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GEMOLOGICAL LAW OF UKRAINE:
FORMATION PROBLEMS AND DEVELOPMENT PROSPECTS

(MpedcmaeneHo 4YneHoM pedakyiliHoi Koneaii 0-poM 2eos. HayK, npogh. B.A. Hecmepoecbkum)

The article analyzes the scientific and legislative provisions connected with the specifity of the legal regulation of relations in the field
of gemological activity and gemological objects. The current state of sources of gemological law and their belonging are investigated,
which is nowadays ambiguous, since they get to a system of currency law (a component of financial and credit or budgetary and financial
legislation) as well as to a system of industrial legislation, while having the provisions of mining, economic, civil, administrative, fiscal,
customs and expert legislation in the contents. It is proposed to consider gemological law as a set of legal norms regulating public
relations in the field of organizing and carrying out gemological activities connected with the acquisition of the right to use, mining,
property, use and operations with gemological objects in the form of subsoil, mineral, production and secondary resources, control over
their turnover and expertise.

It is noted that consideration of precious stones and precious metals, having geological and mineralogical, physicochemical, jewellery
and industrial, and legal differences, as the complex object in the context of the domain of the unified legislative act, intended to be a basis
of new market relations in the field of jewellery transactions, could be regarded as the justified one only at the early stage of legislative
base formation for the field. Provisions are given, according to which it is recognized that the current law is outdated, since its subject of
regulation has been transferred mainly to the subordinate level; the mechanisms for replenishing state funds provided in it are
contradictory, incomplete and practically not implemented in practice; the form of restrictions in the circulation of valuable objects and
their validity are debatable; relations of the quality and safety of products, consumer protection, ensuring a balance of public and private
interests, equality of business entities, competitiveness of the industry need updating in European integration legal regulation.

For the first time in the context of geological and legislative science, the authors propose to form a structure of the gemological law system
based upon the principles of differentiation of a type of gemologically important activities for generic derivatives (i.e. gemological and resource
law; right of gemological circulation; right of gemological expertise etc.) as well as a type of gemological objects and resources for direct
groups. Development prospects of gemological legislation are connected with its reduction to a certain agreed system and its unity provision
by means of the internal and external improvement of contents and development of the Gemological Code of Ukraine.

Keywords: gemological legislation, precious stones, circulation of precious stones, gemological resources, gemological activities.

Statement of the problem. In terms of market conditions,
natural gemstones (i.e. precious stones, semi-precious stones,
and ornamental ones) may be among the most commercial
budget filling minerals. Certain types and deposits of the stones
may be quite profitable in terms of relatively insignificant time
consumption and cash expenditures connected with their
exploration and development. To compare with other types of
natural ornamental stones, amber is the most competitive one
in Ukraine. Marketing of the finished luxurious amber products
may become the reliable source to fill the state treasure with
money inclusive of currency. These are the development
prospects of a branch, connected with gem stone raw material,
and related to "Other non-metallic raw material" group. The
prospects are a part of the National Programme for the
Development of Mineral Resource Base of Ukraine up to 2030
(Mpo 3ameepdxxeHHs1 3azanbHoOep)xasHOI npoepamu, 2011).

In terms of industrial and economic importance, the
total of the raw material varieties belong to I' category; i.e.
to the types of mineral raw material which are not
developed today being understudied. However, in future
they may become significant for the national economy
taking into consideration the needs of other industries.
Moreover, the raw material group is characterized as
follows: 1)it involves such types, being traditional for
Ukraine, as amber, topaz, beryl, and rock crystal; 2) the
estimated reserves of amber, onyx marble, and rhodonite;
and 3)the detected manifestations of emerald,
aquamarine, ruby, garnet, amethyst and other jewellery

ornamental stones; however, their prospects have not
been clarified.

Individual group, called "precious stones and diamonds"
involves the first-order precious stones, i.e. diamond
determined as the important raw material type belonging to
[ category. The three areas of kimberlite and lamproite
magmatism (i.e. indigenous diamond sources) have been
prospected in Ukraine: the north of Volyn-Podillia plate;
central part of Ukrainian Crystalline Shield; and Pryazoviia
Block and area of its rock mass jointing with Donbas.

The relationships, connected with the development,
production, use, and storage of precious metals and precious
stones (hereinafter, PMs&PSs); precious stones of
organogenic origin (hereinafter, PSOF); and semi-precious
stones (hereinafter, SPSs) as well as control over
transactions with them are controlled by: a) Law of Ukraine
"On the State Regulation of Mining, Production and Use of
Precious Metals and Precious Stones and Control over
Transactions with them" (hereinafter, PM&PS); b) other Laws
of Ukraine; and c) regulations (hereinafter, Rs), adopted in
accordance with them (lpo OepxasHe peayrntogaHHs1 8udo-
6ymky, 1997, Art.2).

Unfortunately, there is no question of sufficiency and
quality of legal settlement of gemological relationships as
well as relationships in the field of precious stones which
influences respectively the problems of formation and future
of the national gemological right and legislation.

Analysis of the recent research. The fact is that there
are publications in terms of the study. However, they
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concern either certain problems of PMs&PSs legislation of
specific features of the branch regulation of corresponding
relationships. In this context, the paper by Yu.O. Titova (Ti-
mosea, 2012) is the most noticeable one where the author
considers normative principles of PMs&PSs transactions in
Ukraine while separating Rs system to identify both
legislative and organizational foundations of administrative
and legal control over PMs&PSs transactions being a set of
laws and bylaws (being in force at that time). They are of
hierarchic structure to create legal boundaries for the
implementation, namely: international acts being a part of
the national legislation of Ukraine; Constitution of Ukraine
and Codes of Ukraine (i.e. Commercial Code, Tax Code,
and Code on Administrative Offences); Laws of Ukraine;
Decrees of the President of Ukraine and Order of the
Cabinet of Ministers of Ukraine (hereinafter, CMU); Orders
of the Ministry of Finance of Ukraine; Orders of the National
Bank of Ukraine (hereinafter, NBU); and Rs, containing
technical requirements. Taken together, they form
appropriate system of technical and legal norms. In our
viewpoint, the author of the paper notes on the record rather
then makes a scientific conclusion concerning the fact that
regulations of PMs&PSs transactions are numerous
legislative acts which can be divided conditionally into the
two groups:1) those controlling relationships arising in the
process of PMs&PSs transactions; and 2) those identifying
legal foundations to control PMs&PSs transactions (Timoea,
2012, p. 102).

Obviously, these differentiations into transaction
relationships and control ones in the field of PMs&PSs is
based upon a law on PMs&PSs in terms of which transaction
relationships involve contacts concerning PMs&PSs mining,
production, use, storage, and marketing (Chapter 2 of the
Law); and control relationships involve contacts of the state
control over PMs&PSs transactions(Chapter 3 of the Law).

Certain features of Ukrainian legislation, controlling
PMs&PSs transactions, mentioned by the author of the paper,
attract certain attention (Timoea, 2012, p. 103). They are the
following: numerous (almost 100) bylaw Rs, specificating one
law in the field of PMs&PSs transactions in turn factoring into
the instability and internal inconsistencies of legislative acts in
the field of PMs&PSs transactions; interbranch nature since
the provisions in the field of PMs&PSs transactions involve
regulations of constitutional, administrative, financial,
commercial, civil, and customs laws; declarativity of many
legislation provisions, concerning PMs&PSs transactions,
and nonavailability of the mechanisms to implement the
regulations; complexity since the current legislation regulates
legal relationships concerning all transaction aspects of
precious metals as well as precious stones; and a tendency
to liberalize PMs&PSs transactions arises.

V.P. Romanov, another scholar in the administrative and
legislative field, represents proper works (PomaHos, 2017,
p. 5-6) noting that his thesis develops a characteristic of
regulatory frameworks of PMs&PSs transactions, which make
up Rs, identifying: 1) rules of mining and production (inclusive
of refining and salvage); use, storage, and marketing of
PMs&PSs and goods made of them (inclusive of jewellery);
2) rules of their delivery to places where the reserves are
stored; 3) exhibition rules for such items; 4) legal status of
players providing PMs&PSs transactions;5) rules of
pawnshop lending to the population on the security of
PMs&PSs items; 6) accrediting and training procedure for
gemology experts; 7) procedure to import PMs&PSs and
materials, containing them, in the customs territory of Ukraine
and export from it (or forwarding); 8) order to register imprints
of owners; 9)procedure of records, setting-up, and
maintenance of the economic entities engaged in PMs&PSs;
10)and procedure of a touch control as well as

implementation of legal responsibility measures for the law
violation in the field.

However, the approach to systemize legislation Rs in the
field of PMs&PSs can hardly be considered as the
successful one from the viewpoint of both subjective and
objective criteria. For instance, integration of the diversified
Rs, controlling PMs&PSs mining, production, use, storage,
and marketing, into the unified unit, cannot correspond to
any type of legislation system development relying upon the
contents of the actions and their results.

Somewhat earlier than the previous author,
0.M. Malichenko proposed to consider following organizational
and legal measures of public administration bodies as the
tendencies to improve the efficiency of legal control over
PMs&PSs transactions in Ukraine: centralization and revision
of functions of governmental agencies in terms of
administrative reform; development and legislative legalization
of the Concept of PMs&PSs transactions improvement;
decrease in control by regulatory authorities over the field of
PMs&PSs by means of the decreased number of revisals; and
development of a joint action programme by The Ministry of
Finance, the State Assay Service of Ukraine, the State
Gemological Centre of Ukraine (further, SGCU), and the State
Fund of PMs&PSs in Ukraine in the context of the field under
study (Manivyerko, 2012, p. 15).

From the economic and legislative viewpoint, K.V. Yefre-
mova has developed a three-stage model to systemize legal
control over the business activities in the field of item production
using PMs&PSs. At an element level, the model should involve
a number of laws (Egppemosa, 2009, p. 8): 1) the modernized
basic PMs&PSs law which has to gain a status of the codified
Rs (a market as an hierarchic structure with each phase and
the related industries will become its subject rather than the
items as such; moreover, the market provisions should involve
all the related production types); 2) the specialized laws such
as a law on the quality of PMs&PSs items; and 3) laws
controlling relationships in the market of PMs&PSs items in
terms of certain sector of the market (i.e. laws on pawnshops
and pawnshop activities in Ukraine; laws on the state
monopolies and holding companies).

A conclusion, made by the author (Egppemosa, 2009,
p. 5-6)is that the market of PMs&PSs items being a complex
subject of legal regulation and consisting of several
segments is also worth noticing. The segments are as
follows: raw material base formation; manufacturing of
items; marketing; and secondary market (i.e. commission
trade, utilization and processing). The segments have their
officially permitted significance being individual subjects of
legal industrial policy within the branch. To provide
economic and legislative regulation of the relationships in
the context of the branch, it is expedient to consider it
autonomously relying upon availability of the two sectors:
1) jewellery market; and 2) market of industrial products.

Expert in the field of public administration,
K.M. Semeniuk has improved scientific substantiation of
certain disadvantages of the regulatory framework as for the
state regulation of Ukrainian jewellery industry by means of
their separation (Cemenrok, 2015, p. 9): lack of technical
norms and quality standards for jewellery which would
regulate the amount of the precious metal and its assay as
well as quality and content of the base impurities, coating
etc.; prohibition for economic entities, engaged in the
production and sale of jewellery, to use a simplified taxation
system in their activities; abolition from October 2012 of the
right of jewellery manufacturers, who branded their own
products with the state assay, to perform such operations;
nonavailability of accurate determination of control
components being a mechanism of the state test control as
well as governmental bodies effecting the control etc.
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Finally, K.Yu. Dikhtiarenko believes that in his thesis
(dixmspeHko, 2019, p. 4) he has improved substantiation of
the expediency to delimitate legal control of PMs&PSs,
PSOF, and SPSs transactions taking into consideration
features of the items as the material world objects;
geological structure of the territorial shelf of Ukraine; mining
conditions in the country; and legal regime of the
transactions stipulated by the fact that precious stones do
not belong to gold and foreign exchange reserves of the
country, cannot be used as the international reserve fund,
and cannot be considered as currency values.

The word combination proposed by the mentioned
author, i.e. "geological structure of the territorial shelf of
Ukraine", seems as incorrect set of phrases for geological
terminology as well as for legal one.

Hence, the analysis of certain results of the studies by
the national scholars in the field of legal regulation of
PMs&PSs transactions has demonstrated the necessity and
supported the possibility of further analytical activities to
clarify the current state and specific features of terms of Rs
reference, regulating gemological relationships, with the
substantiation of the findings.

Thus, the purpose of the paper is searching for the
arguments to substantiate scientific foundations of the
gemological right consideration as the specific legal
structure within the national legislative system.

For the purpose, the paper involves study of the following
parts of a general problem which were not solved previously:

o identification of the formation genesis of the source
base of the gemological right;

e determination of the external belonging of the
regulations of the gemological legislation;

o detection of integration features of two different
mineral resources as an object of legal regulation of one law;

¢ analysis of gemological component of the Law on
Precious Metals and Precious Stones;

o further studies of legal status of the State Gemological
Centre of Ukraine, and legal regime of Certification scheme
of Kimberley process; and

e substantiation of the development prospects of a
gemological right subject.

Statement of the main material. 1. Forming the source
base of the gemological right. Current Ukrainian
gemological legislation begins upon at the turn of 1991 when
the Presidium of the Verkhovna Rada of Ukraine adopted a
resolution "On the Establishment of Reserve of Precious
Metals and Precious Stones in Ukraine" (lpo cmeopeHHs
3anacy dopozouiHHUx memarnis, 1991). Among other things,
the CMU set a mission to provide the state assay
supervision, and put under control the use of PMs&PSs by
the national enterprises and institutions.

To develop the unified national control system of
PMs&PSs transactions and provide their rational use,
following resolution by the Verkhovna Rada of Ukraine "On
the Provision of Rational Use of Precious Metals and
Precious Stones" delegates the CMU: 1) in a month's time,
to prepare a statutory instrument in cooperation with the
NBU to regulate a problem of sharing functions concerning
production, processing, mining, use, and development of
PMs&PSs reserve; and 2)to draw up and approve the
national programme to create a raw material base of
PMs&PSs, processing industry, and provide the state
regulation of their marketing (l1po 3abe3ne4yeHHs pauioHa-
IIbHO20 8uKopucmaHHs, 1993).

Resolution by the CMU "On the Commercial
Classification and Assessment of the Value of Natural
Stones" is the important R of gemological legislation (l1po
3azanbHy Knacudbikauito ma ouiHky eapmocmi, 1994). In
addition to the commercial division of natural stones into:

1) precious stones (15:-4" orders); 2) SPSs (15:-2"¢ orders);
and 3) ornamental stones, it has been determined that
changes in the classification are made by the CMU on the
request of the Ministry of Ecology and Natural Resources
and The Ministry of Finance. Cost evaluation of natural
stones and issuance of a certificate of their assessment in
the form approved by the Ministry of Finance was put on the
SGCU; in cooperation with the SGCU, the State Customs
Service of Ukraine had to provide training of specialists to
supervise transfer of the natural stones through the customs
border of Ukraine.

Later, the Parliament focused on the activities to adopt a
law controlling the certain type of civil and law relations
originated by the Resolution of the Verkhovna Rada of
Ukraine on the 17" of October 1994 (#169/94-MNB). The
activities resulted in the adoption of corresponding law (l1po
8U3Ha4YeHHs1 po3mipy 36umkis, 1995).

Finally, at the end of 1997, open-ended discussions and
modifications resulted in the adoption of PMs&PSs Law
determining legislation foundations and principles of the
national regulation of mining, production, use, and PMs&PSs
storage as well as control over their transactions (lpo depxa-
8He peayntosaHHs1 audobymky, 1997). Namely, in addition to
chapters one (i.e. "General provisions") and four (i.e. "Final
provisions"), the PMs&PSs Law regulates two more groups of
relationships in the field of PMs&PSs, specifically: 1) control
over PMs&PSs mining, production, use, and marketing; and
2) governmental control over PMs&PSs transactions.

Consequently, formation of the current source base of
Ukrainian gemological right is in progress from gaining
independence being characterized by the availability of the
basic legislative act as well as numerous bylaw regulations.

2. External belonging of regulations of gemological
legislation. The structure of Law on the PMs&PSs
demonstrates obvious intersubjectivity of legal regulation. In
such a way, a classifier by the Ministry of Justice (lpo 3a-
meepOxeHHs Knacughikamopa eanysell 3akoHodascmea,
2004) refers gemological legislation and precious metal
legislation called as "Precious metals and precious stones"
(code 110.120.050) to such a Rs unit as "Currency
Regulation" (code 110.120.000); in turn, the unit is a part of
financial and credit legislation (code 110.000.000 "Finance
and credit").

On the other hand, in terms of the Parliament legal
classification proposed by the information retrieval system
"Legislation of Ukraine", the gemological component (i.e.
Precious metals, precious stones", code 20130 30) can be
found in "Currency Law" chapter (code20130), being a part
of budget and financial legislation (code 20), as well as in
the industrial legislation (code 160 "Legislation on the
activities of industrial branches"); namely, such a chapter as
"Inventory, supply of precious metals, diamonds, and
precious metals for industrial needs" (code 160 20).

Hence, separation of the relationships of industrial use of
precious stones is quite obvious: 1.1) for jewellery needs;
1.2) for art and industrial, and stone-cutting needs; and
1.3) for industrial and technical needs. Moreover, it is
necessary to take into consideration the available
relationships to use precious stones for scientific and cultural
purposes: 2.1)for exposition needs (i.e. museum and
collections); 2.2)for research activities; 2.3)for expert
evaluation; and for financial purposes: 3.1) for needs to form
bank assets; 3.2) for economic needs (i.e. storage, marketing,
and other operations); and for medical and religious purposes:
4.1)for the needs of medical geology, lithotherapy; and
4.2) for religious, ceremonial, and magic needs.

Statutory provision on PMs&PSs Law should also be taken
into consideration in terms of which the National PMs&PSs
Fund has been assigned to provide production, financial,
scientific, sociocultural, and investment needs of Ukraine.
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Probable, the recent belonging of gemological legislation
to the system of financial legislation looks like conventional.
First of all, it can be justified by a semantic link of such
categories as "financial" and "precious" as well as by a legal
status of the Ministry of Finance. The matter is that provision
of the formation and implementation of the national policy in
the field of PMs&PSs, PSOF, and SPSs mining, production,
use, storage, transactions, and accounting are among the
most important missions of the governmental agency (l1po
3ameepOKeHHs lMonoxeHHs1 - 2014). The
abovementioned supports the idea that current stage of the
development of system of regulations of gemological
legislation has not any unified position concerning its
external belonging to the formed legislation branches.

3. Integration of two different mineral resources as an
object of legal regulation of one law. The unifying criterion
for PMs&PSs is the following. In terms of their significance,
the two groups belong to minerals of the national
importance. According to a list by the CMU (lpo 3ameep-
OXeHHs1 neperikie KopucHux konasnuH, 2011) "precious
metals" are metallic ores of precious metals (i.e. gold, silver,
and platinum group metals). Among other things, "non-
metallic minerals" class involves such groups as "jewellery
raw materials (precious stones including 44 mineral types)",
and "jewellery-ornamental raw materials (SPSs including 19
mineral types").

As for the Mineral Classifier [1K 008:2007 (Knacugikamop
KopucHux KonasnuH, 2007), it groups stones somewhat
differently. 30 000 000 class, being "Non-metallic minerals",
contains 35 000 000 group, i.e. "Precious and collectable
stones". In turn, the latter includes following subgroups:
35001 000 "Jewellery raw materials" (i.e. precious stones
involving 47 mineral types; 35 002 000 "Jewellery-ornamental
raw materials" (SPSs involving 28 mineral types); 35 003 000
"Ornamental raw materials" involving 30 mineral types;
35004 000 "Precious stones of organogenic formation"
involving 8 mineral types; and 35005000 "Collectable
stones" involving precious stones; SPSs; ornamental stones;
stones of organogenic formation; as well as optic and piezo-
optic stones being unfitted for the basic type of use).

In this context, the "precious stones" term includes the
following: 1) gems; 2) SPSs; 3) ornamental stones; and
4) collectable ones. Moreover, it is applied for organic and
inorganic minerals and rocks where qualitative indices are
determined by crystalline and structural as well as physical
and mechanical properties which quality corresponds to the
demands of jewellery and stone cutting industry to be used
to manufacture jewels and the applied-purpose artefacts.

In terms of the latter, it should be noted that according to the
legislation on the folk arts and crafts, such a manufacturing type
as the "Stone art" involves following product group as the
carved memorial signs; table lamps; vases; ashtrays; boxes;
decorative sculpture; decorative plastic of minor forms; bijoux;
stone details of architectural constructions etc (Jeski numaHHs
peanisauyji 3akoHy YkpaiHu, 2002).

Following determination of intergroup and group nature
also come under notice:

1) "precious and semiprecious stones" being crystals of
clear and pure mineral types; colourless or bright; having
certain hardness, chemical resistance; those being
amendable to polishing and cutting; and those being durable
in items;

2) "ornamental stones" being a group of minerals and
rocks where quality is determined with the help of physical
as well as physicochemical properties and chemical
composition. They are applied either as a technical material
or to produce artefacts and souvenirs; and

3) "collectable stones" being samples of minerals,
mineral aggregates, and rocks of scientific or educational
interest and having decorative and artistic value.

"Precious and collectable stones" composition (i.e.
gemstones, SPSs, decorative stones, and precious stones
of organogenic origin) corresponds to the available
classifications taking into consideration data concerning
their use and market value. Following morphological types
are separated in their composition: individual crystals;
druses; crystal aggregates; and crystals in rocks.

Classification division of 20 000 000 class "Metallic
minerals" into groups, subgroups, and their composition
(i.e.types) is based wupon a provision by the
abovementioned Order of the Cabinet of Ministers of
Ukraine #837 of 12.12.1994. Namely, group 24 000 000
"Noble metal ores" (i.e. ores of noble metals applied to
recover precious metals and their alloys: gold ores, silver
ores, and platinum group metals) includes 3 subgroups
involving 20 mineral types.

The term "Metallic minerals" is considered as ores which
mineral composition and physicochemical characteristics
make it possible to obtain ferrous metals, nonferrous metals,
rare metals, rear-earth metals, precious metals, and
radioactive metals as well as their alloys and compounds.

As the objects of legal relations, precious stones and
metals also differ at almost each stage of internal
transactions acting as follows: subsoil resources; mineral
raw materials before their processing, during it, and after it;
industrial raw materials; goods for transactions in the
consumer market; and secondary raw materials. For
instance, experts in the fields of geology and mining
differentiate minerals in terms of their origin, source,
physical state, occurrence conditions, industrial use,
importance etc. Their deposits are divided into geogenic
formations (primary and placer) and technogenic ones.
Mining process of precious stones includes their extraction,
graduation, classification, and primary evaluation.

While expertizing PMs&PSs, specialists make their early
assumptions relying upon the overall view and colour of the
metal or stone. However, the determination accuracy may
be supported by measuring one or another optical or
physical constant. Generally, they involve: a) refractive
index; birefringence and dispersion values; colour;
absorption spectrum, and specific gravity for stones plus
such additional factors as glance, dichroism, pleochroism,
polarization, asterism, luminescence, hardness, cleavage
and fracture, separateness, density, and lucidness; and b)
density, hardness, and specific gravity of hardeners (i.e.
allowable impurities) for metals. Thus, the conclusion is
absolute in terms of which precious stones and metals have
numerous geological and mineralogical, physiochemical,
jewellery and industrial, and other differences.

Moreover, in the legal aspect, precious stones and
metals also have common and specific feature; hence, their
inclusion in the sphere of the specific legislation act may be
performed as follows: a) PMs&PSs are the complex object
of legislative control of the unifies legal act; b) PMs&PSs are
the integrated object of legislative control, common features
of which legislative regime are considered by the general
part of the law, and specific ones are considered by the
special part of the law; and c) PMs&PSs are the
differentiated objects of different laws.

The national legislation has a precedent when two
different mineral resources have been combined in one law
as an object of legislative control (Law of Ukraine "On Oil
and Gas" is meant). However, if the Law on PMs&PSs
identifies legal foundations and principles of governmental
control over PMs&PSs mining, production, use, storage, and
transactions, then oil and gas law determines the basic
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legislative, economic, and organizational foundations of the
activities by the oil-and-gas industry of Ukraine controlling
the relationships connected with the features of oil-and-gas
subsoil use, production, transportation, storage, and
application of oil, gas, and their processing products to
provide energy security of Ukraine; develop competitive
relations in the oil-and-gas branch; and protect the rights of
each subject of the relationships arising in the context of
geological prospecting of oil-and-gas subsoil, development
of oil-and-gas fields, oil and gas processing, storage of oil,
gas, and their processing products, transportation, and
marketing as well as oil and gas consumers, and the
industry employees.

Common feature of the laws is the following: they
develop their provisions at a bylaw level which Rs involve
and concretize the specifics of corresponding mineral
resources (i.e. oil-and-gas legislation; legislation on
precious metals; and gemological legislation).

4. Gemological component of the Law on PMs&PSs.
Analysis of the contents of the Law on PMs&PSs has made it
possible to separate the specific types of legal relationships
being common and specific for both types of the objects. In
this context, the relationships, concerning precious metals
only, will be ignored proceeding from the paper purpose.

1). Common PMs&PSs relationships are as follows:
1.1) accounting and reporting of business entities engaged
in PMs&PSs transactions; jewellery items produced using
them; and materials containing PMs&PSs; 1.2) the State
PMs&PSs Fund of Ukraine, and Historical PMs&PSs Fund
of Ukraine; 1.3) the State Reserve of the explored PMs&PSs
deposits; 1.4) the State Storage of PMs&PSs of Ukraine;
1.5) PMs&PSs payment; 1.6) ownership of PMs&PSs;
1.7)use of PMs&PSs and their secondary resources;
1.8) import procedure and export procedure for PMs&PSs
and jewellery items produced using them; 1.9) Marketing of
PMs&PSs and jewellery items produced using them;
1.10) the state quality of PMs&PSs and jewellery items
produced using them; 1.11)functions of the central
executive administration (further, CEA) providing formation
of the state financial policy in the field of the governmental
control over PMs&PSs mining, production, use, and storage,
and implementing the state policy in the field of the
governmental assay control; 1.12)the state bodies
controlling PMs&PSs transactions as well as their powers;
1.13) purpose and control types of PMs&PSs transactions;
1.14) rights of officials of the state agencies controlling
PMs&PSs transactions; 1.15) protection of business entities
engaged in PMs&PSs mining, production, processing, and
use; and 1.16) liability for violation of the procedure of
mining, production, use and marketing of PMs&PSs as well
as jewellery items and household goods manufactured
using them.

2). Gemological relationships: 2.1) SGCU; and 2.2) the
state control over the diamond transactions in accordance
with the Certification scheme of Kimberley process.

Hence, the structuring of the Law on PMs&PSs supports
absolute PMs&PSs dominating as the complex object of its
legal regulation. It should be noted the number of
relationships in the field of precious metal, regulated by the
Law, are much more to compare with the number of
gemological relationships. Such a situation transfers
forcedly the regulation of the latter to the bylaw level.

5. The legal status of the State Gemological Centre of
Ukraine. In the context of Ukrainian legislation, the SGCU
carries out independent expertise while controlling quality of
raw materials and items manufactured using precious
metals, PSOF, and SPSs as well as items containing them;
expertise of precious stones, PSOF, and SPSs attached to
the State PMs&PSs Fund of Ukraine; provides

methodological assistance to geological prospecting,
mining, and processing enterprises to improve their
activities; analyzes raw material from the viewpoint of
gemology; and performs other operations, connected with
the independence expertise of precious stones, PSOF, and
SPSs, following orders by the authorized bodies.

The SGCU belongs to a management domain of the
central executive body authorized by the CMU (The Ministry
of Finance at present) established to use adequately the raw
base of precious (semiprecious) stones ([lpo cmeopeHHsI
LepxxasHo20 eemosiozidHo20 ueHmpy Ykpainu, 1993) acting
on the basis of the Provision confirmed by it (lpo eHeceHHs
3miH 0o lNMonoxeHHs, 2012). For the first time, the provision
on the SGCU was confirmed by The Ministry of Finance
Order of 07.09.1995. The Order was modified (a new
edition) in 2004 and 2012. Currently, it involves following
components concerning the SGCU: 1) General provisions;
2) The basic missions and functions; 3) Types of activities;
4) Rights and responsibilities; 5) Central funding sources;
6) Management; 7) Structure; 8) Scientific and Technical
Council; 9) and Liquidation and reorganization.

Legislation activities of the SGCU, determined by the
provision, includes its coordinated with The Ministry of
Finance development of Rs concerning the production, use,
and marketing of precious stones, PSOF, SPSs, and
decorative stones as well as their artificial substitutes.
Moreover, the SGCU basic missions also include
generalization of practices to apply legislation in terms of the
problems belonging to its competence; development of the
recommendations to improve it; drafting legislative acts, acts
of the President of Ukraine, acts of the CMU; and their
submitting to consideration by The Ministry of Finance
subject to the normal due process.

Nevertheless, one of the key activities by the SGCU is
scientific and technical expertise inclusive of diagnostics
and evaluation of forecasting cost of precious stones, PSOF,
SPSs, and decorative stones in the form of raw materials
and final goods. The list also involves cult objects and
artefacts being of cultural (scientific, historical, memorial
etc.) value as well as artificial substitutes of the stones,
samples of minerals, mineral products, and rocks on the
results of which the SGCU issues relevant written
conclusions according to the forms approved by the Ministry
of Finance.

It should be noted that certain aspects of the gemological
expertise right needs special attention. First, it is availability
of two different types of gemological expertise: 1) scientific
expertise, and scientific and technical one carried out
according to the Law of Ukraine "On the Scientific and
Scientific and Technical Expertise" of the 10" of February
1995 # °51/95-BP; and 2)legal expertise carried out in
accordance with the Law of Ukraine "On the Legal
Expertise" of 25" of February 1994 # 4038-XIl. Second,
scientific and scientific and technical gemological expertise is
carried out by gemology experts, and appraiser experts; legal
expertise is carried out by surveyors. Third, findings of
gemological expertise cannot be considered as an act of the
legal expertise since the person acquires rights and incurs
obligations only after receiving the decision on commissioning
of expert studies.

If one and the same case involves opposite conclusions
of both specialist (i.e. gemology expert) and surveyor, then
judgment is made according to the rules of a procedural law;
in this context, conclusion by surveyor is more preferable
(Mpo desiki nUMaHHs pakmMuku rnpu3Ha4yeHHs1 cy0oeoi ekc-
nepmusu, 2012).

The specific gemological activities by the SGCU involve
provision of services concerning sorting of precious stones,
their classification, identification, storage, and repacking as
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well as the development of the state standards and technical
conditions in the field of transactions of precious stones.

6. Legal regime of the Certification scheme of Kimberley
process. According to Interlaken Declaration on the
Certification Scheme of rough diamonds in terms of
Kimberley process (further, KP) and Resolution # 1459
(2003) of the UN Security Council, since the 15t of January
2003, Ukraine has joined officially the Certification scheme
of KP, incurred liabilities to trade in rough diamonds only
with KP participant countries. In accordance with the
Scheme and Order of the Cabinet of Ministers of Ukraine
(Mpo ese3eHHsi Ha mMumHy mepumopito YkpaiHu 2003),
import of the rough diamonds in the customs territory of
Ukraine, their export from it and customs clearance is
permitted if only KP certificate is available. The Order
authorizes the SGCU to provide execution of the certificates,
and determines a list of regional custom houses as well as
customs terminals performing customs clearance of the rough
diamonds after all the required expertise procedures were
carried out and supporting documents were completed by the
authorized officer from the SGCU.

Order by the Ministry of Finance (l1po 3ameepdxeHHs
lNopsidky ogbopmneHHs1 cynpogidHux OokymeHmis, 2003)
established a form of KP certificate for diamonds, being
exported from the territory of Ukraine, the procedure to
compile supporting documents, and introduction of the
diamonds in accordance with the Certification KP Scheme.

If the order concerning the fact that Ukrainian balance
subsoil reserves of minerals (separately for diamonds) is the
highly classified information (Ipo 3ameepdxeHHs 3800y si-
domocmed, 2005) then the tendency can be noticed to form
Rs group as well as the certain rules of the law regulating
relationships as for the diamond sphere. Recently, the
similar specifics but on a much larger scale, have been
available in amber legislation (KipiH, 2020). Moreover, use
of the national standard in Ukraine, regulating the general
technical conditions as for the rough amber since 01.07.202,
will favour optimum orderliness degree in the field of the
rough amber mining, production, use, and storage (4JCTY
8847:2019 BypwmuH-cuposuHa, 2019). The matter is that
the previous nonavailability of the state amber standards
made difficulties for legal expertise as for the determination
of the raw material quality, price policy, and certification.
Hence, the experts had to use foreign classifications of raw
material quality, pricelists, and reference collections, often
differing in grade characteristics, rather than the national
ones (bapa+os ma KipiH, 2020).

7. Development prospects of subject-matter of
gemological law. Thus, it is possible to mention the two
tendencies for the development of gemological right
sources: 1) the tendency oriented to the control of active
types of the subjects (i.e. mining precious stones, their
production, use, storage, and control of transactions); and
2) the tendency oriented to the regulation of material view of
the subjects (i.e. certain types of natural and artificial
(synthetic) minerals in the raw materials; unprocessed and
processed form (i.e. in items).

In this context, operations with precious stones, PSOF,
and SPSs, involve the actions connected with: a) accrual of
ownership and its termination as well as other rights for
precious stones, PSOF, and SPSs; b) delivery of precious
stones, PSOF, and SPSs to storage areas of funds and
reserves as well as their storage and issue the goods in due
order; c)changes in the composition or physical state of
precious stones, PSOF, and SPSs in terms of any substances
and materials during their mining, production, and use;
d) import of precious stones, PSOF, SPSs, items and
materials, containing them, to the territory of Ukraine, and
their export from it; and e) storage of precious stones, and
their exhibiting.

Hence, differentiation of certain types of gemological
relationships into gemological as such and adjacent to
gemological is quite obvious. The latter can be divided into
the following: 1) gemological and subsoil relationships:
1.1) gemological and geological; 1.2) gemological and
mining; 2) gemological and business; 3) gemological and
civil; 4) gemological and administrative; 5) gemological and
financial; 6) gemological and fiscal; 7)gemological and
customs; 8) gemological and investment; 9) gemological
and expert; and 10) gemological and educational.

It goes without saying that such a classification involves
synthesis of active (i.e. gemologically important operations)
and material (i.e. gemological objects and resources) types of
the subject relationships not always corresponding to the
consistency of the law sources. That is why it is proposed to
select the material objects as the initial subject of gemological
legal relations. First, the latter are characterized by temporary
dynamics of physical, monetary, and legal status; second,
they are adequate objects of certain and consecutive types of
gemological activities. Hence, the type of gemological
resource acting as subsoil resource; mineral resource;
production resource; material resource; and secondary
resource identifies a type of gemological activities -
acquisition of the rights to use, mine, and operate.

Moreover, the type of gemological resource also
identifies a type of proper homogenous specific group of
gemological relations. Despite the abovementioned, the
neighbouring relationship types are objectively necessary to
implement gemological activities; they are not gemological
in terms of their legislative nature. The relationships just
create organizational, subsoil, civil, business, customs,
fiscal, financial and other preconditions for functioning of
gemological relationships as a subject-matter of
gemological law.

Analysis of a bylaw Rs array of gemological legislation
has made it possible to complement and concretize the
types of gemological relations being currently subjects of
their regulation. Sources of gemological right were
systemized in terms of the following components:

1) the gemological and resource right is to: accumulate
stocks of precious stones; mine gemstones, process them,
and use; examine status of decorative stones, their
prospects, and mining and processing development
tendencies; use the Classification of stocks and resources
of minerals of the State subsoil fund in the context of
deposits of precious stones;

2) the gemological transaction right is to: organize
collecting and processing of precious stone waste; provide
rational use of precious stones; account, establish, and
maintain a register of business entities engaged in precious
stone transactions; publish wholesale prices for diamonds,
precious stones, SPSs, and decorative stones; market
precious stones, PDOF, and SPSs from the State PMs&PSs
Fund; command currency values (exclusive of capital
issues), precious metals and precious stones, PDOF, and
SPSs becoming the property of the state; export from
Ukraine the state awards made of precious metals and/or
precious stones; perform commission trade in jewellery
made of precious metals, precious stones, PSOF, and
SPSs; trade in jewellery and other household goods made
of gold, silver, platinum, and platinum-group metals,
precious stones and pearls as well as scrap and certain
arrested parts of such products; report on the amount of
precious metals and diamonds containing in jewellery and
household goods as well as in jewellery and household
goods which became unusable or lost their operational value
(the goods purchased from general public and those ones
not taken out of pledge are meant); sell by auction items
made of PMs&PSs, PSOF, and SPSs from the State
PMs&PSs Fund; report on the precious metals and precious
stones contained in museum pieces; and inform citizens
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about the export (transfer) precious stones and items made
of them as well as cultural values to alienate them outside of
the customs territory of Ukraine;

3) the right of gemological expertise is to: classify
generally and evaluate natural stones; accredit and train
gemological experts; carry out gemological expertise of
decorative stones, their artificial equivalents, rocks, and
mineral substances; formulate tariffs on the activities
connected with carrying out the expertise and training of
gemological experts; certificate precious stones, PSOF, and
SPSs; certificate lots of goods of natural stones; evaluate
precious metals, precious stones, PSOF, SPSs, and
decorative stones during their privatization (corporatisation);
and determine both appraisal value and insurance value of
artefacts of the Museum Fund of Ukraine.

Hence, the analysis of scientific papers, statutes on the
PMs&PSs as well as gemological and neighbouring
legislative branches, explaining formation problems and
development prospects of the national gemological right and
legislation, has made is possible to formulate and
substantiate following conclusions.

1. Itis proposed to consider gemological right as a set of
legal norms controlling public relations in the field of
organization and implementation of gemological activities
connected with acquisition of the right to use, mine, possess,
apply, and act with gemological objects in the form of
subsoil, mineral, industrial, and secondary resources as well
as control their transactions and expertise.

2. Currently, external belonging of the gemological right
sources is ambiguous since they get to a system of currency
law, being a component of financial and credit or budget and
financial legislation, as well as to a system of industrial
legislation while having in their contents provisions of
mining, economy, civil, administrative, fiscal, customs, and
expert legislations.

3. Consideration of precious stones and precious metals,
having geological and mineralogical, physicochemical,
jewellery and industrial, and legal differences, as the complex
object in the context of the domain of the unified legislative
act, intended to be a basis of new market relations in the field
of jewellery transactions, could be regarded as the justified
one only at the early stage of legislative base formation for the
field. However, the fact becomes more than obvious that the
current law turns out to be obsolete. The matter is that it has
transferred its subject of regulation to a bylaw level; its
mechanisms to increase the national funds are contradictory,
incomplete, and almost inapplicable; a form of restrictions in
the field of jewellery transactions as well as their
reasonableness are debatable; and the relations concerning
quality of the items and their safety, consumer protection,
provision of the balance between public interests and private
interests, equality of business entities as well as the branch
competitiveness need European integration renewal in the
context of legal control.

4. 1t is proposed to develop the structure of gemological
law system relying upon the principles of differentiation of
importance of gemological activities in terms of generic
formations (i.e. the gemological and resource right; the right
of gemological transactions; and the right of gemological
expertise) and in terms of the types of gemological objects
and resources (the right concerning diamonds, amber; the
right concerning decorative, collectable, artificial stones etc.).

5. The scheduled adoption of a new version of the Code
of Ukraine on subsoil intended to identify legal,
organizational, and economic principles of the subsoil use
to meet social needs in mineral raw materials; development
of transparent and non-discriminatory procedure as for the
acquisition of licenses to develop and mine minerals (l1po
lMnaH 3akoHonpoekmHoi pobomu BepxosHoi Padu YkpaiHu,

2020) as well as actualization of the priority exploration
activities under current conditions of geological branch
financing give grounds for further reforming of gemological
legislation, its ordering, and reducing to certain internally
agreed system, removing shortcomings, repeatings, and
outdated standards and, finally, unity formation by means of
internal and external processing of their contents, and the
development of the Gemological Code of Ukraine.
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FEMOJNOTIYHE NPABO YKPAIHU: MPOBNEMU ®OPMYBAHHSA TA NEPCMEKTUBU PO3BUTKY

lMpoaHanizoeaHo Haykoei ma 3akoHoOAaeyYi No/10XKeHHs1, M08 'si3aHi 3 0cobu8O0CMSIMU NNPaso8o20 peaysito8aHHs1 8iOHOCUH y cghepi 2emoozidHol
disnbHOCMI HanexHicmsb, sika HUHi € HEOOHO3Ha4YHOR, OCKINIbKU 6OHU nompansnsiioms i 00 cucmemu easnitomHo20 (cknadoeoi ghiHaHcoeo-kpedum-
Ho20 abo 6rodxemHo-giHaHCco8020 3akoHodaecmea), i 00 cucmemu MPOMUCII08020 3aKOHOAaecmea, Maro4u Npu YoMy y 3Micmi npunucu 2ipHu-
4020, 20cnodapcbKo20, YueinbHo20, adMiHicmpamueHo20, ModamKoeo20, MUMHO20 Ma eKcrnepmHo20 3akoHodaecmea. 3anporoHo8aHo
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po3ansidamu 2eMoJsio2iyHe Npaeso K CYKynHicmb rnpasosux HOPM, W0 pe2ysiormb cycninbHi 8i0HOCUHU y cgbepi opaaHizayii ma 30ilicHeHHs1 2eMo-
noziyHoi disnbHOCMI, Noe 'a3aHoi i3 HabymmsimM npaea KopucmyeaHHsl, audo6yeaHHs, /1JaCHOCMI, BUKOPUCMaHHs ma ornepayisiMu 3 2eMoJ102iYHUMU
o6'ekmamu y euanadi HaOpoesux, MiHepanbHUX, 8UPOGHUYUX | BMOPUHHUX pecypcie, KOHMpPoJsieM 3a ix 06icoM ma ekcriepmu3oro.

HazonoweHo, wo eknroyeHHss A0PoO20UiHHO20 KaMiHHSI ma MemaJiie 3 HasiBHUMU 2€0J1020-MiHepasIo2iYHUMU, ¢hi3uKo-XiMiYHUMU, Fo8esipHO-Npo-
Muc/ioeuMuU ma npaeosuMu 8iOMiHHOCMSIMU, SIK KOMMJIeKcHo20 06'ekma y cgpepy dii eAuHO20 3aKkoHOdas4020 akmy, MOXKHa 6ysio po3ansdamu eu-
npaedaHumM nuwe Ha noYamkoeili cmadii gpopmyeaHHs1 3akoHoOae4oi 6a3u e uili cgpepi. HasedeHO NMOOXKeHHSI, 32iOHO 3 AKUMU 8U3HAaEMbCS, W0
YUHHUU 3aKOH 3acmapie, ockinbku: 1) lio2o npedmem pez2yno8aHHs NepesedeHO nepeeaxHo Ha Nid3akoHHUl pieeHb; 2) nepedbayeHi 8 HbOMy Mexa-
Hi3Mu nonoeHeHHs1 dep)kasHux ¢hoHOie cynepeynuei, HeNMoeHi i Ha NpakmMuyi NPaKMu4YHo He peanizyromscs; 3) popma ob6MexeHb e 06i2y Kowmoe-
Hux 06'ekmie ma ix o6rpyHmoeanicms € duckycilinumu; 4) eiOHOoCcuUHuU 3 sikocmi ma 6e3ne4Hocmi eupobie, 3axucmy npae crnoxueadie, 3a6e3ne4yeHHs
6anaHcy nybniyHux ma npusamHux iHmepecis, pisHocmi cy6'ekmie 2ocrnodaprogaHHs, KOHKYPEHMOCIPOMOXHOCMI 2any3i nompebyomb €8poiHme-
2payiliHo20 OHOBJIEHHS y NIPago8OMY Pe2yslt08aHHI.

