCbOro 34 699,0 791,0 939,0 1896,0
y TOMY umcni _ _
10. iHO3eMHI TypucTU 330 2.0
11. TypuCTU—TrpOMagsiHN YKpaiHu, SKi BU- 21709.0 762.0 8720 1 8140
DKIKAN 38 KOPLOH ' ’ ' '
12.BHYTPILLUHI TYpUCTY 12 957,0 27,0 67,0 82,0

1Be3 ypaxyBaHHs YaCTUHU 30HW NPOBEAEHHS aHTUTEPOPUCTMUHOT onepauii. [xxepeno: Sajt Lugans‘koyi ODA, 2018.

Tabnuus 3. OujiHKa pU3NKIB Ans B'13HOT0 TypusMy B YKpaiHy, 2018 p.t

Kareropisi pusunky PiBeHb pu3nKy MpuMiTKN

MefunuHi pusmnku CepegHiii -

Be3neka NofopoXei CepefHili EKCTpeManibHO BUCOKWMiA y 30HI ATO
besneka Ha aBToLUNAXAX Lyxe HW3bKuiA -

LIxepeno: Sajt INTERNATIONAL SOS, 2018.

Ha pucyHKy HaBe[ieHO KapTy «rapsuvx» TOUOK CBiTY, po3po6neHy MiKHapoAHO KoMMaHieto Interna-

tional SOS, fie, Ha Xa/b, OfiHa 3 TaKMX NO3Ha4YeHa i Ha TepUTopIT YKpaiHu.
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AK 6ayumo 3 MiKHapoZHMX pAaHux (Sajt
INTERNATIONAL SOS, 2018), YKpaiHa Ma€ Hera-
TUBHWIA IMIPK Cepef TYPUCTIB, LLIO NO3HAYa€ETbCS Ha
3HVKEHHI TYPUCTUYHUX NOTOKIB. TYpPUCTK He HaBa-
XKYHTbCA TXaTu [0 YKpaiHu, 30Kpema, J1yraHcbKoi
06n1acTi, ToMy NOTPi6HO 3p06UTK BCE, LL06 BOHU MO-
6aunnu, Wo B YKpaiHi 6e3rneyvHo, 3a BUHATKOM fe-
AKMUX paioHiB. Cnig 6inblue 3aiMaTncs nonynspu-
3auieto KpaiHu. Hanpuknag, 3aBasku npoBefeHHHo
«EBpP06AYEHHS» CBIT OTPUMAB AYyXXe MNO3UTUBHMIA
3BIT Npo 6e3neKy, a 6arato TYpUCTIB 3MiHWN CBOE
nonepefHe CTaB/EHHA 40 HALLIOT KpaiHW HaBiTb Npu
TOMY, WO Y Hac Bif0yBa€ETbCA TPMBASINIA KOHMIKT
Ha Cxofi.

BucHoBKuW. B pe3ynbTaTi NpoBefeHOro foc-
NiPKEHHSA BCTaHOB/IEHO, L0 HEOOXiAHO MiHiMi3y-
BaTW PU3NKMN PO3BUTKY TYpU3MY, Cepes, AKNX eKoso-
ryHi MocijatoTb OfHe 3 neplmx Micub nopag i3
Npo61eMot0 Po3MiHYBaHHS, BiJHOBNEHHS Jopir, po-
36y0BOH 3pYIMHOBAHOI iHPPaACTPYKTYpW.

3 MeTOor0 36epexkeHHs LOBKiNAsA cnig npose-
CTW MOHITOPUHT /A0r0 CTaHy, po3pobuTy NporpaMu
BiZJHOB/IEHHA MOPYLUEHUX EKOCUCTEM Ta 06’€KTIB
NPYPOAHO-3aMoBIgHOr0 (HOHAY, 34INCHWUTY caHiTa-
PHO-TIriEHIYHMIA aHani3 BOAOMNPOBIAHO-KaHani3a-
UIMHUX Mepex | NpupogHMX [pKepen BOLONOCTa-
YaHHA perioHy, MPOBECTU [e0I0ro-eKOOoriYHMiA
aHani3 BYTiNbHUX LUAXT, CKNAcTW eKOMoriyHy mMany
TepUTOpIiA, NocTpakdanux nig 4ac KOH(MIKTY,
BMPOBAAMTM CUCTEMY BW3HAYEHHSA MiCLe3Haxo-
[DKEHHS! 06’€KTIB MigBULLEHOT Hebesnekw, 3gilic-
HUTW PEKOHCTPYKLIKO MPOMUCNOBMX MiLNPUEMCTB
JoHb6acy y HanpsMi NiABULLEHHS TX eHeproeMeKTu-
BHOCTI BIZMOBIAHO O NPUHLMNIB Ta 3acaf, CTaloro
PO3BUTKY.

OuiHoBaHHS BNAMBY KOH(NIKTHMX MPoLeciB
Ha NPYPOAHO-PECYPCHUIA NOTEHLian; PO3P06IEHHS
CyYacHOI eKO/OTiYHOT NONITUKMN; MOHITOPUHT CTaHy
[OBKINNA B paioHi KOHMNIKTY 3 METOH BUSIBIEHHS
npo6neM CTatoTb MPIOPUTETHUMW 3aBLAHHAMW 3a-
[NA PO3BUTKY TYpU3MY B YKpaiHi.
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