Asmopu, enepuie y 2e051020-npaesosili Hayyi, MPonoHyroms cghopmMysamu CmpyKmypy cucmemu 2eMoJ102i4H020 npasa Ha npuHyunax dugepe-
Huyiauii sudy 2emono203Hayvywor dissnbHOcmi Ar51s1 poOo8UX ymeopeHb (2eM0oJ1020-pPeCcypPCHe paso, NPaeo 2eMos102iYHo020 obizy, Npaso 2emMos1oziy-
HOI ekcriepmu3u) ma eudy 2emosio2i4HUX 06'ckmie i pecypcie — Ons 6e3nocepedHix yepynoyeaHb. [lepcnekmusu po3eumkKy 2eMosI02i4HO020
3aKkoHodaecmea roe'sa3yrombcsl i3 38e0eHHSIM (1020 00 NeeHoOi y3200)KeHOoi cucmemu, 3abe3ne4yeHHsIM €OHOCMI WIIIXOM 8HYMPiWHL020 Ma 308HiuW-
Hb020 800CKOHasIeHHs1 3Micmy ma po3pobku FemonoziyHo20 Kodekcy YkpaiHu.

Knrouoei cnoea: 2zemonoziyHe npaeo, dopozoyiHHe KamiHHsI, 06i2 AoOpo20UiHHO20 KaMiHHSI, 2eMOJI02i4Hi pecypcu, 2emosio2ivyHa isinibHicmb.
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FEMMOJTIOM'MYECKOE NPABO YKPAUHbI: MPOBNEMbl ®OPMUPOBAHUA U NMEPCMNEKTUBbI PA3BUTUA

AHanu3supyromcs Hay4Hble U 3akoHoOameJsibHbIe MOJI0XEHUS], C8si3aHHbIE€ C 0COGEHHOCMAMU Paso8o20 peayuposaHusi OmHoweHul e cghepe
2eMMosiozuyeckoli dessmenbHOCMU U 2eMMoJsio2uyeckux obbekmos. Uccnedyromcesi coepeMeHHOe COCMOsIHUe UCMOYHUKO8 2eMOJ102U4eCcKo20
npaea u ux eHelWHsIsi NPUHadNIeXXHOCMb, Komopasi celi4ac siesisiemcsi HeOOHO3Ha4yHoU, MOCKOJIbLKY OHU rnonadarom U 8 cucmemMy easitomHozo (coc-
maensroujeli puHaHCOB80-KPeOUMHO20 unu 6100emHo-ghuHaHCO8020 3aKOHOOamesibCmea), U 8 cucmemy NMPOMbIWIeHHO20 3aKoHoOamesibcmea,
umesi Mpu 3MoM e codepxxaHUU NpPednucaHusi 20PHO20, X035AUICMEEHHO20, 2paxdaHCKo20, aOMUHUCMPamueHO20, Ha/l0208020, MaMOXEHHO20 U
akcnepmHo20 3akoHodamenbcmea. [lpednazaemcsi paccMampueamb 2eMMOJI02UYeCKOe MPaso KaK COBOKYMHOCMb MPpagoebiX HOPM, pe2ysiupyto-
wux obwecmeeHHble OMHOWEHUsI 8 cghepe op2aHU3ayuu u ocywecmesieHusi 2eMMosio2uyeckoli dessmenbHocmu, cesisaHHol ¢ npuobpemeHueMm
npaea nosib3o8aHusi, 006bI4U, CO6CME8EHHOCMU, UCMO/Ib308aHUs U oepayusiMu ¢ 2eMMOJI02U4eCKUMU o6bekmamu 8 sude Hedpo8biX, MUHepaslb-
HbIX, IPOU3800CMEEHHbIX U 8MOPUYHbIX PECYPCO8, KOHMPOJIEM 3a ux 060POMOM U IKcriepmu3ol.

OmmeyeHo, Ymo eKIroYeHUe pa2oUeHHbIX KaMHell U Memarssioe ¢ UMEUUMUCS 2€0J1020-MUHEPAIo2UYeCKUMU, (hu3UKO-XUMUYECKUMU, ro8e-
JIUPHO-MPOMBbIWIIEHHBIMU U Pago8bIMU Pa3iu4usMu, 8 Ka4yecmee KOMIIIeKCHO20 06bekma e cghepy delicmeusi eAUHO20 3aKOHoGameslbHO20 aKma,
MOJHO 6bI/10 paccMampueamsb onpasdaHHbIM JTUWb Ha Ha4asbHOU cmaduu ¢ghopmuposaHusi 3akoHoO0amesibHoU 6a3bl 8 amol cghepe. [TpusedeHbl
MoJI0XKeHUsl, CO2/1aCHO KOMOoPbIM Npu3Haemcs, Yymo delicmeyrouwuli 3aKkoH ycmaper, MocKosbKy: 1) e2o npedmem peaynupoeaHusi nepeeedeH npeu-
MyuwecmeeHHo Ha Mo03aKOHHbIU ypoeeHb; 2) NpedyCMOMPEHHbIE 8 HEM MeXaHU3MbI MOMOJIHeHUs1 20cydapcmeeHHbIX hoHO08 NMPoOMuUEopPeYU8sl,
HernosHbI U Ha Mpakmuke nMpakmuyYecku He peasnusyromcs; 3) gpopma oepaHu4eHull 8 o6pawjeHuU YyeHHbIX 06bekmoe u ux 060CHo8aHHOCMb S6IsI-
romcsi GUCKyccUuoHHbIMU; 4) omHoweHuUs1 no ka4ecmeay u 6e3onacHocmu u3denull, 3awumsi npae nompebumenel, obecneyeHusi 6anaHca ny6nuy-
HbIX U YaCMHbIX UHMepecos, pageHcmea cybbeKmoes xo3slicmeosaHusi, KOHKYPeHmMocnoco6Hocmu ompacnau Hyxdatomcsi 8 eepouHmMe2payuoHHOM
06HOEB/IeHUU Pagoeo20 peayupo8aHusl.

Aemopbl, enepebie 8 2e0/1020-Mpasoeoli Hayke, Nnpednazarom cghopmuposams CMPyKMypy cucmeMbl 2eMMOJI02UYECKO20 Npasa Ha NpuHyunax
ougpgpepeHyuayuu suda 2eMmosio2o3Hayyujeli dessmenbHocmu 05151 podoebix obpa3oeaHull (2eMMOJI020-pecypcHoe npaeo, Npaso 2eMMosio2uye-
CKO20 obpaujeHusi, Mpaso 2eMMOoJI02uYecKoll IKcrepmu3bl) u euda 2eMMosio2u4eckux o6beKmos u pecypcoe — 051 HenocpedcmeeHHbIX cocmae-
naowux. lMepcnekmuesl pazeumusi 2eMMOJI02U4ECKO20 3aKoHOAamesibcmea Cesi3bI8aromcsi ¢ e20 ceedeHUeM 8 onpedesIeHHYH C02/1aco8aHHYI0
cucmemy, obecrnedeHueM eOUHCMEa nymemM 8HYMpPEHHe20 U 8HEUWHE20 yCcoeepUEHCMeao8aHusi codepaHusi u paspabomku eMMono2u4ecKko2o
KoOeKkca YKpauHbl.

Kniodesnbie cniosa: 2ceMMosio2uveckoe npaeo, Opa2oyeHHbIe KaMHU, 060pom Opa2oyeHHbIX KaMHel, 2eMMosio2uyecKasi 0esimesibHOCMb.
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ECOLOGICAL AND GEOCHEMICAL ESTIMATION OF THE SPREADING OF TECHNOGENIC ELEMENTS
IN THE TERRITORY OF KIVERTSIV NATIONAL NATURAL PARK "TSUMANSKA PUSHCHA"

(MpedcmaeneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, douy. C.€. LlIHokosum)

Analysis of heavy metals content in the soils of the territory showed its heterogeneous distribution and dependence on available
sources of technogenic impact. Geochemical accumulation coefficients were calculated and analyzed. The highest concentrations of
manganese and chromium are in soils developed on forest deposits. The highest concentrations of nickel and copper are in soils
developed on water-glacial deposits. Most of the studied heavy metals exceed the regional geochemical background. In terms of gross
content in soils, trace elements form the following geochemical series: Zn> Cu> Pb> Ni> Mn> Cr. Accumulation of lead in forest deposits
up to 2-3 MPC was defined.

Most heavy metals in the soil are nonuniformity distributed. High values of the variation coefficient (V) — more than 34 % — are typical
for inhomogeneous set of data on the concentrations of all investigated heavy metals. The highest index of variation was defined for lead
concentration and equal to 170%, the lowest values were obtained for chromium content and equal to 34 % and zinc — 36 %. In the
investigated soils there are two types of micronutrient distribution: elements accumulation in organic horizons with concentration
decrease in the lower part of the profile and distribution by sedentary — illuvial type. The first type is characterized by increasing distribution
of the following elements Zn, Pb; the second one is characterized Co, Ni, Cu, Mn.

The ecological and geochemical assessment of technogenic elements distribution of the NNP Tsumanska Pushcha territory is made
on the basis of the comparison of technogenic geochemical specialization of different environments (water, soils, etc.). For assessing the
role of landscape components in the general geochemical anomaly of the territory, it is proposed to create total ecological and
geochemical estimations. It represents the total values of pollutant concentration coefficients in individual components.

Further researchers should focus on the analysis of macronutrients and genetic types of soils; determination of the reference content
of elements in geochemical landscapes for defining intensity migration and characteristics of elements distribution; conducting

biogeochemical zoning.

Keywords: gross content, technogenic elements, accumulation coefficients.

Introduction. The study of the regularities of mobilization
and migration of heavy metals in soils of natural ecosystems
is one of the urgent scientific problems. At the moment, the
ecologic and geochemical research in the conditions of
anthropogenesis is generally based on studying gross
elements content distribution. The research problem of forms
of toxic elements locations in soils and bottom sediments
stays insufficiently investigated. This refers to nature preserve
territories of Polissia, where geoecological research of such a
kind practically has not been carried out. Meanwhile, in the
conditions of anthropogenesis, many chemical elements
qualitatively change natural geochemical forms of migration
into more movable, easily dissolving, and accessible for
plants. These data are necessary to conduct ecological and
geochemical monitoring, ecological mapping, etc.

The objective of the article is to discover the specificity
of chemical elements distribution and accumulation in soil
formation rocks and soils on the territory of Kivertsi National
Nature Park "Tsumanska Pushcha".

The primary study tasks:

1. To examine the specificity of general chemical
elements distribution in soil formation rocks and soils;

2. To study forms of microelements location in current
bottom sediments in the rivers of Kivertsi National Nature
Park "Tsumanska Pushcha";

3. To research specificity of vertical accumulation of
heavy metals according to genetic horizons of soils which
are most typical for National Nature Park;

4. To conduct an analysis of forms of heavy metals
location in soils on the territory and identify their
contamination sources.

Analysis of the recent studies and publications. Studies
of the geoecological conditions of soil covering of the territory
have been carried out in the scope of complex research of
natural conditions of Volyn Polissia. In the framework of
aforementioned studies, Kivertsivskyi National Nature Park
"Tsumanska Pushcha" has been created. One of the first
complex research on Volyn landscapes is P.A. Tutkovskyi's
works (1913, 1924). In the works of V.S. Havryliuk (1955),
P.V. Klymovych (1961), K.I. Herenchuk (1966), regularities of

landscape and geochemical composition of Volyn Polissia are
discussed, and the results of studies on soils change
because of water melioration of overmoistened Polissia
lands are presented. Anthropogenic transformation of West
Polissia landscape was studied by |.B. Koinova (1999),
N.A. Tarasiuk and F.P. Tarasiuk (2005); analysis of the
ecological and economic organization of Volyn Region
landscape in terms of their functional purpose was
conducted by O.V. Mishchenko (2016).

In 60-70's, the studies of elements movable forms
distribution in various regions across Ukraine were conducted
by P.A. Vlasiuk, N.K. Krupskyi, A.M. Aleksandrova,
R.N. Benderskyi, A.M.Bilan, Yu.M. Labii. In 80-90's, the
studies of forms of heavy metals location in Ukrainian soils are
carried out by scientists under the leadership of
E.Ya. Zhovynskyi, A.l. Samchuk, H.M. Belonenko,
V.l. Pochtarenko, N.M. Horodnii and others.

The specific features of accumulation and migration of
gross and movable forms of microelements in soils are
described in studies of international scholars (Bascomb,
Berti, Bloom, Filgueiras, Hlavay, Kersten, McLaren, Mikutta,
Mitchell, Papp, Rauret, Salomons, Sedberry, Shuman,
Tessier, Ure, etc.).

Though, studies of specificities of distribution and
accumulation of chemical elements in soil formation rocks
and soils on the territory of Kivertsi National Nature Park
"Tsumanska Pushcha" as an independent object of studies,
have not been carried out before.

Materials and methods of the research. We used the
factual material of field landscape science and geochemical
surveys carried out in summer-autumn period of 2018-2019.
During the field researches about 130 rock samples and
more than 1200 soil samples were taken. Total number of
biogeochemical samples of the main plants of the NNP is
more than 640 samples.

Sampling of soil samples was carried out by "envelope"
method from plots of 10x10 m. The following list of works
was carried out on each sampling plot:

e geographical coordinates by GPS were determined;

¢ the category of nature use was defined;

© Splodytel A., 2021
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¢ description of vegetative cover is formed;

e soil sections are laid;

¢ a morphological description of soils is performed;

e sampling was carried out for genetic bedding rocks of
the soil profile and impure soil samples for chemical analysis
in laboratory conditions.

HM content was determined by mass spectral (ICP-MS)
and atomic emission methods (ICP-AES) with inductively
coupled plasma on Elan-6100 devices and ICP-MS analyzer
ELEMENT-2, (made in Germany) at the M.P. Semenenko
Institute of Geochemistry, Mineralogy and Ore Formation
NASU and Institute of Geology of Polish Academy of
Sciences.

As a result of carried out work, a series of poly element
maps at the scale of 1:50,000 was concluded, which served
as the basis for studying the spreading of heavy metals in
soil and vegetation cover also establishing the effect of
natural and man-made migration factors on them. To
compile thematic maps of the spatial spreading of heavy
metals at the soil in terms of Zc total pollution, obtained data
were interpolated using the ArcGIS ArcMap software
package by using the Kriging method.

Chemical elements spreading in soil-forming rocks.
Water-glacial and alluvial sediments dominate among the
soil-forming rocks of the NNP territory. Of greatest interest
are data on the chemical composition of glacial sands.
Average content is (in %): SO2 — 72,83, A1203 — 4,10, Fe203 —
0,82, FeO - 0,18, TiO2 — 0,18, CaO - 1,78, MgO — 0,68,
K20 - 1,67, Na20O — 0,64.

Modern alluvial deposits are represented by channel
oblique and horizontally stratified sands in some places with
gravel admixtures of underlying bedrock with an average
thickness of 3-5 m (watercourse alluvium), as well as sands
and loams, with clear horizontal layering, often peated
(channel margin sand). Capacity of the channel margin sand
reaches 5-6 m and more. Sandy loam and uliginous
aggradations are most common in the valley of the Putylivka
and Kormyn rivers. Among the aggradations of the channel
margin sands, in addition to fine sands, there are lenses of
coarse-grained sand, gravel, and pebbles.

According to the results of our research, the alluvial
aggradations of Rudka river floodplain are characterized by
predominance of particles of 0.5-0.05 mm, which is 98 %. The
granulometric spectrum of floodplain sediments is characterized
by presence of particles >1.0 mm on average 1.55%; 1.0-
0.2 mm — 41.34 %; 0.10-0.01 mm — 47.69% and <0.01 mm —
6.21 %. The median particle size ranges from 0.008-0.34 mm
and the value of the sorting coefficient is 1.46-2.87. According to
results of the research, about 35-40 minerals were found in the
floodplain of alluvium. Composition of the main of them is
fractions of 0.25-0.05 and 0.05-0.01 mm on average,
respectively (%): quartz 84.6 and 66.3, feldspar 11.9 and 12.5,
biotite in the first fraction 16.8; among heavy minerals are ilmenite
with magnetite 19.8 and 20.2, amphibole 33.0 and 44.5, garnets
15.3 and 8.4, tourmaline 2.6 and 1.4, zircon 1.4 and 2.4. There
are also limonite, leucoxene, hypersthene, chlorite, rutile, apatite,
biotite, and other minerals. Alluvium of the floodplain-terrace plain
has similar data on granulometric and mineralogical composition.

Sands of the modern river alluvium of the Rudka river
contain (%): SiO2 — 94.03, Fe203 — 0.04, FeO — 0.41, Al203 —
2.95, CaO - 0.89, MgO - 0.62, CO3 — 0.09, Na20 - 0.72,
K20 —1.43, CO2-0.51, sludge — SiO2—-61.13, Fe203 — 5.67,
FeO - 2.97, Al203 — 5.12, TiO2 - 0.31, CaO - 0, 52, MgO —
0.35, SO3 — 3.18, Na20 — 0.29, K20 — 0.93. Floodplain sands
of the river Kormyn contain: (%) SiO2 — 92.64-93.15, Al2O3 —
1.93-2.45, Fe203 — 0.22-0.36, TiO2 — 0.04-0.27, Na20 —
0.45-0.87, K20 — 1.32-1.87, CaO - 0.11-0.56, MgO — 0.12—
0.23, P20s — 0.24-0.29.

The concentrations of microelements fluctuate
depending on the lithological type of aggradations, their
facies and localization in the river basin. Content of nickel,
cobalt, lead, chromium, vanadium, manganese and copper,
although characterized by significant deviations from the
average concentrations, however, does not exceed their
calculated anomalous values. At the same time, in relation
to the composition of microelements in modern channel
sands in general, the alluvium of the river Kormyn is
characterized by high concentrations of SiO2, Al203, and
Fe20s. This is due to the lithological and geochemical
characteristics of the rocks of the territory, as well as to the
significant swampiness of the landscapes of the territory.

The alluvial deposits of the NNP, in comparison with the
average values for the alluvial aggradations of protected
areas as a whole, have increased concentrations of titanium,
chromium, nickel, copper and manganese.

In the alluvial aggradations of the valleys of the rivers
Rudka, Kormin contains (nx10-3 %) Be — 0.1-0.5, Mn — 268,
Pb -0.6-1.3, Ga-0.5-8, 2,V — 1.4-6.8, Ni — 0.6-7.1, Ba —
1.5-12 and Cr — 1.8-11.5.

The content of amorphous oxides of iron, aluminum,
manganese and silicon in modern river deposits of the park
as a whole is characterized by close values of
concentrations characteristic of sands and silt of the territory
of Ukrainian Polissya. The highest concentrations
of amorphous forms of chemical elements are characteristic
of mules, the lowest — for channel sands.

In order to determine the migration forms of chemical
elements in the river network of NNP, their accumulation, as
well as reserves for assimilation by plants, the forms of finding
of microelements in river bottom sediments, represented by
fine-grained sands containing increased amounts of silty
biogenic substances, were studied. Forms of migration are
determined by the method of step-by-step extracts, by
method of H.A. Shymko, V.A. Kuznyetsovaa (Zhovynskyi
et al., 2005, 2012; Adriano, 1986; Stoops at al., 2010).

As we can see from table 1, cobalt, vanadium, titanium
are not found in extracts of water-soluble components and
easily exchangeable ions, indicating their weak migration in
easily mobile forms. Copper in the form of water-soluble
components migrates to a small extent, but locally reaches
25.5 % of the gross content, and in the form of easily
exchangeable ions from 3.6 to 21.5 %. Manganese as the
most mobile trace element in wetlands in the first form is
0.06-0.15 % and in the second — from 1.72 to 12.28 % of
the gross content.

Elements associated with carbonates are extracted in
different ways. Cobalt is detected locally in the amount of
51-57 % of the gross content. Copper in the extract was not
found. Vanadium is contained in the range of 1.62-5.72 %,
and manganese — 7.32-68.15 % of gross, indicating their
reserves of active migration in conditions of changes in pH,
temperature and carbon dioxide, causing the dissolution of
carbonates or their falling out of solution. Titanium is found
in small quantities — from small traces to 0.06 %.

Characteristic connections of the studied trace elements
with organic matter are noticeable. Some trace elements are
constantly present in the composition of amorphous
hydroxides, excluding cobalt and vanadium, which were not
found here, manganese as satellite of iron — in the conditions
of the reserved zone of the park, this form migrates only in
quantities of 0.76—2.81 % of the total content.

Titanium is concentrated in hard-destroying minerals,
accounting for 78.62-93.67 % of the gross content in
insoluble sludge and only 4.82-12.51 % in easily-destroying
silicates, which indicates a relatively weak migration with
river waters. High concentrations in the insoluble sediment
are also typical for manganese — 25.67—84.58 %, vanadium —
14.11-61.56, copper — 8.12—-67.72 %. The bulk of cobalt
in some places belongs to easily destructive silicates.
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Table 1
Forms of occurrence of trace elements in modern bottom sediments of rivers NNP
Extracts, mg/kg
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Copper
16-19 | Floodplain, river Rudka, Q. 4 APC 2.06 0.61 - 4.87 0.8 1.6 11.5
19-19  [Quarter — 6 near the lake, quarry - 2.76 - 7.32 0.73 0.89 12.0
22-19 Floodplain of the river Rudka, 50 m from the riverbed 2.03 0.67 — 6.34 — 2.1 8.7
30-19 | Floodplain of the river Rudka, collecting channel - 2.45 - 7.12 0.72 0.91 13
45-19 | Starytsia and river Kormyn - 1.07 - 3.95 21 11.5 18
52-19 | Floodplain of the river Kormin, marginal part - 0.54 - 4.11 0.41 1.8 4.6
Manganese
16-19 | Floodplain, river Rudka, Q. 4 APC 0.16 12.32 | 198.8 21.17 10.34 | 123.7 357
19-19  [Quarter — 6 near the lake, quarry 0.02 4.78 62.4 23.5 3.1 65.4 132.5
22-19 Floodplain of the river Rudka, 50 m from the riverbed 0.01 3.05 15.13 5.1 3.45 72.58 101.5
30-19 | Floodplain of the river Rudka, collecting channel 0.13 1.86 9.10 3.16 4.87 79.5 97.8
45-19 | Starytsia and river Kormyn 0.11 11.23 | 2237 52.12 18.6 134.7 375.7
52-19 | Floodplain of the river Kormin, marginal part 0.01 4.7 39.53 18.65 1.7 64.3 126.7
Titanium
16-19 | Floodplain, river Rudka, Q. 4 APC - - - 0.9 95.8 369.5 1670
19-19 | Quarter — 6 near the lake, quarry - - 0.07 19.02 394 390.8 410.7
22-19 | Floodplain of the river Rudka, 50 m from the riverbed 0.19 32.46 53.8 401.6 390.5
30-19 | Floodplain of the river Rudka, collecting channel - - - 10.11 41.24 | 504.2 592.5
45-19 [ Starytsia and river Kormyn - — - 5.34 62.1 864.2 820
52-19 | Floodplain of the river Kormin, marginal part - - - 16.7 91.5 1250 1540
Cobalt
16-19 |Floodplain, river Rudka, Q. 4 APC - - 0.70 0.09 0.39 - 1.1
19-19 | Quarter — 6 near the lake, quarry - - - - 0.28 - 0.3
22-19 Floodplain of the river Rudka, 50 m from the riverbed - — - 0.19 0.16 - 0.38
30-19 | Floodplain of the river Rudka, collecting channel - - - 0.22 0.15 - 0.40
45-19 [ Starytsia and river Kormyn - — 0.89 0.42 0.35 14.2 16.5
52-19 Floodplain of the river Kormin, marginal part - - - - 0.05 - 0.05
Vanadium
16-19 |Floodplain, river Rudka, Q. 4 APC - - 0.65 2.52 2.46 3.77 9.2
19-19  |[Quarter — 6 near the lake, quarry - - 0.54 3.83 2.1 1.78 7.2
22-19 Floodplain of the river Rudka, 50 m from the riverbed - — 1.32 15.32 1.42 2.61 19.8
30-19 | Floodplain of the river Rudka, collecting channel - - 0.27 3.76 0.75 2.89 7.4
45-19 [ Starytsia and river Kormyn - - 0.86 5.67 2.42 10.62 21.15
52-19 Floodplain of the river Kormin, marginal part - - 0.31 13.43 1.28 2.59 15.8

Concentrations of copper, vanadium, manganese in this
form are insignificant, they generally do not exceed 10 %,
with the exception of individual local samples. Thus,
according to the study of modern river sediments of the NNP
territory, separate foci of natural and technogenic pollution
were found, which is evidenced by the increased and
abnormal values of the content of the studied trace
elements. This indicates an unfavorable geochemical
situation within the NNP for the study of natural processes.

Geochemical study of the territory of nature protected
site as natural sample area, to a lesser extent disturbed by
technogenic changes, is just beginning. Such studies pose
the task, first of all, to identify the scale and types of
technogenic and geochemical changes and most
importantly — the establishment of the geochemical
background, spreading and migration of chemical elements,
the nature of natural geochemical reactions, the
interrelationships of elements in the systems rock — river
water — alluvial sediments — soil — plant, characteristics of
geochemical conditions of the environment as a natural
reference environment of the biofund genepool (Ladonin,
1995, 2002).

General patterns of spreading of the main chemical
elements in soil-forming rocks and soils. Significant
areas of the territory of the NNP "Tsumanska Pushcha", as
noted above, are composed of water-glacial sediments.

They are the main soil-forming rocks. In areas where thin
layers of these loose sands and sandy loams are underlain
by chalk-marl rocks, the last ones can also be considered as
soil-forming, and their influence on the formation of the
geochemical background of landscapes is significant. The
soil-forming rocks of the southern part of the study area are
loess-like loams (Tessier at al., 1979; Vodyanitsky, 2005,
2009; Zayed at al., 2003).

Table 2 shows the average values of the main
macroelements in the common soils of the NNP territory. A
high content of silica is characteristic of Soddy slightly
podzolic sandy soils. The main carrier of silica in the
aforementioned soils is quartz. SiOz is contained in feldspar,
plagioclase, white mica, clay minerals in smaller amount.

The uneven spreading of Al2O3 over genetic bedding
rocks is affected by the mechanical composition of the soil.
The sporadic nature of the Al2O3 content is obviously
associated with the insignificant migration of aluminum in the
form of organo-mineral compounds. Basic alumina carriers
in soils are feldspar, white mica and biotite in sandy-silt
fractions. Very small percentage of Al203 is accounted for by
minerals of the heavy fraction (amphibole, garnet, disthene,
staurolite, etc.) (Bakker at al., 1997, Baron at al., 2006;
Bartlett at al., 1979; Lubben at al.,1997).

An uneven spreading of iron oxide with genetic soil
bedding rocks was also revealed. The acidic reaction of
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most types of soils promotes migration from humus-eluvial
bedding rocks and accumulation in iluvial bedding rocks in
the form of brown ferruginous accumulations. All studied soil

types are characterized by an increase in content of iron
oxide in humus bedding rock, which is due to the presence

of organic matter.

Table 2
Average chemical composition (macroelements) of soils in the NNP territory, % on absolutely dry weight

Soil Sio, Fe,0; Al,O; CaO MgO Na,O K,0
Sod-slightly podzolic sandy on water-glacial sands 95.15 0.79 3.35 0.28 0.15 0.39 1.15
Sod-weak (medium) — podzolic sandy on water glacial sands 85.95 1.68 5.97 0.69 0.48 0.70 1.66
Sod-weak (medium) — podzolic sandy on loess-like loams 81.98 2.42 7.68 0.79 0.77 0.89 2.34
Soddy carbonate light loam on loess-like loam 71.43 2.86 9.56 2.52 1.54 0.82 211
Alluvial layered sandy loam on alluvial sands 87.78 1.42 3.46 0.51 0.40 0.43 0.89
Low-power degraded peat bog 2.64 1.42 0.78 3.82 0.41 0.08 0.07
Average in soils according to Vynogradov 1.22 0.31 0.51 0.49 0.63 0.75 0.31

Light texture soils are characterized by a relatively
uniform spreading of iron with a soil profile. A slight increase
in the content with depth is explained by high filtration
capacity of these soils and the removal of iron by
atmospheric precipitation from the upper soil bedding rocks
to greater depth (Dmytruk, 2008).

In soils, iron is a part of some minerals confined to
different particle size fractions. Its main mass is
concentrated in the clay part, consisting mainly of
hydromica. Insignificant iron content is included in the
composition of the heavy fraction minerals: magnetite, black
mica, amphibole, titanic iron ore, etc. (Glazovskaya, 1990).

Wide fluctuations in the content of calcium oxide are
observed in NNP soils (up to 42 %). Increased
concentrations are recorded for peatlands and Soddy
calcareous light loam soils on loess-like loams and water-
glacial sediments. The maximum concentration of CaO is
characteristic of the iluvial soil bedding rocks.

Calcium in the studied soils is connected with plagioclases,
clay minerals and minerals of heavy fractions (amphibole,
tourmaline, pyroxene, etc.). The main part of it is caused by
carbonates, particularly in transition soil bedding rocks.

Spreading of microelements in genetic bedding rocks of
the main soil types of the NNP is determined by a wide
variability. In sod slightly podzolic sandy soils accumulation
of microelements is observed mainly in the upper humus
part of the profile. In the studied sections there are two types
of spreading of microelements: the accumulation of
elements in organic bedding rocks with a gradual decrease
in the concentration in the lower part of the profile and the
spreading of the eluvial-illuvial type. The first type is
characterized by an increasing spreading of Zn, Pb, and the
second one — Co, Ni, Cu, Mn.

The maximum concentration of Pb, Cu, Zn in light gray
light loam soils on loess-like loams is confined to the upper
part of the soil profile; Ni, V — to the transition and lower
parts. Transient bedding rock is obviously the area of
removal elements. In the layer of light gray soils (sampling
point Ne 8-19), which is located in area of the former hunting
grounds "Batozharnia", the maximum concentration of
elements is confined to the transitional bedding rock.

In sod low-medium-podzolic sandy soils with depth there
is an increase of the content of Si, Na, K, Mg and Ca, as well
as the pH of the soil solution and a decrease — Mn, Ti, Al. It
turns out that there is a zone of leaching in the humus-eluvial
bedding rocks (HE) and the accumulation in the first from
the surface mineral, transitional to the rock, iluvial bedding
rock (IR) of Al and Fe oxides.

In soddy-calcareous soils, the concentration of Si, Te, Al,
Mn, K decreases with depth, while Ca, Mg increases. The
division of the profile of soddy-carbonate light loamy soils into
silicate and carbonate parts has a significant effect on the
vertical spreading of microelement. Most of microelements
accumulate in the upper silicate part of the profile.

Spreading of microelements in soils is inherited from the
composition of soil-forming rocks. The main factors in the
spreading of microelements in soils are organic matter, clay
minerals and acid-base conditions. Analysis of
microelements correlations nature with the physicochemical
parameters of soils shows that in sod-carbonate light loamy,
sod low-podzolic sandy and light gray light loam soils most
microelements, as well as Ti, Mg, Al correlate positively with
the content of dusty and silty fractions and organic matter.
This is due to the strong connection of microelements with
organo-mineral complexes of soils.

Spreading of soil-forming elements over the genetic
bedding rocks of the studied soil types is subject to general
tendency of concentration respreading: decrease in the
content along the profile of Te, Fe, Mn and increase in Ca
and Mg.

An important factor contributing to increase in the
content of these elements in upper part of the soil profile is
the increased content of clay mineral particle size fractions
and organic matter. Another reason is the carbonate content
of the soil-forming rocks, which provides a change in acid-
base conditions in the lower bedding rocks of soil profiles.

There are relations between spreading of soil chemical
elements and their particle size spreading. In Soddy slightly
podzolic sandy loam soils, an increased content of Si, Na
was recorded, in Soddy gley sandy loamy soils — Al, Fe, in
Soddy slightly podzolic sandy soils with a significant content
of silty fractions — Ca, Mg.

Content of toxic elements in the landscapes of
National Natural Park "Tsumanska Pushcha". It has
been established that the indicators of the accumulation of
heavy metals in soils of the NNP are significantly higher than
average data for Kivertsevski district of the Volyn region.

Anthropogenic impact, in addition to agricultural activities,
is associated here with large enterprises, in particular PJSC
"Tsuman”, LLC "Tanforan", LLC "Kaminskiy Timber and
Venuses", LLC "Ukrlesservice", spontaneous dump of
Tsumansky production department of housing and communal
services p.g.t. Tsuman and Kadysche village), p.g.t.
"Renaissance", PAF "Vistula", HK "Lutskvodokanal", etc.

Wastes of enterprises are substances of | — IV classes
of danger. In particular, waste containing aluminum,
vanadium, chromium and their compounds, lead (including
Batteries for storage purposes or broken ones), iron
carbonyls, etc.

Most of the studied HM exceeds the regional
geochemical background. Migration and spreading of each
metal along the profile of Soddy weakly — medium podzolic
soils has its own specifics. Greatest accumulation of copper
and zinc occurs in forest litters, and in mineral part of the
profile it has a weakly expressed eluvial-iluvian character.
Content of nickel, cobalt and manganese increases with
depth of its accumulation in soil, which are characteristic of
the chemical composition of glacial sediments (Lubben
et al., 1991; Sauerbeck et al., 1991).
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It is noted that the amount of chromium, manganese and
cobalt is higher in soil-forming rocks than in forest litters.
Spreading along the profile of chromium, no regularities

were found. The average HM content in the main soil types
of the NNP territory is presented in Tables 3 and 4.

Table 3
Average HMs indicators in genetic bedding rocks of soil, most typical for the territory of NNP
Bedding rock, depth Mn | Pb | Cr Ni Zu | Cu
Sod-slightly podzolic sandy on water-glacial sands and sands lined with Neogene-Paleogene sediments (sands and loams)
Ho, 0-2 cm 430.0 38.0 23.2 26.2 274.7 23.5
HE, 2-4 cm 176.2 6.2 26.8 13.1 222.5 9.2
E, 4-20 cm 278.4 6.4 28.2 17.4 2514 19.1
I, 20-60 cm 292.6 5.2 29.1 11.3 232.6 17.4
Pl, 60-130 cm 271.5 6.0 19.2 11.7 221.8 18.6
Sod-medium podzolic sandy loam, on water-glacial sediments, with deep bedding of chalk rocks
Ho, 0-2 cm 367.3 291 294 31.0 310.7 32.9
HE, 2-5 cm 259.0 7.9 34.2 23.6 2274 11.2
E, 5-28 cm 383.6 7.0 34.1 26.3 254.9 11.7
|, 28-43 cm 510.3 5.1 38.6 254 267.1 14.2
IP, 43-124 cm 554.7 4.6 40.1 25.7 253.9 20.2
Peat-boggy on ancient alluvial sandy and loamy sediments
THkop, 0-14 cm 362.9 19.6 28.3 27.6 341.3 29.3
HPk, 14-26 cm 341.5 10.2 375 24.3 320.5 15.7
Phkgl, 26-31 cm 346.2 13.4 44.3 26.3 343.1 17.4
P(h)kGl, 31-46 cm 362.5 9.0 43.2 25.4 346.8 19.2
Soddy carbonate sandy loam on eluvium of carbonate rocks
Ho, 0-2 cm 320.4 38.3 26.3 26.0 494.3 22.2
Hk, 2-26 cm 280.6 275 34.4 24.3 363.9 16.4
Hpk, 26-43 cm 210.2 34.7 36.7 32.6 381.8 18.6
Pk, 43 > cm 168.6 24.2 34.3 31.8 382.0 21.2
Table 4
Total content of micronutrients in the soils of NNP
Average values | Limits of oscillation Average values | Limits of oscillation
Element p— Ke: Background
g/kg ci values mg/kg
Content of gross forms Content of mobile forms
Mn 420 8.1-830 1.06 395 0.89 0.27-1.9
Cr 30.4 5.2-60.8 0.7 39 0.48 0.33-0.9
Ni 25.5 6.3-50.7 2.1 12 0.8 0.6-1.6
Zn 350 60.3-700 5 42 1.1 0.5-2.1
Cu 254 6.5-50.4 3.1 8 1.7 0.9-3.4
Pb 30.5 6.4-60.5 2.7 11 0.6 0.38-1.2

By gross content of micronutrients in soil we can arrange
the following series of geochemical: Zn> Cu> Pb> Ni> Mn> Cr.
Accumulation of lead in forest litters up to 2-3 LOC is clearly
traced.

Obtained data about accumulation of heavy metals in
soils of the NNP territory are of significant importance, since
they are the basis for identifying spatial patterns of soil

Most of heavy metals spread unevenly in the soil cover.
High values of the coefficient of variation (V) are more than
34 % typical for heterogeneous set of data on concentration
of all studied HMs (Table 5). The highest rate of variation
was found for lead concentration — 170 %, and the lowest
values were obtained for content of chromium — 34 % and
zinc — 36 %.

pollution and establishing the local geochemical
background.
Table 5
Statistical indicators of HMs content in NNP soils, mg/kg
Element (background) Arithmetic mean Geometric mean Maximum value | Minimal value o V, %
Mn (395) 420 81.9 830 8.1 341.0 81
Pb (11) 30.5 19.6 60.5 6.4 52.1 170
Cr (39) 30.4 8.1 60.8 5.2 10.5 34
Ni (12) 25.5 17.8 50.7 6.3 11.6 45
Zn (42) 350 205.9 700 60.3 76.7 36
Cu (8) 29.4 19.8 60.4 6.5 214 72

To characterize the average content of heavy metals in
the soils of the NNP, the arithmetic and geometric mean
values were calculated. This is due to the fact that the
indicators of the concentration of elements in soils vary
greatly and do not obey the law of equable spreading. As a
result, arithmetic mean strongly depends on the presence of
small number of samples with higher levels of elements. In
such cases, it would be more correct to use geometric mean
to estimate the HM content in the soil. Geometric mean N of
numbers is equal to the root of the Nth degree from the

product of these numbers, in this case — product of all
obtained values of the content of a particular chemical
element. Such an indicator is always less than arithmetic
mean, in terms of its value, large deviations and fluctuations
between individual values in the studied set of indicators are
much less affected.

High value of the standard deviation (o) is an indication
of the average values of sporadic. Minimum standard
deviation was obtained for chromium concentrations — 30.5,
and maximum for manganese 341.0.
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Table 5 also presents characteristics of the average values
of the HM content in soils of the NNP. The average content of
all studied HMs exceeds their regional background values.

Lead. Lead usually accumulates in fractions <0.01 mm.
Its main concentrators are clay minerals and associated
impurities. Gross Pb content in NNP soils averages
30.5 mg/kg almost does not exceed the LOC (32 mg/kg), but
3 times higher than regional background (11 mg/kg).
Indicators range from 6 mg/kg in sod-slightly podzolic gley
sandy soils to 60.5 mg/kg in Soddy calcareous light loamy
soils. In its mobile form, lead is on average at 0.4 mg/kg, the
fluctuation range is 0.06—1.9 mg/kg.

However, the geometric mean value calculated by us is
19.6 mg/kg, which is significantly lower than the LOC.
Elevated lead content is characteristic of the soils of the
western part of the park with developed economic sector
and accordingly large anthropogenic load on the soil cover.
Significant lead accumulation was found in soils of territories
characterized by an increased density of road traffic
(Tsuman, Zhuravychi, Kivertsi, Sokyrychi). In places of
increased exposure to vehicles (roadsides), high levels of
lead accumulation (46-52 mg/kg) are probably due to the
use of tetraethyl lead in gasoline until recently. The
maximum value of lead content is observed on the lands of
the park adjacent to the lake (point Ne 25) — 59.8 mg/kg. It
should be noted that within the military unit to the north-west
of the village Zhuravychi there is a technical zone. In the
soils of this territory, high values of lead content were also
found — 42-57 mg/kg (point Ne 23). Within the 15th quarter
of Horynskii and 49th quarter of the Lopatenskii forestry,
lead content in soils is also increased and amounts up to
42.6 mg/kg (point Ne 37). With distance from center of the
military unit, a noticeable decrease in concentration of lead
in soils is observed.

Least slightly contaminated with lead, in comparison with
other parts of the park, is the floodplain of the river Rudka,
composed of sandy and loamy alluvium with peat-bog soils
and peat bogs under the black alder forests and bog-grass
meadows, where its content does not exceed 5 mg/kg.
Thus, the studies carried out showed that the highest lead
contamination in soils was detected on lands of the category
of economic use (55.3 mg/kg) and zone of stationary
recreation (up to 60 mg/kg). It is important to note that on
lands of economic use, the concentration of lead in some
areas increases with depth and can reach 3-4 LOC in soil
bedding rocks close to the parent rock. Also, high values
were found for the lands of the protected area, especially for
the test plots with Soddy calcareous light loam soils on
loess-like loams. Here, lead content exceeded the LOC in
only one test plot (57.3 mg/kg).

Barrier role of forest litters is clearly traced, preventing
entry of lead into the underlying ground bedding rocks.

Zinc. Average zinc content in NNP soils is 210 mg/kg,
which exceeds the background values (42 mg/kg) and the
maximum concentration limit (150 mg/kg). Content of mobile
forms of zinc ranges from 0.5 to 2.1 mg/kg. Humus bedding
rock is characterized by more intensive removal of mobile
forms of zinc.

Content of gross forms of zinc in soils ranges from
60.3 mg/kg to 700 mg/kg. The highest concentration is
characterized by sod-slightly podzolic sandy soils on water-
glacial sands (620-700 mg/kg). The maximum value was
recorded on territory of the military unit on the north-west of
the village Zhuravichi (point Ne 136 — 670.5 mg/kg). On
lands of economic use, maximum concentration of zinc —
450-680 mg/kg — was found in soil samples taken in quarter
55 on sampling plot Ne 81 and in the "Hrud" tract. On rural

lands, the maximum value of zinc, which reaches
321.6 mg/kg, was found in the village Yaromel (point Ne 26-
19). The highest zinc content was found to the left of the
road to Tsuman (point Ne 35-19) — 700.6 mg/kg, where an
unauthorized household landfill operates. On lands of the
protected area this element is less than 60 mg/kg in soil
content. Thus, in the NNP, including protected areas, there
is a tendency to accumulate zinc. Exceptions are denudation
interfluve lowland plains, composed of low-strength water-
glacial sands and sandy loams, with shallow marls and
chalks, with sod-podzolic, sod-gley and humus-carbonate
clay-sandy and sandy soils (Zn content up to 20 mg/kg)
(Kabata-Pendias at ai., 2007).

It is known that zinc is easily adsorbed by clays and
colloids of organic matter. It has different complexing ability
depending on the composition of organic matter. In
wetlands, 41 % of zinc and 13 % of fulvic acids are bound to
the humic acid fraction. Because humic and fulvic acids
differ slightly in structure and properties, their ability to form
complexes with metals is different. Based on the study of
humates and fulvates of the park soils, it was also found that
zinc mainly forms complexes with humic acids, but the
complexing ability of this element with fulvic acids is much
lower (Kabata-Pendias et al., 1989).

Nickel. Average nickel content in the organogenic and
mineral bedding rocks of the soils of the NNP is average
25.5 mg/kg, however, its concentration varies widely — from
3 mg/kg, in sod-slightly podzolic sandy (point Ne 20—19) up
to 40-50 mg/kg in turf carbonate light loam soils (point
Ne 25-19) and lowland peatlands (point Ne 22—19). In the
studied soils, nickel is contained exclusively in thin fractions
(<0.01 mm). In general, its average concentration in the
soils of NNP is 1.5 above the background values.

The average content of nickel in mobile form in the mineral
bedding rocks of the studied soils is at the level of 0.8 mg/kg,
which averages 22 % of its total content, which characterizes
the heterogeneous supply of soils in this area with mobile
nickel. Organogenic bedding rocks of mobile nickel contain up
to 1.3 mg/kg. With depth, the content of mobile Nickel
decreases to 0.29-0.34 mg/kg. We calculated the geometric
mean value — 17.8 mg/kg. Approximately the background
concentration level is 12 mg/kg, but the LOC level is higher
and equal to 20 mg/kg. In general, on territory of the NNP
there is a tendency to accumulate nickel in soils of the
floodplain of the rivers Kormyn and Rudka, including territory
of the old peat extraction (37-48 mg/kg). The research
revealed only one point (number 31-19) of nickel which is
50 mg/kg. The increased concentration of nickel was
recorded in soils of permanent test areas (points NeNe 40-19,
58-19) and in territory of an unauthorized landfill (point Ne 64)
— 47.1 mg/kg. On the lands of rural development, as well as
on lands of regulated recreation there are no values
exceeding the maximum allowable concentration. However,
level of background values of nickel content is exceeded in
most soil samples, regardless of land use category.

Chromium. Chromium is concentrated in small fractions
with a maximum content in fractions <0.01 mm. In the
fractions of 0.25-0.1 and 0.1-0.075 mm chromium is not
fixed or contained in small quantities (0.001%). In studied
soils, chromium is part of the organo-clay-iron aggregates
(in fraction of 0.075-0.01 mm), and also occurs in the form
of sorbed cations (clay fractions). The average value of
chromium in soils of NNP is 30.4 mg/kg, which is 3 times
less than the LOC, and below the level of the regional
background (39 mg/kg). Concentration of chromium in soils
varies from 5.2 to 60.8 mg/kg, which does not exceed the
maximum concentration limit. The results of research show
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that in the soils of NNP there is a tendency to the
accumulation of chromium in sod-weak and sod-medium-
podzolic sandy soils on water-glacial sands. Increased content
is characteristic of sod carbonate light loam soils developed on
loess-like loams. High levels of content (37—40 mg/kg) were
also observed for sod podzolic gley sandy soils (37—40 mg/kg)
and lowland peatlands (up to 50 mg/kg).

The maximum rate was observed in the 23rd quarter of
Horynskiy forestry (point Ne 47) — 49 mg/kg. The increased
concentration of chromium was found in low-power
peatlands in floodplain of the Rudka River (point Ne 6—-19) —
45.2 mg/kg. Indicators exceeding the regional background
of the content of this element are noted in 37 % of number
of soil samples taken on lands of the economic zone and
stationary recreation.

High level of chromium concentration in forest litters of
sod-slightly podzolic sandy soils on water-glacial sands is
46.2 mg/kg, which exceeds the background values by 3—4
times. The mineral horizons of these soils are also
characterized by a high content of chromium — 54.2 mg/kg,
which is a consequence of its significant content in the soil-
forming rock. Slightly lower concentration of chromium was
found in the mineral horizons of sod gley sandy soils —
21.5 mg/kg and sod podzolic gley sandy soils — 30.2 mg/kg.

The amount of mobile chromium in the mineral bedding
rocks of soils averages 0.48 mg/kg, which is 42 % of its total
content. The range of fluctuations is very wide — 0.33-
0.9 mg/kg.

Manganese. According to ICP-AES analysis, the
content of Mn in the soils of the NNP ranges from 8-
800 mg/kg. The average concentration is 420 mg/kg, with
regional background values of 395 mg/kg. Manganese in
the soils of the territory is in the form of isomorphic
impurities in clay, clay-iron aggregates of fraction 0.075—
0.01 mm or in clay minerals of fine fractions and in the
absorption complex.

It is established that on the territory of NNP separate
territories with dominance of sod-weakly podzolic sandy
(tract "Hrud") and alluvial layered sandy soils (quarter 4 of
integrated agricultural production center) depleted in
manganese, fluctuation limits are of 30-100 mg/kg.
Maximum concentration (700-800 mg/kg) is typical for light
gray loamy soils (former hunting grounds "Bazhotarnia").
High indicators of manganese content were recorded in the
mineral horizons of meadow-swamp and peat-swamp soils
(650-670 mg/kg). The selected samples are enriched with
organic matter. They also have a high proportion of mobile
forms of manganese — up to 1.9 mg/kg, while on average
they are about 0.89 mg/kg.

The increased content of manganese in the surface
horizon of the soil in the NNP is due, in our opinion, to the
fact that manganese is a biophilic element involved in redox
processes. In this regard, there is its biogenic accumulation
in the surface bedding rocks of the soil, in particular, in the
forest litter, formed from plant precipitation. In most samples,
amount of manganese is above the background level, but
below the LOC level, regardless of the category of nature.
High levels of manganese in the park are recorded locally,
which is not dangerous because the element is not a toxic
pollutant. However, at high concentrations, its phytotoxicity
is detected (Anitipov at al., 2002).

In the studied soils, manganese is found in clay-iron and
clay aggregates of fraction 0.074—-0.01 mm, in clay minerals
of fine fractions and in the absorbing complex.

Copper. Average copper content in NNP soils is
29.4 mg/kg, which is three times higher than the regional
background value (8 mg/kg). Geometric mean value of the

copper concentration in soils is 19.8 mg/kg, which also
exceeds the background value and is close to LOC level
(33 mg/kg). Copper is fixed in all fractions of soils of the
territory. The maximum values are typical for the fraction
<0,01 mm. There is higher concentration in fractions from
samples of transitional bedding rock, slightly less —in humus
bedding rock.

It was found that in soils of the studied area copper
concentrations have significant fluctuations — from 10 mg/kg
in sod-slightly podzolic gley sandy to 60 mg/kg in lowland
peatlands. According to research, the largest amounts of
copper are found in soils on forest deposits and on average
their content in soils of the park is 19—25 mg/kg. Maximum
concentrations of copper were also recorded in light gray
loamy, sod carbonate and sod podzolic gley sandy soils
(35-55 mg/kg). Sod-slightly podzolic sandy soils are
characterized by low copper content (5-6 mg/kg). According
to the spatial spreading of copper in soils, there is a
noticeable tendency for the element to accumulate in alluvial
layered sandy soils and low-power peatlands located in the
floodplain of the Rudka River. The maximum concentration
limit was exceeded in 27 % of soil samples. It should be
noted there are increased indicators of copper content in
sod-medium-podzolic sandy soils in 1-2 quarters of
Horynskiy forestry (point Ne 56) — 51.9 mg/kg and in sod-
slightly podzolic sandy soils integrated agricultural
production centre "Druzhba", sq. 10 (Davydiv Forest, point
Ne 35) — 55.5 mg/kg. Concentration of copper in the
protected area does not exceed 10-12 mg/kg. Content of
mobile copper in the mineral bedding rocks of soils averages
1.7 mg/kg. Low concentration of mobile forms of copper is
characteristic of meadow soils — 0.9 mg/kg. The highest
values of mobile copper were found in sod-slightly podzolic
sandy-sandy soils of 3.2 mg/kg, which is about 73 % of the
total copper content.

Conclusions. In spatial terms, the landscape-
geochemical structure of NNP and adjacent territories are
represented by calcium, calcium-carbonate, carbotate-gley,
acidic calcium geochemical landscape classes.

Analysis of the content of heavy metals in the soils of the
territory showed its non-uniform spreading and dependence
on the available sources of anthropogenic impact. The
highest concentrations of manganese and chromium are
found in soils developed on loess sediments, nickel and
copper on glacial sediments.

The main direction of further research should be the
study of the spreading of macro- and microelements in
various genetic types of soils; determination of the reference
content of elements in geochemical landscapes to establish
the intensity of migration and nature of the spreading of
elements; carrying out biogeochemical zoning.The data on
the spreading of pollutants in soil cover of NNP territory
landscape complexes are presented; it is an example that
illustrates the relevance of such an analysis, especially for
protected areas.

The promising tasks for further development of this
direction is the study of the distribution of chemical elements
in the "soil-plant" system of NNP territory; regularities of
composition, development and distribution of vegetation
cover depending on the geochemical parameters of the soil;
concentration of chemical elements in some types of plants;
seasonal dynamics of the content of elements; pathological
and specific plant diseases caused by the geochemical
features of the landscape; adaptation of plants to new
geochemical environmental factors.
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Hapivwna po peakonerii 19.12.2020

IHCTUTYT reoximii, MiHepanorii Ta pyaoyTBopeHHs im. M.IN. CemeHeHka HAH YkpaiHu,

npocn. Akaa. Mannaaixa, 34, m. Kuie, 03680, YkpaiHa

EKOJIOro-reOXimivHA OLIHKA po3noainy TEXHONrEHHUX ENEMEHTIB
HA TEPUTOPII KIBEPLIIBCbKOIO HALIOHAITbHOIO MPUPOAHOIO NAPKY "LIYMAHCbLKA NMYyLJA"

Po3ansinymo ocobnusocmi akymynsiyii ma po3nodiny 3abpyoHroganbHUX pe4yosuH y naHowadgmax KHIIM "LjymaHcbka lMywa” e ymosax npupo-
OHuX i MexHO2eHHUX 2eo0xiMiYHUX aHOManil. AHani3 eMicmy eaxKux Memariie y rpyHmax mepumopii 3aceidyue HeoOHopidHull po3nodin ma 3anex-
Hicmb 8i0 HasisHuUX O)epesl mexHo2eHHoz20 ernusy. [lpoaHanizogaHOo Macue OaHUX ma po3paxo8aHO 2eOXiMiYyHi KoegpiyieHmu HaKonu4YeHHs
OCHOBHUX 3abpydHIoeadyie. Halieuwji KoHUeHmMpauii Map2aHyt0 ma xpomy Maroms rpyHmu, wjo po3euHymi Ha siecoeux eidknadax, a Hikesro ma mioi
— Ha 800HOIbOO0OBUKOBUX 8iOKNadax. binbwicmb docnidxysaHux eaXKux Memarsiie nepesuuyye pe2ioHasbHUl 2eoximiyHuli hoH. 3a eanosum emic-
mom y rpyHmax MikpoenemeHmu ¢gpopMyroms makuli 2eoximiyHul psid: Zn>Cu>Pb>Ni>Mn>Cr. Yimko npocmeyembcsi HAKONU4YeHHs 8 jlicoeux nio-
cmusikax ceuHuyro — o 2-3 K.

Binbwicme eaxKux Memariie y rpyHmosomy rokpuei po3nodineHi HepieHomipHo. Bucoki 3Ha4eHHs1 koeghiyienma eapiauii — noHad 34 % — xapa-
KmepHi Onsi He0OHOPIOHOT cyKynHocmi OaHux w000 KOHUeHmpauil ecix docnidxyeaHux eaxkux memarnis. Halisuwuli noka3Huk eapiauii eusieneHuti
0Onsi KoHUeHmpauil ceuHyto — 170 %, HaliMeHwi 3Ha4eHHs1 ompuMaHi dnsi emicmy xpomy — 34 % i YuHKy — 36 %. Y eusyeHux rpyHmax criocmepiaa-
embcsi dea munu po3nodiny mikpoeneMmeHmia: aKkymynsiyis eneMeHmie e op2aHiYHUX 20PU30HMax 3 MOCMYNOBUM 3MeHWEeHHSIM KOHUyeHmpauii e
HUXHIl YyacmuHi npogpinto ma po3nodin 3a enrosianbHo-inoeiansHUM munom. [insi nepwo2o muny xapakmepHuli 3pocmatroyuli po3nodin — Zn, Pb,
ons dpyzozo — Co, Ni, Cu, Mn.

BukoHaHO ekos1020-2e0XiMi4Hy OUYiHKy po3rnodiny mexHo2eHHuUx enememie mepumopii KHIIM "L{ymaHcbka lMywa" Ha OocHO8i MOPi@HSIHHSI MexXHo-
2eHHOi 2eoximiyHOI cneyianizayii pizHux cepedosuuy (6oda, rpyHmu mouwo). [ins oyiHku posii KoMnoHeHmie naHowagmy e 3a2asnbHili 2e0XiMiyHil
aHomManbHOCMi mepumopii 3anPonoHoeaHo cmeoprogamu CyMapHi eKoJ1020-2e0XiMiyHi OyiHKU, wo npedcmaenisiomb CyMy 3Ha4eHb KoeghiyieHmie
KOHUeHmpauyii nosromaHmie 8 oKpeMux KOMrNoHeHmMax.

OCcHOBHUM HanpsimoMm nodanbuwiux docnidxeHb Mae 6ymu eue4eHHsi po3nodiny MakKpo- ma MikpoesnieMeHmie y Pi3HUX 2eHemu4yHuUxX munax
rpyHmie; eu3Ha4yeHHs1 emasloHHO20 eMicmy esleMeHmie y 2eoximiyHux naHOwagmax Ans1 ecmaHo8sIeHHs1 iHmeHcueHocmi mizpauii ma xapakmepy
po3nodiny enemeHmie; npoeedeHHs1 6io2eoxiMi4HO20 palioHy8aHHS.

Knroyoei cnoea: eanoeulii emicm, mexHo2eHHi enemMeHmu, koegiyieHmMu HaKONUYEHHS.
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9KOJIOI0-rEOXMMNYECKAA OLEHKA PACNPEOENEHNA TEXHOIMEHHbIX SJIEMEHTOB
HA TEPPUTOPUUN KUBEPLIOBCKOIO HALIMOHAJIbHOI'O NMPUPOOHOIO MNAPKA "LIYMAHCKASA NYLLA™

PaccmompeHbl ocob6eHHOCMU akKyMynsiyuu u pacrpedesnieHus 3ae2psi3Hsiroujux eeujecme 8 naHowadgpmax KHIIM "LlymaHckas Mywa” e ycnoeusix
MPUPOOHBIX U MEXHO2EHHbIX 2e0XUMUYeCKUX aHoManull. AHanu3 codep)xaHusi msixesibiX Memasioe 8 no4yeax meppumopuu rnokasasa HeoOHopoodHoe
pacnpedesieHue U 3a8UCUMOCMb OM UMEIWUXCSI UCMOYHUKO8 mexHo2eHHo20 eo3delicmeausi. [TpoaHanu3uposaHbl Maccuebl GaHHbIX U paccyu-
maHbI 2eoxumuyeckue Ko3ghguyueHmbl HaKoMIeHUs1 OCHOBHbIX 3a2psi3Humerel. Haubosnee ebicokue KOHUeHMpayuu MapaaHya u xpoma umerom
noyebl, pa3zgumsbie Ha JIECCO8bLIX OMJIOKEHUSIX, HUKeJISI U MeOu — Ha 800HO/IeOHUKOBbLIX OMIoXKeHusiX. BonbwuHcmeo uccnedyembix msxenbix Mme-
mainnoe npeebiwiaem pe2uoHanbHbIl 2eoxumudeckuli ¢hoH. Mo sanoeomy codepxxaHuro 8 noYyeax MUKpo3sieMeHmb! ¢hopmupyrom credyrowjuli 2eo-
xumuyeckulii psid: Zn> Cu> Pb> Ni> Mn> Cr. Yemko npocnexueaemcsi HakonsieHusl 8 JIeCHbIX nodcmusikax ceuHya — o 2-3 K.

BonbwuHcmeo msixenbix Memasnsoe 8 NoYeeHHOM MoKpoee pacrnpedesieHbl HepagHOMEPHO. BbicoKue 3HavyeHus KoaghghuyueHma eapuayuu —
6onee 34 % — xapakmepHble Onsi HEOOHOPOOHOU COBOKynHOCMU OaHHbIX O KOHUeHmpayuu ecex uccredyeMbix msxenbix memasnnos. Cambiii
8bICOKUL MoKa3ameJsib 8apuayuu o6Hapy»xeH Onsi KOHUeHmpayuu ceuHya — 170 %, HauMeHbWwue 3Ha4eHus NoJslyYeHbl Onsi codepxaHusi xpoma — 34 %
u yuHka — 36 %. B usy4yeHHbIx no4yeax Habnroodaemcsi dea muna pacnpedesieHuUsi MUKPO3JIEMEHMOB8: aKKyMyIsiyusi 3/IeMeHMOo8 8 op2aHUu4ecKux
20pU30HMax ¢ NocmeneHHbIM yMeHbWeHUeM KOHUeHmpauuu 8 HWwxHel Yacmu npogbusisi u pacnpedesieHue 1o 3/1108UasibHO-UMLTI08UalbHOMY mury.
Ans nepeoz2o muna xapakmepHo pacmyuwee pacnpedeseHue — Zn, Pb, dnss emopozo — Co, Ni, Cu, Mn.

BbinonHeHa 3Ko1020-2eo0xuMuYeckasi oyeHka pacrnpedesieHusi mexHo2eHHbIX anememoe meppumopuu KHIIM "LlymaHckas lMywa” Ha ocHose
CpagHeHuUs1 mMexHO2eHHOU 2eoxuMuYyecKoli crneyuanusayuu pasiuyHbix cped (eoda, noyebl u m.o.). [ins oyeHku ponu komnoHeHmos naHowagma e
obujeli 2ceoxumuyeckoli aHoMaslbHOCMU meppumopuu npedsIoKeHO paccyumamb CyMMapHYH 3KOJI020-2e0XUMUYECKYI0 OUeHKY, Ymo npedcmae-
nisilem cyMMy 3Ha4YeHul kKoaghghuyueHmos KoHyeHmpayuu 3a2psisHumesneli 8 omaesibHbIX KOMIMIOHeHmMax.

OCcHO8HbIM HanpasesieHueM danbHelwux uccnedosaHuli o/KHO cmamb UsyyeHue pacrnpedesieHUss MaKpo- U MUKPO3/IEeMEHMO8 8 Pa3/lu4dHbIX
2eHemu4eckux munax noyes; onpedesieHUe 3MasloHHO20 codepiKaHUsI 3/IEMEHMNO8 8 2e0XUMUYeCKUX NTaHOwagmax Onsi ycmaHo8J/IeHUs1 UHMeHcus-
HOCmMu Mu2payuu u xapakmepa pacnpedesieHus1 aieMeHmos; nposedeHue 6U02e0XUMUYECKO20 PalioHUPOBaHUsI.

Knioueenie crnoea: sanoeoe codepikaHue, mexHo2eHHbIe 3/1eMeHMbI, KO3ghUYUeHMbI HaKOMEHUsI.
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AKTYAIbHI 3ABOAHHSA WWNIXOBOro AHANI3Y CYYACHUX AOOHHUX OCAAKIB

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM 2eos. Hayk, douy. C.€. LlIHokosum)

MiHepanoeziyHuti aHasi3 — 00uH 3 Kilro4oeux Memodie 00CidXeHHs1 KOMIMTOHEeHMHO20 cKilady OOHHUX ocadkie nosepxHeaux 8000UM.
3a Uozo pesynbmamamu 30ilicCHIOEMbCSI OYiHKa nomeHyiany mepumopii 05 2ocrnodapcbko2o sukopucmarHs. [1i0 yac nposedeHHs1
witixoe020 MiHepasi02iYHO20 aHai3y 3a KIacU4HOK CXeMO 8UHUKalomMb empamu UiHHUX MiHeparie Ha cmadii eiOMynroeaHHs1. 3epHa
8aXKKux MiHepaiiie y npouyeci mpaHcropmyeaHHsI 00HUM MMOMOKOM Habyearomb ckiiadHOi MOpghosT102i4HOI cCmpyKmypu, cmarome MOH-
KuMu, mpiujuHyeamumu, nopucmumu i, siK Hacnidok, 6inbw nnuesyyumu. Tomy e npouyeci niGzomoeku npobu Ao MiHepanozi4YHo20 aHa-
Ni3y 3Ha4yHa 4YacmuHa MiHepanie eaxkoi ¢ppakuii mompansnsie e wnamoey 4acmuHy, sika He 6epembcsi 3o yeaz2u. 3anpornoHoeaHa
asmopamu e0CKOHasleHa cxema nidzomoeku npo6bu s docidxeHHs1 do3eorsie 6inbw demasibHO Po32JIIHYMuU Mamepias 3 ypaxyeaH-
HSIM MyJI080i YacmuHu, a eidnoegidHo Ui 3aMeHWUMuU empamu UiHHUx ckiadoeux. Takuli nidxid nideuwye sikicmb MPoeedeHO20 aHali3y
ma 003801/151€ KOMI/IeKCHO sug4amu cks1ad OoHHUX ocadkie. BucHoeku 3pobnieHi Ha npuknadi npo6, eidi6paHux Ha mepumopii Ykpaivu,
30Kpema 3 OHa eeslukux pik YopHomMopcbKko20 b6aceliHy, pivok ma 6anok Kpueopixoksi, Manux pidok lMieHiyHo20 Mpua3oe 's.

Y x00i npoeedeHHs1 docidxeHb y 8cix ompumaHux ¢hpakuisix 6y10 susiesieHo He Jiuwe NPUPOOHi cknadoei, a Ui mosIromaHmu, nepe-
8a)KHO y su2ssi0i ducnepa208aHO20 M/1IacMUKy, CUHMEemMUuU4HUX 80J/10KOH, 6imymy, sidxodie i npodykmig dismbHocmi memanypeaitiHux nio-
npuemcme. MinepanoeiyHuli aHanis, 30ilicHeHuUli 3a MaKor PO320PHYMOK MemoOUKoHo, 8i0Kpueae nepcrekmueu Ossi peHmabesbHo20
8UKOpUCMaHHS crneyiasibHO pPo3pobrieHUX MemoOouk Onsi eudineHHs YiHHUX MiHepasie ma KoMnoHeHmMie 3 JOHHUX ocadkie i 0OHOYacHO
oYyucmku npupodHo20 Mamepiany eid wkionueux domiwok. Omxe, yeli Memod nepemeoproeMbCsi wie U Ha eKosoeiYHull iHcmpymeHm
ma kmoY 0o 6e38i0X00H020 8UKOPUCMAaHHSI NPUPOCHUX pecypcis.

Knroyoei cnioea: AoHHi ocadku, MiHepanozi4Hull aHasi3, npoMuciosuli pe2ioH, ekoso2isi.

BcTyn i noctaHoBka npo6nemu. LLnixoBuii aHanis wu-
POKO BMKOPUCTOBYIOTb 4151 BUBYEHHSA JOHHUX OCaKiB NoBe-
pXHEeBMX BOAOMM. 3 MOro [JOMOMOro BW3HaYalTb
MeTarnoreHiyHy i akuecopHO-MiHeparoriyHy cneujianisauito
perioHy, oxepena 3Hocy pyAHWX MiHepanis Ta opeorni ix po-
3CilOBaHHs, NoTeHuianbHy PYyAOHOCHICTb OCagoBUX TOBLL,
reHe3nc Ta MiHepanbHWUi cknag pya, CTyniHb TEXHOreHHOro
3abpyaHeHHs TepuTtopii (LLIHoKoe ma WHosemues, 1975;
Karnaukhova, 2007; Mykhailov et al., 2013; Rapson, 1965).
B YkpaiHi wnixoBuin MiHepanoriMyHUin aHania ctaB OgHMM 3
OCHOBHUX MeToAiB NiTonoriyHnx gocnimkeHb. BiH BusiBMB
CYTTEBY BapiaTMBHICTb cknagy Baxkoi dpakLii JOHHWUX oca-
OKiB NPUPOOHUX | LUTYYHMX BOAOWM Ta 3Ha4yHe 3abpyaHEeHHs
ix npomucnosumn Bigxogamu. OgHOYACHO BCTaHOBIEHO,
L0 YaCTUHA BaXKKNX PYOHUX | iIHONKATOPHUX MiHeparnis BTpa-
YaeTbCA 3 BOAHWM MOTOKOM Mid 4Yac BiAMUBKM "Ciporo
wnixy". MpucyTHICTb Yy AOHHOMY Ocafi NPOAYKTIB TEXHOore-
Hesy i BTpaT NPUPOLHNX BAXKUX MiHEpaniB nepeLuKkomka-
10Tb  e(EKTUBHOMY BUKOPUCTAHHIO LUMIXOBOro MeToay,
YCKMaJHIOITh 3aCTOCYBaHHSA rpasiTaliiHux MmeToais 36ara-
YeHHs poscunis. Tomy npobnema nigBULLEHHA ePeKTUB-
HOCTi LWWIIXOBOro MeToAy € aKkTyanbHOW AN KpaiH 3i
3HAYHMM MOTEHLANoOM POLOBULL, PO3CUIMHOTO TUMY.

AHani3 ocTtaHHix gocnigxeHb Ta nyonikauin. Knacu-
YHa CcxeMa NigroToBKW LUNIXOBMX NPOG BKMOYae BigMyrnto-
BaHHSA, BiAMMBKY "Ciporo Lunixy", po3aifeHHst Noro y BaXKuX
piavHax, BuaineHHs MarHitHoi (M®), enekTpomMarHiTHOI
(EM®), HeenekTpomarHiTHoi (HEM®) i nerkoi (J1®) dopakuin.
KinbkicHMIA MiHepanoriyH1im aHania oTpumaHunx cppakuin go-
3BONSE pospaxyBaTu BMICT MiHepaniB ocafy B rpamax Ha
TOHY (r/T) (Baxaposa, 1960; KonyeHosa, 1951). 3 uieto me-
TOK 3aCTOCOBYHTbLCHA anapaTt KOMM'IOTEpPHOro aHaniay, on-
TUKO-MaTemaTu4Hi nporpamm, peHTreHoa3oBi BUHAYEHHS
i T. iH. Y noganblomMy uUs iHpopMaLis BUKOPUCTOBYETLCS
ONsi BUPILLEHHS Pi3HOMaHITHMX reonorivyHux 3agad (LLIHwokos

ma WHo3emues, 1975; Karnaukhova, 2007; Mykhailov et al.,
2013; Yang et al., 2002).

BuaineHHs HeBUpileHMX paHille YacTUH NpoGnemMu Ta
c¢hopmynioBaHHA Uinen crarTi. Hegonikom BkazaHoro metoay
€ BTpaTta ApidHMX i MOPONOriYHO CKNagHUX PYAHWX 3epeH Y
FMMHKCTIN dopakuii, WO BUMMBAETLCS 3 ocaay. BHacnigok Lporo
BMICT NMPOMMCIIOBO BaXKIMBUX MiHEPArTiB LUTYYHO 3aHWDKYETHCS.
3MEHLLYHOTBCS MITOLLI BUSIBIIEHUX OPEOSiB PO3CiHOBAHHS. SHIKY-
€TbCA ePEKTMBHICTb MOLLUYKOBKX POBIT i BipOrigHICTb BigKpUTTA
HOBWX POAOBWLL. 3aHWKyHTbCst 6anaHCcoBi 3anacu CUPOBWHU B
ponoBwLLaX, SKi NepefalTbes B ekcrnyarauijio. BTpaTty 3ymos-
neHi HedoOUHKO (haKTOPIB HAKOMWUYEHHSI TOHKMX BUAINeHb
3oroTa, cpibna, nnaTvHu Ta iHWux metanis. Mpobnema nornmb-
TNOETLCSA BHACTIAOK BUKOPUCTaHHSI 3acTapinux MeTOAIB cenapa-
Ljii po3cmniB | TEXHOMNOTYHOro 0GriaAHaHHS 3 HU3bKMM BUXOLO0M
KOPWCHOrO KOMMOHEHTY B KOHLIEHTPAT Ta 3Ha4YHMMW BTpaTamu
CynyTHiX GinbLu piaKicHMX MiHepaniB, OCKifbK/ BOHW nepexo-
OsTb Y Biaxoam 36aravyeHHs. ToMy peHTabenbHICTb BUPOOHML-
TBa OCHOBHOIO KOHLIEHTpaTy 3HWXYETbCS. Benuka KinbkicTb
He Aoyxe Baratux, ane KOMMMEeKCHUX po3cuniB 3 LET NpUYnHA
He BianpaLboBYETLCS.

Y NpOMUCNOBO HAaBaHTaXXEHMX perioHax 3pocTae 3abpya-
HEHHS antoBito pivok. MpupogHi 3pini ocagm 3 ix Toukamm Mi-
Hepanisadii i po3scvnamm BaXkuUx MiHepaniB MNepekpunmchb
CY4YacHVM 3MilllaHUM MPUPOOHO-TEXHOTEHHMM MaTtepianom,
LLIO JOKOPIHHO 3MiHMB MeTaroreHiyHy i TepureHHo-MiHepano-
riyHy cneujianizauito CeAUMEHTY KOHTUHEHTanbHUX | MOpPCh-
knx OacenHiB. B okpemMux ainsHkax piYkoBUX [OMWH i
MOPCBKMX MISKIB CriocTepiraeTbCA popMyBaHHS PyAHUX rpa-
yBaKiB i pO3C1niB 3 MiABMLLIEHMM BMICTOM anpupogHOi KOMMo-
HEHTW, YacTo LWKIANMBOI Ans pekpeauiHux 3oH (Manaxos
ma iH., 2011). dlaHi acnekTy Wwe He 3HaWLWM Bi4NOBIOHOIO BU-
CBITIEHHS B JTITONOrYHNX AOCHIOKEHHSIX CbOrOEHHS.

Baxnuse 3HayeHHs LWNiXOBOro aHanisy i AOCTOBIPHOCTI
noro pesynbTaTtiB NpUMBOAUTL OO0 HEOOXiOHOCTI yOOCKOHa-

© IBaHueHko B., Bepbo3skiHa J1., CteueHko B., KoBanbuyk I1., 2021



ISSN 1728-2713

FEONOrIS. 2(93)/2021

~ 25 ~

NEHHs KNnacu4HoI cxemMum, yHidikauii i ctaHgapTu3auii okpe-
MUX Ti onepaui. PO3BMTOK HOBUX MeTOAIB 30ara4yeHHs Oo-
3BOnse €KOHOMIYHO 06rpyHTOBaHNM crnocobom
BMKOPUCTOBYBATWU KOMMIEKCHI PO3CMNN 3 LOCUTb HU3bKUM
BMICTOM OKpPEMWX KOPWUCHWUX MiHepaniB. BuMHWkae HeoOXxia-
HICTb NepeoLiHKK | 4OAATKOBOro MiHepanoriyHoro BUBHYEHHSA
6iaHuX pya Ta BigxopniB 36arayeHHst Ha HOBOMY, GinbLu sikic-
HOMY piBHi. ABTOPM Ha OCHOBI BriacHOro Aocsiay i nireparty-
PHMX OaHuX OOMOBHWMY NpakTuKy LLMiIXOBOro
MiHepanoriyHoro aHanisy HoBMMu crocobamu Ta igesmu.
MeTa po60TH: CKOPOTUTK BTpaTK BaXXKMX MiHepariB 3a
paxyHOK BUKOpPUCTaHHA MopdoceaMMeHTaUinHOl AndepeH-
Uiauii Ha ctagii nigrotoBkm npo6, NigBUWUTUN TOYHICTb BU-
3HaYeHHs1 BMICTYy KOPWUCHWX MiHepaniB, AaTu KifbKiCHY
iHhopmaLito nNpo cTyniHb 3abpyAHEHHs ocady i HaBKONMLL-
HbOrO reosIoriYHOro cepeaoBMLLA, 3anponoHyBaTH HOBI Ha-
NPsiMM KOMMJIEKCHOTO BUKOPUCTAHHSA JOHHMX Bigknagis.
0O6'ekTH gocnimXeHb: Cy4acHi AOHHI ocagku pivok (Ly-
Hawn, [OHinpo, MisgeHHun Byr, IHryn, IHryneup, CakcaraHb,
O6uTiyHa, ConoHa Ta iH.), npubepexHux aingHok YopHoro i

A30BCbLKOro MOpiB, a TakoX NOCTINHUX BOAOTOKIB B 6ankax,
npunernmMx 4o TepuTopii ripHnyo-3daravyBanbHUX KOMGiHa-
TiB (F'3K) KpuBoro Pory. [logaTkoBO BUKOPUCTOBYBanNun pe-
3ynbTaT¥ MiHeparnoriyHoro aHanidy npob ripcbkux nopig,
PYOHWX KOHLEHTpaTIB, TBEPAMX | 0OBOAHEHMX BiAXOAiB Npo-
MUCIOBUX NiANPUEMCTB.

MeTtoau paocnigxeHsb. [igrotoBka Nnpob Ao miHepanori-
YHOro aHanisy CknagaeTbcs 3 NOCMigOBHUX onepadin: aes-
iHTerpauis BMXigHOro martepiany; KBapTyBaHHs 3 Bigbopom
nyonikaTy Ha 30epiraHHs i HAaBaXKKM Ha LUMIXOBUI aHanis;
3HELWNaMIeHHa 3 BUAIMEHHAM LWenu, 3€pHUCTOI YacTUHU
(nicky) Ta wWwnamy; rpoxo4YeHHs 3epHUCTOI 4acTUHU (CUTO
0,5 MM) Ana BUBYEHHS NITOKNACTIB; po3AinbHa BigMuBKa "ci-
poro wnixy 1" 3 3epHucTOi YacTuHU Ta "ciporo wrixy 1" 3i
Luriamy; cninbHe po3aineHHs oTpuMaHmuX Cipyx LWnixie y 6po-
Mocpopmi; marHiTHa cenapauis (0,1-0,2 Tn) Baxkoi cppakuin
i OTPMMaHHSA MarHiTHoi dpakuii (MP); noganbLua enekTpo-
MarHiTHa cenapauis (0,8—0,9 Tn) 3 oTpMMaHHAM enekTpo-
MarHiTHoi gopakuii (EM®) Ta HeenekTpomMarHiTHOI gopakuin
(HEM®) (puc. 1), a Takox 3BaxKyBaHHS BUAiNeHmx dppakuin.

Buxigna npo6a, 3-5 kr

BuianeHHs 3BasKeHOro MaTepiajay

ela

JIiTOK.llaCTh,

BigmyrroBaHHst

My

BuBuenns min
MiKpPOCKONIOM

i cemapanis y MATHUTHOMY HOJi 1-0£2 Tai 0.8-0,9 TJI$

Mo SM®

R

«Cipnit muix-1» «Cipmit Lﬂk—Z)}

Posnpinenns y 6pomodopmi

Ilicok Mya
P T

Po3nizibHA BiTMHBKA

«ciporo murixay

HOMP JD

Minepadoriunmii amaais

Puc. 1. Cxema nigrotoBku Nnpo6 AOHHOro ocafy Ao WliXoBOro MiHepanoriyHoro aHanisy

Omxe, BuxigHa npoGa B MpoLeci MigrotToBkU po3ains-
€TbCH Ha LWiCTb dpakuii. KoxHa 3 HUX BUBYAETHCA MIKPO-
ckoniYyHMMM MeTofamMu. 3a HeOoOXiOHOCTI BUKOHYETbCSH
naneoHTONOoriYHMIN Ta neTporpacdivyHmin aHanism knacy +0,5.

OTpumaHi dpakuii BUBYanu 3a BigOMUMKU METOOAUKAMMU
(FuHsbype u dp., 1981), 3 BUKOPUCTAHHAM ONTUYHOI | pacTpo-
BOi eNneKTpoHHOI Mikpockonii (PEM), Mmikpo3oHaoBoro aHanisy
(M3A) (aHanituk B.B. MNepmsikos), iHWKMX meTogiB. [Ansa y3a-
raribHeHHs1 AaHWX MiHeparnoriYyHoro aHanisy ckrageHo YHi-
BepcanbHui WwabnoH y nporpami MS Excel. Y pesynbrari
KoMn'toTepHOi 0Opobku B KiHUEBIM Tabnuui BigobpakeHi:
Maca npobu i ppakuin; macoBa yacTka cppakuin; BMiCT MiHe-
paniB y dopakuisix B 06'€eMHMX i MacoBmux BiACOTKaXx; BMICT Mi-
Hepanie y npobi B MacoBuX BigcOTKax i B rpamax Ha TOHHY
(r/T). CTBOpPEHMI WabnoH CKopoyye BATPaTX Yacy Ha Mare-
MaTU4Hi po3paxyHKu Mg, 4ac BU3HAYEHHSI BaroBoro BMICTY OK-
peMux MiHepanis y OCMifpKyBaHOMY MaTepiani Ta yHidikye
pesynbTtaT. A cneuianbHi nepexpecHi nons Ans nepesipku
CKOPOUYHOTb BipOrigHICTb MOMMITOK.

Buknap ocHoBHOro marepiany. B gocnigxeHux npo-
©6ax OOHHOro ocagy CniBBiAHOLWEHHS BUAINEHUX NPOAYKTIB
ctaHoBuTb (%): wena 1-3; niToknacty i mywni 5-9; nicok
70-80; myn 10-20. PyaHi po3cunoyTeoptoBarbHi MiHepanu,
y TOMY 4ucni B OKpemMux npobax 3050TO, CKOHLEHTPOBaHi
nepesaxHo B "cipoMy wrixy-1", npoTte 3HayHa iX YyacTuHa
NOCTINHO NPUCYTHSA i B "cipomy Lunixy-2".

Y cknagi wenu BU3HayYeHi POCNNHHI peLuTkn, ancnepro-
BaHWN NMACTUK, CUHTETUYHI BOMOKHA, MOMieTUNeH, MeTa-
neBi 4acTouKkM cknagHoi mopdororii, 6iTym Ta iHwWi
nontoTaHTn (puc. 2).

JliToknacTu cy4acHoro ocagy MICTATb He3MiHeHi B
KOpi BUBITPHOBAHHSA ripCbki MOPOAW | pyaum 3 pO4OBULL, SIKi pO-
3pobnooThCA B ripHUYonpomMucnoBux perioHax. Ans Kpu-
BOPIi3bKOro 3anisopygHoro 6acerHy CUMNTOMaTUYHMMK €
YepBOHOLLAPYBaTi MarHETUTOBI KBAPLUTK, NMY>XHi MeTacoma-
TWUTU, TanNbKOBI i KYMIHITOHITOBI CnaHui, NipuT, XanbKonipuT,
NiPOTUH Ta iHWI cynbdian, KBapy 3 NMNONOAIGHUM MarHeTu-
TOM Ta iHWi Bigxoau BuaobyTky Ta 36arayeHHs MarHeTuTo-
BUX KBapUMTIB (puc. 3).

Baxka ¢dpakuia "ciporo wnixy-1", BugineHoro 3
niLaHoro knacy, npeacraBrnieHa rpaHaToM, LMPKOHOM, inb-
MEHITOM, pyTunom Ta 6aratbma iHLWIMMK PYOHUMMU i aKLeco-
pPHUMU MiHEpanamu.

MocTiMHMM KOMNOHEHTOM Cy4acHUX AentoBianbHOo-antoBi-
anbHUX BiOKNagiB cTany NPOAyKTU OiAnbHOCTI ripHnyo3bara-
YyBanbHUX | MeTanyprivHMx nignpuemcts. [ns [OHHOro
ocagy pivok IHryneup i CakcaraHb xapakTepHWUiA NigBULLEHWUIA
BMICT MarHeTuTy. BiH npeacTtaBneHun KyTacTUMK 3epHamy i
GaraTmun pyaHUMKM 3pocTkaMu B rpaHyNOMETPUYHOMY Knaci
0-0,1 mm, i Bignosigae BUCOKOSIKICHOMY TOBapHOMY 3ani3opy-
nHomy koHueHTpaTy M3K Kpusopisbkoro 6aceiiHy. [lonatkoBo
B AaHUM NPOAYKT BXOAATb BIOCTUT, MeTaniyHe 3aniso, mMarHi-
THi Kymni 3 ra3oo4MCcHMX Cropya MeTanypriiHux KoMGiHaTiB i
TENMOBUX eNeKTpocTaHLin (puc. 4).
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. B
Puc. 2. TexHOreHHi KOMMOHEHTH Lenu:
a — nonieTunex; 6— CUHTETUYHE BOMOKHO; B — MiHa NPOBOJIOKA 3 POCMMHHUMM peLUTKaMu; I — yacTtouka 6itymy.
a, 6 — p. IHryneupb, niBaeHHa okonuusi M. Kpusuit Pir;
B, I — p. CakcaraHb, niBHi4Ha okonuus M. Kpusui Pir; BiHokynsap. 36inbwenHs: a, 6, 8 — 10%; r — 30%

3 B
Puc. 3. HeaMmiHeHi B kopi BUBiTprOBaHHSA pyAaum, ripcbKi nopoau i MiHepanu 3anisaucro-kpemeHucToi popmauii
y AOHHOMY ocagi p. [Hryneub: YepBOHOLWapyBaTUA MarHETUTOBUI KBapLMUT (a); TanbKkoBuUM (6) i KYMIHITOHITOBUI (B) crnaHui.
BiHokynsp. 36inblweHHs — 40X

Full Scale 535 ctz Cursor: 4.746 (13 cts) kev]

Eleclron Image 1

r
Puc. 4. NMpoaykTu ripHUu4o-MeTanypriiHUX nignpMeMcTB B antoBii pivok KpuBopisbkoro 3anizopyaHoro 6aceiHy:
a — BTpaTh marHeTuToBoro koHueHTpaty I'3K (p. IHryneup); 6 — parmeHTV pyaHUX MarHeTUTOBMX LIapIB 3 BiAXoAiB nonepeaHboi Cyxol
MarHiTHoi cenapaldlii 36aravyBanbHUx abpuik; B — MarHiTHi Kymnibkn MeTanypriiHoro noxomxeHHsi (p. IHryneub);
r — nycToTina MarHiTHa YactTuHka meTanypriiHoro wnamy (p. CakcaraHb).
a, 6, B — 6iHokynsap; r — PEM, M3A. 36inbleHHs: a — 30%; 6 — 50%; B — 60%
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MacoBa YacTka marHeTuTy y Bigknagax nocTiHWX BOAO-
TokiB KpnBOpi3bkoro perioHy konveaetbcs Big 1-2 % o 8—
10 %, i B cepegHboMy cTaHOBUTb 4—5 %. MNpu ubomy 3ara-
TNbHUI BMICT MarHiTHOro NPoAyKTy B antoBil pikv IHryneub Ha
nisgHi  KpuBopisbkoro 3anizopygHoro 6GaceliHy pocsirae
59,55 % i € o4HUM 3 BaXKNNBUX KPUTEPIiB TEXHOreHHOI Tpa-
Hcdopmauii  rigpoekocucTeMmn FipHUYOO06YBHUX pErioHIB
(Manaxoe ma iH., 2011).

Y Baxkin dppakuii "ciporo wnixy-2", BugineHoro
3 Myrny, BM3HauJeHi Ti )X pydHi i akuecopHi MmiHepanwu, Lo
i B 3epHMCTMX Kracax npob6. BigMiHHiCTb nonsirae B GinbLu
cKknagHin mopdonorii, LWMPOKOMY PO3BUTKY CKYMbMATYp po-
CTY i PO3YMHEHHS Ha MOBEPXHi YaCTUH, BENWKIN KinbKOCTI
MiKponycToT (puc. 5).

20kV  X1,6008 F10pm

20kV. X180 100um 0128 1060 SEl

HakonuyeHi B neniToBuMX kacax nNMacTUHKM 305oTa
(puc. 6), cpibna, migi Ta iHWKWX MeTarniB, aHanoriyHo Ao ny-
COYOK MYCKOBITY i 6iOTUTY, NepeBuLLYyIOTb PO3MipU 3EPEH Cy-
nyTHIX MiHepanis. Pasom 3 nerkumu MiHepanamu BOHU
3[4aTHi MirpyBaTu Ha 3HauHi BigcTaHi. Llen Bigomun edekt
AeTanbHO onncaHWi B Npausx, NPUcBAYeHUX "ToHkomy" abo
"nnueyyvomy" 3onoty (LLIHrokoe ma iH., 2010; LLHoKko8 ma
UHosemues, 1975; Mykhailov et al., 2013).

AnaTtut, UMPKOH, MOHAUMT Ta iHLWI akuecopii cnpusitoTb
36iMbLUEHHI0 BMICTY piAKO3EMENbHUX €NeMEHTIB Y MMUHUC-
Ti cppakuii (Yang et al., 2002). OaHe TBepOXEeHHS BipHe 1
[ONs YOPHKMX, KONbOPOBWX | briaropogHmx meTanis. Lie moxe

MaTun BaXXnmee NoLluyKoBe 3Ha4YEeHHA.

60 ul Scale 1356 cts Cursor: 6.086 (49 cts)

Puc. 5. Baxki miHepanu B rmnMHUCTIN dppakLii JOHHOro ocaaKy:
a — po3TpickaHWi i KOPOAOBaHWI KpUCTan LUMPKOHY (p. AHINpo);
6 — KynenogibHi BkpanneHHs cynb@iais y ByrnedikoBaHNX pOCIUHHKX 3anuwkax (p. IHryneup);
B — (pIoKyna TOHKOAMCNEPCHUX YaCTUH Ha MIKpooniTi reTuty (KapadyHiBCcbke BOAOCXOBULLE HA P. IHryneub);
I — TeXHOreHHa nnacTuHka migi (p. AHiNpo); A, € — NNacTUHYacTUii MOHaUMT 3i CKYNbNTypaMn PO34YMHEHHS rpaHent (p. [Hinpo).
a, B, T, A, e — PEM, M3A; 6 — BinbuTe cBitno. 36inbweHHsa: 150X

B0pm Electron Image 1

Spectrum 1

0 2 4 6 8 10 12 14
Full Scale 846 cts Cursor: 3.985 (33 cts) keV| =
O

Puc. 6. MnactuH4yacTe cKynbNTypoBaHe 30/10TO Y BepXHbOMY Liapi OHHOro ocaaky p. AyHain. PEM, M3A
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Y nerkin dppakuii AOHHMX OcaakiB AOMIHYE KBapL, i op-
raHoreHHW kanbumT. OgHaK NPUCYTHI N CUNIKaTHI KynbKK 3
nuny arperatiB MeTanypriiHux 3aBOAiB i TeNoenekTpocTa-

HUiR, TeXHIYHWI rpadiT, nobyTose, aBTOMOBGINbLHE | npomunc-
roBe CKIo, Kipku cynb@aTiB Ta iHWMX COonen 3 XBOCTOCXO-
BULL | LUNAMOCXOBMULL, NiANPUEMCTB TipHUYO-MeTanypriiHoro
komnnekcy (puc. 7).

Puc. 7. KomnoHeHTH nerkoi cpakuii cy4acHoro piukoBoro ocagky:
a — KBapL, i obkaTaHuin MyLLnEBUIA AeTPUT; 6 — Kyrbka CUIiKaTHOro Ckna 3 Nury MeTanypriiHoro KombiHaTy;
B — MnacTUHKa MeTanypriHoro rpadity; r — ynamok noGyToBOro ckna; A —Kipka ConsHux MiHepaniB, 0CafiXXeHUxX
3 gpeHaxHoi TexHomnorivyHoi Boam xsoctocxosuwa M3K. a — p. ObutiyHa; 6 — r — p. IHryneup; A — p. CakcaraHb. BiHokynsp.
36inblenHs: a — 20X; 6 — 100X; B — 70X; r— 10X; o — 5X

Po3pobneHunin anropyutM nNpoBeAeHHS MiHEpanoriYHoro
aHanisy AOHHUX OCafKiB [A€ MOXIMBICTb KOMMIIEKCHO 4OC-
niguTu BigibpaHuin MaTepian, BCECTOPOHHLO MOro npoaHa-
nisyBaTu Ta BidyanbHO BigobpasuTu pesynbTaTu.

lMopiBHAHO 3 KIMAaCMYHOO MOAENTTIO NPoBeAeHHs MiHeparno-
riYHOro aHanidy, 3anporoHOBaHUIA BapiaHT Moka3as OLHOYHWIA
"npupict" BMICTY MiHepaniB y npobi y /T 3a paxyHoK Aocni-
[DKEHHS LUMAaMOBOI YacTHU (puc. 8), Lo MOXe CyTTEBO BNiu-
BaTW Ha MPUMHATTS  pilleHHs  Wodo  peHTabenbsHoCTi
rocrnoAapCbKoro BUKOPUCTaHHS Haap AOCHIoKYBaHOI TEPUTOPI.

O6roBopeHHs pe3ynbTartiB. [lpoBedeHi KOMMMEKCHi
OOCHIMKEHHS | PO3LWIMPEHMIA MiHEpPANOriYyHMI aHani3 noka-
3anuM BaXnuBY Pofb POCIMHHWX 3anULLKIB NOBEPXHEBUX BO-
AONM (Lenu) B TPaHCMOPTYBaHHI i HAKOMWUYEHHI MPUPOSHUX
i TexHoreHHWx Martepianis. Hanbinbw nerki nontoTaHTW
(nnacTuk, nonieTuneH, CUHTETUYHI BONOKHA i TKaHUHW, na-
KyBanbHWWA matepian, pisHi BMAW HadTonpoayKTiB) 3miLly-
I0oTbCcA 3 OiomMacow B E€AVMHWUA  CMYTaHO-BONOKHUCTUM
PYXIMBUI NPOAJYKT, KM NErko nepeHocuTbcs 3 Cyli Ao
MOpPCbKOro 6acenHy.

MeniToBi kNacy antoBito, Lo BUMMBaKOTLCS 3 NPo6 ocagy
Npw BigMYIMIOBaHHI, TEX MICTATb 3HAYHY KinMbKICTb BaXKUX MiHe-
panis. Y BOAHOMY MOTOLi NEMITOBI YACTUHKN € HOCIAMU Kyro-
HiBCbkuX 3apsais (Mycmosarnos, 1940). 30N0TO Ta iHLUI BaXKi
MiHepanu 4acto YTBOPIOKO NycKyBarTi, ronyacti abo poasiuen-
TNeHi KpucTanu, AeHOpuTh cKnagHoi dopmu, iHameian i arpe-
raTv 3 BEMUKOHO KiNbKIiCTIO BHYTPILLHIX NYCTOT (puc. 5, 6). Pasom
3 NeniToB1MU YacTo4Kamm BOHW (hOPMYIOTb CTiliKi MiLlenu, 3Ha-
YHa pyXIMBICTb AKX 0BYMOBIOE MirpaLito 30/I0TMHOK Ha 3Ha-
YHY BiACTaHb Ta ChiMbHe OCa[KEHHS 3 MiHepanamu rMuH.
BukopuctaHHsa cneuianbHMX MeToauk A03Bonsi€ "3BirbHUTK"
PYyAHi 3epHa Bifl eNeKTPOCTaTUYHO 3apSMKEHNX MUHUCTMX Ya-
CTOYOK | BUAINUTK iX Y BigNOBIAHI KOHUEHTpaTL.

DaKTUYHUIA BMICT pyaHUX MiHepanis B 0cagKy NOBUHEH
BM3HA4YaTUCA AK Cyma [AaHux aHanidy "ciporo wnixy-1"

i "ciporo wnixy-2". Lle 3abesneyvye "npupict" LiHHKUX Yy npo-
MUCINOBOMY 3HayeHHi MiHepaniB Ha 10—-30 %, nopiBHsHO 3
MeToAamu LUMiXOBUX MOLLYKIB, SKi Ail0Tb HA CbOrOAHI.

Y ny6nikauisx (leaHuyeHko, 2019; lsaH4eHko ma Yyazy-
Hos, 2019; Chugunov and lvanchenko, 2019) noBegeHa Mo-
XNUBICTb LinecnpsiMoBaHoi TpaHcdopMauii mopdororii Ta
OesiIknX BracTMBOCTEN MMacCTUHYACTUX YacTUHOK 30M0Ta,
cpibna, nnatvHKu, Migi Ta iHWWX MeTanis, y pe3ynbTaTi sKoi
BOHW HabyBaloTb Ginbll NPOCTOi hOpMY, YLLINBHIOITLCS i
eeKTMBHO BUAINATLCS B PygHWUIA KOHUeHTpaT. Po3pob-
rneHa aBTopamun MeTOAMKa A03BONAE peHTabensHO OTpuMy-
BaTM UiHHI MeTanu, akuecopHi i pyaHi MiHepanu 3 MynoBux
ocafkiB, siki, sik npaBuno, 36araveHi JaHUMU KOMMOHEH-
Tamu. Came anst peanisauii NogibHUX NPOEKTIB BaXKMBO
NpoBOAUTM AeTani3oBaHWn MiHeEpanoriYHuin aHanis

BaxnuemmM 3acTocyBaHHAM HOBMX METOZAIB MOXE CTaTu
OYMCTKA MISPKHUX MIiCKIB i AOHHOrO 0CagKy, HaKOMUMYEeHOoro
nig Yac gHonornuonoBanbHux pobit. BoHa Ao3Bonse eko-
HOMiYHO OBI'pYHTOBAHO OTPMMYBATK 3 HUX KOHLEHTPAaTU Ba-
XKKUX MiHepaniB i BuaanaTtM 3 nicky HebesneyHi ans
3[0POB'sl NIAMHU YacToukK (IeaHyeHKo ma iH., 2016).

BusasneHi y Baxkin dpakuii pivHOro Myny HesaMmiHeHi B
€K30reHHMUX yMOBax MiHepanu pyaHUX KOHLEHTpaTiB i
XBOCTiB 306arayeHHs cBigyaTb Mpo 3pocTatye 3abpya-
HEHHS BOOHUX OacelHiB He nuule Bigxogamu, ane 1 oc-
HoBHoO npoaykuieto M3K. NaHuni maTepian MicTUTb y cobi
NiaABULLEHI KOHUEHTpaUii BaXkux mMeTanis, MPUCYTHICTb
SKUX MOxe OyTW NEeBHOK 3arpo30lo, AKWO YMnpaBriHHS
npoaykuieto Ta Bigxo4amu NpoMMUCNoBKUX MNiZNPUEMCTB He
30INCHIOETBCA 3 YpaxyBaHHAM NOLUMPEHHS 1X B HABKONU-
LWHbOMY reonoriyHoMy cepegoBuLli. CBiTOBUI JOCBIA NO-
Kasye, WO BUPILLEHHS KPUETHCH B 3MiHIi MoAeni po3BUTKY
okpemux perioHis (Wang et al., 2008), ockinbku dakropu,
WO ranbMylTb MPOMUCMAOBUA PO3BUTOK, OAHOYACHO
€ 1 npobnemamu eKonoriYHoro xapakrepy.
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Puc. 8. BmicT nesikux akLiecopHux MiHepaniB y /T y npobax BigiopaHux:
a — Ha y3bepexoki A30BCbKOro Mopsi, npodpinb 6nm3bko 15 kM Ha 3axig Big M. bepasHcbk, 3 rMmMbuH 1,8-2,5 m;
6 — Ha niaBogHOMY KoHyci BuHocy p. Kyua bepasiHka

Omxe, BCi dopakuii i rpaHyNOMETPUYHI Knacu Cy4acHUX
OOHHMX BigKNagiB MiCTATb CyMiLll NpMpOaHMX MiHepanis, rip-
CbKMX NopiAa i pya 3 NpOMUCIIOBUMU MaTepianamu, siki 3abpy-
OHIOIOTb HaBKOMULLHE cepepoBule. ToMy BeCb TBEpPAUN
piukoBui CTik y CBiTOBUIA OkeaH Hece B COBi NOTEHUiHY 3a-
rpo3y Moro MeLLKaHUsM i MoACTBY.

OcTaHHiIM Yacom cyHOMMaBHi KOMMNaHii BCbOro CBITY iHi-
Lilol0Th LUTYYHE MOrNMONeHHs piYKkoBUX pycen, npuyanis i
akeaTopii nopTiB. BOHO cynpoBOAXyeTbCA 3HA4YHUM HAKOMM-
YEeHHAM MYSIMCTMX OcafKiB Ha NiABOAHMX | HA3eMHUX BigBa-
nax. 3 ypaxyBaHHAM BWCOKOi PYXNMBOCTI OTPUMAHOro nig
Yac gHonornnbnioBanbHMX PoBIT AOHHOIO Myny i HEMUHY-
4Yoro po3MUBY CKIaiB AaHOro Matepiany, BUHMKNA Heobxia-
HICTb I0ro KOMMeKCHOI nepepobKu.

CyuacHi TexHonorii WTy4Hoi TpaHcdopmauii mopdono-
rii MiHepanbHMX 3epeH i MopdoceaMMeHTaUINHOT andepeH-
Uiauii galoTe 3Mory BMUAINATM 3 BigBanbHUX MyIiB TOHKe
30510TO Ta iHLWi NPUPOAHI | NPOMUCIIOBI MeTanu i cnnasu, pi-
Ako3eMenbHi MiHepanu, BTpayeHi 3K pyaHi miHepanu Towwo
(LLHroko8 ma UHosemues, 1975; leaHyeHko ma YyayHos,
2019; lsaHyeHKko ma iH., 2016; Chugunov and lvanchenko,
2019). OcTaTouyHi NMPOAYKTU Mepepodkn OOHHMX MyniB —
OYULLIEHNI KBAPLOBWUI NICOK, MapLuaniT, MMUHUCTI MiHepanu
i canponenb — TakoX € LiHHO CUpPOBUWHOLO | ByayTh Kopuc-
TyBaTMCS NOMUTOM Y CMOXMBaYiB.

3 POCMWHHMX 3anULLKIB, MIKPOMMACTUKY, CUHTETUYHMX
TKaHWH i BOTNIOKOH, BiTyMy Ta iHLIMX HadhTONPOAYKTIB MOXHa
BUrOTOBUTU 3BYKO- i TEMMOI30NALiNHI MaTtepianu, nanusHi
OpukeTn Ons BUPOGHUUTBA Tenna, eneKkTpoeHeprii, napy,
rapsidoi BoAu. YTunisauisi npoaykTiB opraHiyHoi Ximii no6-
nuay mxepen ii po3noBCIOOXKEHHS B LibOMY Bunagky byae
ckoMbGiHOBaHa 3 "3eneHo eHepreTukor".

MoTeHUinHi NnepcnekTuBK NOQIGHNX NPOEKTIB i peHTabe-
NbHICTb X peanisauii 3anexuTb Big siKiCHOro i AeTanisosa-
HOro MiHeparoriyHOro aHanisy matepiany ocagis.

BoockoHaneHHst MeToAiB LUMiXOBOro aHamnidy BpaxoBye
3MiHY YMOB YTBOPEHHS i CKrnagy AOHHWX OCafKiB Cy4acHWX

BogoWM. Tenep MiHepasnor NOBUHEH QoikcyBaTuU He nuile
NpUPOAHiI NiTo- i KPUCTanoknacTn, XeMOreHHi YTBOPEHHS,
OpraHivHi 3anuiiKkn, a i KOMMNMIEeKC anpupoaHUX (LUTYYHUX)
KOMMOHEHTIB Ocafly B YCiX rpaHyrioMeTpuyHUX Knacax i
dpakuisx ocagy.

BucHoBku. Cy4acHi OHHI 0cagku siBNsAOTbL COOO0K He-
COpPTOBaHy CyMilLl NPUPOAHMX | TEXHOTEHHUX KOMMOHEHTIB. Y
NMPOMUCIIOBNX pErioHax BOHM MEpPeKpMBalOTb MPUPOLHI
Oinbl AndepeHLiioBaHi Bigknagu 3 po3cunamm i Toukamm
MiHepanisauii BaXkux MiHepanis.

Ha BigmiHy Big kKnacu4HOI METOAUKM NiArOTOBKM MaTepiany
ONs NpoBeAeHHs LWNiXOBOro MiHepanoriyHoro aHanisy, 3anpo-
NMOHOBaHi aBTOpaMy BOOCKOHANEHHs1 BpaxoByloTb Mopdoce-
OMMEHTaLiiHi 0coONMMBOCTI MiHepaniB y AOHHWX Ocafkax,
[03BONSAITL KOMIMIIEKCHO OOCAIAMTA OTPUMaHW marepian,
CKOPO4yIOTb BATPATU 4acy Ha NpPOBEAEHHS OOCHIOKEHHS 3a
paxyHOK aBToMaTu3aLii MaTeMaTUYHUX PO3PaxyHKIB.

3HayHy ponb y TpaHCNOpPTYBaHHI pyAHUX MiHepariB Big,
KOPIHHMX [Xepen OO0 TMproBuX i NpubepexHO-MOPCbKUX
doauin BigirpaloTb POCMAMHHI PeLUTKN | NeniToBa KOMNOHEHTa
ocafy. Y HUX HaKOMUYyeTbCSl NyCcKyBaTe 30510TO, 3epHa Ba-
XKNX MiHepanis 3i CkrnagHol MOPKONOrieto i 3Ha4YHUM piB-
HEM HaKOMWYEHHs enekTpocTaTuyHux 3apsagis. Mynucri
dauii y BEpXHiX AinsiHKkax antoBianbHOro po3pidy KOHLEHT-
pytoTb ApiOHI NycKyBaTi Ta AePEKTHI YaCTOUKN BaXKKMX MiHe-
paniB i € NepcnekTMBHUMW ONSA NOLYKIB PO3CUNiB TOHKOMO
30510Ta Ta iHWKNX BaXKKNX MiHepanis.

MpucyTHICTb TEXHOrEeHHOT cCkNaaoBoi ocagy i BNnve Mop-
doceaumeHTaLiiHOT AudepeHuiaLii pe4oBUHM crig Bpaxo-
ByBaTW MPU BUKOHaHHI LUMNIXOBOro aHanidy AOHHWX ocafkis
cyyacHux BogoTokiB. Po3ginbHa BigmumBka "ciporo wwnixy" i3
ncamiToBOI i NENITOBOI KOMMNOHEHTU OCafy Y KOMMIEKCI 3 BU-
BYEHHAM Lienu nigBuLLye edeKTUBHICTb | AOCTOBIPHICTb MO-
WwykoBux pobiT, 30inbliye BWXiA BaXKWX MiHepanis y
cepeaHboMy Ha 20 %, Hagae LWNiXoBOMy aHanidy ekosnoriy-
HOro 3HaYEeHHS.
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HaBegeHi meToamku niTonoro-miHepanoriyHmx aocni-
OXXeHb OOMOBHIOTb BYEHHHA NPO 0CafoBy AudepeHuiadiio
pPEeYOBUHM HOBUMY acnekTamym MopdoceaMMeHTauinHoi au-
depeHuiauil cegumenTy. Lle no3Bonsie NigBUWMTU peHTa-
OenbHICTb  BUKOPWUCTAHHA  MPUPOAHOI  MiHepanbHOI
CMPOBUHM i OQHOYACHO 3YNWHUTK MOLUMPEHHST AUCNeprosa-
HUX MPOMUCNOBUX BiAX0AiB, NokanidyBasBLLM e(PeKTUBHY rne-
pepoOKy NOMNtTaHTIB y perioHax iX yTBOPEHHSI.

KomnnekcHun nigxia 4o npoBefeHHs MiHepanoriYyHoro
aHanisy nokasye HeobXigHiCTb Ta NMepCneKkTUBHICTb OinbLu
aKTMBHOrO BMPOBaAXXeHHS1 HOBUX MeToZiB Nepepobku MiHe-
panbHOT CUPOBUHW NPU BUKOHAHHI MOLLYKIB, LHOMOrMMGIH0-
BanbHMX pPoOBGIT y MOpPCbKMX MopTax i piYKOBOMY
CyOHOMMaBCTBi, MPU NOBOAXEHHI 3 YTBOPEHNMM B NPOMUC-
NOBUX perioHax Bigxogamu.

Moasikn. AsTopu AsKyloTb akagemiky €.9. LLHokosy,
KaHa. reon.-miHeparnor. Hayk H.A. MacnakoBy, kaHA. TexH.
Hayk 0.[0. YyryHoBy, imxeHepam C.T. 3anuesint, T.H. Inbye-
Hko, B.[. KaHuep, H.P.>XypaBenb Ta iHWKUM npauiBHMKam
OHY "MoplreoEkolleHTp HAH Ykpainn" 3a LiHHi nopaam i Ha-
[AaHy JonoMmory nif Yac nigroToBku Martepianis go nyonikawyi.
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SCHLICH MINERALOGICAL ANALYSIS FOR RESEARCH OF MODERN BOTTOM SEDIMENTS

Gold and other heavy minerals often form scaly, leafy, needle-like or split crystals, dendrites of complex shape, individuals and aggregates with
a large number of internal cavities. Significant mobility of these particles in water and air streams causes their separation from the psammitic
component of sediment and deposition together with clay minerals. During preparatory stages for mineralogical analysis, such crystals of heavy
minerals fall into slime part. According to classical algorithm of schlich mineralogical analysis slime part is thrown away. So it leads to losses of rich

minerals and an incorrect analysis.
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The main purpose of the article is to present the new algorithm for the preparation of the bottom sediments samples for the mineralogical analysis
and to demonstrate practical benefits of it.

Authors propose the meliorated methods of mineralogical analysis considering comprehensive study of test material. The real natural
composition of ore minerals in the sediments consists of adding the data "heavy concentrate-1" and "heavy concentrate-2". This provides an increase
in industrial value of minerals by 10-30%, compared with the methods of prospecting that operate today. Such detailed analysis showed that modern
bottom sediments include both natural components and man-made materials (plastic, polyethylene, synthetic fibers and fabrics, fuel, various types
of petroleum products, metallurgical and household waste).

Mineralogical analysis can be used as an ecological method for assessing the environmental pollution and reviewing the types of pollutants. The
estimation of mineral reserves according to new methodology opens opportunities for profitable field development of poor polymetallic deposits. The
study of bottom sediments by such a method indicates the need to clean hydrogeoecosystems and stimulates the development of new recycling
methods in the economy and the waste-free production, for example, cleaning beaches from heavy metals and waste, complex sludge processing
after dredging works in riverbeds, berths and port waters.

Keywords: bottom sediments, mineralogical analysis, industrial region, ecology.
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AKTYAIbHbIE 3A0AHUA LLITMXOBOIO AHAJNIM3A COBPEMEHHbIX JOHHBIX OCAOKOB

Munepanoauyveckuli aHanu3 oOuH U3 Kito4esbix Memodos uccsiedoeaHusi KOMIIOHEHMHO20 cocmasa OOHHbIX 0CadKo8 108ePXHOCMHbIX 8000-
emos. [To e2o pe3ynbmamam ebINOJIHSIEMCs OUeHKa nomeHyuana meppumopuu 05151 Xo3sicmeeHHO20 ucnosb3oeaHusi. Bo epems nposedeHusi
wIuxX08020 MUHEPasIo2u4ecKko20 aHaslu3a Mo Kiaccuveckol cxeme, 8603HUKalOmM rnomepu UYeHHbIX MUHepasoe Ha cmaduu ommy4vueaHusi. 3epHa
msixenbix MUHepasoe 8 Npoyecce MpPaHcMopmMupoeKu 800HbIM MOMOKOM Mpuo6pemarom CrI0XKHYH MOPGhOSI02UYECKYI0 CIMPYKMYpY, CMaHo8sImcsi
MOHKUMU, mpewuHoeambIMU, MOPUCMbIMU U, Kak criedcmeue, 6onee nnbiey4umu. [Toamomy e npoyecce nodzomoeku npobbl K MUHepanoauye-
CKOMY aHanu3y eecomasi Yacmb MuHepanoe msixenol pakyuu nonadaem e wiIaMosyro Yacmb, komopasi He paccmampueaemcsi. [TpednoxeHHasi
aemopamu ynyqweHHasi cxema nodzomoeku npobkl dnsi uccrnedosaHusi noseossiem demanbHee U3y4ums Mamepuasn ¢ y4emom Mymu, a, credoea-
mesnbHO, yMeHbWUMmb Momepu YeHHbIX cocmasssitowux. Takoli n1odxod noebiwaem Ka4ecmeo aHasnu3a u ro3eoJsisiem KOMMIeKCHO U3y4ums cocmas
OOHHbIX ocadkoe. Bbieodbl cdenaHbl Ha npumepe npob, omob6paHHbIX Ha Meppumopuu YKpauHbl, 8 YacmHocmu, ¢ OHa 6onbwux pek YepHomopc-
Ko20 b6acceliHa, peyek u 6anok Kpusopoxbsi, Manbix pek CeaepHozo lMpua3oebsi.

B xode npoeedeHusi uccriedosaHuli 80 ecex MoJsly4eHHbIX ppakyusix 6biiu HalideHbl He MOJILKO MPUPOOHBLIE KOMIIOHEHMbI, HO U MOJIFOMaHMbI
8 0OCHOBHOM & sude ducrnepaupo8aHHO20 Macmuka, CUHMeMmMu4eCcKUX 80JI0KOH, 6umyma, omxodoe u npodyKmoe O 1IbHOCMUu nnypauye-
ckux npednpusmul. MuHepanoau4yeckull aHasnu3, ebINoJIHEHHbIU cO2/1aCHO ¢ pa3eepHymol Mmemodukoli, omKpbieaem nepcriekmuesi Os1s1 peHmabe-
JIbHO20 UCnosib30eaHusi crneyuasnbHo pa3pabomaHHbIX MemoOuK Onsl ebl0esieHUs1 UeHHbIX MUHepasioe U KOMMOHeHmMoe u3 GOHHbIX ocadkos u
oyucmku npupodHo20 Mamepuasia om epedHbix npumMecel. Takum o6pa3om, Memood npeepawjaemcsi 8 3Kos102u4ecKuli UHCMPYMeHM U KiltoY K 6e-
30Mx00HOMY UCMO0/Ib308aHUIO MPUPOOHbLIX PECypCcos.

Kntoyeenie crnioea: 0oHHbIe ocadku, MUHepano2u4eckuli aHanu3, MPOMbIWIIEeHHbIU Pe2UOH, 3KO/I0_2Usl.
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FEOJIOro-MPOMMCIIOBA OLIIHKA TA PAHXYBAHHSA NEPCNEKTUBHUX OB'EKTIB
BITYN3HAHOI BA3U PIAKICHO3EMENbHUX ENEMEHTIB

(MpedcmaeneHo 4neHom pedakyiliHol konezii 3-pom 2eon.-MiHepanoa. Hayk, npog. B.M. 3azHimkom)

3miHu npiopumemuux HanpsiMie ghiHaHcyeaHHs y cgbepi HaBpokKopucmyeaHHs1 ma ix noecroOHa nepeopieHmauist Ha MowyK anbme-
PHamueHux GXxepes1 CUPOBUHU, W0 Moau 6 3abesne4umu po3eUMOK Cy4acHUX 8UCOKOMEXHOJIO2iYHUX eUPO6HUYME, € nepcrekmus-
HUM HanpsiMOM Ha WiisXy 3pocmaHHs KpaiHu 8 yMoeax cmaJsio2o po3eumky ma nepexody Ha Green Energy Transition. | mum camum
pecypcom, wo Moxe 3abesneyumu 6e3neyHul npozpec y MalilbymHboMy U gidizpac ea)kiusy posib y mexHo/102i4HOMY PO38UMKY CbO-
200eHHS, € pidkicHo3emenbHi ennemeHmu (P3E). Y pamkax docnideHHs1 npoaHasizoeaHo U y3a2asibHeHo iHghopmayiro ujo0o cyyacHo20
cmaHy obisHaHocmi wjodo nepcrnekmue eudobymky P3E e YkpaiHi; npoeedeHo cucmemamu3ayito U akmyanizayito HasseHuUxX O0aHux
wodo KinbKicHUX i siKicHUX xapakmepucmuk pydonposieie i podosuw;, P3E ma ixHix 2eonozo-npomucsiogux napamempie; eU3Ha4yeHo
OCHOBHI nepernoHu Ha wiisixy aKmueHo20 po3eumky pobim Ha yux 06'cekmax nomeHuiliHo2zo sudobymky. OmpumaHi pe3ysnsmamu eu-
KOHaHO20 paHXyeaHHs1 eimyu3HsiHUx podoeuw i nposieie P3E doeodsimb doyinbHicmb iHeecmyeaHHs1 pobim 3 2eos102iYHUX nowykie
ma peanizayii sudo6ymKy Ha okpemux OifsiHKax, W0 eu3HaveHi sik Halibinbw iHeecmuuyiliHo npueabnuei Ansi N0OanLW020 NPOMUCIO-
8020 0CBOEHHSI Ma 3a2asioM NiGKpecs oMb nepcrnekmuau 0ocnidxyeaHo20 HanpsiMy U 06rpyHmoeyromes HeobxioHicme iHmeHcugi-

Kauii po3po6bku sudineHux o6'ekmie piOKicCHO3eMesIbHOI CUPOBUHU.

Knroyoei cnoea: piokicHo3emesnbHi efleMeHmu, 2e0s1020-MpomMucsioei napamempu podosuuy, piokicHo3emMesibHa MiHepanisayisi, npo-

mucosa yiHHicms podosuw, po3eidaHicmb 06°ckmis.

Bcryn. AkTyanbHiCTb TeMU OOCRIAXEHHS MnoB'aA3aHa i3
3HAYHMM PO3LLUMPEHHSAM HanNpPsIMiB BUKOPUCTaHHS PigKiCHO-
3emMernbHux enemeHnTiB (P3E) Ta 3arocTpeHHsIM nuTaHb 6e3-
neyHoro i 6esnepepBHOro NocTtavyaHHA MeTariB OCHOBHUM
cnoxuBayam npopykuii. Lli nutaHHa Habynu ocobnuveoro
CcTpaTeriyHoro 3Ha4YeHHs1 B OCTaHHi poku Ans psay kpaiH, 30-
kpema CLUA, €C, AnoHii, ABcTpanii Ta iH., e P3E BkntoyveHi
00 nepeniky BuAiB KpUTUYHOT MiHeparnbHOi cupoBuHK (Rare
Earth, 2020). Okpim Toro, csitoBui nepexig Ha Green
Energy Transition cyTTeBO BNMHYB Ha NPIOPUTETHICTL i-
HaHCyBaHHS y cdepi HaApOKOPUCTYBaHHS, NEpeopieHTyBa-
BLUM Ti HA NOLIYK anbTepHATUBHUX [Kepen, Lo A03BOMATh
BTINUTU B XWUTTS 0OpaHy cTpaTerito WNAXOM NiaBHOro ne-
pexopny Ha 6e3kapboHoBe BMpOBHMUTBO Yy BinbLuocTi cdep.

Hacamnepeq Ui noLwyku HauineHi Ha BUSIBNEHHS MOXITU-
BOCTeW BMOOOYTKY PiAKiCHMX Ta pigkicCHO3eMenbHUX MeTa-
niB, OCKiNbkyM noTpeba B OCTaHHIX 3pOCTaE LLOPOKY i
3yMOBIieHa He nuLle 3MiHaMKn Yy CBITOBI eKOHOMILi, ane n
3pPOCTaHHAM KifIbKOCTi MOXMMBUX HanpsaMiB ixX BUKOpUC-
TaHHsa (Muxadinos, 2010).

HuHi pigkicHo3eMenbHi eneMeHT! € BaXXMBOK YaCTUHO
6araTbOX Cy4acHVX NMPUCTPOIB, HEOOXIOHMMW KOMMOHEHTaMU
Ginbw Hixk 200 nNpoaykTiB, 0COBMMBO BUCOKOTEXHOMONYHMX,
TaKUX sIK MOBiNbHI TenedoHNn, KOMM'OTEPHI ANCKN, ENEKTPUYHI
Ta ribpuaHi TpaHCMOpTHI 3acobu, MOHITOPKU Ta Tenesisopu 3
NSIOCKMM eKkpaHoM Ta iH. LLle ogHieto ocobnuneoto cgepoto Bu-
kopucTaHHst P3E € komnnexTytoda — ans obrnagHaHHs BigHOB-
HOT eHepreTukun (Hanpuknag, pobota BiTpoBux TypbiH). Came 3
UMW HanpsiMamu NoB's3aHi Hag3BWYalHi TeMnu 3pOCTaHHSA
CMOXMBAHHSA PiOKICHO3eMESTbHUX KOHLUEHTPATIB Ta akTuBi3aLlis
MOLLIYKIB MOXIMBUX JXepen ixX BunyyYeHHs. MNpobnema 3aroct-
PIOETHLCS BBEAEHVIMU B OCTaHHI POk 0O6MeXyBarnbHUMK 3axo-
JaMu1 Ha ekcnopT pigkicHo3eMenbHOI npoaykLuii 3 6oky Kutato —
il OCHOBHOIO MocTavarnbHUKa Ha CBITOBI PUHKW, Hacamnepes 3
riraHTcbkoro pogosuwa basH-O6o (Chao et al., 1997; Smith
and Wu, 2000), wo 3ymoBroe HeobXigHICTb MOLLIYKIB HOBWX
Jkepen piakiCHUX enemeHTiB Y BCbOMY CBITi.

MocTaHOBKa NpoGnemu Ta ii 3B'A30K 3 BaXNTMBUMMU
NPaKTUYHMMM 3aBAAHHAMM. YKpaiHa € HarbINbLLOK pigkic-

HO3eMernbHOK MeTaroreHiYHo NpoBiHUie €Bponu, pogo-
BULLA NOB'A3aHi 3 NY>XHUMU CieHiTamn (A30BCbke, AHaZOMb-
cbke, MeTpoBo-IHyTiBCbKE); MonNbOBOLLINATOBUMM
mMeTacomaTtuTaMmu ypaHoBopyaHux pogosuly (CeBepuHiB-
cbke, JlozoBatcbke, KanuHiscbke lMiBoeHHe, banka Kopabe-
nbHa); Kopamu BUBITPIOBaHHS (XawyBaTcbke, A30BCbKe);
MOHaLMUTOBMICHMMM po3cunamm (y BonuHo-lMoginscekomy i
MpuasoBcbkomy panoHax YkpaiHcbkoro wmta (YL)). Lien
BV, CUPOBUHMN € CTPATErNYHO BAXIMBMM A1 EKOHOMIKM Ha-
LWOi KpaiHM, xoya il poaoBULLA NMOKM He PO3POBMHTLCS
(Fypcbkutl, 2008).

YkpaiHa Mae cBOi nepesaru Woao po3BUTKY MiHeparnbHO-
cupoBuHHOI 6a3n (MCB) P3E, siki noB'sazaHi 3 HasiBHICTHO KOM-
NNeKCHWX PoAOBULL i pyaonposiBiB, ane iX NpPoOMMUCIIOBE OCBO-
€HHA 1 [OBUBYEHHA MOTpebye 3HAYHUX iHBECTULIN.
Mo3nTBHUM hakTopoM ANs Hawmx O6'EKTIB € PO3BUHYTA iH-
dpacTpykTypa BUOoOGYyBHOT MPOMMCIIOBOCTI Malxe B YCiX pe-
rioHax Ta GrIN3bKICTb [0 PUHKY EBPOMENCHKMX CNIOXMBAYIB.

PaHiwe npoBepeHi pgocnigkeHHs Ta ny6nikauii. Bu-
BYEHHAM pigKiCHO3eMeNnbHOI  MiHepani3auii B YKpaiHi
3aiManucsl YNCMNEHHi KONeKkTUBU sk BUPOGHWUYHMKIB (OPITI
"MisHiureonoris", KN "lMiBaeHbykpreonoris”, KM "Kiposreo-
norig", Cxig OPITI), Tak i Haykosuis (I'MP HAH Ykpainn,
I"'H HAH Ykpainu, KHY imeHi Tapaca Wes4yeHka Ta iH.) (Myp-
cbkull ma iH., 2006; 3acHimko ma iH., 2017; Muxalinose ma
iH., 2007, Muukeeuy u 0p., 1986; MiHeparnbHi pecypcu...,
2017; Melnikov et al., 2000).

Pesynbtatv pobiT BUMPOGHMYOro xapaktepy yaaranb-
HEHO B MOMOXEHHSIX 3aranbHoAepXaBHOI Nporpamu po3Bu-
TKy MCB Ykpainn go 2030 p. BignosigHo go nyHkTy "PigkicHi
3emni Ta iTpin" Ha TepuTopii YKpaiHu BUSABMNEHO Kinbka Co-
TeHb 06'ekTiB KOHUeHTpauii P3E, GinblwicTe 3 sknx nokani-
3oBaHo B Mmexax YL i Ha npunernux nnowax. TyT BuaineHo
piaKicCHO3eMerbHY MeTanoreHiyHy npoBiHLito, B SKiN € Npo-
SBW 3pYOEHIHHA Mamxe BCiX BiJOMUX €HOOreHHUX Ta eK30-
reHHUX pigkicHo3emenbHNX dopmauin. Y Mexax uiei
NPOBIHLiI pO3rnagalTbCa TPU panoHM KOHLEHTpaUin pigkic-
HO3EeMENbHOro 3pYAEHIHHS, Y MeXax sIkUX € pogoBuLla i ne-
pcnektuBHi pygonposisu: [liBgeHHO-CxigHuii, [liBHIYHO-

© Muxainos B., Kypuno M., Kowapha C., 2021
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BaxigHun i LlentpanbHui. [depxasHum GanaHcom 3anacis
KOPUCHMX KOManuH BpaxoBaHO HoBonontaBcbke pogoBuLLe
anaTtuT-pigkicHoMeTaniyHnx pya. TakoX BigoMe A30BCbke
poaoBuLE piaKICHUX 3eMenb, sike BUAINEHO 3a pesynbTa-
Tamu NOLUYKOBO-OL|iHIOBanNbHNX pobiT. Ak nepcnekTMeu no-
AanbLioro po3suTKy B Nporpami nepen6ayeHi Taki Kpoku:

e NigroToBKka A0 AOCNIAHO-MPOMUCIIOBOI eKkcnnyaTauii
A30BCbKOro LIMPKOHIN-piaKiCHO3eMENbHOIro POaOBULLA;

e ouiHKa pecypciB LleBYeHKIBCLKOro pygHoOro nosns,
AHagonbCLKOro NposiBy Ta XprUcTohOpPIiBCLKOI AiNAHKY;

® 3[iNCHEHHS OLIHKM PigKiCHO3eMEeNbHUX pya Yy Kopax
BUBITpoBaHHA CyLuaHo-lNepxaHCbKOi 30HY;

e reonoriyHa ouiHka NepcnekTUBHUX ynbTpameTamopai-
YHKUX Komnnekcis YLL.

CtaHom Ha 01.01.2019 p. Ha gepxxaBHOMY GanaHci 06-
nikoByBanucb 3anacu TpbOX poAoBwLL: HoBononTaBCcbKoro,
A3oBcbkoro Ta Actpybeubkoro (tabn. 1). Bei pogosua €
KOMMIEKCHUMM.

Ta6bnuys 1
Pyau pigkicHux metaniB (CmaH 3anacis..., H.0.)
KinbkicTb .
ponoenu 3anacu ctaHom Ha 01.01.2019 MoraweHo 3anaciB y 2018 p.
KopucHa . -
KonanuHa Onvnuun Bumipy BanaHcoBi, Bcboro Banaucosi,
Bcboro | Po3po6. ’ B po3pobui Bcboro | Bupo6yTtok | Brpatu
A+B+C, C, A+B+C, C,
BaHagin Pyaa, Tuc. 1 13 6 5527,3 995,2
Pyna/nicok, Tuc m® 219888,9 | 14407,2 | 202133,9 4559,0 44595 99,5
V,0s, Nbc/n 15,50 322,18 256,75 0,23 0,19 0,04
CTpoHuii Pyaa, tuc. 1 1 1 859627 95858 859627 95858
OKUC CTPOHLIO, TUC. T 865 87 865 87
Pyaown Micok, Tnc. m® 2 2 208685,9 | 315624,0 | 202133,9 4559,0 4459,5 99,5
ragoHito Okcmg radpHito, T 4904,4 11026,8 4476,2 11026,8 | 283,3 281,1 2,2
ITpieBi Pyaa, tuc. 1 3 1 860524 741358 859627 95858
naHTaHoign | TR,0s, THC. T 1939,74 291,66 1938,00 274,00

Y 2019 p. noctaBneHo Ha 6anaHc TakoX MonepeaHbO
posBigaHi 3anacu AHaZoNbCbKOTO POAOBMLLA, AN SKOro
©Oyno HagaHo cneLianbHUA 403BiN Ha BUAOOYBaHHS.

BuaineHHA HeBupiweHUX 4YacTUH 3aranbHOi Npo-
6nemu. MpoBeaeHi geTanbHi AOCNIAXKEHHS BITYN3HSHMX Ha-
YKOBL}iB Ta reonorie CTOCYtOTbCS MEBHUX acnekTiB reonorii,
MiHeparnorii, pecypcHoi 6a3u pogosuw i npossis P3E. Ha
CbOroHi akTyarnbHO € cucTemMaTu3auis i aHania CyKynHocTi
HasiBHOI pi3HOYaCOBOI reosnorivyHoi iHpopmauii no Bcii MCB
P3E, wo 0o3Bonntb BUAINUTMA HaNbinbLL NepcnekTUBHI 4N
iHBecTopa 06'eKTU 3 ypaxyBaHHAM KOHKPETHWX BUMOI [0
SIKOCTI i KinbkoCTi 3anacis. Kpim uboro, y3aransHioBanbHi 4o-
KYMEHTU MICTATb AesiKi HeakTyanbHi AaHi LWoAo0 pOAOBMLL,
AKi BXXe HaJaHi y KOpUCTYBaHHS, WO NoTpebye akTyanisadii.

®dopmynioBaHHA Uinen ctatTti. MeTolo cTaTTi € cucrte-
MaTu3aLii MacuBy HaKOMUYEHMX AaHUX 3 piaKiCHO3eMeNbHOT
MiHepanisauii YkpaiHu 3a reonoriyHMMu, ripHUYO-TEXHIYHUMNA,
TEXHOSONYHUMMW, PECYPCHUMMU | EKOHOMIYHUMIW MOKA3HUKaMMU,
NPOBEAEHHS paHXyBaHHS BITYM3HAHUX POJOBMLL i NPOSBIB
P3E 3 mMeTol OUjHKM X iHBECTMUiHOI NpuBabnuBOCTI Ha
npuHUMNax, BUCBITNEHUX Yy Binbll paHHiX poboTax aBTopiB
(Muxatinos ma iH., 2017; Muxatinoe ma Kypuro, 2017).

Buknap martepiany pocnigxeHHs. B YkpaiHi Bigomi
poaoBMLIA K TPaguUiiHUX TWMiB, MOB'si3aHi 3 kapboHaTu-
Tamu (HoBononTtascbke) i Mapiynonitamu (OKTabpcbke), Tak
i HeTpaguuinHmx: 6araTi UMPKOHIEBI | pigkicHO3eMeNbHO-LK-
pkoHieBi pyan 6e3HedeniHoBMX CieHiTiB (A30BCbke Ta AcCT-
pybeubke) (puc. 1). Kpim Toro, B MNprasos'i 3HaxoauTbCs
nposiB 6aratux pya uepiesoi rpynu (MeTpoBo-IHyTiBCbKMIA),
CKNnageHun NapusuToMm, KanbuuToMm i cpriroopuToM. Xapak-
Tep po3noginy pigkicHux 3emene y nopogax YL getansHo
po3rnsiHyTo B poboTi (Muukesuy u dp., 1986), oe nokasaHo,
LLIO HaKOMWYEHHS NETKNX NaHTaHoIgiB noB'a3aHe 3 kapboHa-
THAM MeTacomaTo30M, a iTpilo i BaXKuX naHTaHoigis — 3
npouecamMmu Kaniesoro MetacomaTosy i rpenseHisaldii.

OcobnuBuin iHTepec cTaHOBNATL kapboHaTuTn Hoo-
NnonTaBcbkoro, Mapiynonitn OKTI6pPCbKOro MacuBiB, MyXHi
MeTacomaTutu CyuwaHo-lepxaHcbkoi 30HM. 3a 3B'A3KOM 3
TMNamu nopig eHgoreHHa pigkicHo3emenbHa MiHepanisauis
Moxe ByTun: 1) LMPKOHINA-TOPIN-PiaKICHO3EMENBHO B rpaHi-
Tax, cieHitax i nermatutax (MwukonaiBcbke i CabapiBcbke

poposua MNpuaHinpos's, AcTpybeupbke — MNMoniccs, Ycnex-
cbkui nposiB Npra3os's); 2) iTpin-pigkicHO3eMeNbHO-LIMPKO-
HIEBOIO i Liepin-naHTaHoBO B NMYXHUX CieHiTax (A30BCbke,
AHaponbebke, MNMeTpoBo-IHyTiBCbke poaosula Npuasos's);
3) ypaH-TOpin-iTpin-piaKicHO3eMenbHOI B KanieBux i HaTpi-
eBux metacomatutax (Jlodysatcbke, KanuHiscbke, [liB-
nexHe — Kiposorpagcbkoro YPP). Pyau 6inbLiocti pogosuiy,
YkpaiHn HanexaTb Ao BigHuX, i came 3 LM NOB'A3aHi TpyA-
HoLLi IXHbOT ekcnnyaTauii.

BuainsaioTe 4oTMPM HaNBaXMUBILLMX PaMOHU PO3BUTKY
€HOOreHHOI pigKicHoO3eMenbHOT MiHepanisauii:

1. MNoginbcbkuid, e BoHa NoB'si3aHa 3 rpaHiTamu 6epau-
YiBCbKOrO i XXUTOMUPCBLKOrO KOMMNMEKCIB, AiopUTamu i rpaHo-
fpioputamm 3BEHUTOPOACHKOrO KOMMIEKCY;

2. MNepXaHCbKUA pyaHWUIA BY301 3 MepXXaHCbKMMU rpaHi-
Tamu, CieHiTaMu i KanieBuMn meTacomMaTMTammn 3 LUPKOHOM
i OpuToniTom (AcTpybeubke);

3. Kpusopisbkuin YPP 3 kanieBuMun i HaTpieBMMN MeTaco-
MaTUTaMu, CieHiTaMn KOPCYHb-HOBOMMPrOpPOACHLKOrO KOM-
nnekcy;

4. lMpnasoBCbKMIN — 3 FpaHiTamMu i nermaTuTamy cantnya-
HCbKOro, aHafaonbCbKOro (AHagonbCcbke), Kam'sHOMOrUIb-
CbKOTO  KOMMMEKCiB, kapboHaTtutamMu  YepHiriBCbKOro
(HoBononTaBcbke), CieHiTaMy MiBAEHHOKANbYMLIBKOrO KOM-
nnekcy (A30BCbKE).

Kpim eHoreHHoi, Bigomi NposiBU pigkicHo3eMenbHOI Mi-
Hepanisauii, NoB'A3aHOI 3 KOPOK BUMBITPIOBAHHS, a TaKoX
MOHaUMTOBMICHI po3cunu (BonuHo-lMoainbcekuii i MNpua3sos-
CbKWIA p-HK).

Onuc popgoBuLy pigkiCHO3EMENbHUX €NeMEHTIB HaBO-
OnTbea 3a nitepatypHumn mxepenamu (Fypcbkuli ma iH.,
2006; 3azHimko ma iH., 2017; Muxatinoe ma iH., 2007; Mu-
xatnos, 2010 ma iH.).

Hoeononmaeckke kapboHaTUTOBE pigkicHOMeTani4YHo-
anatutoBe poposuule [MpuasoB's HanNexuTb OO0 BEMWKKX
KoMMnekcHNx 06'ekTiB. BoHO nokanizoBaHo B kap6oHaTUTax
YepHIriBCbKOro KOMMIEKCY, siki € CKNaJoBOK YaCTUHO Npu-
ypoueHoi Ao 3oHu OpixoBo-laBnorpagcbkoro rmubrMHHOro
po3nomy cybmepwuaioHanbHOI CkrnagHonobyaoBaHOi CMyru
NY>XHO-YNbTPAOCHOBHUX MOPI4 i MeTacoMaTuTIiB 3 JOBXM-
HO 12 i wupmHow A0 1 KM. ANaTUTOHOCHI kapboHaTuUTH,
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HecdbeniHOoBI i Ny>XXHi CieHITU cknagatTb KyniconoaibHi KpyTo-
nagatoudi Tina notyxHictio Big 10-20 go 100 m, wo npocts-
ralTbCs Ha BiACTaHb Bif NepLUNX COTEHb METPIB A0 NEpLUNX
KinomeTpiB. PogoBuile cknageHe KanbLMTOBUMMU i KanbLmT-
OOMoMITOBUMM KapboHAaTUTOBUMU pyAamu, NOKNaau MakoTb
Janko- i wrokonodibHy dopmMy 3 pisKUMU, KPYyTUMMU KOHTaK-
Tamu 3 BMICHUMU beHiTamun, HedeniHOBMMU CieHiTaMun Ta
inoniT-mensTenriTaMy. Hansaxnmsilwmm pyaHUM KOMMOHe-
HTOM € anaTuT, NPUCYTHI TaKoXX MOHaUMT, Nipoxmnop, uepie-
BUIA DEPTIOCOHIT, KONMYMOIT, raT4yeToniT, UMPKOH, 6ageneiT,
OPTUT, ELLNHIT i doepcMmiT. Y kapOoHaTUTax cyMmapHui BMIiCT

pigkicHux 3emenb pocsirae 0,17-4,6 %; Nb20Os — 0,06—
0,3 %; Ta205 — 0,002—0,003 %; P20s5 — 4,3 %. lonoBHWUM pi-
[OKICHO3eMEeNbHUM MiHeparioM € MOHauuT, B SIKOMY BMICT
P3E pocsrae 65 %. MoHauut Ma€e HU3bKWA BMICT TOpItO
(0,1-0,3 %), Lo MiaBULLYE LiHHICTb KOHLEHTPATY LbOro Mi-
Hepany. Barato P3E, siki MmoxyTb GyTu Buny4eHi, 3ocepe-
keHo B anatuTi  (cepegHin  Bmict  1,0-1,5 %,
makcumansHui — 8—-11 %). Y anatutax cepeg P3E nepesa-
xatotb Ce (0,6-1,1%) i La (0,1-1,6 %), npucyTHi (r/T):
Y (150-600), Sm (250-400), Eu (40-150), Tb (40-100),
Yb (10-20), Lu (0,3-0,7).
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Puc. 1. Cxema po3MileHHA pigkicHoMeTaniyHuXx i pigkicHo3emenbHux pogoBul YkpaiHu (Muxatinoe ma iH., 2007)
MemanoezeHivHi 30Hu: | — CywaHo-lNepxaHcbka; Il — Kouepiscbka; Il — Moginbebka; IV — XmenbHuubka; V — FonoBaHiBebka;

VI — 3eHuropoackka; VIl — IlinHsxebka; VI — Xmenescbka; IX — KipoBorpaackka; X — HoBoykpaiHcbka; X —
XII — ®epopiscbka; Xl — MNiBaeHHogoHb6ackka; XIV — Manyypcebka; XV — YepHiriscbka; XVI —

MiBHIYHOTEpPCAHCBKA;
CopokuHcbka; XVII — OkTabpcbka;

XVIII — Kanbmiycbka. Podosuwa: 1 — ManoberaHcbke (Ge); 2 — Actpybeuke (P3E, Zr); 3 — MNepxaHcbke (Be); 4 — CtaHkyBatcbeke (Li, Ta, Nb);
5 — INosoBaTcbke (P3E, U, Th); 6 — Kanuxiscbke (P3E, U, Th); 7 — Monoxoscbke (Li, Ta, Nb); 8 — KOxHe (P3E, U); 9 — Tapaciscbke (P3E);
10 — XKosTopiveHcbke (Sc, U, Th, Fe, V); 11 — HoBonontasckke (Nb, P3E); 12 — YcneHiBcbke (P3E); 13 — LLeByeHkiBcbke (Li);

14 — BockpeceHiBcbke (Li); 15 — KpyTa Banka (Ta, Nb, Li); 16 — AsoBcbke (P3E, Zr, Nb); 17 — Masypiscbke (Nb, Zr);

18 — AHaponbcbke (P3E); 19 — MokpoBo-Kupuiscbke (Be, P3E); 20 — MNeTtposo-IHyTiBCcbke (P3E)

3a pospaxyHkamu, nuie BunyveHHs P3E 3 anatuty moxe
OKYNnWUTU BCi BUTPATW Ha OCBOEHHA Ta eKcrryaTtaujio pogo-
Buwa. CepegHili BMICT anatuty B kapboHaTMTax CTaHOBUTb
10 %, iHogi pocsaratoum 30-50 % B HEBENUKNX (DOCKOPUTOBMX
Tinax. MPAT "BonuHcbka ripHU4o-xiMiyHa KoMnaHis" oTprMaHo
cneujanbHWn 0O3BIN 3 METOK BMAOOYBaHHA pigkicHomeTarni-
YHO-anaTuToBWX pya HosononTaBcbkoro pogosuiLa. HuHi BY-
[0BYTOK Ha podOBULL HE NPOBOANTLCS.

Okms6pcbke (Ma3ypiecbke) poooBHLLE HANEXWUTb A0
KOMMMNEKCHNX LIMPKOHIN-PigKiCHO3eMenbHO-HIOBIiEBNX pogo-
BuL,. BoHo npuypoyeHe go OkTabpcbkoro macuey Hedeni-
HOBWX Ci€HITIB 3 MipOXNOP-UMPKOHIEBUMKU pydamMu B
anbbiTutax i mapiynonitax. PygHi miHepanu B mapiynonitax
i NoB'A3aHMX 3 HUMK anbbiTUTax NpeacTaBeHi NiPOXopoMm,
uupkoHom, 6putonitom. Bmict P3E B pynax B cepefHbomy
csarae 0,2 %, y 6putoniti — 65 %, y nipoxnopi — 1-5 %. MNna-
HYETbCS KOMMMEKCHa po3pobka pya siK IMUHO3EMHOI CUpo-
BUHM 3 NonyTHUM BunyyeHHsm P3E. MNporHosHi pecypcn —
200 tuc. T TR20:s.

A3oecbke podosuuwje HanexuTb OO HOBOrO MPOMWUC-
NOBO-TEHETMYHOrO TUMY, HE Mae CBITOBMX aHanorie. BoHo
po3TalloBaHe B MiBHIYHO-CXigHIM YacTuHi Bonogapcbkoro
macwusy lMpunasoBcbkoro 6moky; MacuB cknageHun iHTpy3mB-

HYMMK NopogamMu NaneonpoTePO30NCLKOro NiBAEHHOKaNbYn-
LbKoro komnnekcy. Pogosuiie npuypoyeHe Ao cepii CieHi-
TOBUX LUTOKIB, HANBINbLWIMIA 3 AKMX — A30BCbKMIA (1,3 KM?),
CKIMafeHU Ny>KHO-NONIbOBOLLNATOBUMU, MNipOKCeH-aMqibo-
NOBMMMU i KBapLOBUMMU CieHiTamu i nermatutamu. LLnpoko
po3BuHeHi amdibonosi cieHiTh i nyxHi meTacomatutun. Ce-
pen nyXHO-MOMbOBOLLNATOBUX CIEHITIB BUSABMEHO OEB'ATb
pyOHWX Tirn, NpeacTaBneHnx KyMynsaTUBHUMU NpoLlapkamu
cepronoaibHoi hopmu, 36aradyeHnx pyaHUMU MiHEpanamu,
X NOTYXHICTb cArae AeKinbkox meTpis. [0noBHe pyaHe Tino
Mae foBXMHY 1640 m, cepefHio NOTyxHicTb 32 M. PyaoHo-
CHi pi3HOBMAW YacTiwe npefcTaBnieHi Me3o- i MenaHoKpaTo-
BUMW CieHiTamn (3 (peporacTUHrcuToMm, regeHbepritom,
dasnitom), pigwe nenkokpaToBUMK. € pigKkicHO3EMENbHO-
LUMPKOHIEBI i LMpKOHieBi Tnn pya. Pyaou BkpanneHi, cknag
nonimiHepanbHui i 6putoniToBuin. PyaHi miHepanu: 6puTo-
niT, 6acTHe3nT, OPTUT, LMPKOH, MOHAUWT, YEBKIHIT, iTpianiT,
marHeTuT, pabgodarit, dniooput. Bmict P3E B pyaax 3a-
3BMYal CTAHOBWUTb MepLli BIACOTKM, iHOAi gocaraioum 20—
30 %, a BmicT Zr konmBaeTbes Big 0,02 go 27 %. CepegaHin
BMicT TR203 — 1,27 %, ZrO2 — 1,5 %. Y TeXHONOriYHin npobi
BcTaHoBneHo BmicT (% Big cymu P3E): Ce — 46,8; La — 19,0;
Nd - 18,5; Pr—4,3; Sm-3,3; Dy-1,7; Er- 0,4; Tb - 0,3;
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Ho -0,3; Tm - 0,1; Lu—-0,1iY - 0,5; y pyai npucytHi U
(0,0012-0.0142 %) i Th (0,0035-0,094 %).

LInpkoH yTBOpIOE rycTy BKpaneHicTb (1-3 MM), 3pOCTKu
3epeH, pyaHi arperaTti, 3pOCTKU 3 NOMbOBUMU LUMATaMM, am-
dibonamu, pigkicHozemMensHUMK MiHepanamn. Bputonit
(ronoBHWI pigkicHO3eMenbHU MiHeparn) yTBOpIoe BKpanre-
HICTb, 3POCTKM i arperaTv NpuU3MaTUYHUX KpUCTarnis Henpa-
BUIMbHOI popMU 3 BUAINEHHAM 00 2—-3 CM B NerMaToigHuX
ainaHkax. Nepebysae B napareHesnci 3 LMPKOHOM, OPTUTOM
i pigKicHMM YeBKiHITOM. BpUTONIT € KOMNMEKCHMM pigKiCHO-
3eMernbHUM MiHeparnom, 3asBnyan nepeBaxaroTb NOro icTo-
THO LepieBi pi3HOBMAMW, B MEHLUIN KiNbKOCTi 3yCTpivyaloTbes
iTpiesi. 3HayHuM BMIicT Y (no 6—-10 % Big cymu P3E) nigsu-
LLyEe MPOMMCIIOBY LiHHICTb CUPOBUHWU. OPTUT acouitoe i3 Lu-
pKOHOM i BpuTONiTOM, @ B KaTaknaszoBaHWX AiNsiHKkax pa3om
3 MarHeTUToOM i (PriFoOPUTOM BUMOBHIOE MPOXMUITKU B MOSbO-
BOLLNATOBIV Maci. bBacTHe3nT cnocTepiraeTbCcs y BUrNAgi OK-
peMux BWAINEHb, THI3AOMNOAIOHMX CKyNM4YeHb, BKIOYEHb Y
LIMPKOHI, hNHOOPUTI | XKMNbHUX MiHepanax, y cknagi ncesgo-
Mopdo3 no Gputonity i opTuty. Mictutb (%): Y203 — 4,14,
TR203 — 56,36; La — 12; Ce — 21; a Takox (r/T): Sm — 105,
Eu —-1070, Th - 2700, Yb — 42, Lu-0,8.

MporHosHi pecypcu poposuwa Ao rmmbuHn 300 m oui-
HIOKTECA B 56 MNH T pyan i3 cepedHim BmicTom TR203
1,27 % (npn 6GoptoBomy 0,4 %) i Zr203 — 1,5%, abo
710 Tnc. T TR203, 3 aknx 20 % ctaHoBnATb Y-naHTaHoigu,
a Takox 840 Tuc. T Zr20s.

TexHOonorivHi JOCNIMKEHHS pya, NoKasanu MOXIUBICTb 3a-
CTOCYBaHHs1 CXEMU rpaBiTaLinHO-MarHiTHoro 36arayeHHst ix 3e-
pHUCTOI dppakuii i dnoTauinHoro 36aradeHHs1 LUnamis.
Mepepobka KOHLUEHTPATIB Ha CENeKTUBHI PiaKiCHO3eMENbHI
npodyktm MoxnuBa Ha [lpugHinpoBcbkoMmy — xim3aBogi
(M. Kam'aHcbke). TexHororia rigpoMeTanypriniHOro OYULLIEHHS
[O03BONsiE NEPEBOANTM B PO3UMH 6nm3bko 72-97 % P3E, ski
MOXYTb OyTW Nerko ekcTparoBaHi iOHHO-OGMIHHOK TEXHOIOo-
rieto. LIMpkoHOBWIA KOHLEHTPAT Bignosigae copTy "LIMPKOHOBUI
KOHLIEHTpaT MeTanyprinHuiA", nonbOBOLUNATOBUI NpuaaTHUA
0N BUKOPUCTaHHSA B CKISHIA MPOMMUCIIOBOCTI.

Ha anb, no4yaTok NpoOMUCIIOBOrO BifnpautoBaHHS po-
OOBYLLA CTPUMYETLCSI TEXHOMOTYHUMY | EKOHOMIYHUMU TPY-
aHowamu. CnpaBa B ToMy, wo P3E Ha pogoBuLi
CKOHLEHTPOBaHi B OCHOBHOMY B cunikaTHii goopmi — 6puto-
NiTi, KM 3a pisnyHMMK BnactuBocTamu i BMicTom P3E 3Ha-
YHO MNOCTYNaeTbCA MOHAUWTY, WO i 3yMOBIHOE HU3bKI
NOKa3HUKN TEXHOIOMYHOro BUIy4YeHHsi. OTpYMaHWi KoHLe-
HTpaT i3 BMicToM TR203 6nu13bko 13 % HEKOHKYpPEHTOCMpPO-
MOXHMWIA LLOOO0 CTaHOapTHOro CBITOBOTO MOHALMTOBOrO
KOHUeHTpaTy, B sikomy kinekictb TR203 gocsrae 55 %, wo
3YMOBJIIHOE HEOOXIOQHICTb NPOBEAEHHS A0AATKOBUX TEXHOMO-
MYHUX OOCTiOKEHb.

KM "MiBaeHbykpreonoris" B MUHyni pokn Oynu npose-
OEHi NoLyKOBO-OLHOYHI pob0TK 11 MigpaxoBaHi 3anacu Ta
NepcrneKkTUBHI pecypcy KOMMMEKCHUX LMPKOHIN-piaKicCHO3e-
MENbHUX PyA.

Scmpy6euybke podoguuie LMPKOHIEBUX PYa € aHano-
rom nonepeaHbOro, NPOTe TYT NOKM He BUSIBNEHI 6araTi pyau
P3E, xo4a B cieHiTax € Toi e Habip miHepanis (6puTtoniT,
opTuT, 6actHe3uT), Wwo i B A30BCbKOMY poaoBuLli. Pogo-
BULLIE pO3TalloBaHe B MiBAEHHO-3axigHiN YacTuHi NepxaH-
CbKOro pyZHOro By3na, NoB's3aHe 3 OAHOWMEHHM MaclBOM
NYXHUX CIEHITIB, 4O AKOro NpUypoYeHi AeKifnibka cepnosua-
HUX PYOOHOCHWX 30H 3aBAOBXKU A0 2 KM, MOTYXHICTIO 5—
120 m, 36arayeHux LUPKOHOM. [MpUCYTHI TakoX iNbMEHIT,
MarHeTuT, anaTuT, opTuT, 6acTHe3uT, NapuanuT, oPHT,
6puToniT Ta iH. CymapHuin Bmict P3E B okpemMux Tinax go-
carae 0,07-0,3 %, iHoai 1,24 %. 'onoBHi pyaHi miHepanu —
OpuTtoniT i umpkoH; BMicT (%) TR203 B GpuToniTi Moxe Ao-
caratn 50,2; Y203 — 10; ZrO2 — 5-6; Ce203 — 15-16; La203 —
6-7; Gd203 — 1; Yb203 — 0,6; Tu203 — 0,4; Eu203 — 0,1.

Y umpkoHi BMicT TR203 + Y203 ctaHoBUTb 1,24 % npw BMICTI
Hf 0,8 % i Takomy cknagi P3E (ig 100 %): La — 1,30; Ce —
2,26; Pr—0,6; Nd — 1,54; Sm — 2,86; Gd + Eu — 4,46; Tb +
Y + Dy - 65,86; Ho — 2,66; Er — 5,14; Tu—1,95; Yb - 11,10;
Lu — 0,27. Cknag umMpKoHy iCTOTHO iTpieBui, a 6puTonity —
iTpiN-Luepiesuin.

PopoBuile BBaxaeTbCs BENUKMM, NPOTE 3Ha4YHa rNu-
OuHa 3andaraHHsa BigoMux pygHux Tin (noHag 500 m) yckna-
OHIOE IOT0 MOXNMBY MPOMMUCIIOBY po3pobky. BoHO moxe
OyTV [Kepenom nonyTHoro BUOobyTKy Takoi HEpPYAHOI Cu-
POBWHW, K NOSLOBI LLNATK | QIIOOPUT.

YcneHiecbkuli nposie 3axigHoro MNpua3os's npuypoye-
HWUIM OO TiN NermMaTuTiB i NnermaToigHMX rpaHiTie. BiH nokani-
3yeTbCsl B anbbiTM3oBaHMX KpawoBuX QAinsiHkax. BmicHi
nopoau npeactaBrieHi KBapuutamu i rHemcaMm OCUneHKiB-
CbKoi cepii. [oTyXHICTb pyaHMX Tin KONMBAETLCA Bif AEKiNb-
KOX caHTumeTpiB Ao 59 m npu pgoexuHi go 300 m. 3a
MiHEpanbHUM CKNagoM 3pYAEHIHHA KCEeHOTUM-LMPTONIT-
ypaHiHitoBe. Bmict P3E — Big 0,03 go 0,11 %, Y — no
0,015 %. MNpoaykTvBHa KOpa BUBITPIOBAHHS, pPO3KpuTa Ha
rMunbuHi 78-92 M, MictuTb 0 5,45 Kr/T KCEHOTUMY i Ao 34 T/T
MOHaUUTY, Ma€e BUCOKY pafioakTUBHICTb. Bik ypaHoBOI MiHe-
panisauii B nermatoigHux rpanitax — 2,0-1,9 mnpg p.

AHadosnibcbke podosuuje NpeacTaBreHe pyAHoK 30-
HOIO, LU0 NepeTnHae aHafonNbChbKi rPaHiTU i MeTamopdiyHi
nopoamn 3axiaAHONPMasoBCbKOI cepii Ha NiBOEHHMI cXig Big
OkTabpcbkoro macuy. 3oHa (0,7-3,0 M) MNpPOTSXKHICTIO
1000 m nonoro 3aHyptoeTbes (30—45°) Ha niBAeHHWIA 3axig i
npocTtexeHa Ha rmMnbuHy 400 m. BoHa xapakTepuayeTbes
XKUIbHO-NPOXUINKOBOK (hritoopuT-anaTUT-opTUTOBOK MiHe-
panisauieto 3 Bmictom TR203 — 0,1-16,7 % (cepegHe —
9,23 %). Pyan macuBHi, nnsmucTi, rpybo- i ToHkocMyracrTi, 3
Bucokum Bmictom Fe203, Fe i Ca, niaBuweHnum — Mn, P i F,
HU3bknM — SiO2 i Al203. PigkicHozemenbHi MiHepanu npea-
CTaBreHi OpTUTOM, LLepuToM, LiepbacTHe3nToM, anaTuToM i
dnrooputoM. OpTUT YTBOPIOE THI34a 1 niH3m (8o 10—15 cm)
cHono— i BissnonoAibHMx arperaTiB BUAOBXEHMX NpU3MaTUY-
Hux kpuctanis (0,5-1,5 mm), MicTuTb 23,7 % TR20s. Lieput
YTBOPIOE BKpanneHHs gpibHNX kceHoMopdHMX # i3omeTpu-
yHux 3epeH (0,5-2,0 mm) cepen arperatiB opTUTY, BKIO-
yeHHs y dntooputi, Mictute 70,1 % TR203. BactHesut
NPUYPOYEHUA A0 MIK3EPHOBUX AINAHOK OPTUTY i 3amillye
ocTaHHin. Bmict TR203 y 6actHe3uTi — 60 %. Anatut i crito-
oput (2,9 i 0,8-1,12 % TR203 BignoBigHO) YTBOPKWTL Y
CMyracTux pyaax TOHKi NpoLLapKu, siKi YeprytoTbcs 3 npoLua-
pKamu opTUTY, 3a XiMiYHMM CKITaZ4oM HanexaTb [0 LepieBux
pisHoBMAiB anaTtuTy i donooputy. 3anacu pyan poaosuLLa
3HauHi, ii npomuncnosi gocnigpxkeHHs Ha MpuaHinpoBCcbKOMY
XiM3aBoAi Aanun No3nTUBHI pesynbTaTy.

lMempoeo-I'Hymiecbkull Nposie po3TalloBaHNA y AONMHI
p. Kanbmiyc Ha niBHiYHOMY cxogi Big M. Mapiynonsi, npeacras-
NEHNIA KpyTOMnazakyow prroopuT-pigkicHo3emernbHo-kap6o-
HaTHOK Xunok (00 3 M) y (PEHITU30BaHMX rpaHOCIEHITax
€HOKOHTaKTOBOI 30HM KanbMiycbkoro Mmacusy. XKuna npocte-
XeHa B niBHiYHO-cXigHOMY (20°) HanpAMKY A0 1 KM i Ha rMMBuHy
noHag, 150 m. BoHa cknageHa rpy603epHUCTUMM | MacBHUMU
arperatamun Kanbumuty, 6acTHesuTy, napusuty i noopuTy.
BwicHi gianarosi cieHiTn nexavoro 6oky pyaHoro Tina eHitn-
30BaHi (25—30 m). DeHiTn npeacTaBneHi anbbiTM30BaHMMU Ka-
niwnaToBMMM  MopogaMn 3 OManonofibHUM  BNakuTHUM
KBapLIOM i YTBOPIOIOTb LLUTOKBEPKOBY CUCTEMY MPOXKMIIKIB 3 BU-
cokoto (8o 11 %) koHUeHTpaLlieto opTuTy. Y BUcs4omMy boui rpa-
HOCIEHIT NepeTBOpPeEHi Ha anaTuUT-cpeH-anboIT-apdBEACOHIT-
eripMHOBI (OEHITU 3 LMPKOHOM, YEBKIHITOM, iNbMEHITOM, MarHe-
TUTOM i FEMaTUTOM.

Lis 3oHa (go 10 M) nepeTnHaETbCA NPOXUAKAMU TUTa-
HITY (sikuin MictnTb 0,37 % Nb203 i 1,28 % TR203), dntoo-
pUTy i KanbuMTy. Y KOHTaKTi BUCAYOro GOKy pygHOro Tina
BiA3HaYal0TbCs 00ONAMIBKM rHOOPUT-KapOOHAT-EripMHOBOTO
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cknagy. PyaHi napareHesncy npeacrtasneHi paHHbO aco-
Liauieto dontoouepuTy, 6acTHe3NTY, NAPU3UTY, KanbUMTY i ni-
3HbO — (PNOOPUTY, raneHiTy, apreHTUTY i IHLWKX cynbgiais.
I3oToNHMIM BiK raneHity — 2,1-1,92 mnpg p. [onoBHi pyaHi
MiHepanu — 6acTHE3UT | Mapu3nNT — y 3pOCTKax 3 KanbLUToMm
yTBOpHOKOTL 6ok i rHizga (0,6—-0,8 m). IHoai BMICT pigkicHo-
3emenbHuX dTopkapboHaTiB gocsirae 15-20 % npu BMicTi
TR203 62,6 % y 6actHesuTi 1 52,3 % — y napwuauti. Pyga
Mae cenekTMBHUA LiepieBun cknagd. Y napusuTi La + Nd cra-
HoBNATb 94,7 % i Sm+ Lu — 5,3 %, a y dntoopuTi BmICT
Y i Baxkkux naHtaHoigie — 87,6 i 98,3 % Big Bmicty P3E.

PigkicHosemenbHa MiHepanisauisi, noB'a3aHa 3 MNOsfbo-
BOLLUMATOBMMM MeTacoMaTuTamu, BijoMa Ha ypaHoBOpy.a-
HUX nonax i pogosuwax Kiposorpagcekoro YPP
(JlosyBatcbke, KanuHiBcbke, iBOoeHHe), Ae pO3BMHEHI SIK
anbbiTuTn, Tak i HaTpin-doctopHi MeTacomaTUTU 3 ypaH-
TOPIN-iTPIN-piaKiCHO3eMENbHOK MiHepani3auieto (ManakoH,
LMPTONIT, MOHALMT, OPTUT, KCEHOTVUM), @ TaKoX anaTuToMm.

XapaKkTepHUM pigkicHo3eMenbHUM 00'eKTOM, MOB'si3a-
HUM 3 KarnieBum MeTtacomaTto3oMm, € nposB basika Kopa6e-
nbHa, BusBneHun y 1959p. BiH npeacraesneHuin
KpyTonagawymmM niH3onoibHMM noknaaoM iHTEHCUMBHO Ka-
TaknasoBaHWX Nopia NiBHIYHO-CXiAHOro NPOCTAraHHs cepen
rPaHiTM30BaHMX FHEWCIB i MIrMaTuTiB, AKi NepeTMHalTbCA
Xunamu poxesoro nermatuty (go 0,5 m). MNoknag 3aesgos-
Xk 70 m i 3aBmMpLukn 40 M NpoCTeXeHo Ha rmmbuHy 50 m.
MoTYXHICTb OKpeMux pygHux Tin gocsrae 20 m. BmicT y pyai
(%): PBE — po 4,4, Th-0,6, U - po 0,2, Yb — 0,092, La —
0,177, Gd - 0,05, Er — 0,092, Dy — 0,12, Pr — 0,055, Nd —
0,197, Sm — 0,046, Ce — 0,485, Y — 0,945. PygHi Tina npeg-
CTaBneHi ApibHO3epHNCTUM BKpanmeHHsAM i cerperauisiMm mMo-
HaUMTy, KCEHOTUMY i anaTuTy B KPYMHOKPUCTanidHi nopoai,
Lo cknagaeTbes 3 BioTMTY, NONMBLOBOrO LWNATy i KBapLy npuv
niaNopsAKOBaHin poni anbmMaHguHy i MarHeTuTy. FonoBHiI py-
OHi MiHepanu npeacTaBneHi MOHAUMTOM | KCEHOTMMOM,
MeHLLE — anaTuToMm i ypaHiHitom. OcHoBHa maca piakicHo3e-
MernbHUX dhocdaTiB y pyaHUX Tinax npuypodeHa Ao OinsHoK
6ioTMTOBOI NOpPOAK, sika 3a3Hana MikpokiHizaLii.

PigkicHosemenbHi docdatn, npucyTHi B GioTuTi y BU-
rnsai O4MHOYHUX 3epeH, NPU MIKPOKMiHi3auii 6ioTuTy ykpyn-
HIOITBCA W YTBOPKOKTL cerperauii B3OOBX TPIWWH NOro
CMawmHOCTI i Ha KOHTaKTi 3 MiKpOKmiHOM. MoHauuWT i KCeHOTUM
KOHLEHTPYIOTBCA MEPEBaXKHO B MarHeTWTi, YTBOPIOKOYM B
HbOMY 3€epHUCTI arperatu M okpemi kKpuctanu. B anatuTi
NPUCYTHI BKITOYEHHS KCEHOTUMY i MOHaUNUTY HenpaBunbHOI
dopmun, AKi, IMOBIPHO, NPEACTaBnATbL NepLly reHepadito
pigkicHosemenbHux docdatie. KceHotum mictutb (%): U —
1,64; Th-0,92; La-0,2; Ce—-0,6; Pr—0,2; Nd—-0,7; Sm —
0,9; Eu-0,1; Gd - 2,7; Tb - 0,5; Dy — 7,3; Ho — 2,0; Er —
6,7; Tu—1,1; Yb — 8,5; Lu — 1,6; Y — 30. 3ycTpivatotbcs
MOHauuT BucokoypaHoBuin (1,1 % U) i Hu3bKOypaHOBUN
(6rnm3bko 0,1 % U). I30TONHUIA BiK KCEHOTMMY | BUCOKOYpa-
HOBOro MoHauuTy — 2045-1815 mnH p.

Y 3B'sI3Ky 3 KQPOOHATUTOBMMM | NY>XHUMU KOMIMIEKCamu
YL Bigomi v iHWi noTeHuinHi mxepena P3E (ManotepcsH-
Ccbke nipoxnop-ratyetonitoBe pogosuwe [MpugHinpos's;
MepxxaHcbke GepunieBe poaoBULLE 3 PiAKICHO3EMENBHO
MiHepanisauieto; [NpockypOBCbKMIN i AHTOHOBCLKUIA MacuBm
ny>xHux nopig Mobyxoka Ta iH.). OTxe, HaBiTb BXe BifoOMi po-
OOBMLLA piOKICHUX MeTarniB MOXYTb He TiNbku 3abe3neynTu
notpebu Ykpainu B P3E, a  OyTn HagiiHum oxepenom Ba-
MNIOTHUX HAAXOMKEHb 3@ PaxyHOK MOXIMBOIO €KCNopTy iX
KOHUEHTpaTIiB (MOHaUWT, XITOpUAK, OKCuam i htopuam pigki-
CHUX 3eMerlb, KCEHOTUM Ta iH.).

Mpuknagom eKk3oreHHoI piakicCHO3eMenbHOI MiHepanisa-
Lii, NOB'A3aHOI 3 KOPOK BMBITPIOBaHHS, Moxe byTn Xawy-
eamcbke podoesuuje, Bigome 3 noyatky XX cT. sk 3aniso-
MapraHLeBe. BoHO nokanisoBaHe B KOpi BUBITPIOBaHHS yMa-

HCbKMX piaKiCHO3eMernbHUX rpaHiTiB, MeTacomaTuTiB, MeTa-
Mopdpi3oBaHUX ynbTpamadiTie, BanHAHO-MarHesianbHUX
CKapHiB, XJTIOPUTM30BaHUX i OkBapLoBaHWX amciboniTie Ta
iHWKX y Mexax Y-nogibHoro 3uneHyBaHHS XMeNbHULBKOIO,
TanbHiBcbkoro 1a Opecbkoro posnomiB. Kopa BUMBITpro-
BaHHA Mae€ 3Ha4Hy NoTyxHicTb (20—100 M) i 4iTkniA kaoniHi-
ToBMI npodinb. Haibinbw noTyxHa kopa (oo 100 m)
3yCTpiYaeTbCA Y BUMMSAAI KUWEHb HA MeTacoMaTUTax ek3o-
KOHTakTiB rpaniTis. Ii ocobnmsicTs — nigsuLLEHMIT BMICT 3a-
nisa ax [o YTBOPEHHA 3anisHux pyd. 3pyAeHiHHA
npeactaeneHe noknagom (13,7 M) 3anisavcTo-KaoniHiT-rig-
pocnoaucTux pya, cepe skux P3E Mictatbes y Burnsagi ag-
Ccop6eHTiB Ha MOBEPXHi 3amni3nCTUX i MMUHUCTUX MiHepani.,
4acTKOBO — Y chopMi BNacHUx MiHepanis (4epyuT, pabgoda-
HIT). Pyau matoTb ictoTHo iTpiesmn cknag (Y203 — 85 % Big
TR203). YepuuT i pabaodaHiT yTBOPIOIOTL HEBEMUKI THi3Aa,
HMpKoNoAibHi i cknagHi 3a opmoto BKpanneHHs, NpoLLapKku
KPYMnHO- i OpibHO3epHUCTOI, iHOAI cdeponiToBoi GynoBw.
MpucyTHi TakoX pyTWm, UMPKOH, LWNiHenb, GapuT, anaTwT.
XimMi4HWUI cknag noknagy B KOpi BUBITPIOBAHHA MeTacomaTtu-
TiB i KanbuugipiB BigpPI3HAETLCA NIABULLEHUM BMICTOM
Fe203 (20,12 %) i MnO (1,59 %). BunyyeHHs yepumnTy i pabd-
JodbaHiTy MOXnMBe 3a rpaBiTauiiHO CXEMOK0.

Kpim kopiHHMX pogoBuL, B YKpaiHi BidOMi BENWKi TUTaH-
LMPKOH-iNbMeHITOBI  po3cunn B 2KUTOMMPCHKiIN - obnacTi
(p. THunon'ate, Co6, PoctaBuus, >Kexeniscbka Ganka) i
Mpuasos'i (p. Kanbumk, npubepexHO-MOpChbKi  po3cunm
A30BCLKOTO MOpsl), SIKi TAKOX MOXYTb CTaTW 4OOATKOBUM
nxepenom P3E. CepeaHint BMicT MoHaumTy — Big 120-144
(BonuHb) go 450-900 r/t (Mpra3sos's).

Po3sutok gaHoro Hanpsimy B YkpaiHi 3aranom moxe
BBa)KaTUCsl MEPCMNEKTUBHUM, XO4ya CYTTEBOK MNEPENOHOND
HWHI € NoraHa po3BifaHicTb 06'eTiB NOTEHUiNHOro BUA0bY-
TKy P3E. 3a BiacyTHOCTi MOXNMBOCTI iX paHxyBaHHs 3a 00'-
€mMamu 3anaciB Ta PecypciB, OCKiNbkM Ans 6aratbox 06'ekTiB
ob6carn 3anacie i pecypciB He oujiHioBanMcbk abo Gynu oui-
HeHi pisHUMK cnocobamm 6e3 ypaxyBaHHSA [OCTOBIPHOCTI iH-
dopmalii, K OCHOBHi KpuTepii ouiHk1n Byno BUKOPUCTaHO
pSa4 iHWKNX pbakTopiB, WO BU3HAYa0Tb MPOMUCIIOBY LiHHICTb
pOAOBMULL, 30KpeEMa:

e BMiCT KOpucHMX KomnoHeHTiB TREO (cepegHi, MiHima-
NbHi | MakcumanbHi 3adikcoBaHi 3Ha4YeHHs);

e CKNafHiCTb reonoriyHoi OygoBW, WO BWM3HA4Yae Trip-
HUYO-TEXHIYHi yMOBU BUOOOYTKY;

e rMMBUHa 3ansaraHHsa pyaHuX Tin;

® MOTYXHICTb PyAHUX TiN (MPURHATO, WO MiHiManbHa Bu-
TMKOBa TEeXHi4YHa MOTYXHiCTb cTaHoBUTL 0,5 M)

e cknagHicTb npouecy 3baravyeHHs1 pyau (HeobxigHicTb
BMKOPUCTaHHS iHOMBIAYyanbHUX cXeM 36araqyeHHs);

® KOMMMEKCHICTb POAOBMLIA (HAsBHICTb ypaHy 3HWXKY-
Basio OLiHKY Y 3B'sI3KY 3i CKNagHICTIO OTPMMaHHS cneuianb-
HOro O3B0y Ta KOPEKTHOT OpraHi3auii npoBeAeHHst pobiT i3
BMOOBYTKY);

® CTYMiHb reornoriyHoro i TEXHIKO-eKOHOMIYHOIO BUBYEHHS.

Y Tabn. 2 npegcraBneHo pe3ynbTaTy paHXXyBaHHSA 3a 6a-
NBHO EKCMePTHOHO OLiHKO. Y Tabn. 3 HaBedeHo nepenik 06'-
€KTIB Ta AesiKi iX KinbKiCHi napameTpu, 3a SKMMyM NpoBeaeHO
OLHKY Ta paHXyBaHHs1 BITYM3HAHUX piaKiCHO3eMernbHUX Npo-
SBiB Ta pogoBuL, (puc. 2). [Ins KOXHOI KiflbKiCHOI Ta SIKiICHOT
03Haku Byno npoBedeHo rpynyBaHHA 3a CNPUATAMBICTIO ANs
BMBYEHHS Ta OCBOEHHSA AiNsiHKM Haap. byno BuaineHo Big 3 oo
5 rpyn 3 BignoBigHWM po3noginom 6anis: YiM GinbL cnpuaT-
nvBa o3Haka, TM BULLMIA 6an Ans KOHKpeTHoI rpynu. Ans npo-
BE[EHHS paHXXyBaHHS BUKOPUCTAHO TaKi OLHOYHI mapameTpu
3 po3noginom rpyn i 6anis:

® NS OUIHKM pyAHUX MiHepaniB BUKOPUCTaAHO po3nogin
3a [A0CBigoOM ix 36arayyBaHOCTI Ta BUIyYEHHSI KOPUCHMX
KOMMOHEHTIB (BMAineHo 3 rpynu);
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¢ 3a MUOMHOI 3anaraHHsA BUAiINeHo Tex 3 rpynu (8o
100 m, 100-500 m, rnmbwe 500 m);

® 32 MOTYXHIiCTIO BuAINEHI 00'€KTU: MarnonoTyXHi
(nepwwi meTpu), cepeaHbOI NOTYXXHOCTi — A0 10 M i NOTYXHi
— GinbLe 10 Mm;

e KinbKiCTb rpyn cknagHocTi 6y1oBKM BiANoOBiAae KinbKoOCTi
rpyn 3a Knacudikauieto 3anacis i pecypcis KOPUCHUX KonanuH
OepxaBHoro cdoHay Hagp i3 posnoginom 6anie 3 — npocta
OynoBa, 2 — cknagHa 6yaoea, 1 — gyxe cknagHa 6ynoBa;

® BMiCT KOPUCHOIO KOMMOHEHTa cyMun okeuais P3E oui-
HeHo anga 3 rpyn: 2P3E meHwe 1 %, £P3E 1-5 %, ZP3E
OinbLue 5 %;

e CTYNiHb BMBYEHOCTI OLUiHIOBABCs MO rpynax, siki Bigno-
BiJaloTb po3BiAaHMM i nonepeaHbLO PO3BigaHUM 3anacamu
Ta NepcneKkTMBHUM i MPOrHO3HMM pecypcam 3rigHo i3 Knacu-
dhikaujieto 3anacis i pecypciB KOpUCHUX KonanuH [epxas-
Horo cdoHay Haap;

® KOMMMEKCHICTb OLiHeHa 3a ABOMa rpynam (BianosigHo
00 HasiBHOCTi CyMNyTHIX KOPUCHUX KOMMOHEHTIB).

Tabnuys 2
PaHyBaHHS BiTYM3HAHMX NposiBiB Ta poaoBuly P3E 3a o3Hakamu, siki BU3HA4akThb iX NPOMMUCIIOBY LiHHICTb
A
= g = c x B 8
£5| § | & |B5| o | E| B | $8| %
PopoBuue/nposis go © ¥ g9 o o) o Eo i N
cF | £ E|B&8| F | B | B |&z| E
2 = e o = = 2 2
z
TumoLiBCbKMI 1 1 1 1 4
3HaM'saHCbKuIA 1 1 1 1 4
HApiBcbkun 1 1 4
XalyBaTcbke 1 3 1 2 7
CanTtuyaHCbKMI KOMNeKc 2 1 1 1 1 1 1 1 1 8
CornomiBcbka i 3axigHoxallyBaTcbka AiNsiHKK 2 3 1 1 1 8
cc. 'ybHuk i KnebaHb 2 3 1 1 1 1 1 10
JlyroBcbkuit Macus 1 1 1 1 1 1 1 1 2 10
TokiBCbKkuii Macus 2 1 1 2 2 1 1 10
Pygonposis CTopoxosuin 1 1 3 1 1 1 1 1 1 1
MawnpgaH-IonockiBcbke 3 3 2 1 1 1 11
CabapiBcbke 3 3 2 1 1 1 11
PoBcbkuii pygonposis 3 1 3 1 1 1 1 11
MasypiBcbke 1 1 1 2 1 1 1 2 2 12
MokpoBo-KupiiBcbke 3 2 1 1 1 1 1 2 12
YcneHiBCbKWI pyaonposiB 1 2 3 1 1 1 1 1 1 12
KpacHsiHCbke none 2 1 2 2 3 1 1 12
ManosiHiconbcbkui 3 3 1 1 1 1 1 1 12
A30BCbKUI LLITOK (KOPY BUBITPIOBaHHS) 1 3 1 1 1 2 1 2 12
KatepuHiscbkui 3 3 1 1 1 1 1 1 12
MwukonaiBcbke 3 1 3 2 1 1 1 12
lMeTpoBo-IHyTiBCbKE 3 2 2 1 2 1 2 13
Mano-Axuconbcbka 3 3 2 1 3 1 1 14
Temptoupbka 3 3 2 1 3 1 1 14
Bacuniscbka 3 3 2 1 3 1 1 14
[MopToBa 3 3 3 3 1 1 14
ByaeHiscbka 3 3 3 3 1 1 14
Mep>xaHCbKMI pYAHWIA By30nN 2 1 1 1 1 2 3 1 2 14
AcTpybeLpkuit 2 1 2 2 3 2 2 14
rpyna pygonposieiB banka KopabenbHa 3 3 3 2 1 2 2 16
HoBononrtascbke 1 2 3 2 1 1 2 3 2 17
AsoBcbke 1 2 3 2 2 1 2 2 2 17
AHapgonbcke 1 1 2 2 3 1 3 2 2 17
Ta6bnuys 3
KinbKicHi napameTpu, 3a sAKUMM NpoBeAeHO OUiIHKY Ta paHXyBaHHA piaKicHO3eMeNbHUX NPOosiBiB Ta pOAOBULY
KopucHi - . .
KOMMOHEHTH Poposuwe/nposs PynHi miHepanu Fnnbuna, m | NotyxHictb, m | P3E | P3E min | P3E max
MNpurasoBcbka MeTanoreHiyHa o6nactb
3axidHonpua3soeckkuli pyOHull palioH
P3E YepHiriBCbKWIA KOMNEKC, PEeprioCoHIT, MOHaLMT, 0,17 4,6
HosononTaecbke pogoBuLle | 6acTHE3UT, OpTUT
P3E, CaF, MokpoBo-KupiiBcbke KCEHOTUM 1,5 0,6 0,5 0,8
P3E YcneHiscbkuii pyaonposie KCEHOTUM, LUMPTONIT, 92 0-59 0,03 0,11
YPaHiHiT
CxidHe lMpua3soe'st
P3E, Zr A30BCbke 6puTonit, 6acTHe3uT, no 300 1,27
OpTUT, LMPKOH, MOHALUT,
YeBKIHIT
Ta, Nb, Zr, P3E | Masypiscbke 6pUTONIT, LUMPKOH, YEBKIHIT 0,3
P3E, Fe, Mn AHaponbcke OpTUT, LUepuT, 6acTHe3nT 500 0,7-3,0 9,23 0,1 16,7
P3E, Nb MeTpoBo-IHyTiBCbKE 6acTHesuT, napuauT 150 0,5-3,0 1,28
P3E KpacHsiHCbke none 0,3-3,0 2,0 1,14 6,1
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3akiH4yeHHs1 ma6n. 3

P3E Pynonposis CTopoxoBuii MOHAaLNT, YEBKIHIT, 250 3-20
OpuTtonit, 6acTHe3nT
P3E CantnyaHCbKuiA KOMMNEKC | opTUT
Poscunu, y m.4. dinsiHKku
P3E KaTtepwuHiBcbka KCEHOTUM, MOHaLUT
P3E ManosiHiconbcbka MOHaLNT
P3E, Zr Kopw BuBiTptoBaHHSA A30BCb- | pabaodaHiT, Yepunt 0o 20 0,5 1,21
KOro LUTOKY
IHwi po3cunu lMpua3oecbko20 palioHy, y m.4. GinsiHKu
P3E Mano-Aniconbcbka MOHauuT 54,6 50 58
P3E Temptoubka MOHaLNT 54,6 50 58
P3E Bacuniscbka MOHauunT 54,6 50 58
P3E MNopToBa MOHaUMT, LUMPKOH 53 56
P3E ByneHiscbka MOHALMT, LIMPKOH 53 56
XMinbHUUbKO-BiHHMLbKaA rpyna
P3E MukonaiBcbke MOHALUT, LIMPKOH, 0,5-30,0
KCEHOTUM
P3E MarwigaH-I"onockiBcbke MOHaUnNT 0.5-15,0
P3E CabapiBcbke LMPKOH-MOHALUT 35-100
P3E c. ['y6Huk i KnebaHb optut 2-16 19
P3E PoBcbkuin pygonposis MOHaUuUT 225 4-30
BonuHcbka MeTanoreHiyHa o6nactb
P3E, F,Pb, Y |MepxaHCcbkWin pyaHUIA BY30r | LMPKOH, Bputonit 4 9
P3E, Y JlyroBcbkuin macus unpToniT
P3E, CaF2 Actpybeubkuin Macus LMPKOH, GpuTonit 10-20 cm 1,24 50,2
MpuagHinpoBcbKa MeTanoreHiyHa o6nactb
P3E [ TokiBcbkuit Macus [opTuT | | | 3 [ 5
Mo6y3bKni panoH
U, PSE JlosoBaTtcbke
U, P3E KanuHiscbke
U, PSE MNiBoeHHe
U, Th, Y, P3E |Banka KopabenbHa MOHaUMT, KCEHOTUM 50 20 2 44
P3E ConowmiBcbka Ta 3axigHo-xa- 100 14 0,24
LlyBaTCbKa AiNsHKN
P3E, Fe, Mn XalyBaTcbke YepuuT, pabgodaHir, 13,7
KopcyHb-HoBOMUMpropoacbKuit NiyToH
P3E TUMOLLIBCbKMI 0,2 0,14 04
P3E 3HaM'ssHCbKUIA 0,2 0,14 0,4
P3E ApiBCbkui 0,2 0,14 04
> cyma 6anis
AHaponbcke 17
A30BCbKe 17
HosononTascbke poaosuwe 17
rpyna pyaonposnsis banka Kopabenbra 16
AcTpybeubKuit Macus 14
MNepxaHCbKUi pyaHuit By30n 14
ByaeHiscbKa 14
MNoprosa 14
Bacuniecbka 14
Temproubka 14
Mano-AHuconbCbKa 14
Netposo-THyTiBCEKE 13
Mukonaiscbke 12
KaTepuHiscokuit 12
Kopu BuBITPIOBaHHA A30BCBKOrO WTOKY 12
ManoaHiCONbCbKMH 12
KpacHaHcbkenone 12
YcneHiBcbKui pyaonponss 12
MNokpoeo-Kupiiecoke 12
Masypiecbke 12
PoBCbKMI pyaonpons 11
Cabapiscbke 11
Maigan-Tonockiscbke 11
Pyaonpoas CTOpOXOBHI 11
TOKiBCbKMI Macue 10
JIyrOBCbKMI MACHB 10
cc.MyBHuk i Knebanb 10
AHOMaNIA, WO BKAOYaE CONOMIBCBKY Ta 3axigHo-XalyBaTCbKYy... 8
CanT43HCBKUI KOMNABKC 8
X3aWyeaTchke m———— 7
APIBCOKMA  m——— 4
3Ha¥.'ﬂHCbHHﬁ I 4
TUMOWIBCOKMH  I—— 4
0 2 4 3 8 10 12 14 16 18

Puc. 2. PesynbTatn 6anbHOI OLiHKKM ¢hakTopiB, siKi BU3HA4YalOTb MPOMMUCIIOBY LiiHHICTb pOAOBMLLY
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BucHoBku. 3a pesynbTataMu NPOBEAEHOrO paHXy-
BaHHSA BiTYM3HSAHMX pogoBuLy Ta nposieiB P3E moxHa Buai-
nuTy rpyny o6'ekTiB 3 MakcnMarnbHO KinbkicTio 6ani., ski €
HanbinbL iHBECTUUINHO NpMBabNMBMMK ANS NOLANbLIOMO
NPOMUCINOBOro 0cBOeHHS. Lle rpyna i3 cymoto 6anis 15-17:
popoeuua HoononTtaecbke, AHagosnbcbke, A30BCbke Ta
rpyna pygnonpossie banka KopabensHa. Tpeba BiasHauuTty,
LLIO NepLUi TPU XapaKTepu3yloTbCS HaVBULLUM CTYMEHEM re-
OIOTiYHOI Ta TEXHIKO-EeKOHOMIYHOI BMBYEHOCTI, @ Ha nepLui
OBa o0'ekT HagaHi cneuianbHi 403BONM Ha BUAOOYBaHHS.
OcTaHHin 06'ekT Uiel rpynu BiA3HAYaeTbCA BUCOKUMU sIKiC-
HUMUK napameTpamu, ane noTpebye AOBMBYEHHS i Nigpaxy-
HKy 3anaciB i3 TEeXHOMOrMYHUM i FIPHUYO-TEXHIYHNM
0Or'PYHTYBaHHAM KOHAMLIN.

HacTynHy rpyny 3 ouiHkoto 11-14 6anis MoxHa pekome-
HOYBaTW 9K MOXNMBI 06'€KTV IHBECTYBAHHS i3 BpaxyBaHHAM
reornoriYHnX, TEXHOIOMYHNX PUBMKIB TX OCBOEHHS, LLO 3yMO-
BNeHo abo HM3bKMM CTyMeHEeM BMBYEHOCTI, HEAOCTaTHIMM
AKICHUMM NOKa3HMKaMK (MOPIBHSIHO 3 iHLLUMMM BiAOMUMMK 06'-
ekTamMm) abo TeXHOMOrYHNUMK hakTopamm.

BpaxoByoun 6€3CyMHIBHUI €EKOHOMIYHWIA NPIOpUTET LK-
pokoMacLuTabHoro BukopuctaHHs P3E B cyyacHOMy CBITi,
noganbLui NepcnekTMBn B YKpaiHi TICHO MOB'A3aHi 3 akTuB-
H/MMK MOLUYKOBUMK Ta pO3BidyBasibHMMKM poboTamu, 30K-
pema B Mexax YKpaiHCbKOro LumTa.

[ns nepLuo4eproBoro reonoriyHoro i TEXHOMOorYHOro BU-
BYEHHS1 HAMBINbLUWIA IHTEPEC HUHI CTaHOBWTL rpyna pyaonpos-
BiB banka KopabenbHa, a Takox poscunu [pra3zoBCbKOro
pavioHy, 3okpeMa Mano-AHunconbcbka, Temproubka Ta Bacu-
niBCbKa [LiNsHKM, WO 3YMOBIOETBCA CYTTEBUMM BMiCTaMu
P3E, H13bKMM piBHEM CKINMagHOCTI npouecy 30araveHHs pya-
HVX MiHeparis, NPOCTUMM FpPHNYO406YBHUMI YMOBaMM.
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Hapivwna po peakonerii 02.02.21

GEOLOGICAL INDUSTRIAL ASSESSMENT AND RANKING OF PROMISING OBJECTS
OF THE DOMESTIC BASE OF RARE EARTH ELEMENTS

Changes in the priority areas of financing in the field of subsurface use and their widespread reorientation to the search for alternative sources
of raw materials which could ensure the development of modern high-tech industries are the promising direction for the country's growth in
sustainable development conditions and Green Energy Transition. And at the moment the only resource that can ensure safe progress in the future
and plays an important role in today's technological development is rare earth elements (REE).

Within the framework of this study information on the current state of awareness about the REE mining prospects in Ukraine was analyzed and
generalized; the systematization and updating of available data on quantitative and qualitative REE ore occurrences and deposits characteristics and
their geological and industrial parameters was done; the main obstacles / barriers to the active mining development on these objects of potential
extraction were identified. The obtained ranking results of domestic deposits and REE manifestations prove the expediency of investing in geological
exploration and mining operations conducted in certain areas, which are identified as the most attractive for further industrial development and
generally emphasize the prospects of the studied area and justify the need in intensification of selected rare earth objects field development.

Keywords: rare earth elements, deposits of geological and industrial parameters, rare earth mineralization, industrial value of deposits, explored
objects.
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YHU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpanHa

FEOJIOrO-NPOMBILLNTEHHASY OLIEHKA U PAHXXWPOBAHUE MNEPCMNEKTUBHBLIX OB BEKTOB
OTEYECTBEHHOM BA3bl PEAKO3EMEJIbHbIX 3JIEMEHTOB

N3meHeHus npuopumemHbix HanpaeneHull ¢huHaHcuposaHusi 8 cghepe HeAPONOIbL308aHUST U UX NO8CEeMecmHasi nepeopueHmauyusi Ha nouck
anbmepHamueHbIX UCIMOYHUKO8 Cbipbsi, KOmopble Mo2siu 6bi o6ecrneyums pa3gumue cO8peMeHHbIX 8bICOKOMEXHOI02UYHbIX Mpou3eodcme, s1erlsi-
emcsi MHo2oobewarou,umM HanpaesieHUeM pocima cmpaHbl 8 yc/108Usix ycmoliyueo20 pa3eumusi u nepexoda Ha Green Energy Transition. Ha ce200-
HSIWHUU OeHb meM caMbIM pPecypcoM, Komopbili Moxem obecneqyumb 6Ge3onacHblli npozpecc &8 OydyweM u uzpaem 6axXHyl poJib 8
MexHOJI02UYECKOM pa3eumuu ce200HSl, siesisilomcsi pedko3eMesibHble 3nemeHmsl (P33).

B pamkax uccrnedoeaHusi npoaHanu3upogaHa u o6o6ueHa uHghopmayusi 0 CO8PEMEHHOM COCMOSIHUU 0c8edoMIIEHHOCMU OMHOCUMesIbHO nep-
cnekmue 9o6bi4u P33 e YkpauHe; npoeedeHa cucmemamu3ayusi U akmyanu3ayusi UMeroujuxcsi aHHbIX O KOJIU4€CMBEHHbIX U Ka4eCMmeeHHbIX Xa-
pakmepucmukax pydonposieseHuli u MecmopoxdeHuli P33 u ux 2e0/1020-NpoMbIWIeHHbLIX NapamMempos; onpedesieHbl OCHO8HbIE npensimcmeus
0ns1 akmueHo20 pazeumusi pabom Ha o6bekmax nomeHyuansbHol o6bi4u. lMony4YeHHbIe pe3yibmambl 8bINOJIHEHHO20 PaHXUPOB8aHUs omeyecm-
8eHHbIX MecmopodeHull u nposieneHuli P33 dokasbieatom yesecoobpasHocmb uHeecmupogaHusi pabom e cghepe 2eosio2uvecKux UsbICKaHull u
peanu3ayuu 6o6bIYu Ha omaenibHbIX y4acmkax, komopsble onpedeseHbl, Kak Haubosiee UHBECMUYUOHHO MpuesiekamesbHble O11si nocnedyroue2o
NPoMbIWIIEHHO20 0C80EHUS U 8 yesIoM nod4yepkuearom nepcrnekmuebl uccredyeMo20 HanpaeseHusi U 060cHoeblealom Heo6xodumMocmb UHMEHCU-
¢ukayuu pazpabomku ebidesieHHbIX 06eKMoe pedKo3eMesIbHO20 ChIPbSi.

Kntoyeenie cnoea: pedkosemesnbHbIe 3/1eMeHMbI, 2€0/1020-NPOMbIWIIEHHbIE Napamempbl Mecmopo)xdeHutll, peOKko3eMesibHasi MUHepanu3ayus,
npoMbiwsieHHasi yeHHOCMmb Mecmopo)xdeHuli, pa3eedaHHOCMb 06bLEKMoe.
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OCOBEHHOCTMU PA3SMELLUEHUA U YCNTOBUA ®OPMUPOBAHMA
KOLKAPYAUCKOIro MEAHO-MOP®UPOBOI0 MECTOPOXXAEHUA
(MANbIXA KABKA3, ASEPBAUXAH)

(MpedcmaesneHo 4reHoM pedakyiliHoi Koseail 0-poM 2e0s1.-MiH. Hayk, npog. B.M. 3azHimkom)

Paccmampuesaromcsi ocobeHHOCmu pa3MeuweHusi u ycrosusi popmuposaHusi Kowkapyalickoeo MeOHO-Mopghuposo2o Mecmopo-
)0eHusi Mypoedazckoeo pydHoeo palioHa. BbisscHeHbl OCHO8HbIE ¢hakmopbl KOHUEHMpPUPoB8aHUsi MeOHO-M0Pghupoe8o2o opydeHeHUs
8 nopodax 2ab6po-duopum-zpaHoduopumosoll ghopMayuu. YcmaHoesieHo, 4mo cmpykmypa pyOHoe2o palioHa cghopmupoeanach e
pe3ynbmame nocsiedoeamesibHOlU cMeHbl HECKOJIbKUX 3marnoe deghopmayuli, conpoeoxdarouyuxcs o6pazoeaHueM mpeuwjuHoeamo-
cmu e UHMPY3UBHOM Maccuee, eHeOpeHUeM Oaek, rnepemMeujeHueM 6J10K08 MO0 MEKMOHUYECKUM pa3pbl8HbIM HapyWeHUsIM U 8bIo-
JIHeHUeM mpewjuH pa3/luyHbIMU MUHepanbHbIMU accoyuayusimu. BoisicHeHo, Ymo medHo-nopghuposoe opydeHeHUEe COMPSKEHO C
WUPOKUM OpPeoJIoM 2udpomepmMaribHO-U3MEeHeHHbIX Mopod, Yacmo ¢ docmamoy4YHoO Yemkol pyGHO-MemacomMamu4yeckoli 30HaIbHO-
cmbto. 0606ujeHHasi KOJIOHKa MemacomMamuyeckol 30HaslbHocmu e Macwmabax pyOHo20 palioHa U MecmopoxdeHull ebipaXkeHa 8
nocnedoeamenbHoOlU cMeHe criedyrouwux MemacomamuyecKux 30H: Keapuyeeasi — Kanuwinamoseasi — Keapy-cepuyumosasi — ap-
a2unnusumoesas — nponusuiumosasi. OcCHoebleasicb Ha CMPYKMYPHO-MOPEOII02UYECKUX 0COOEHHOCMSIX, MOXXHO CKa3ammb, Ymo opy-
deHeHue Ha MecmopoxdeHuu Kowkapyali — WIMOK8epPKOBO-NPOXXUIIKOBOE BKpalsleHHo20 mura, 8 KOMOPOM eKparjieHHocmu
npeo6nadarom Had MpoXuskamu u xunamu. [1aeHbIM NMosie3HbIM KOMITOHEHMOM siesisiemcsi MeOb. Codep)kaHue ee 8 npedesnax
wmokeepKkoeo20 meJsia Heycmoliyueo u Kosebnemcsi @ wupokom AuanasoHe — om 0,2 do 2,5 %, cocmaensisi @ cpedHem 0,41 %. U3
psi0a pyOHbIX M0/1e3HbIX UCKOMNaeMbIX, CyWecmeeHHO 8Uusiiouux Ha 3Ha4UMOCMb MEeCIMopoXXdeHus, criedyem ommMemums Mosub-
OeH u 6nazopodHble Memansnbi. B Hekomopbix uHmMepeanax cpedHee codepxaHue 3o/10ma cocmaesnsiem 2,0 2/m u 6onee. Hapsidy ¢
30/10MOM ycmaHoeJIeHO makKxe rnosbiweHHoe codep)xaHue cepebpa, 20e e2o 3Ha4YeHuUe docmuzaem 30—45 2/m, ymo Moxem nojsio-
JKUmeJibHO eJlusimb Ha 06WyH0 UeHHOCMb MecmopOoXOeHusl.

o pe3ynbmamam ¢hakmopHo20 aHasu3a OaHHbIX CK8)XXUH eblisie/IeHbl 2e0XUMUYECKUe accoyuayuu, no3eosisroujue J1oKkanu3osams
obnacmu pa3eumusi MUHepPanu3ayuu pasuyHbIx cmadull gpopmupoeaHusi Nopghupoeo-anumepmMasibHol cucmemMbl. 3HaYeHUs1 ¢hak-
mopa @1 Koppenupytom ¢ Kosu4yecmeom xasbkonupuma, 6opHuma u nupuma, 4Ymo daem ocHog8aHue Ccesi3amb 2e0XUMUYECKYH acco-
yuayuro Cu (Mo, Pb, Sb) c Haubosnee paHHel xankonupum-60pHuUmM-nupumoseol MuHepanusayuel nopguposozo 3mana
ghopmuposaHusi pyOoHOCHOU cmpyKmypbi. 3HayeHus1 hakmopa ®2, omeeyaroujue accoyuayuu Mo (Cu, Pb, Co), cmamucmu4ecku cesi-
3aHbl ¢ codepxaHuem xanbKonupuma u monu6deHuma, o6pa3yrouux oCHO8HOU MUHepalslbHbIU NnapazeHe3uc Medb-monubdeH-nopgu-
poeozo opydeHeHusi [lpoeedeHHble uccriedogaHusi eK/IoYeHull e Keapuye pyd nupum-xasbKornupumoeol, 2aneHum-cganepum-
Xanbkonupumoeoli cmadutli, mepMob6apoxuMuyecKUMu MemodaMu 0380JIH0IM Oxapakmepu3oeamb hIOUGHbILU PexuM npoyeccoe
pydoobpa3zoeaHusi 0aHHO20 MecmopoxdeHusi. Pydoobpa3syroujue 2udpomepmMarsibHble pacmeopbl, Mo 0aHHbIM U3yYeHUsi ¢hITloUGHbIX
8KIIroYeHull, 6bTU XSTOPUGHO-HaMpPUEe8o20 muna, a KOHYyeHmpayuu cosnel eapbuposanu om 20 do 30 mac. %-3ke. NaCl. PydHble komno-
HeHMbI MepeHoCcuUs/IUCb 3MuUMU pacmeopamu 8 ¢hopMe KOMIIIIEKCHbIX UOHO8, codepxaujux xsropudskl Na u K, u pexe cynsghamsli u Kkap-
6oHambl. PydoobpaszoeaHue npoucxodusnio e uHmepsasie 350-200 °C. Kaxxdomy muny MuHepasnu3ayuu coomeemcmeyem 6roJiHe
onpedesieHHbIl Ouana3oH (hU3UKO-XUMUYECKUX NapamMmempos U XUMU4ecKo2o cocmasa pydoobpa3yrouiezo ¢rouda. lNonyyeHHble pe-
3ynibmamal M10380J1USTU yCMaHo8UMb meMrepamypbl 20M02eHU3ayuU 8KITH0YEeHUU U OyeHUmb memMrnepamypsb! hiroudos 8o epems 06-
pa3ogaHusi pyd Kaxdol cmaduu, a makke onpedesiumb KOHUEHMpayuu OCHOBHbLIX COJIe8biIX KOMMOHeHmos. KommnnekcHocmb
o6beKkmoes ceudemesibcmayem O 8bICOKOL MepcrieKmueHOCMU MeOHO-IopghuposbIx rioujadell U 8blOesIeHHbIX Ha HUX Y4acmKoe 6
paHae nomeHyuasnbHbIX PyOHbIX rosed.

Knroyeeble crnoea: Kowkapyat, meGHo-nopgup, 2uépomepmasibHo-MemacoMamu4eckue U3MeHeHusl, 2eoxumuyeckue, ¢itoudHble
BKJTIOYEHUS, ycrioeusi hopMUpO8aHUsI, 2eHemu4yecKue ocob6eHHocmu.

BeeneHune. MeaHo-nopumpoBble MeECTOPOXAEHUSA OT-
HOCSITCH K YMCny rnaBHbIX NcTouHMkoB Cu, Mo, a Takke Au,
Ag, Sn npu conytcTBytowux Re, W, In, Pt, Pd n Se. Ha nx
aonto npuxoamtcsa ot 50 go 60 % MupoBoro npomMssoacTBa
menm n 6onee 95 % muposoro npoussoactTea Mo. 3akoHo-
MEPHOCTU pa3MeLLEHNS 1 YCNoBus (hoOpMUPOBaAHNSA MELHO-
nopdUPOBLIX MECTOPOXAEHWI N3yYanncb MHOIMMU UCCTie-
aosaTensMu. MHOrouncreHHble UccrneaoBaHnst TakKMx Mec-
TOpPOXOEHWIA HanpaBreHbl, NPeXxae BCEro, Ha BbisiBNEHWE
0CcobeHHOoCTEeN MX (OPMUPOBaHNS B pa3HbIX reognHamuye-
CkMx obCTaHOBKax, co3daHue onucaTernbHbIX U reHeTu4e-
CKUX Mopenen Kak OCHOBbl [JEWCTBEHHOro MpOrHo3a,
NMOWNCKOB U OLEHKU TEPPUTOPUIA C SKOHOMUYECKN BAKHBIMU
MUHepanbHbIMU MecmopoxdeHusmu (bopmHukos u dp.,
2012; Bornkos u 0p., 2018; Haymoe u 0p., 2016; [llonos,
1977; CagpoHos u 0dp., 2006, Tumnu u buH, 1984;
Hedenquist and Richards, 1998; Kerrich et al., 2000; 2010;
Lang and Baker, 2001; Meinert et al., 2003; Sillitoe, 2000;
Sillitoe and Hart, 1984 u dp.).

MypoBgaar siBnsieTcss ogHUM M3 Haubonee nepcnekTuB-
HbIX PyAHbIX panoHoB MarnokaBKka3ckoro ropHo-cknagya-
TOr0O COOPYXEHUSI U XapaKTepusyeTcsi Hanuinem psiga
MECTOPOXAEHWUIA U PyOONpPOSIBNEHUNA, MEPCNEKTUBHbLIX Ha
MefLb, MONMOOEH, 30/10TO, CBMHEL, UUHK U Apyrue nones-
Hble McKonmaemble. 34ecb e pacrnonaratTcsi HEeCKOSbKO
MECTOPOXAEHNA U PYLONPOSIBIIEHUA MeAHO-NopcdrpoBoro

TMNa, B KOTOPbIX pecypcbl MeaHbIX pya MoryT GbiTb OTHe-
CeHbl K pa3psigy KpynHbIX MecTopoxaeHuin. Hanbonee un3ay-
YeHHbIM siBnsieTcst Kolukapyanckoe MecTopoXAeHue, rae
NnpoBOAUNNCE pa3BefoyHble paboTbl, YTO NO3BOMMITO Bblae-

NUTb €ro Kak BeCbMa NepCcrneKkTUBHOE.
dakTuyeckme mMartepuan u MeToAbl UCCIeQOBaHUA.
OcHoBYy hakTn4eckoro maTtepuana cocTaBuna KONnekuus
o6pasuos (okorno 150 wTykK), oTobpaHHasa BHYTPU 1 BOKPYT
LUTOKBEPKA C MPOXWUIKOBO-BKPAMIEHHOW MUHepanusaumnen
1 Ha ero dnaHre go rnybuHsl bonee 500 M OT AHEBHOW Mo-
BEpPXHOCTU. B konnekuuo Bowwnu o6pasubl, cobpaHHble 13
rab6ponaoB, kBapLiEBbLIX AMOPUTOB, KBAPLIEBLIX XWUI1 C rane-
HUT-chanepuT-xanskonMpuToBON MMHepanusauven. 13 ob-
pasuoB M3roTaBnuBanuncb netporpaduyeckie LWnudbl 1
NMONMpPOBaHHbIE C ABYX CTOPOH MIAacTMHKM ANS uccrenosa-
HUA prrONaHBIX BKMOYEHWUA, @ OCTarbHY YacTb 3TUX 06-
pasuoB Opobunu u paccemBanu Ha cutax. ATOMHO-
abcopOLMOHHbIA aHanm3 Ha npubope komnaHun Perkin Elmer
MO3BOSMI KONUYECTBEHHO ONPEAENUTL TakNe 3NEMEHTbI, Kak
Cu, Mo, Cr, Ni, Co, Pb, Zn, Sr, As, Bi. leoxumunyeckne nax-
Hble MO CKBaXvMHaMm Obinn 06paboTaHbl B nporpaMme
STATISTIKA meTogom hakTOpHOro aHanmsa rnaBHbIX KOM-
noHeHToB (besroHuH u dp., 1982; boposukos, 2013). Obpa-
3Ubl NOPOA UCCreoBanucb METOAOM MacC-CNEKTPOCKONUN C
WHOYKTUBHO-CBSI3aHHOW nna3moii (ISP-MS). CunukaTHbIn xu-
MWYECKWUIN aHanu3 NpoBeaeH B nabopaTtopumn YHnBepcuTeTa
© MaHncypos M., 2021
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Namnp, Typumsa. TepmobGaporeoxummyeckme aHanusbl ra-
30BO-XWOKMX BKITKOYEHMWI KBapLa pasHbIX reHepauui Bbino-
THANNCb C NMOMOLLLbKO COBPEMEHHbIX BbICOKOTOYHbLIX METOA0B
B aHanutndeckon nabopatopum USGS [eonorudeckon
cnyx6bl CLUA (r. OeHBep).

OCo06eHHOCTM FeoniorM4yeckoro CTPOEeHUss MecTOpPOX-
AeHus. OcobeHHOCTY reonormieckoro cTpoexust Kolukapyai-
CKOro  MegHO-MOPCUPOBOrO  MECTOPOXAEHMA  NogpobHO
M3NOXeHbl B paHee onybnukoBaHHbIX pabotax (A60yriaes u
Op., 1988; baba-3ade u Op. 1990; eonozusi AsepbatidxaHa,
2003, 2005; MaHcypos, 2014).

MypoBgarckui pygHbln panoH, kyaa sxoaut Kolukap-
Yyalnckoe MeCTOpOXAEeHNE, SIBNSISICb COCTABHOW YacTbio J1ok-
Kapabaxckoi naneooctposHol ayru (puc. 1), 3aHumaeT C3
NPUMNOAHATYIO YacTb MypoBAarckoro aHTUKIMHOPUST accu-

I0"00E 40°00E

METPUYHOrO CTPOEHMS, CIOXEHHOro nopogamu HuxHeba-
MNOCCKOW BYIIKQHOTEHHOW TOMWM B agpe, M BepxHeba-
Moccko M bartckonm  Tonwamu  GasanbT-aHae3wuT-
pUonnMTOBON, nocrnefoBaTenbHO  AnddepeHUMpPOBaHHON
dopmaumm, Ha KpbinbaxX. VIHTPY3MBHBIM COCTaBRSOLLMMUY
py4Horo paroHa asnsioTca Kollkapyanickum KoMmnneke rpa-
HUTOMAHLIX MHTPY3un (Kowkapaarckas, Opxargarckas, ba-
napka Kowkapparckas)) M ux pankoBble 06pasoBaHus,
KOTOpbIE€ MPOPbLIBAOT MOLLHBIA KOMMNMEKC 3ddpy3nBHO-NMPO-
KrnacTuyeckux obpasoBaHui, oka3blBasi HAa HUX KOHTaKTOBOE
BO3AeNCTBME. VIHTpY3UBHbIE KOMMMEKChl C MeaHO-Nopdu-
pOBbIM OpYyAEHEHVMEM MO rE0NOro-neTporiorMyeckum ocooeH-
HOCTAM TNpuHagnexar K rabbpo-aMopuT-rpaHoANOPUTOBOM
dopmaLmn No3gHepcKo-paHHeMenoBoro Bo3pacta (A6dy-
nnaes u 0p., 1988; Neonozusa AsepbatidxaHa, 2003).
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Puc. 1. TekToHU4Yeckas kapTa 30Hbl CTOJIKHOBeHUs1 ApaBMMACKO-EBPa3snncKux KONMM3NOHHbIX 30H:

® — MeCToHaxoXJeHne MmectopoxaeHus Kolukapyan. COKpaLIJ,eHVIH

: GC-bonblwoin Kaekas; LC—Mankin KaBkas; AT-Auapa-TpuaneTu;

R-Pwvonu; Dz-A3upyna; K—Kypa; MB—6acceiH Mus; EP—-BocTouHble MNoHTnabl; KM—maccus Knpluexump; EAF—BocTouHbIi AHaTONMACKNIA
pa3nom; NAF—Cesepo-AHaTonuiickuin pasnom; |IAES—3mup-AHkapa-OpanHaxaHckui wos; MM—-Maccus MeHnpepec

B pyaHom paioHe MegHo-nopdupoBoe opyaeHeHNe OX-
BaTbiBaeT Kolwkapyanckoe, Kowwkapaarckoe, Kbidbinapxay-
ckoe, Keuanparckoe, Epuk-MaHykckoe 1 gpyrue
MECTOPOXAEHNSI U PYLSONPOSIBNIEHUS], TOe OHO HAXOAMTCS B
TECHON NPOCTPAHCTBEHHOW W reHeTuyeckom cBasn ¢ My-
poBOarckumy rpaHMToMaHbIMM MaccuBamu (A60ynnaes u
Op., 1988; baba-3ade u dp., 1990). No reonornyeckomy no-
TNOXEHWIO U MPOCTPAHCTBEHHOMY Pa3MELLEHUIO UHTPY3NB-
Hble obpasoBaHuss MypoBpaarckon rpynnbl pasgeneHsl Ha
Kowkapparckyto 1 Kbi3binapxadckyto rpynnbl (leonozus
AsepbalioxaHa, 2003).

MnacToBble Tena Kbi3blnapxaickoro yvyacTka npeacras-
neHbl NPEVMYLLECTBEHHO KBapLUEBbIMW AuopuTamu, rab-
Opo-guoputaMn 1 HesHauuTenbHO Auoputamu, rabopo,
6aHatutamu. C npubnumxeHnem K SHOOKOHTAKTYy nopogpl
npuobpeTatoT 6onee 0CHOBHONM xapakTep. [abbpo-HopuThl
cpenHe3epHNCTbIE MOYTU YepHblE MOPOAbI, COCTOSLLME U3
nnaruoknasa, NMPoOKCEeHOB, HebornbLIOro Konmyectsa Guo-
TUTa, pOroBor 06MaHKu, ONMBKHA, a TakkKe BTOPUYHbIX U aK-
LLleCCOpPHbIX MUHepanoB. KeapueBble AMOPUTBHI  MEIKO
cpeaHe3epHUCTLIE, MONHOKPUCTANNNYECKUE NOPOALI, Npea-
CTaBMeHHbIe, rmaBHbIM 06pas3om, nnarnoknasamm, poroBomn
obmaHkon, 6uoTUTOM, KBapuem, MWHOrAa C MPUMECHI0

nMpoKceHa, kanuwnata n ansbuta (A6dynnaes u dp., 1988;
leonozusi AsepbatioxaHa, 2003).

XUMNYECKNi 1 HOpMaTUBHbLIV MUHEParbHbIA COCTaB No-
pOA4 3TUX MAaCCUBOB C BaXXHEWULLMMUW NETPOXUMUYECKUMU Xa-
pakTepucTMkamu npuBeaeH B Tabn. 1.

Mopoabl Ha KnaccuduvKaumMoHHOW  Aunarpamme
(Na20+K20)-SiO2 3aHnmatoT none nopoa HopMarnbsHOW Le-
JIOYHOCTWU, YTO NO3BOMSIET OTHECTU X K HOPMaribHOMY NeT-
POXUMUYECKOMY psagy (puc. 2). OnucbiBaemble
KnaccudukaumoHHble guarpaMMbl Mopodbl B OCHOBHOM
cocpefoToYeHbl B rabbpounaHbix nonsix. N3 gnarpammel Bu-
[HO, YTO OHM KOMMNAKTHO pacnonoxeHsl. [lpyrue neTporpa-
huyeckue TvNbl nopoa unu audepeHumaTbl pacnonoXeHbl
B MonsiX KBapLeBbIX AVNOPUTOB, U 34eCb NO HOPMATUBHOMY
MUWHepanormyeckoMy cocTaBy coaepxaHve anbbuToB Ha-
MHOrO MOBbLILLIAETCH, B COOTBETCTBMM C 3TUM HAMHOro
YMEHbLLAETCA COAEPKaHNE OCHOBHbIX nnarnoknasos (/eo-
noeus AsepbatidxaHa, 2003).

CTpykTypa pygHoro panoHa copmupoBanack B pe3yrb-
TaTe nocnenoBaTeNbHON CMEHbI HECKOSbKMX 3TanoB Aedop-
Maumn, COMPOBOXAAMLLMXCSA obpasoBaHnemM
TPELLMHOBATOCTU B MHTPY3MBHOM MaccuBe, BHeApPEeHVWEM
naek, nepemMelleHMeMm O6nMOKOB MO TEKTOHUYECKMM pa-
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3PbIBHLIM HaPYLLEHUAM W BbINOMHEHUEM TPELUWH pasnuny-
HbIMWM MUHepanbHbIMK accoumaumsMu. HenocpeacTBeHHO
pPYOoONoABOAALLMMM ABMSAOTCS CYOLIMPOTHAA Unn obLuekas-
Kasckasi OpMeHTMPOBKa HapyLUeHuiA, a paspbiebl CB npoctu-
paHus, onepsitoLume Mowrapyackuii pasnom co CTOPOHbI ero
BUCAYero Goka, SIBNATCA PyOoSioKanmuayoWwmMmMmM CTPYKTY-
pamMu, 4To 0OBbACHSIETCA: 1) pacronoXeHnem pyaHbIX 30H B

nexadem 60Ky; 2) oguHaKOBLIM HanpasneHnem nageHus py-
OHbIX 30H W pasnomoB npu 6Gonee KpyTbiX yrrax
nocnegHux; 3) nokanusauuven pyaHblX 30H MNpeumyLLecT-
BEHHO B MEJIKUX CUCTEMaX TPELUMH U HapYLUEHUSIX NoKarb-
HOro 3Ha4eHwusi; 4) NPUYPOYEHHOCTBIO K MaBHbIM pasriomMam
CyOBYNKaHNYECKMX TEMN U AaeK, 30H MHTEHCUBHbIX MMAapoTep-
MarbHbIX U3MEHEHU MOPOA W BKpanseHHoW cynbguaHon

MUHepanusaumm (Meonnozust AsepbaltioxaHa, 2005).

Ta6bnuya 1
XUMUYEeCKUI COCTaB NOpoA MarmaTMyeckmux Komnrekcoe MypoBaarckoro aHTUKIMHOpUst
1 2 3 4 5 6 7 8
SiO, 48.17 50.91 51.05 51.6 53.18 52.51 52.16 51.85
TiO, 0.54 0.5 0.46 1.03 0.37 1.47 0.45 1.69
AlL,O3 19.62 17.77 19.1 16.88 16.49 17.88 21.87 17.46
Fe, 0, 10.25 3.8 3.45 3.76 5.75 2.86 3.15 4.46
FeO 3.05 5.5 5.01 4.43 5.08 5.06 4.85 4.82
MnO 0.12 0.1 0.13 0.08 0.09 0.04 0 0.12
MgO 3.42 6.02 5.7 5.4 4.2 3.92 3.44 5.01
CaO 12.13 10 9.22 10.78 9.64 9.49 5.4 8.03
Na,O 2.26 2.55 3.43 3.64 4.52 3.44 4.54 3.73
K,O 0.78 0.7 0.4 0.6 0.56 0.75 2.88 0.71
P,0s 0 0 0.04 0 0 0 0 0
| 0.43 2.07 1.06 2.11 0.61 2.36 1.65 2.04
2 100.8 99.92 99.05 100.3 100.5 99.78 100.4 99.92
9 10 11 12 13 14 15 16 17 18 19 20
SiO, 51.36 50.58 50.47 49.93 48.95 48.28 54.39 58.19 56.6 58.04 60.29 | 62.34
TiO, 0.28 0.63 0.3 0.5 0.29 04 0.65 0.65 0.47 0.1 0.42 0.24
AlL,Os 16.56 12.38 18.16 12.99 16.67 21.79 14.38 18.23 16.51 15 15.62 13.84
Fe,0; 7.19 10.5 5.06 7.51 9.19 5.39 6.76 2.24 2.5 5.67 3.36 4.41
FeO 6.22 7.42 4.62 8.89 4.36 3.61 5.05 2.64 4.95 4.09 3.72 2.72
MnO 0.11 0.14 0.05 0.13 0.1 0.08 0.05 0.1 0.14 0 0.05 0
MgO 2.81 3.97 5.41 3.35 5.05 4.01 5.04 3.68 4.7 2.3 2.8 3.1
CaO 10.32 9.62 7.14 10.54 10.65 6.12 6.96 7.14 7.1 6.94 5.36 8.66
Na,O 3.35 3.1 3.42 4.07 2.72 3.89 2.29 3.97 3.2 3.3 3.47 6.2
K,0 0.37 0.73 0.89 0.6 0.59 1.89 1 1.22 1.12 1.83 1.32 0.49
P,0s 0 0 0 0 0 0 0 0 0.09 0 0 0
| 2.21 1.74 4.01 2.05 1.28 4.27 3.1 1.31 2.2 3.03 2.3 0.87
> 100.8 100.8 99.53 100.6 99.85 99.73 99.67 99.37 99.58 100.3 98.71 102.9
21 22 23 24 25 26 27 28 29
SiO, 68.62 67.63 67.96 67.8 66.4 69.65 68.26 67.48 73.11
TiO, 0.2 0.55 0.26 0.25 0.28 0.38 0.38 0.38 0.38
AlL,O; 16.33 15.37 15.11 16.81 16.99 14.5 14.64 14.9 13.15
Fe,0; 1.95 2.02 2.29 2.27 2.22 1.74 1.8 1.69 2.16
FeO 2.53 2.57 1.46 1.99 1.76 1.55 1.29 1.87 0.97
MnO 0.1 0.1 0.06 0.01 0.08 0.08 0.05 0.06 0.05
MgO 0 1.05 1.76 1.79 2.42 1.72 1.88 2.69 1.65
CaO 4 3.53 5.15 3.6 4.28 5.1 4.82 4.21 0.81
Na,O 3.65 3.66 3.29 2.61 3.45 2.97 3.45 3.37 6.02
K,O 2.18 2.49 1.38 1.48 1.73 1.26 1.64 2.69 0.6
P,0s 0 0 0.07 0.08 0.07 0.07 0.08 0.08 0.08
| 0.55 0.75 0.99 1.04 0.94 0.71 0.98 0.89 0.69
b3 100.1 99.72 99.78 99.73 100.6 99.73 99.27 100.3 99.67

lNpumeyvaHue: 1—-4 — 2abbpo-Hopumsl, 5-8 — 2abbpoudsi, 9—14 — 2abbpo, 15-20 — keapuesble duopumsl, 21-25 — dayumei, 26-28 —

puodayumsl, 29 — puonumei.
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Puc. 2. MonoxeHne nopoa MarMaTu4ecKux KOMMJeKCoB
Ha knaccudukaumoHHon guarpamme (Na,0O+K;0)-SiO, MypoBaarckoro aHTUKIIMHOPUS:
1 — rab6po-HopuThbl, 2 — rabbpouapl, 3 — rabbpo, 4 — kBapLeBble ANOPUTbLI, 5 — rpaHOaNOPUTLI, 6 — AauUThl, 7 — puogaumnThbl, 8 — pUoONUTbI

KoLukapuarickoe MeCTOPOXAEHNE pacrnonoXeHo Y Crns-
Husa pp. Betok Kowkapuarh n banagpxa Kowkapyan B 10—
12 km K toro-3anagy ot c. Xowbynar. B reonorn4eckom cTpo-
eHuu KoLkap4amckoro MeCTOpOXXAEHUS NPUHMMALOT ydacTue
HKHeBaMoCcckne ByrnKaHOreHHble, ByIkaHOreHHO-NpUoKnac-
TUYeckne oOpa3oBaHWs OCHOBHOMO M CPEedHOro CocTaBa,

npuvHaanexatime K aHoesuT-6asanbToBon cybdopmanum no-
crnepgoBaTenbHO  AvddepeHUmpoBaHHon 6a3anT-aHoesuT-
pvonuToBor dopmauum (puc. 3). CrioXxkeHo OHO B OCHOBHOM
Gariocckumy  BynKaHOreHHbiMu  0b6pa3oBaHuMAMK,  Npop-
BaHHbIMW  rpaHuToMaamu  Kollkapyaickoro — Maccusa
(Feonozusi AsepbalidxaHa, 2003).

[T

Puc.3. Nl'eonornyeckas kapta Kowkap4anckoro MectopoxaeHus megHo-nopdupoBbix pya (baba-3ade u dp., 1990):
1 — cOBpeEMEHHbIE 3M0BUANbHO-AEN0BUANbHBIE OTIOXEHUS; 2 — antoBUasibHble, MPOMOBUATIbHBIE OTMOXEHWS;
3 — aHaes3uTbl U nx Tydbl; 4 — anabasbl u ux Tydbl; 5 — aarikm Anaba3oBbix nopgupuToB; 6 — NnacTosble Tena rabobpo,
rabbpo-nupokceHnToB; 7 — rabbpo, rabbpo-anopuTsbl; 8 — AMopUThLI, KBapLeBble AnopuTbl;9-11 — daLmm BTOPUYHBIX KBAapLUTOB
(9 — moHokBapueBas, 10 — kBapLu-cepuumToBas, 11 — NponNMIUTOBas (XNOPUTU3INPOBAHHbIE, OKBAPLOBaHHbIE, KanbLUTU3UPOBaHHbIE,
3aNNAOTM3NPOBaHHbIE Y NMMPUTU3NPOBAaHHbIE NMOPOAbI C MPOXUITKOBO-BKpPaNIEHHOW pyaHOW MUHepanv3aunen));
12, 13 — paspblBHble HapyLleHUst (12 — permoHanbHble pyaoKOHTponuvpytowme, 13 — npoune); 14 — rpaHyupbl haumm BTOPUYHBIX KBapLMTOB;
15 — KOHTYpbI MeAHO-NOPUPOBLIX PYAHbLIX TEN C NPOMBILLIIEHHLIM COAEPXXaHUEM Ha NMOBEPXHOCTY;
16 — opeonbl pacnpocTpaHeHnss MeaHo-NopupoBbIX pya; 17 — 6ypoBble CKBaXXKWHbI

CTpyKTypHO-MOpdhonornyeckme oco6eHHOCTU U MUHe-
panbHbIA cocTaB MecTopoXaeHuss. Ha mecTtopoxaeHun
NPEVMYLLECTBEHHO  Pa3BUTbl  MPOXMUITKOBO-BKpArNIieHHbIe
LUTOKBEPKOBbIE pyabl. XKunbHbI TUN OpyaeHEHVS UMeeT Moa-
YMHEHHOE 3HAYEeHME M MPUYPOYEH K 30HaM ApobreHust u 3o-
HaM rMOpOTEPManbHOrO M3MEHEHUsA cpeay aAvMabas’oBbixX
nopdvpuToB. HassaHHbIN TN OpyAeHeHWs NpeacTaBneH Kea-
pUeBbIMU 1 KAPOOHATHBIMW XUNaMU 1 NPOXUIKaMK, uMnper-
HVMPOBAHHBIM MUPUTOM, XarbKOMMPUTOM 1 MONNBOEHNTOM.

LLITokBepkoBOe Teno, cnaratLlee LeHTpansHyto Yactb Ko-
LLIKap4ancKoro MeCTOPOXAEHUS], MPUYPOYEHO K annkanbHON n
nepuepuintHoOn YactTsiM OAHOUMEHHOTO MHTPY3UBa, TOYHEE K
€ro 3HA0- 1 3K30KOHTAKTOBOM MOMOCE, U B CyOLUMPOTHOM Ha-
npaBneHnn 3aHMMaeT nnoLagb okoro 0,8 Km2.

B npegenax wTokBEpka Ha NOBEPXHOCTM NpMOOPTOBOE
cogepxaHue meaun coctaenset 0,4 %, n BblgeneHo 10 pya-
HbIX cTonboB. VMIHTepnpeTaumsa pe3ynbTaTtoB aHanusa Kep-
HOBbIX MaTepuarnoB MO3BONSET paccmaTpuBaTb 3TU
oboralleHHble y4acTKM Kak cnuBarwolmecs Ha rnybuHe B
euHoe pyaHoe Teno, o6pasytoLLee LTOKBEPK CO CIOXHOM
mMopdponornen. OcobeHHO CNOoXHOW ABNAETCA NOBEPXHOCTb
LUTOKBEPKOBOro Tena. B LTokBepke pasBuThbl TPELLMHbI Ce-
Bepo-3anagHoro (280-320°), cybmepugunoHanbHoro (345—
10°) 1 cyOLUMPOTHOrO HanNpaBfeHU, 3anofHeHHble 6e3pya-
HbIM 1 KBapu-CynbduaHbIM BellecTBom (baba-3ade u dp.,
1990). XKnnbl, npeacTaBneHHble KBapL-kapOoHaTHbIMK 3a-
NOMHUTENSAMU, MMelT cybmpoTHoe npocTupaHue. OHu
NpuypoYeHbl K 3oHam ApobneHuss molHocTbio 30—-60 m
cpeav AvabasoBbiX NOPHUPUTOB.

Hanbonee WHTEHCUBHas pyaHasi MUHepanu3aumsi Ha-
OnogaeTca B LEHTpanbHOM YacTu LUTOKBEPKa, KoTopasi Mo

Mepe yAaneHusi OT LEHTpa K KpaeBbiM 4acTaM MOCTEMNEHHO
3aTyxaeT. KoHTypbl pygHOro Tena u3BunucTblie 1 KoHopM-
Hble B OTHOLUEHWU MOPONIOrMM pyaoreHepupyoLLLEero nop-
hrpoBoro MHTpy3uBa. COOTBETCTBEHHO, 3TUM PYAHOE TENo
aHanorm4yHo MHTPY3MBY U UMEET HOro-3anagHoro CKIOHEHUE.

[(maBHbIM NONE3HbLIM KOMMNOHEHTOM siBRsieTcst medb. Co-
JepXaHve ee B npefenax LUTOKBEPKOBOE Tera HeycTow-
YMBO M konebnetca B WKMpokom AuanasoHe — oT 0,2 oo
2,5 %, coctaenss B cpeaHeM 0,41 %. U3 psga pygHbIx no-
Ne3HbIX UCKOMaeMblX, CyLLECTBEHHO BMMSOLLMX Ha 3HAYM-
MOCTb MECTOPOXAEHUS, crieyeT OTMeTUTb MonunbaeH u
GnaropogHble MeTannbl. B HekoTopbIX MHTepBanax cpegn-
Hee cogepxaHue 3onota coctaensieT 2,0 r/T n 6onee. Ha-
psgy C 30/10TOM YCTaHOBMEHO Takke MOBbILEHHOE
cogepxaHue cepebpa, rge ero 3HaveHue pocturaeTr 30—
45 r/T, YTO MOXET MONOXUTENBHO BNUATL Ha OOLLUYI LEH-
HOCTb MECTOPOXAEHMS.

OcHoBbIBasiCb Ha CTPYKTYPHO-MOP(ONOrMyecknx oco-
BGEHHOCTSIX MOXHO CKa3aTb, YTO OpYJAEHEHUE HAa MECTOPOX-
neHun Kolukapyai - LUITOKBEPKOBO-MPOXXMITKOBOE
BKpanieHHoro Tuna, B KOTOPOM BKparnneHHOCT! npeobna-
[aloT Haj NPoXUIKaMu 1 XXunamu.

B mecTopoxgeHnax MMHeparnbHbI COCTaB PyA He OTnu-
YyaeTcs 60nblWMM pa3HooObpaseM n XxapakTepuayeTcs B OC-
HOBHOM MENKMMW pasmepaMy pPyAHbIX MWHeparnoB, WX
TEeCHbIMU cpacTaHusiMu. B pesynbraTte usyyeHus nonupo-
BaHHbIX WNNGOB B pyaax Obinu onpeaeneHsl crnegyowmne
pyOHble MUHepanbl: MMPUT, XanbKonupuT, cdanepuT, apce-
HOMUPUT, MEMNBLHUKOBUT — NMUPUT, MapKasuT-NMpuT, Mapka-
3uT, Oneknas pyga, kobanbT-MUPUT, SHAPTUT, TaneHuT,
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Ko6anbTWH, MONNBAEHNT, BUCMYTUH, GOPHUT, UITbMEHWT, re-
MaTUT, XPOMLUMUHENWT, XanbKO3WH, KOBENSMH, Manaxur,
asypuT, MMMOHUT 1 Ap. M3 HMX rmaBHbIMK PYAHBIMU MUHE-
panaMm MecTOpOXAeHNs ABNATCA XanbKonmpuT, 6OpHUT,
NUPUT, MONNBAEHUT, TEHAHTWT, XanbKO3WH, 3HapPrUT, camo-
poaHas Medb, 301070 U pyTun. XKunbHble MUHeparns! npea-
CTaBfeHbl KBapLeM, KanbLuuMTOM, 3NUOOTOM, KaoNMHUTOM,
cepuumMToM, XInopuToMm, OMOTUTOM, MYCKOBUTOM W Ap.
(baba-3ade u dp., 1990, MoHeyw u Jlebedes, 2013; MaH-
cypos, 2014).

Pe3synbTatbl nccnegoBaHusa u ux obcyxaeHue. Py-
OHO-MemacomMamuyecKkasi 30HaslbHOCMb. V13y4eHne MHOTMX
MEeCTOPOXAEHWIN, 0COBEHHO MMAPOTEPMArnbHOMO MPOWCXO-
XOEHWS1, MOKa3bIBAET, YTO MPOSIBNIEHNE 30HaNBHOCTU MUHe-
panoB W XMMWYECKUX OSMNEMEHTOB B pPYAHbIX Tenax
HepaspbIBHO CBA3aHO C 30HANbHOCTbLI OKOMNOPYAHbLIX MeTa-
comaTutoB (OmernbsiHeHko, 1978). XapakTepHbiMM B 3TOM
OTHOLLUEHWUN SBMAIOTCA MeAHO-NMOpMUpPOBbIE MECTOPOXAe-
HUS, B KOTOPbIX Hanbonee oT4ETNMBO MPOSBASAIOTCA rOpU-
30HTarnbHble 1 BEpTMKanbHble COCTaBNAOLLME 30HANBHOCTH
B pa3MeLLeHUsX Kak pyAoreHHbIX 31eMeHTOB, Tak U pasnu-
YHbIX popMaLmax meTacomatutoB (bepesuHa u dp., 1995;
lonos, 1977). MeTacomaTtuyeckast 30HanbHOCTb MECTOpO-
XOEHNs CBUOETENbCTBYET O COOTBETCTBUM MOAENN TUMNY-
Horo obbekTa MegHo-nopdunpoBon pyaHon dopmauun. Kak
N Ha MHOTMX MECTOPOXAEHUSIX 3TOro TMNa, BHELUHSSA 30Ha
M3MEHEHHbIX MopoA NpeacTaBneHa NponunuTaMu, npomMe-
XYTOYHas — KBapL-CepuLUMTOBBLIMU MeTacoMaTuTamun u ap-
TMANU3NTamn, @ BHYTPEHHSIA — CYLLECTBEHHO KBapLEeBbIMU
meTacomatuTamu (Mueayves u 0p., 1984; MapyuieHko u dp.,
2015; Ma+cypos u dp., 2018).

B npouecce craHoBneHusi Kolikapyanckoro maccusa
oTAeneHne MeTannoHOCHbIX dnongos 6bINo HeogHOKpaT-
HbIM, Y4TO 1 NPMBENO K (POPMMPOBAHUIO BHaYarne CBA3aHHON
C paHHewn hasoi OOLWMPHON 30HBLI NPONMUIIUTU3aLMK, a 3a-
TEM — HanOXeHHbIX 30H KannesBoro, KBapL-CepULMTOBOTO U
KBapLeBOro MeTacomaTosa 1 aprunnuaaumm, obycrnosneH-
HblX BO3gencTBMem 6onee KUCAbIX NO COCTaBy MO3A4HWX
(pa3. ObpasoBaHMe GONbLUIOK YACTU MPOMBILLNEHHOTO Me-
AHO-MONMBAEH-NOPMPOBOro  OpyAeHEeHUs  MPOU3OLLIIO
BCnep 3a BHeApeHnem nopdupos paHHewn reHepaumun. C no-
30Hew hasoi NopdmpoB CBA3AHO NEPEOTIOXKEHME paHee 0b-
pasoBaBLUMXCS PyA 1 hopMmmpoBaHne BoraTbix CKOMMEHNN B
BMAE NPOXUIKOBO-BKPAMNIIEHHbIX LITOKBEPKOBbIX Py, OPUEH-
TUPOBAHHbIX B LUIMPOTHOM HanpaBrieHUn B TPELLUMHHOW 30He
Kowkapuyarickoro pasnoma (MaHcypos, 2013). TMo3gHsas
(hasa nopcmpoB. Obina pyLOHOCHON B ropa3fio MeHbLUEN cTe-
neHn, Yyem nepsas. OHa conpoBoXganacb WHTEHCUBHbLIM
OKBapLieBaHWeM, 4YTO 1 MpMBENo Kk 06pa3oBaHWIo B LIEHTpa-
NbHOW YacTn mecTopoxaeHuns "ksapuesoro sgpa”. K cesepy
OT Hero passuTa KBapu-cepuuuToBas 3oHa ¢ boratbiMn me-
AHO-MonMbaeH-NopdmpoBLIMKU PyAaMU, 3aTEM criedyeT npo-
nMNMTOBasi C NPEeNMYLLECTBEHHO MPOXMIIKOBOW NUPUTOBOM
MWHepanusauuei. Ksapu-cepuumutoBble MeTacoMaTuTbl pac-
nonaratoTcsl Kak BHYTpU opeona OuoTuT-Kanuwinat-ksap-
LUeBbIX MOpPOA4, Tak W HEMOCPeACTBEHHO Hah HUMU U
conpoBoXaakT nopduposble opyaeHeHue (baba-zade u
0p., 1990; MopyuwieHko u dp., 2015, ComHukoe u dp., 1988)

3 OCHOBHBIX XapaKTePUCTUK A NOCTPOEHNS Moaenen
MeAHO-MOPdMPOBbLIX MECTOPOXAEHUIA TUMNYHBLIM SABRSETCH
Habop 30HanbHbIX METacoMaTUYECKUX U3MEHEHWI, UMeto-
LMX HernoCPeACTBEHHYIO Koppemnsuuio ¢ yyacTkamu, 6o-
rateiMn pygon. Haubonee sipkue npumepsbl: Kanuvesble,
KBapL-CEPULMTOBbIE BTOPUYHbIE W3MEHEHUS, pacLUMpeH-
Has aprunnusauuns n nponunutudaums (Lowell and Guilbert,
1970). OBbIYHO MMMOreHHble paclMpPeHHbIE aprunnnToBbIe
n3MeHeHns obpasyloTcs OTHOCUMTENBHO NO34HO B NpoLecce
obpasoBaHns NTOPHVPOBOIN CUCTEMBI, HO MOTYT HAYMHATBLCSA

1 fgoBornbHO paHo (Sillitoe, 2010). JeTanbHbIMK nccnenoBa-
HUAMKU MOPEUPOBBLIX MECTOPOXAEHWI BbINO YCTAaHOBIEHO,
YTO paHHWE KanveBO-CUIMMKaTHblE BTOPUYHbIE U3MEHEHUS
(KMLW % 6MoTKT £ MarHeTuT C KBapLLEBLIMU X1nammu) nopdu-
pOBbIX CMCTEM 06pa3oBaHbl B YCMNOBUSAX BbICOKUX TEMMepa-
Typ (400-600°C), Nnpu y4acTMm CUNbHO MUHEPanNn30BaHHbIX
dononaoB MarmaTU4eckoro npoucxoxaeHus (MapyuweHko u op.,
2015; Lowell and Guilbert, 1970; Sillitoe, 1996). A yxe npegn-
cTaBnfwLWue cnegywwmn stan Gonee nosgHue cepuumn-
TOBbIE XMWITbl accoLMMpPYOT ¢ 6onee XONoOAHbIMU U MeHee
MUHepanuM3oBaHHbIMKM Bodamu (Hedenquist and Richards,
1998; Sheppard et al., 1971).

B npegenax MmectopoxaeHunst MOLLHOCTb 30H MeTacoma-
TUYECKN W3MEHEHHBLIX MOPOA COCTaBMSET OT HECKOSbKMX
METPOB [0 LECSATKOB, @ MHOTAA Aaxe COTeH MeTpPOoB (B y3-
nax nepeceyeHMs pPasHOOPUEHTUPOBAHHLIX pPa3pbiBOB).
MpoTsxkeHHocTb ux mamepsietca ot 500-1000 mo 2000-
3000 M. Bokpyr pyaoreHepupyowmx MHTPY3MBOB Bblaens-
I0TCS TPU MOCTENEHHO CMEHsWMne Jpyr gpyra B npo-
CTpaHCTBE MeTacoMaTu4yeckMe 30Hbl B BuAe 3Mnunca,
OKanMNSALLME UHTPY3UBHBIN MaccuB NopgrpoBoro croxe-
Hus (baba-3ade u Op., 1990). BHyTpeHHsis 30Ha, OX-
BaTbiBalOLWAs 3HOOKOHTAKTOBYD U anukasrbHYyl 4acTu
nopcmpoBo MHTPY3uK, NpeacTaBneHa MHTEHCMBHO OKBap-
LIOBaHHbIMM, NOYTK Hauerno npeobpa3oBaHHbLIMU BO BTOPU-
YHble KBapuuTbl, nopodamu. KsapueBoe 4po, OObIMHO
XapakTepHoe AN MHOTMX NOpUpPOBLIX MHTPY3UBOB C Me-
[OHO-MOpdUPOBON MUHEpanu3auueln, Ha 4aHHOM MeCTopo-
XOEHUM HE OTMEYaeTCs, U MOXHO NULLb NpeanonaraTtb ero
Hanu4yve B LEHTpanbHOW, HE BCKPbITOM 3pO3MeEl YacTu UHT-
py3vBa. BHyTpeHHsisi 30Ha NpeacTaBneHa BTOPUYHBLIMU KBa-
puMTamMy CBETNO-CEPOro UBETa C MHOrOYUCIEHHBIMU
npoXxunkamy kBapua nos3gHux reHepauui. Cyasi no MyHe-
panbHOMY COCTaBy, AaHHas 30Ha COOTBETCTBYeET KBapLi-Ce-
pULMTOBOM hauun BTOPUYHBLIX KBApLMTOB.

CpepnHsas 30Ha npeacTaBneHa KBapu-CepuLmMT-XnopuTo-
BOW (paumen BTOPUYHbIX KBapuuToB. MnHepanbHbIi cocTaB
30HbI NPEACTaBIEH, B OCHOBHOM, KBapLeM, XIIOpUTOM U ce-
pULIMTOM, B HEW NPUCYTCTBYIOT TAKKE 3NUAOT, KAnbLUT U Nu-
puT. 30Ha 3aHMMaeT 3HA4YUTENbHYH nnowaab ANMHON
0,5 km npu wupmHe 200—400 m. Ha a1y chaumio otyeTnnBeo
HaknaablBaeTcs MeaHo-nopdrpoBas MMHepanusaums npo-
XKWIKOBO-BKpanneHHoro tuna. Hanbonee MHTEHCHBHOE ee
pasBuTUE XapaKTEPHO MMEHHO ANS KBapL-CEPULUT-XIOpU-
TOBOWM haLMn BTOPUYHBIX KBapLUTOB, (DUKCUPYIOLLNX 30HbI
MOBbILLIEHHOW TPELLMHOBATOCTHU.

TpeTbsl, BHELHSIST 30HA METAcOMaTU4YEeCKON KOIOHKW,
npeacTaBneHa NponunnMTOBOM haumet BTOPUYHbLIX KBap-
unToB. MrHepanbHbI COCTaB faHHOW dhaumm npeacTaBneH
XNOpUTOM, 3NUAO0TOM, LIOM3NTOM, anbbutom, cepmumntom, a
Takke NMpuToM. B aTon 30He, KOTOPOI BEHYaeTCs MeTaco-
MaTuyecKkas KOMoHKa, u3peka BblAensaTca He3HauymTenb-
Hble pydHble WHTepBanbl, Yale >KWMbHOrO  TUNa,
XapaKTepu3yoLnecs NoBbILLEHHBIM COAEPXaHNEM MEIN.

Ha ocHoBaHUM NETPOXMMUYECKMX [AaHHbIX UCcreno-
BaHbl M COMOCTABIEHbI BTOPUYHbIE M3MEHEHMSI BMeELLato-
LMX MOpoA B 30HAX pasnMyHbIX TUMNOB MeTacoMaTUTOB,
ob6pasoBaHHbIX B npoLecce hopmMmnpoBaHus MegHo-nopam-
POBbIX MECTOPOXAEHWIN. YCTaHOBNEHO, YTO MegHo-nopdu-
pOBOE OpyAEeHEHUE COMPSIXKEHO C LUMPOKUM OpEOSIOM
rmapoTepmanbHO-U3MEHEHHBIX MOPOA, YacTo C JOCTaTOYHO
YeTKON pyaHO-MeTacoMaTU4eckon 30HanbHocTbi. O606-
LLIeHHas KOJIOHKa MeTacoMaTU4ecKON 30HarnbHOCTU B Mac-
wrabax pyaHOro panoHa M MeCTOpPOXAEHWUI BblpaXeHa B
nocrnegoBaTeribHOM CMEHE CreayLMX MeTacoOMaTUYECKMX
30H: KBapueBas — KanuwnaTtoBas — KBapL-CepuLuTo-
Bas — aprunnuauTtosas — nponunnutosas (Muzayes u dp,
1984; MapyweHko u dp., 2015; MaHcypoe u dp., 2018).
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Wcxops 13 Bbilie OTMEYEHHOTO, MOXHO caenaTtb BbiBOA,
4YTO MegHO-NopdupoBas MUHepanu3aums Gbina cgpopmmnpo-
BaHa B (hopmMe KorblLia BOKPYI MHTPY3MBHOrO Tena Keapl-
ANOPUTOBOrO COCTaBa, KOTopoe MpopbiBaeT bonee ApesBHVE
BYIKaHWUTbI. TaknuMm 06pasomM, MMeHHo Boree ApeBHUE ByrKa-
HWUTbI, UHTEHCMBHO MMAPOTEPMallbHO-U3MEHEHHbIe, Cryxat
pyZoBMeLLatoLLEel Cpeaon Ans pyAHON MUHepanmusaumm.

Feoxumuyeckue ocobeHHocmu pydoobpa3syroujux cuc-
mem. B 0OCHOBY M3y4eHMs reOXMMU4eckon ocobeHHOCTU Me-
AHO-NopdMpPOoBbLIX cuctem MypoBaarckoro pygHoro pavioHa
nernu pesynbTaTbl XMMUYECKOrO aHanM3a KepHa CKBaXKWH
(Tabn. 2) Ha rny6uHe B cpeaHem go 280 m. Meoxumuyeckne
AaHHble MO ckBaXvHaMm bbinn obpaboTaHbl B nMporpamme

STATICTIKA meTogom chakTopHOro aHanusa rnaBHbIX KOM-
NoHeHTOB (besroHuH u Op., 1982; boposukos, 2013). B pe-
3ynbTaTe nNpoBeaeHHONn 06paboTKkM ObINM Nony4deHbl Tpu
hakTopa, oTpaxawlimMe KOpPPEensLMOHHbIE CBA3M MeXay
YyeTblpHaALaTbio pPyAHbIMU 3nieMeHTamm (Tabn. 3).
OnemeHTbl CornacHo BecaM, rpynnupytoTcs B dakTopbl
U reoXMMmYeckmne accoLmaLmm, Kotopble MoryT ObiTe cono-
CTaBneHbl C MUHEpPasbHbIMU NapareHe3caMm OCHOBHbIX CTa-
ovn pygootnoxenus (benornuH u 0p., 1982; Hukonaes u 0p.,
2016). CooTHeCEHNE rEOXMMUYECKNX N MUHEpParbHbIX acCoum-
aumii nogTBepXKaaeTcs KoachdrUmMeHTamMm KOPPENALMN MexXay
(haKTOpHBLIM aHanM3oM 3MEMEHTOB U COAEPXKaHWEM Cyrbdu-
[0B N0 JaHHbIM onpoboBaHms KepHa CkBaxkuH (Tabn. 3, 4).

Ta6bnuya 2
Pe3ynbTaTbl XMMUYECKUX aHANIM30B NO OCHOBHbLIM PYAOreHHbIM 3fIeMeHTaM

Ne Cu Mo Pb Zn Sb As Ni Co Ti \" Cr Bi Ba Sr
G-72 105 0.9 11.1 83.7 0.59 1.9 2.2 0.61 667 127 1260 0.12 50.2 39.9
G-73 248 0.83 5.52 1120 0.42 1.4 20.8 21 689 120 1340 0.06 170 42.4
G-74 149 0.77 3.68 130 0.45 2 534 84.9 891 151 1530 | 0.07 57 35.6
G-75 88.4 2.2 51.8 173 0.95 2 321 59.2 1230 202 1520 0.13 106 69.7
G-76 104 0.45 3.64 77.2 0.21 4.1 519 85.8 886 161 1780 0.06 59.2 29.9
G-77 66.2 0.69 3.88 124 0.2 <1 539 88.7 949 156 2210 0.06 93.5 30.6
G-78 334 1.3 68.1 636 0.88 4.6 597 95.2 770 159 2260 0.1 582 411
G-79 116 0.67 3.08 68.8 0.26 2.2 492 83.7 990 196 2360 | 0.06 120 33.7
G-80 214 2.1 13 90 1.1 5.6 17.9 17.4 6750 102 261 0.14 864 699
G-82 49.6 1 7.91 60.1 0.22 4.9 26.8 20.2 2520 | 323 203 0.06 48.8 50
G-84 15000 | 4.6 6.71 106 1 5.9 34.9 9.5 1300 180 719 0.88 456 240
G-85 10900 | 4.5 9.5 49.6 2.1 12.6 34.8 8.4 819 123 738 0.44 95.7 249
G-86 20300 | 4.2 6.93 79.3 1.2 7.5 46.4 13.2 1090 158 251 0.32 353 196
G-87 1350 7.2 6.78 35.3 0.52 1.3 15 10 1160 92.2 421 0.08 112 290

lMpumeyaHue: G-72, G-73, G-74, G-79 — eabbpo; G-80 — duopum; G-82 — 6azanbm; G-75, G-76, G-77 — aHOe3um, G-78 — 8mOpuUYHbIU
keapyum,; G-85 — medHo-ropghuposasi pyda; G-84, G-86, G-87 — pydHbili emopuyHbIl keapyum. Obpa3suysl mopod uccredosanucb Memooom
macc-crnekmpockonuu ¢ UHOyKmMugHo-cesidaHHoU nnasmol (ISP-MS). AHanumudeckue uccnedogaHus 8bIMOIHAIUCL 8 aHanumu4yeckou na-

6opamopuu USGS leonozudeckou cnyx6bi CLUA (2. JeHsep)

Ta6bnuya 3
Pe3ynbTatbl (pakTOPHOro aHanM3a reoXMMUYeCKUX AaHHbIX METOAOM rMaBHbIX KOMMNOHEHTOB
AnemMeHTbI DakTopbI
D1 D2 D3

Cu -0,49629 0,284595 -0,7402

Mo -0,2031 0,113155 -0,84754

Pb 0,976721 0,0241 -0,13388

Zn 0,400452 0,033848 0,685826

Sb 1,060658 0,05588 -0,00529

As 1,263956 0,121979 -0,15025

Ni 1,359442 0,311581 -0,07493

Co 1,194637 0,13958 0,497577

Ti -0,77459 -2,781 -0,87924

V -0,75298 -1,01647 2,852318

Cr -1,49069 1,745758 0,530589

Bi -0,94606 0,882604 -0,60155

Ba -0,95203 0,335893 0,055853

Sr -0,64012 -0,2515 -1,1893
lMpumeyaHue: nonyXUpHbIU Wpughm — 3Ha4YUMble 3Ha4YeHUs1 haKmopPHbIX Hazpy30K

Ta6bnuya 4
Koppensiuusa mexay cogepxaHueMm cynbhuaoB M 3Ha4YeHUSAMU PaKTOPOB NO AaHHbIM ONPOGOBaHUA KepHa CKBaXWH
PakTopbl
MwuHepansbl o1 2 3

Xanbkonuput 0,94983 0,123226 0,088395
BopHut 0,959018 0,042407 0,129709
Cdpaneput -0,30861 -0,84415 0,003185
[anenut 0,057914 0,007864 0,994674
Muput 0,903098 0,29171 -0,07573
MonnbaeHuT -0,61712 0,555844 0,042269
Co6CcTBEHHbIE 3HAYEHMs 3,116917 1,123695 1,021545
PaKTopHbIE HArpy3ku 0,519486 0,187282 0,170258

3HaudeHus dakTopa P1 KOppenMpyrT C KONMYECTBOM
XanbkonupuTta, 6opHUTa U NUpUTa, YTO AaeT OCHOBaHWe
cBs3aTb reoxmmmdeckyto accoumauuo Cu (Mo, Pb, Sb) ¢
Hanbonee paHHel XanbKonUPUT-60PHUT-NUPUTOBOWN MUHE-

panusaumen nopcdurpoBoro atana OpPMMpPOBaHUS PYLOHO-
CHOW CTpYyKTypbl. 3HayeHus daktopa P2, oTBevarome
accouwmauum Mo (Cu, Pb, Co), cTatuctnyecku cBsidaHbl € Co-
OepxaHMeMm xanbkonupuTta u MonubaeHuTta, obpasyowmnx
OCHOBHOW MUWHeparbHbIi napareHe3nuc meab-mMonubaeH-
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nopduposoro opyaeHeHusa (benoHuH u Op., 1982; Huko-
naees u dp., 2016). Npadmku 3aBucumocTn ®1 1 ®2 no pe-
3ynbTaTaM pakTOPHOro aHanm3a nokasaHbl Ha puc. 4.

3 .
y =-0,0217x + 0,1506
2 R2 = 0,02
1 4
‘ ‘ A ‘ Psn1
-2 -1\ 1 1 2 Pan2
y = -3,6986x - 3,606 -2 1
R2 = 0,4945 3
-4
a
1,5
W y = -0,1288x + 0,5307
1 R2=0,128
\ s =
r T 0 T T 1
2 -1 1 2 3
Pag1
Pan2
y =-2,2396x - 1,6213
R2 = 0,6047
5 N
25 -
-3 -
6

Puc. 4. N'padukn 3aBucumoctu ®1 (a) n P2 (6) no pesynbtaTtoM pakTOPHOro aHanu3a

AHanus rpadukoB NnokasbiBaeT, YTO B NpoLecc pyaoob-
pa3oBaHus OblNu BOBMEYEHbl NPOAYKTbl ABYX Pa3fUyHbIX
YCINOBWIA, KOTOPbIE NPUBENM K NepepacnpeneneHunto anemve-
HTOB W MX KOHLIEHTpaLuuK: rmgpoTepMarnbHble pynoobpasy-
owne dnougsl (pag 1) M XUMUYECKUe SNeMeHTbl U3
OKpY>KaloLLMX NopoAd, BOBMEYEHHbIE B MPOLLECC MeTacoMa-
To3a (psag 2).

Mo pesynbTaTam hakTopHOro aHanunsa gaHHbIX onpobo-
BaHWUsI CKBaXVH BbISIBNIEHbI F€OXMMUYECKMe accouvaumm,
Nno3BonsOLME NOKanM3oBaTb 00nacTn pasBuUTUS MUHepa-
nu3aumm pasnuyHbiX cTaguii (opMUMpOoBaHUS NopdUPOBO-
anuTepmarbHOl cuctembl. [lnana3oH 3Ha4eHWn BepTUKASb-
HOW reOXMMMUYECKOIM 30HaNbLHOCTM N0 OTAENbHBLIM paspesam
MEeCTOPOXAEHMS NO3BONSAET OLEHUTb YPOBEHb 3PO3NOHHOIO
cpesa NposBneHun B NopdrpoBo-annTepmMarnbsHON cucteme
(Boposukos u dp., 2009; Hukonaes u dp., 2016).

YcnoBus coopmupoBaHus. MccriedosaHusi (hritouOHbIX
sknroyeHul. B nocnegHee BpeMs 3HaUMTENBHOE BHUMaHWe
yaensieTcs uccrnefoBaHnsM OCOOEHHOCTEN BMUSHWA Mar-
MaTMYECKUX CUCTEM Ha pygoobpasytowme npouecchl. [Ans
pelleHuss AaHHbiXx npobnem Bce 6onblue MCMONb3yeTcs
aHanu3 onuaHbIX BKITHOYEHUNA, NO3BOMSIOWNIA MonyyaTb
npsmMyto MHOpMaLnio 0 M3NKO-XMMUYECKMX NapameTpax
MarmMaTuyeckmx npoueccoB. B cnyyae megHo-nopdupoBbix
MECTOPOXAEHNNA N3yYeHUe BKITIOYEHUI B KBaApLEBbIX BKpa-
NrneHHVKax Aano BO3MOXHOCTb MOMYYUTb 3HAYUTENbHbLIN
o6bem MHdOpMauuM O pyLHO-MarMaTUYeCKMX CUCTEMaXx
(Peddep, 1987; Dietrich et al., 1999; Campos et al., 2002;
Lehmann, 2004; Davidson and Kamenetsky, 2007;
Davidson and Kamenetsky, 2005).

MpumeHeHe meToda Tepmobaporeoxumumn npegycmar-
pvBaeT yCTaHOBMEHME NOCnefoBaTeNnbHOCTM 3axBarta drto-
WOHbIX BKIIOYEHWA B MUHeparnax MarmaTuyecKkMx Mopof
pyAHO-MarMaTU4eCKUX CUCTEM U B Pa3nnyHbIX MUHEpParbHbIX

accoumaumnsix MecTOPOXOEHUA, PEKOHCTPYKLUMIO No dniou-
[OHbIM BKIMIOYEHUSIM TaKUX NapaMeTpoB Kak TemnepaTtypa, co-
NEHOCTb, ra3ocoAepxaHne U MeTanioHOCHOCTL (hnionaos,
OTBETCTBEHHLIX 3a pynooOpa3oBaHWe, YCTaHOBMEHWE Mpu-
poabl MeTanfoHOCHbIX pacTBopoB (Epmakos u [oneos,
1979; Peddep, 1987; bopmHukos u dp., 2004; Haymoe u dp.,
2016; XomeHko u Op., 2016; l'ubwep u dp., 2018).

drionaHbIe BKITHOYEHMS B MYHepanax, CBs3aHHble C py-
nown, Bknoyas Cu-cynbdarbl U KBapL, MOKa3biBakT, YTO py-
[oobpasyolwmn dnoug MoXeT MMeTb MUHepanusauuo 2—
5 Bec.% NaCl akB., XOTst MOXET MMETbCS 3aMeTHOE YBENU-
YeHVe MuHepanusaumm c rnybuHon po 20-30 Bec.%
NaCl akB. HUXe pyaHoun 30HbI (BopmHukos u dp., 2004, bo-
puceHko u dp., 2017; XomeHko u 0p., 2016; 'ubwep u dp.,
2018). 970 NnpocTpaHCTBEHHOE pa3feneHne cnabo MmuHepa-
N30BaHHbIX TMAPOTEPM, CBA3a@HHbIX C pyAaMu BbICOKO-
Cynb(UTN3NMPOBAHHBIX  MECTOpOXAeHWd Hag  bonee
MUHEpanM3oBaHHbIMW MOPOTEPMaMU B HeApax CUCTEMBI,
OTNMYaeTCcs OT MOBBILEHHOW MUHEpanuaauun ruapoTepM,
KoTopble pacnonaratotcsi B 6onee rnybuHHbIX MeagHO-Mop-
(hUPOBbLIX MECTOPOXAEHUSIX, FAE TMNEPMUHEPANN30BAHHbIE
paccornbl COCYLLEeCTBYIOT CO crabo MMHepann3oBaHHbIM Na-
pom. OTO pasnuuMe MOXEeT ObiTb 00YCMNOBMEHO BbLICOKOM
NOTHOCTBIO paccona, KOTOpbIA HEe MOXET Ferko NOAHATHCS
Ha Manble rmybuHbl (Hedenquist and Richards, 1998;
Williams et al., 1995; Cooke et al., 2005).

O huramko-xummyecknx ycnoBusix hopMnUpoBaHnst Mec-
TOPOXAEHWI UCCNESYEMOro paoHa MOXHO CyauTb Mo ra-
30BO-XKUAKMM BKMOYEHUsIM. Hamy npumeHeHbl meTtonpl
roMoreHu3aumm u OeKpunuTu3aumm BKITHOYEHUI B KBapLe,
raneHuTe, canepuTte u xanbkonupuTte BO BCEX nocrneno-
BaTemnbHbIX CTagusax MUHepanoobpas3oBaHus, 4YTO MO3BO-
nsieT NpocneavTb XapakTep W3MEHEHWs TemnepaTypHOro
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pexuma pacTBOpOB B MPOCTPaHCTBE M BO BpemeHu. U3y-
YeHo 15 06pasLoB K3 XU 1 NPOXWUIKOB MECTOPOXAEHWIN U
pyaonposierieHnin Myposgarckoro pygHoro pawoHa, npepg-
CTaBNAOWNX PasHble TUMbl MUHEPanbHbIX accouuaumii.
Cpeam nsyveHHbIX GrrovaHbIX BKIOYEHUA B COOTBETCTBUM
C M3BECTHbIMU KpuTepusmmn (Peddep, 1987) B 3epHax Ksa-
pua ObiNM BblgeneHel TpU reHepauun  OAOUOHBIX
BKIIOYEHUN: | — nepBuYHbIE, HaxoasLwWwmMecs BHYTPU KBap-
LiEBbIX 3€peH C 3arneyvyeHHbIMn TpewmHamu; |l — nepBr4Ho-
BTOPUYHbIE, HE BbIXOASLLME 3a NPeAenbl rpaHuL, KBapLEeBbIX
3epeH; |l — BTOpuYHbIE, NPUYPOYEHHbIE K 3aneYeHHbIM Tpe-
wmHam. K nepBnYHbIM OTHECeHbl OrlonaHbIE BKMOYEHUS,
paBHOMEpPHO pacrnpegeneHHble B 00beme MuHepana-xo-
3AMHa nMMBO NpuypoYeHHble K 30HaMm pocTta. BTopuuHbiMn
CUYMTaNUChb BKITHOYEHUS, NPUYPOYEHHbIE K CEKYLUMM MUHe-
pan-xo3aunH TpeLumHaMm. MNepBuYHO-BTOpUYHbIE NIOVAHbIE
BKIMIOYEHMSA MPUYPOYEHbl K TpeliuHam He AOCTUraroLimm
BHELLUHUX FPaHUL, KPUCTarnoB U 3epeH, a no asoBoMy Ha-
MOMHEHMWIO aHanorMyYHbl NEPBUYHBLIM BKIIoYeHNAM (Peddep,
1987; Hukonaes u 0p., 2016).
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dniongHble BKMIOYEHUs pas3geneHbl Ha cregyolme
Tunbl (puc. 5): cyuwectBeHHo BoaHble (XKH,0 + M), cyLuecT-

BeHHO rasosble (IM>2KH,0,) M BOAHO-YrMEKUCNOTHbIE
(Kot XKco,t Tco). OAna  MUKpOTEPMOMETPUYECKMX

nccnegoBaHunii oTbMpanuce NPUrogHble AN U3yveHns nep-
BWYHblE U MEPBUYHO-BTOPUYHbIE (MIONAHbIE BKIHOYEHUS
pa3mepomM oT 4 o 33 mkm. o pazoBomy cocTaBy Npu KOM-
HaTHOW TemnepaType Bce ronaHble BKNoYeHns aByxda-
30Bble, rasoBO-XWAKME, 3anofHeHbl  BOAHO-COMNEBbIM
pactBopoMm. B cpepgHekpucTannMyeckom npoAyKTUBHOM
KBapLie 6binn o6HapyXeHbl NepBUYHbIE N NEPBUYHO-BTOPU-
YHble nongHbIE BKITHOYEHUS, pasMepom 22-17 MKM, npu-
rogHble ans MMUKPOTEPMNYECKNX nccrnefoBaHni.
®nongHble BKIOYEHNUS UMEIOT YANMHEHHYIO, pexe OKpyr-
nyto popmy, pacnpocTpaHeHbl HepaBHOMEPHO, NpenmvyLLe-
CTBEHHO MO 30HaM pocTa, pexe rpynnamu. B cdanepute
novaHble  BKIMIOYEHUS WMET  YANUHEHHY  dopmy,
pacnpocTpaHeHbl HEMHOrOYMCIIEHHbIMX TPynnaMu BOOMb
MMOCKOCTEN CNaeHHOCTU U UMEIOT ABa Pa30BbIX ra30BO-XU-
OKUX BKMIOYEHWS BOAHO-COMNeBbIX pacTBopoB (Haymos u
0p., 2016; Bonkoe u 0p., 2018).
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Puc. 5. Tunbl cononaHbIx BKNOYEHMI B KBapLie PyAHbIX NPOXWUIIKOB MECTOPOXAEHWUI 1 pyaonpossneHui MypoBaarckoro
pyAHOro paoHa: MHorocga3oBble BKIMIOYEHUS BbICOKOTEMNEPaTypPHbIX XNopuaHbIX pacconos (1-3);
coaepxaHusa BOAHbIX pacTBOPOB U rasos (4—6) u aByxda3oBbie razoBo-xugkue c¢pnongHbie BKoYeHus (7, 8)

dopmmpoBaHNe NepsoK, CaMol BbICOKOTEMMepaTypHOn
CTapum, XapakTepu3syloLencs Hanmunem KBapLueBbIX XU C
KpyMHOYeLlynyaTbiM MONMGAEHNTOM M MMPUTOM, NpoTeKasno
B TemnepatypHoMm mHTepsane 300-350 °C. NomoreHusauus
CUHIEHEeTUYHBIX BKIIOYEHWI NPOUCXOAUNa Mo nepBomy Tuny.
CooTHolleHne x:r coctaenset 75:25%. TemnepatypHble
ycnoBusi GOpPMMPOBAHMS MUHEPAsbHbIX accoLmaLmii BTOpon
CcTagumn, npeacTaBrieHHble KBapLueM, MernKoyellynyaTbiM
MOMMBAEHNTOM, MUPUTOM W XanbKonupuTom, Bbinn BbISB-
NeHbl NpyU MccneaoBaHNW BKIOYEHU B KBapue. omoreHu-
3aums NepBUYHBIX BKITOYEHWI NPOMCXOANUT MO NEPBOMY TUMY
B TemnepaTypHoM nHtepBane 230-300 °C. Kpuctannusauusi
MWHepanoB TpeTbell — raneHuT-cpanepuT-xanbLKonmpuTo-
BOW cTaguu, npoucxoguna B uHTepsane Temnepartyp 200-
260°C. MNpoBeaeHHbIE UccregoBaHMs Nokasanu, YTo rugpo-
TepManbHoe pyaooTroxeHve B npepenax Mypospaarckoro
PYAHOrO panoHa MPOMCXOAMIIO B LUMPOKOM MHTEpBane Tem-
nepatyp (350-200 °C). Kaxxgomy Tuny MrHepanuaauum coo-
TBETCTBYeT BMOMHe OMpeAeneHHbIn auanas3oH dusuko-
XMMUYECKNX NapaMeTpoB U XMMUYECKOro cocTasa pyaoobpa-
sytowero cnonga (Reynolds and Beane, 1985).

Ona BbIABNEHWA WCTOYHMKA pyaoobpasyowmx pacT-
BOPOB MO CTaAMaM MUHepanoobpas3oBaHUA MECTOPOXOEHNN
MypoBgarckoro pyaHoro pavioHa MCNornb30BanucChb AaHHbIe

MO M30TOMHOMY COCTaBy Cepbl, CynbdMA0B U cocTasa raso-
BOV (hbasbl rMAPOTEPM PYAOHOCHOW KBapL-MUPUT-XanbKomnm-
pUTOBON N KBapL-XarbKOMMPUTOBOW.  YCTaHOBIEHO
HanpaBreHHoe (paKLMOHNPOBaHME M30TOMOB Cepbl B CTO-
poHy oboralleHns cynbduaoB nerkvm U3oTonom oT paHHeN
NPOAYKTMBHOWM CTaguu PyAOOTNOXEHUS K NO3AHEN, Kak cnea-
CTBME 3aKOHOMEPHOro YBEMMYEHUS OKUCTIMTENBHOro NOTEeH-
unana rmapoTepMarbHON CUCTEMBI. Cynbduabl,
3aBeplualoLime pyaHbIA Mpouecc Keapu-caneput-xanbKo-
MMPUTOBON CTaAuW, XapakTepuayroTcs 3ameTHbIM oboralLe-
HUEM TSDKEMbIM U30TOMOM cepbl 8S3% ¢ [AOBOMBHO Y3KUM
OvanasoHom Bapuauum 58S ot +0,1%o a0 +0,7%o. Brmskoe
3HayeHune &3S =+10?0%o0 Nokasarn u NMPPOTUH M3 opeora pa-
CCEeSAHHOWN CynbMUAHOW MUHepanusauum ¢ naHra LUTOK-
Bepka. [lony4yeHHble U30TOMHbIE AaHHbIE Cepbl CynbdraoB
(+0,1%o0 po +0,7%o0) 3HaUMTENBLHO TSHKEmnee nHTepsana 3Have-
HUN (8%4S = 0£35%o), NPUNMCLIBAEMOro MarMaTM4eckol cepe
(Ohmoto and Rye, 1979; Taylor, 1986; Goldfarb et al., 1991).
Ob6oralleHHas TsxenbiM M30TOMOM cepa Morna obpaso-
BaTbCA NpU rMaponuse cynbMuaoB, COAePKaLLMXCs BO BMe-
LaroLmx ocafgoyHblx nopogax (Ohmoto and Rye, 1979). MNpun
3TOM He HabnogaeTcs XxapaKTepHbIX Pasnuynii B COOTHOLLE-
HUSX N30TOMOB CEePbl B MMPUTE M3 BKPANNEHHOCTH B OKONOPY-
OHbIX M3MEHEHHbIX NopoAax, 13 MPOXUIKOB BO BMELLIAIOLLMX



ISSN 1728-2713

FEONOrIS. 2(93)/2021

~49 ~

nopogax v nupute n3 Hambonee oboralleHHbIX YacTen MUHe-
panu3oBaHHbIX 30H (Goldfarb et al., 1991). Takum obpasom,
[OO0MycKaeTCsl, YTO UMErNCS eAUHBIA UCTOYHWK Cepbl NMPUTOB,
06pa3oBaHHbIX B CXOOHbIX YCMOBUSX, @ OTCYTCTBUE Cyrnbda-
TOB B HEMOCPEACTBEHHOM accoLmaumm ¢ cynbduaamm, cpas-
HUTENbHO OHOPOAHLIN N30TOMHLIN COCTaB NUPUTA, HAKOHELL,
OTCYTCTBUE HarnpaBfieHHOrO pasfeNieHnst U30TOMOB B X0Ae
pygoobpasyloLlero npouecca, YKasblBalOT Ha [OMOreHu-
3aLM0 TSKENoW cepbl NPU onpeaeneHHbIX BbicokoTeMnepa-
TypHbIx ycnoBusax (Ohmoto and Rye, 1979; Taylor, 1986).

Pynoobpasylowime ruapotepmanbHble pacTBoOpbl, MO
OaHHbIM U3yyeHus OnIONaHbIX BKMOYEHWUA, Gbinu Xropu-
OHO-HATPUEBOro TUMA, a KOHLEHTpauuu cornew Bapbupo-
Banu ot 20 go 30 mac.% akB. NaCl. PyaHble KOMMOHEHTbI
nepeHoCUNNCL 3TUMU pacTBopamun B hOpMe KOMMIEKCHbIX
MOHOB, coaepXKaLLMX XMopuabl HAaTpUs U Kanusi, U pexe cy-
nbaTel n kapboHaTbl. PygoobpasoBaHne npoucxoguno B
nHtepBane 350-200°C (lTonos, 1977; Tumnu u buH, 1988;
Cepagbumosckuti u 0p., 2010).
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Puc. 6. Mogenb ropusoHTanbHoro ceyeHuns Kowkapyainic-
KOro MeZiHO-NoptMpPOBOro MeCTOPOXAEHUA:
1 — PyAOHOCHbI NOPHUPOBLIA MHTPY3UB,;
2 — 3KCnno3mBHbIE Bpekuun; 3 — 30Ha KBapLEBOro A4pa;
4 — 30Ha KanuwnaTusauum; 5 — 3oHa oKkBapLieBaHNs
1 cepuumMTU3aumm; 6 — NpoNUNUTU3NPOBaHHbLIE NOPOAI
VHTPY3UBHOW pambl; 7 — pyAOHOCHas NopdupoBas MHTPY3uS;
8 — 30HbI OKBapLEBaHUS 1 CepuLUTU3aLUK;
9 — opeornbl UHTPY3NBHON NUPUTU3aLIUN;
10 — NpoMbILINEHHbIE pyabl

I==1g| |

MaBHbIMM COCTaBNALLLMMK MOAENEN ABMNSATCSA BMe-
Larowasn pama (paHepuToBble NHTPY3MBLI), Marnble nopdu-
poBble TeNa TWMa LUTOKOB M Aaek (Nokanuaylolimecs, Kak
npaBumo, B 30HaxX Pa3BUTUS PyOOKOHTPOMNMPYHOLLMX CTPYKTYP
M NPOCTPAHCTBEHHO TECHO YBS3bIBAKOLLMECS C OpyOeHe-
Huem), OpekuneBble Tena, pyaHble Tena, pyaHO-MeTacoMa-
Tndeckas 3oHanbHOCTb (lTonos, 1977; Tumnu u BuH, 1984;
lNaenosa u CaxHoeckud, 1988). Mogenb y4uMTbIBaEeT N3BECT-
Hble NPeCTaBfeHUsi O XapaKkTepe 3aBUCUMOCTM MeXay Opy-
OEHEeHVeM, MarbiMU NOPUPOBLIMU UHTPY3USIMU 1 JTOKATNIbHO
pacnpoCTPaHEHHLIMU  PYAOHOCHBIMM  TMapOTEepManMTamm
(Baba-3ade u dp., 1990; bep3uHa u dp., 1995; bep3uHa u bo-
puceHko, 2008; Bornikos u dp., 2006).

BbiBOoAbI.

1. MypoBaarckvin pyaHbIi paoH npeacraBnset cobon
nepcrnekTUBHY NoLiaab Ha MeaHo-NopgMpoBbLIE, a Takke
30/10TOPYAHbIE U MONUMETAaNIMYeckne pyapl.

MecTtopoxgeHna meaHo-nopgupoBbIX pyAa, uccregye-
MOrO PyAHOrO parioHa, B 60NbLUMHCTBE CryYaeB XxapakTepu-
3YI0TCSl HE3HAYUTENbHBIM YPOBHEM 3PO3MOHHOIO cpesa, O
YeM MOXXHO CyaWTb MO aHanu3y dauui U MOLLHOCTel oca-
[OYHBIX 1 0CAJ04HO-BYIIKAaHOrEHHbIX MOPOA, U UX NaneoTek-
TOHWYECKUX PEKOHCTPYKUMIA, no chaumsm rnybGuHHOCTM
N3BEPXKEHHbIX MOPOA, MO HaNMYMK HU3KOTEMMEPATYPHbIX
KOHTAKTOBbIX MUHepanoB (3nNuaoT, Lou3uT, anbbut, Xxmno-
put 1 gp.). Bce aTo cBMaEeTenLCTBYET O TOM, YTO BCKPbITbI
NALWLb BEPXHUE YaCTW UHTPY3UBHbLIX MACCUBOB M MPOCTPaHC-
TBEHHOW CBSA3a@HHbLIX C HUIMU MeHO-NOPUPOBLIX MECTOPO-
XoeHnn. [uanasoHbl 3Ha4YeHMW 3TOro  nokasaTens

MO3BOMAT COCTaBUTb MOAENb FOPU3OHTANIbHOTO N BEPTU-
KaneHoro ceyeHusi Kolukapyanckoro megHo-nopdgmpoBoro
MecTopoxgaeHus (puc. 6, 7). MectopoxaeHue xapakrepuay-
eTCcs BepXHepyAHbIM YPOBHEM cpesa, anutepmanbHas Mu-
Hepanusaums coxpaHeHa 3pdecb Hambornee nonHo, u Ha
rnybuHe NpOrHO3MpyeTCs CYLLEeCTBEHHbIN O06bemM MegHO-
nopdupoBbLIX PyA.
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Puc. 7. Mopenb BepTuKanbHoro ceyeHusi Kowkap4anckoro
MeAHO-NopchMpPOBOro MeCTOPOXAEHUSA:

1 — PyAOHOCHBIN NOPEUPOBLIN MHTPY3UB;
2 — BpekunBas Tpybka; 3 — kBapLeBoe S4p0;
4 —30Ha npepnonaraemoi KanuwnaTusaumm;

5 — 30Ha OKBapLeBaHWsA U cepuumTM3auum; 6—-3oHa aprunnusauum;

7 — NPONUNNTU3NPOBAHHbIE NOPOAbLI UHTPY3VBHOWN paMbl;
8 — rpaHuLbl Opeona UHTEHCUBHOW NUPUTU3ALINN;
9 — KOHTYpPbl MPOMbILLMEHHbIX PYA;
10 — nonoxeHne 3pO3MOHHOIO cpesa

2. VIHTpy3uBHbIE KOMMIEKChI C MEAHO-MOPdMPOBLIM OpY-
[EHEHNEM MO reosioro-neTporiorMyecknM 0COBEHHOCTSIM Npu-
HagnexaT Kk rabbpo-auopuT-rpaHOANOPUTOBOM  dhopMaLn
Nno3gHEelPCKO-paHHEMESIOBOTO  Bo3pacTa.  XapaKTepHbIMU
anemMeHTamu MHTpy3nBoB sBnsatoTca Cu, Pb, Zn, Ag, Mo.

3. O6o06LLeHHas KONOHKA MeTacoMaTM4ecKon 30Harlb-
HOCTM B MacwTabax pygHOro pamoHa U MeCTOPOXAeHWS
BblpaXXeHa B NocCregoBaTeNlbHON CMEHe CrefytoLwmnx 30H:
KBapueBas — kanuwnaTtoBas — KBapL-cepuuuToBas —
aprunnuanToBasl — NponunnMToBas.

4. OnonaHble BKITIOYEHUS B MUHepanax, CBs3aHHble C
pyoon, Bkntoyas Cu-cynbdathl 1 KBapL, NoKa3biBalT, YTO
pynoobpasylowmin nong MoXeT MMeTb MUHepanu3aumio
2-5 Bec.% NaCl akB., XOT9 MOXeET UMEeTbCS 3aMeTHoe yBe-
nuyeHne MuHepanusauum c rnybuHon go 20-30 Bec.%
NaCl akB. HUXe pygHON 30HbI.

5. l'mppoTepmanbHoe pyooOTNOXeHMe B Mpegenax
MypoBaarckoro pygHoro panoHa npoUCXOAWNO B LLUMPOKOM
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nHTepBane temnepatyp (350-200 °C). Kaxgomy tuny mu-
Hepanusauum COOTBETCTBYET BMOSIHE OMNpPeAereHHbIN
ananasoH p13nKO-XMMUYECKNX NapaMeTPOB N XMMUYECKOTO
cocTaBa pynoobpasytoilero cronaa.

6. Cynbcuabl, 3aBeplualolLie pyaHbIA MPOLECC KBapLi-
cchanepuT-xanbKoNnMpPUTOBON CTaauK, XapaKTepuayloTcs 3a-
METHbLIM OBOraLLIeHNEM TSKerbIM U30TornoM cepbl 8S3 ¢ go-
BOMbHO Y3KMM AuanasoHoM Bapuaumm 8S** ot +0,1%0 Ao
+0,7%o. Mony4eHHble M30TOMHbIE AaHHblE cepbl CynbguaoB
(+0,1%0 8o +0,7%o) 3HAUMTENBHO TSXKEnee MHTepBana 3Hade-
HUPA (534S = 0+35%o), NPUNMUCHIBAEMOrO MarMaTUYeckoi cepe.

7. Mo pesynbTatam hakTOpHOro aHanmsa gaHHbIX CKBa-
YKVH BbISIBNEHbI FEOXMMMYECKME accoumalmm, No3BonsoLme
nokanusoBaTb 06/1acTn pasBUTUS MUHEpanu3aumum pasnuy-
HbIX CTaguin opMMpoBaHUS NOPEUPOBO-3INUTEPMASIBHON
cucTeMbl. [lanasoH 3Ha4YeHWid BepTMKanbHOM reoxummye-
CKOW 30HarbHOCTM MO OTAENbHbIM paspe3am MeCTOpOXIe-
HUSI MO3BONSIET OLUEHUTb YPOBEHb 3PO3NOHHOMO Ccpesa
NpOoSIBIIEHUIN B NOPMPOBO-aNUTEPMarnsHON cucteme.

8. KomnnekcHocTb 06 LEKTOB CBUAETENLCTBYET O BbICO-
KOW MNepCrnekTUBHOCTN MeAHO-NOpPUPOBLIX Nnowanen u
BblOENEHHBLIX HA HUX Y4aCTKOB B paHre noTeHumarnbHbIX py-
[OHbIX NONen.
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LOCATION PECULIARITIES AND EVOLUTION OF KOSHKARCHAY COPPER-PORPHYRE FIELD
(LESSER CAUCASUS, AZERBAIJAN)

The paper deals with peculiarities of location and evolution features of Koshkarchay copper-porphyritic field of Murovdagh ore province. Major
factors of concentration of copper-porphyritic mineralization in rocks of gabbro-diorite-granodiorite formation has been revealed. It has been
established that the structure of this ore region was formed as a result of successive alteration of some deformation stages accompanied by
development of fractures in intrusive massive, by dike intrusions, blocks displacements along faults and the fractures composed of various mineral
associations. It has been made clear that the copper-porphyritic mineralization is related to the wide halo of hydro-thermal-deformed rocks, frequently
observed with clearly outlined ore-metasomatic zones. The general column of metasomatic zonation within the limits of ore region and fields are
expressed by successive alteration of the following metasomatic zones: quartz — kalifeldspath — quartz-sericite — argillizated — propylitic. Based
on structural-morphological features it can be stated that mineralization in Koshkarchay field is stockwork-vein deposit of embedded type in which
the impregnations dominate over veins. The major useful component is copper. Its percentage within stockwork body varies within the broad range
— from 0.2 to 2.5 %, with average 0.41 %. Among the mineral resources significantly impacting the importance of the field the molybdenum and
precious metals can be indicated. In some intervals the average gold content is 2.0 grams/ton and higher. High silver content was also identified and
its value reaches 30-45 grams/ton and this may positively impact the whole value of the field. Results of factor analysis of well data allowed identifying
geochemical associations for localization of the areas of mineralization at various stages of evolution of porphyritic-epithermal system. Values of ®1
factor correlate with quantity of chalcopyrite, bornite and pyrite and from this it can be inferred the tie of geochemical association of Cu (Mo, Pb, Sb)
to the early chalcopyrite-bornite-pyrite mineralization of porthyric stage of structure evolution. Values of ®2 factor referring to the association Mo
(Cu, Pb, Co), statistically are related to the content of chalcopyrite and molybdenite, which are the main mineral paragenesis of copper-molybdene-
porphyritic mineralization. Thermal-pressure and chemical methods applied for researches on impregnations of ore of pyrite-chalcopyrite, galenite-
sphalerite-chalcopyrite stages in quartz made it possible to describe the fluid mode of ore formation in this field. Ore-forming hydrothermal solutions
by the data of researches on fluid impregnations were the chloride-sodium type, salt concentrations varied from 20 to 30 mass % — eqv. NaCl. Ore
components were transferring by these solutions in a form of complex ions containing chlorides of Na and K, rarely sulfates and carbonates. Ore
forming process was going under temperatures of 350-200°C. The certain range of physical and chemical parameters and chemical composition of
ore forming fluid corresponds to each type of mineralization. The study results enabled us to define temperatures of homogenization of impregnations
and evaluate temperatures of fluids during mineralization at each stage, as well as to define concentrations of major salt components. Complexity of
targets evidence high perspectives of copper-porphyritic areas and areas outlined in a range of perspective ore fields.

Keywords: Koshkarchay, copper-porphyry, hydrothermal-metasomatic alterations, geochemical, fluid impregnations, evolution environment,
genetic features.
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OCOBIMIMBOCTI PO3TALUYBAHHS TA YMOBU ®OPMYBAHHA
KOLUKAPYAUCBLKOIO MIAHO-NMOP®IPOBOIO POOBULLA
(MANMUN KABKA3, ABEPBAUXAH)

Po3ansinymo oco6nueocmi po3miwieHHsi ma ymoau ¢hopmyeaHHs1 Kowkapuyalicbkko2o MiOHo-nopghipoeozo podoeuuja Mypoedazcbko20 pydHo20
palioHy. 3'scoeaHO OCHOBHi YUHHUKU KOHUEHMpYy8aHHs MiOHO-nopgiposozo 3pydeHiHHSI 8 nopodax 2abpo-diopum-2paHodiopumosoi ¢ghopmauii.
BcmanoeneHo, o cmpykmypa pyoOHo20 palioHy cghopmyeanacsi 8 pe3ysibmami nocnidoeHoi 3MiHU dekinbkox emanie de¢ghopmayili, ujo cynpoeo-
d)Kyeasiucsi ymeopeHHSIM mpiwjuHysamocmi 8 iHmpy3ueHoOMy Macusi, 8nposadKeHHsIM Oa€kK, nepemiujeHHsIM 6J10Kie Mo MeKMOHIYHUX PO3PUBHUX
nopyuweHHsIX | BUKOHaHHSIM MPIiUWUH Pi3HUMU MiHepanbHUMU acoyiayismu. 3'sicoeaHo, wjo MiGHo-nopgipoee opydeHiHHSI Noe 'A3aHe 3 WUPOKUM ope-
oJioM 2i0pomepmMaribHO-3MiHeHuUX rnopio, yacmo 3 docums 4Yimkoro pyGHO-MemacoMamuYyHOIo 30HalbHiCMI0. Y3az2anbHeHa KO/IoHKa MemacoMamu-
4YHOI 30HanbHOoCcmi 8 mMacwmabax pydHo20 palioHy i podoeuw, eupaxkeHa € MocsidoeHili 3MiHi makKux MemacoMamuy4yHUX 30H: Keapyoea —
Kaniwnamoea — Keapuy-cepiyumoea — apainiaumoea — nponinimoea. [ pyHMyOYUCL Ha CMPYKMYPHO-MOPEOI02iYHUX 0COBIUSOCMSIX, MOXKHA CKa-
3amu, wo 3pydeHiHHs Ha podosuuwi Kowkapy4aii — wmokeepKo8o-MpoXusiKoee 8KparnjeHo20 muny, 8 AKOMy eKparnsieHocmi nepesaxaroms Had Npo-
JKunkamu i xunamu. [0/108HUM KOPUCHUM KOMMOHeHMOM € Midb. Bmicm ii @ Mexax wmokeepkoeo2o mina Hecmilikuli i KoflueaembCsi 8 WUPOKOMY
Odiana3oHi — eid 0,2 do 2,5 %, cmaHoena4u e cepedHbomy 0,41 %. 3 pssidy pyOHUX KOPUCHUX KoMasluH, W0 icmomHo enjiuearoms Ha 3Hadywicmb
podoeuuwja, cnid 3a3Hayumu Moni6deH i 6rracopodHi memanu. Y desikux inmepeanax cepedHili emicm 3os1o0ma cmaHoeums 2,0 2/m i 6inbwe. Mopsd
i3 30;10mom ecmaHo8s1IeHO makox nidsuweHuli emicm cpibna, de lio2o 3Ha4YeHHs1 docsizae 3045 2/m, w0 MOXKe MO3UMUBHO 8M/IUSaMU Ha 3a2alslbHy
yiHHicmb podosuwa.

3a pesynomamamu ¢ghakmopHo20 aHanizy daHux ceepOsi08uH 8UsIBJIEHO 2e0XiMiyHi acoyiayil, ujo do3eonssroms s1okanizyeamu obnacmi po3su-
mky miHepanizayii piaHux cmadil ¢popmyeaHHs1 nopghipoeo-enimepmanbHoi cucmemu. 3Ha4deHHs1 pakmopa ®1 Kopesroroms 3 KinlbKicmio xasnbKoni-
pumy, 6opHimy i nipumy, wo Aae niocmasy noe'szamu e2eoximiyHy acoyiayito Cu (Mo, Pb, Sb) ¢ Halbinbw paHHbLOI XxasnbKonipum-60pHim-
nipumoeoro MiHepanizayieto nopgipoeoz2o emany gpopmyeaHHs1 pydoHOCHOI cmpykmypu.3Ha4yeHHs1 gpakmopa ®2, wjo eidnoeidaroms acoyiauii Mo
(Cu, Pb, Co), cmamucmuyHo noe'sa3aHi 3 eMicmom xanbkonipumy i Moni6deHimy, w0 ymeoprolomb OCHOBHUU MiHepanbHUll napazeHe3uc Miob-
Mosi60eH-nopghipoeozo 3pydeHiHHs lMpoeedeHi docnidkeHHs1 eKT0YeHb y Keapui pyd nipum-xanbKonipumoeoi, 2aneHim-cganepum-xansKonipu-
moeoi cmadiii mepmobapoxiMiyHUMU Memodamu Ao3eosisItomb oxapakmepu3syeamu hoiOHUll pexumM npouyecie pydoymeopeHHs1 0aHOo20 podo-
euwa. PydoymeoprosanbHi 2idpomepmasnibHi po34uHU, 3a GaHUMU 6UBYEHHSI (byIHOIOHUX eKJIrYeHb, 6ynu XJIOpudHO-Hampieeo2o muny, a
KoHUueHmpauii coneli eapirosanu gid 20 do 30 mac.% eke. NaCl. PydHi KOMNOHeHmMU nepeHOCUsIUCS YuMU po34uHaMu y (hopMi KOMIIIEKCHUX iOHi8,
wo Mmicmams xnopudu Na i K, i pidwe cynbghamu i kap6oHamu.

PydoymeopeHHs1 siobyeanocsi e iHmepeani 350-200 °C. KoxHoMy muny miHepani3zauii eidnoeidae yinkom neeHuli diana3oH ¢hisuko-xiMiyHUX
napamempie i ximiyHo2o cknady pydoymeoproroyozo ¢hoidy. OmpumaHi pesynbsmamu 003680/U/IU 8CMaHO8UMU meMrepamypu 20Mo2eHi3ayii
8K/II0YeHb | oyiHUMu memnepamypu ¢nroidie nid 4ac ymeopeHHs1 pyd KOXHOi cmadii, a maKkox eu3Ha4umu KOHYyeHmpauii OCHO8HUX COJIbO8UX
KomnoHeHmie. KomnnekcHicmb 06'ekmie ceid4umb nMpo eucoKy nepcrnekmusHicms MiOHO-Mopgiposux naow, ma eudineHux Ha HUX OiNISIHOK y paH3i
nomeHyiliHux pyoHux nosis.

Knroyoei cnoea: Kowkapu4ati, MiOHO-nopghip, 2idpomepmanibHo-MmemacomMamu4Hi 3MiHU, 2e0XimMiYHi, ¢s1l0iOHe 8KITHOYEHHSI, yMo8U ¢hopMye8aHHSI,
2eHemuyHi oco6nueocmi.
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PROSPECTS OF NEWLY DISCOVERED UGUR AREA
IN THE NORTHWEST OF THE GEDABEY ORE DISTRICT
(LESSER CAUCASUS, AZERBAIJAN)

(MpedcmaeneHo 4neHom pedakuyiliHol konezii 3-pom 2eon. Hayk, npogh. B.A. Muxalinosum)

The article describes Ugur exploration area located in Gedabey Ore District of the Lesser Caucasus in NW of Azerbaijan. Results of
trenches and channels sampling on the surface, RC bore holes and summary of significant drill intercepts (>0.29 ppm Au) of Ugur
Exploration area are presented. It has been established that The deposit is enlarged by highly gold-silver result of surface outcrop rock
chip samples over an area of 2.5 kms North-South by 2 kms East-West, with the Reza gold deposit located in the central part. Out of
metallic minerals crystalline hematite was observed. On surface intensive barite and barite-hematite vein and veinlets, also gossan zones
were observed. The main mineralization zones have been sampled in three trenches at a distance up to 270 m by trenches #1, #2 and #3
and received positive results for gold and silver. Also there have taken approximately 550 samples from outcrop #1 and #2. On the main
orebody at surface centre there occured secondary quartzites with vein-veinlets barite-hematite mineralization over which there remain
accumulations of hydrous ferric oxides cementing breccias of quartz and quartzites. And in erosion parts "reddish mass" being oxidation
product of stock and stockverk hematite ores were observed. Representing typical gossans, these accumulations by the data of trenches
for thickness about 5-10 m contain gold 0.3-2.0 ppm and silver 1.0-15.0 ppm. Ten diamond drill holes, named UGDD 01-10 were drilled in
the center part of the deposit. The drill holes were sampled mainly in 1 meter lengths from the top of the hole to the bottom. The core
samples were marked and placed into standard boxes.

Significant intervals of weighted averages greater than 0.29 ppm over down hole intervals of 1 metres or greater (>0.29 ppm Au and
>0.9 m) are summarized in table 3 below. In conclusion, the outcropping alteration at the deposit is typical of the upper steam-heated
levels of high-sulfidation epithermal (HSE) deposits, which in most mineralized systems of this type, may cap higher-grade gold
mineralization which is hosted by underlying vuggy and oxide zones.

Keywords: Ugur exploration area, prospects, mineralization zones, content of Au, Ag, Cu, Zn, Gedabey Ore District, Lesser Caucasus.

Formulation of the problem. In spite of the fact that the
ore region is well studied, a number of issues, including the
assessment of perceptions of offenses and deep horizons
of the private Gedabak field, the study of modern
geological and geochemical methods of other ore beds and
manifestations in the region is carried out.

Ore district belongs to the Lok-Karabakh island of the
Jurassic — Cretaceous age, formed by subduction of the
Tetis Ocean to the Eurasian Caucasus in the Tetis
metallogenic belt. The results of recent geological
exploration and research activities in the Gedabak Ore
region are high-sulfidation type (high sulfidation) of the
Gedabey deposit, with high sulfidation, and the Au-Ag-Zn-
Pb filtration of the Gadir and Ugur deposits near it. Low
sulfidation bedrock hopes to discover new porphyry-
epithermal ore deposits as part of a single epithermal
system of the ore region. The location of gold-copper-
porphyry ores on the Gedabey deposit by experts as a
"Gedabey copper deposit" in the Lesser Caucasus can be
a promising criterion for the unique, non-ferrous and rare
metals in the ore region.

The purpose of the work is to identify the regularities of
the bed and manifestations of the Gedabey ore region using
modern complex geological research methods, and to
develop predictive search criteria to identify new
perspective areas.

During the implementation of the article, maps were
drawn based on the data of a company (Samir Mursalaov),
and results of chemical and geochemical analyzes were
used. Macro and micronutrient analysis (over 500
micronutrients, including Au, Ag, Cu) was performed by

X-ray fluorescence (XRF) laboratory at SGS Mineral
Services UK LTD in Ontario.

The article considers new data on the contents of Au,
Ag, Cu, Zn taken from trenches and wells in these deposits.
This article describes Ugur exploration area — Reza gold
deposit, and some mineralization areas (Gyzyldjadag,
Shah Yatag, Yukhari Narzan and Dashbulag) which can be
of interest from commercial point of view for future.

Geology. Gedabey ore district is located in the territory
of Shamkir uplift of the Lok-Karabakh island arc volcanic
structural-formation zone in the Lesser Caucasus Mega-
anticlinorium. The ore region has a complex geological
structure, and it has become complex with the intrusive
masses and breaking structures of different ages and
different composition. Lower Bajocian is essentially
composed of an uneven succession of diabase and
andesite covers, agglomerate tuffs, tuff-gravelites and
siltstones. Tuff facies of the Lower Bajocian were exposed
to strong metamorphism (skarn alteration and hornfelsing)
as a result of the impact of Upper Bajocian volcanism and
intrusives of Upper Jurassic age. Only subvolcanic facie of
the Upper Bajocian in the Gedabey mine has been studied
(rhyolite and rhyodacite, quartz-porphyry). Rocks related to
the Bathonian stage have developed mainly in the northern
and southern edges of Shamkir uplift.

Gedabey ore district and Shamkir uplift in general is
complex in terms of its tectonic structure and its magmatism
is complex too. Magmatic processes in this region have
occurred intensely. There are 3 phases of magmatism in the
ore area: 1-Bajocian phases, 2-Bathonian phases, 3-Upper

Jurassic phases (Abdullaev et al.,1988) (Fig. 1).

© Imamverdiyev N., Baba-zadeh V., Mursalov S., Valiyev A., Mansurov M., Ismayilova A., 2021
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Fig. 1. Lithological-structural map of the Gedabey Ore District (perspective areas for Cu, Au, Ag, Zn & As)

The Bajocian phase is divided into two autonomous
sub-stages:

Lower Bajocian age rocks — intermediate and basic
composition pyroclastic volcanic and volcanic disturbed rocks —
occupy the central portion of Shamkir uplift, and have become
complex with intrusive and subvolcanic complexes and
breaking structures of different ages, morphology.

Acid composition products of the Upper Bajocian
magmatism are represented very broadly by all facies
within Gedabey ore district. It can be considered that the
magmatic center of the Upper Bajocian period is located in
the Shamkir uplift.

Andesite, partially andesite-basalt composition products
of the Bathonian phase of magmatism, as well as various
composition pyroclastic materials and lava flows Upper
Jurassic phase are spread mainly in the sidelines of Shamkir

uplift. Along the breaking structures and in the areas
between them, rocks along micro cracks have become
strongly quartizated, kaolinized, sericitized and in most
cases changed to secondary quartzite. Breaking structures
have not caused Lower Bajocian rocks to become too
complex. The main complexity were generated by
subvolcanic masses of rhyolite, rhyodacite and quartz—
porphyry composition of Upper Bajocian age which occurred
along the Gedabey-Bittibulag depth fault and which began
to cool down in the area close to the surface (Baba-zadeh,
Abdullayeva, 2012).

Rhyolites and rhyodacites changed to various types of
quartzite, and the surrounding rocks changed into quartzite,
skarn rocks and hornstones depending upon petrographic,
mineralogical and lithological compositions. However, the
processes mentioned above did not occur all through the



ISSN 1728-2713

FEONOrIS. 2(93)/2021

~ 55 ~

subvolcanic masses and contact rocks. These processes
occurred in such areas where there was a constant contact
(open channel or open contact zone) between the subvolcano
and magmatic source. One of such areas was the Misdag
area in which Gedabey mineral deposit (mine) is located.

The NW part of Gedabey ore district is located along
Gedabey-Bittibulag deeper fault, from the Yogundag
Mountain area to Bittibulag copper-arsenic deposit. This
area with respect to tectonics and metallogenic is confined
to volcano-plutonic structure of Shamkir uplift of Lok-
Karabakh structure-formation, Lesser Caucasus
metallogenic zone (Adamia et al., 2011). The ore
perspective areas (porphyry, high and low sulfidation
epithermal deposit types) are embedded in cone-shaped
Mountain Yogundag at elevation 2085 m and Gyzyldjadag
at altitude 2250.6 m.

The study of the Gedabey ore district was carried out by
many geologists. They examined mainly the geology and
magmatism of the region (Abdullaev et al., 1988; Abdullaev,
2018; Baba-zadeh, 2005; Baba-zadeh, Abdullaeva, 2012;
Baba-zadeh et al., 2015, 2017, Guseynov et al, 2014, Moritz et
al., 2016; Ramazanov et al., 2012; Suleymanov, Aliev, 1977;
Hemon et al., 2012, 2013). However, there is little information
about the new discovered deposits of the region, with the direct
participation of the co-authors of this article (Gedabey
Exploration Group — Anar Veliyev, Samir Mursalov).

The NW part in southern of Gedabey ore district has
been explored for porphyry-epithermal ore perspective
areas due to its favorable geological setting for Gedabey
and Gadir type of deposit. In the result of exploration
activities there were discovered several new local
epithermal mineralization areas, one of which has
underground mining, named Gadir deposit (low sulfidation
type) (Baba-zadeh et al., 2015; Valiyev et al., 2016, 2018;
Novruzov et al., 2019) and named Ugur exploration area —
Reza gold deposit (by AIMC Gedabey Exploration Group,

562000 mE 564000 mE

4502000 mN

e Bittibulag

2014). Other ore perspective areas are in advanced stages
of exploration, such as Umid, AC, Zefer and Bittibulag
(Baba-zadeh et al., 2019).

Identification of exploration targets by mineral
prospecting often includes reviews of available information,
interpretation of remote sensing data, geological mapping
and soil geochemical surveys.

This article describes Ugur exploration area — Reza gold
deposit, and some mineralization areas (Gyzyldjadag, Shah
Yatag, Yukhari Narzan and Dashbulag) which can be of
interest from the commercial point of view in future (fig. 2).

Available information on property description and
location, which is common to all the exploration projects,
may be found above in the report section with that name.
The following information comes largely from Gedabey
Exploration Group.

A personal inspection of the Ugur Exploration Area was
made by Vice President Farhang Hedjazi and Director of
Geology Dr. Stephen Westhead. It was concluded that, for
present purposes, Gedabey NW Project is an advanced
exploration project. A substantial amount of historical and
more recent exploratory work has been carried out by
previous and current owners and exploration activity is
ongoing.

Ugur Exploration Area is identified in the following list
(Fig. 2):

e Reza gold deposit (Au-Ag); high sulfidation type;

e Gyzydjadag sulphur mineralization area (Au-Ag-S);
high sulfidation type;

e Dashbulag mineralization area (Au-Ag-Cu); high
sulfidation type;

e SHAH Yatag mineralization area (Au-Ag-Cu); high
sulfidation type;

e Yukhari Narzan mineralization area (Au-Ag), high
sulfidation type.
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Fig. 2. Schematic map of the ore perspective area of Ugur Exploration Area
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Regional geological-structural setting. Ugur
Exploration Area is located at 4 km to the southwest
Gedabey high sulfidation epithermal deposit, on Mountain
Gyzyldjadag (Fig. 3).

The Reza gold deposit, Shah Yataq, Gyzydjadag,
Dashbulag and Yukhari Narzan mineralization areas are all
located within on the Gedabey-Bittibulag regional deeper
fault system. The major elongated structural zones within
the system form the framework for the region.

Middle Jurassic to Upper Jurassic sedimentary,
magmatic and metamorphic rocks forms the basement of
the region. These are intruded by Upper Bajocian to
Kimmeridgian age plagiogranites, gabbros, diorites,
granodiorites and granites. In a geological structure of
mineralization area includes Upper Bajocian rhyolite-dacites
and their agglomerated tuffs and secondary quartzites of
compound genesis. There are also widely developed
contact hydrothermalites along with fumarole-solfatara type
due to acid volcanism of Upper Bajocian Age. Contact
hydrothermalites get their origin in plagiogranite intrusion
exposures having wide expansion in a large field of
hydrothermalites spread in the head river Djeyirchay. And a
broad net of discontinued dislocations is developed on the
given area where the dominant role among them belongs to
Gedabey-Bittibulag deeper fault.

Within the mineralization area bounds there also
observed Gyzyldjadag fault of latitudinal strike in which zone
at a thickness 15 m the rock are brecciated, silicificated and
limonitized. The area is confined to an intersection knot of
above-listed faults however the dominant role in
mineralization localization belongs to Gedabey-Bittibulag
deeper fault (Fig. 3).

Rocks within the mineralization areas bounds, enclosed
between tectonic structures, are strongly kaolinized and
impregnated by phenocrysts of pyrite and rarely chalcopyrite
at which leaching formed a gossan composed of strongly
limonitized, ocherous rocks.

Copper minerals as rare phenocrysts of chalcopyrite and
hypergene formations as malachite are observed on an
intersection area of Gedabey-Bittibulag fault with
Gyzyldjadag fault.

Deposit was discovered in 2016 by GEG and called Reza
in honour of Reza Vaziri who is the president of Azerbaijan
International Mining Company, Anglo Asian Mining PLC.

The Reza gold deposit is located in Gedabey Ore District
of the Lesser Caucasus in NW of Azerbaijan, 358 kms East
of the capital city Baku, 48 kms East of the city of Ganja and
Ganja airport, 4.7 kms NW of Gedabey open-pit gold copper
mine. The deposit is the well within the Ugur exploration
area, NW Area polygon of Gedabey Contract Area.

Gedabek-Bittibulag regional deeper fault

Ugur Exploration Area

Google earth

Fig. 3. Location of Ugur Exploration Area on Gedabey-Bittibulag regional deeper fault system (www.googleearth.com)

The exploration centre of the project is the partially
backfilled outcrop, independently located on Google Earth
at Latitude 40°37'13.10"N and Longitude 45°46'15.34"E.
The known gold mineralization has an estimated north-south
strike length of 400 m and a total area of approximately 20
hectares or 0.2 km2. The deposit is enlarged by highly gold-
silver surface outcrop rock chip samples over an area of
2.5 kms North-South by 2 kms East-West, with the Reza
gold deposit located on the central part.

In a geological structure of section there participated
secondary quartzites being formed under the influence of
Atabek-Slavyanka plagiogranite intrusion exposures
observed to the north from the gold mineralization area. The
area in tectonic attitude is confined to Gyzyldjadag fault of
Northeastern sub-latitudinal strike 80° with a vertical dip.
The mineralization zone thickness within the area bounds is
up to 80-120 m.

Rocks in the alteration zone area crumpled, argillic
alterated, brecciated, strongly limonitized and hematitized.
Out of metallic minerals crystalline hematite was observed.

On surface intensive barite and barite-hematite vein and
veinlets, also gossan zones were observed. The main
mineralization zones have been sampled in three trenches
at a distance up to 270m by trenches #1, #2 and #3 and
received positive results for gold and silver. Also there have
taken approximately 550 samples from outcrop #1 and #2.

On the main orebody at surface centre there occured
secondary quartzites with vein-veinlets barite-hematite
mineralization over which accumulations of hydrous ferric
oxides cementing breccias of quartz and quartzites remain.
And in erosion parts "reddish mass" being oxidation product
of stock and stockverk hematite ores are observed.
Representing typical gossans, these accumulations by the
data of trenches for thickness about 5-10 m contain gold 0.3-
2.0 ppm and silver 1.0-15.0 ppm.

Surface sampling. GEG AIMCL is pleased to announce
that rock chip and channel sampling has identified multiple
high-grade gold mineralizations at Ugur exploration are.
Following the previously reported discovery of potentially
significant outcropping hematite-barite vein and breccia
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mineralization (Exploration Report, 2013-2015) at Gedabey
NW Project has undertaken systematic geological mapping
and rock chip and channel sampling. This sampling has
delivered exceptional gold results including 4.96 ppm Au
(UGA-01), 3.07 ppm Au (UGA-43) and 3.43 ppm Au (UGA-
200) confirming the existence of outcropping high-grade
gold mineralization. The mineralization occurs within in NW
subparallel structural zones within 200 m in the deposit and
partly in the East part.

The maijority of the new results are from sampling
surface outcrops that occur in the centre of known high
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Trench 02

sulfidation epithermal mineralization at Reza area, and the
style of mineralization indicates a potential link between
known gold-rich barite-hematite vein mineralization. A total
of 48 rock chips samples were collected from out cropping
and sub cropping areas across three main outcrops. The
majority of samples returned highly values (30% of samples
graded more than Au 0.3 ppm; see table 1 and Fig. 4).
Significantly a total of 177 samples returned grades higher
than Au 0.3 ppm and 31 samples returned more than Au
0.99 ppm (up to 4.96 ppm Au).
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Fig. 4. Base on surface and trenches (T-2 and T-3) samples assays,
Au>0.15 ppm in the Reza gold deposit of Ugur Exploration Area

Table 1
Assay results of trenches and channels sampling on the surface of Ugur Exploration area
Sample_id Au, ppm Ag, ppm Cu, % Zn, % Easting Northing Altitude
UGA-01 4.96 1.5 0.073 0.1069 565888 4497351 1691
UGA-30 0.35 1.3 0.044 0.0600 565813 4497325 1717
UGA-39 4.49 1.3 0.064 0.0874 565886 4497351 1688
UGA-42 0.67 1.5 0.034 0.1006 565958 4497418 1685
UGA-43 3.07 9.9 0.125 0.1375 565961 4497420 1685
UGA-44 2.48 3.5 0.079 0.0903 565963 4497421 1684
UGA-46 0.33 1.7 0.096 0.0993 565965 4497423 1682
UGA-63 0.56 1.5 0.116 0.1844 566148 4497480 1662
UGA-64 0.59 1.5 0.131 0.1387 566147 4497481 1662
UGA-65 0.97 2.1 0.070 0.1561 566118 4497459 1667
UGA-69 0.96 24 0.046 0.0223 565684 4497294 1667
UGA-72 1.37 23 0.037 0.0576 565658 4497273 1667
UGA-74 0.64 2.9 0.041 0.0374 565622 4497260 1667
UGA-75 1.33 6.6 0.050 0.0375 565595 4497262 1667
UGA-76 0.71 2.2 0.055 0.0724 565569 4497251 1667
UGA-88 0.29 7.7 0.053 0.1536 565310 4496898 1869
UGA-91 0.36 2.8 0.047 0.1277 565310 4496897 1869
UGA-92 0.71 22.1 0.066 0.2127 565309 4496897 1869
UGA-93 0.44 2.9 0.075 0.0990 565308 4496896 1869
UGA-94 0.34 5.1 0.055 0.2089 565308 4496895 1869
UGA-98 0.36 8.2 0.033 0.1403 565310 4496893 1875
UGA-99 0.63 6.3 0.059 0.1967 565311 4496892 1875
UGA-100 0.50 6.0 0.059 0.1458 565314 4496902 1873
UGA-101 0.44 7.6 0.060 0.1487 565311 4496903 1871
UGA-106 0.57 7.0 0.038 0.1107 565321 4496907 1867
UGA-107 0.93 3.9 0.078 0.1457 565323 4496908 1867
UGA-108 0.84 2.9 0.069 0.1489 565323 4496911 1866
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Ending table 1
Sample_id Au, ppm Ag, ppm Cu, % Zn, % Easting Northing Altitude

UGA-112 0.60 3.8 0.127 0.1713 565329 4496908 1863
UGA-113 0.32 4.1 0.160 0.2472 565330 4496920 1859
UGA-114 0.88 6.0 0.136 0.1357 565328 4496921 1858
UGA-115 1.36 10.3 0.150 0.2102 565329 4496928 1857
UGA-116 0.45 9.0 0.151 0.2487 565325 4496920 1860
UGA-118 0.99 2.9 0.086 0.1769 565334 4496925 1856
UGA-120 0.44 6.7 0.067 0.1425 565330 4496948 1850
UGA-124 0.31 0.9 0.002 0.0100 565263 4497029 1872
UGA-125 0.42 1.6 0.012 0.0082 565264 4497027 1873
UGA-126 0.65 1.0 0.016 0.0398 565264 4497025 1873
UGA-127 0.58 1.7 0.020 0.0256 565263 4497023 1873
UGA-128 0.76 1.0 0.020 0.0230 565262 4497022 1873
UGA-129 0.46 1.1 0.021 0.0344 565262 4497020 1873
UGA-131 0.71 1.1 0.016 0.0168 565261 4497016 1874

Trenching. Reza gold deposit trenches were dug with
the objective of discovering mineral bodies under the
unconsolidated cover, sampling and ascertaining the
orientation. Two main phases of trenching occurred, with the
initial trenching taking place on surface of the deposit, with
validation and infill trenching completed by GEG (Fig. 5).

In the aim to identify the gold presence in oxidized
secondary quartzite zone on the surface 5 trenches were
provided. Trenches were dug by excavator in length
between 50 to 170 m the depth of 1.5 m. The trenches were
mapped and sampled manually by taking one-to two meter
long channel samples. The samples weights ranged
between 2-5 kilograms.

The main mineralization targets have been sampled in
three trenches at a distance up to 270m by trenches #1, #2
and #3 (Fig. 4) and given good results for gold and silver.

Also approximately 350 samples from outcrop #1 and #2
have been taken.

Rc drilling. In the Reza gold deposit, 55 bore holes were
drilled on a 50x50 m grid (Fig. 6) (the results of the analyzes
are given in table 2).

RC holes were drilled at an angle of -90 degrees at a
diameter 146 mm. The air-flush RC holes were intended to
test the extension of the oxidized gold mineralization at
depth. Slurry recovery was in the range 80-100%. However,
although drilling below the level of ground water is
technically feasible, the slurry material is lost and enriched
with heavy residues.

Fifty-five RC holes were drilled for a total of 1482 m to
test oxide gold mineralization in the central part of the
deposit, also in flanks.

Fig. 6. Location of UGDD 01 & 02 bore holes at the

Outcrop-1

UGDDO1

eza gold depoit
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Table 2

Assay results of RC bore holes of Reza gold deposit, Ugur exploration area (>0.29ppm Au)

hole id sample_id from, m to, m length, m Cu, % Zn, %
UGRC02 UGRC02-14 13 14 1 0.0037 0.0337
UGRC02 UGRC02-15 14 15 1 0.0025 0.0296
UGRC02 UGRC02-16 15 16 1 0.0036 0.0269
UGRC02 UGRC02-17 16 17 1 0.0032 0.0234
UGRC02 UGRC02-20 18 19 1 0.0034 0.0290
UGRC03 UGRC03-15 13 14 1 2.39 0.0323 0.2893
UGRCO03 UGRC03-16 14 15 1 0.46 2.96 0.0497 0.3735
UGRC03 UGRC03-17 15 16 1 1.42 3.35 0.0535 0.3302
UGRC03 UGRC03-18 16 17 1 0.89 11.91 0.0481 0.3271
UGRCO03 UGRC03-19 17 18 1 1.90 60.18 0.0356 0.3624
UGRC03 UGRC03-20 18 19 1 1.36 55.77 0.0120 0.2446
UGRCO03 UGRC03-22 19 20 1 1.11 13.18 0.0170 0.2566
UGRC03 UGRC03-23 20 21 1 0.98 23.36 0.0080 0.2487
UGRC03 UGRC03-24 21 22 1 0.60 8.33 0.0223 0.3277
UGRCO03 UGRC03-25 22 23 1 0.43 9.25 0.0253 0.3225
UGRCO03 UGRC03-27 24 25 1 0.67 7.23 0.0356 0.2741
UGRCO03 UGRC03-28 25 26 1 0.36 10.59 0.0253 0.3404
UGRC04 UGRC04-3 5 6 1 1.01 5.56 0.0038 0.1304
UGRC04 UGRC04-4 6 7 1 0.78 3.63 0.0049 0.1067
UGRC04 UGRCO04-15 16 17 1 1.89 9.14 0.0190 0.0835
UGRC04 UGRC04-16 17 18 1 1.90 10.03 0.0246 0.0477
UGRC04 UGRC04-17 18 19 1 217 6.76 0.0248 0.1258
UGRC04 UGRCO04-18 19 20 1 1.60 14.01 0.0122 0.1175
UGRC04 UGRCO04-19 24 25 1 1.93 7.78 0.0119 0.0601
UGRC04 UGRC04-21 25 26 1 1.89 10.15 0.0292 0.0885
UGRC04 UGRC04-22 26 27 1 2.1 20.78 0.0202 0.1019
UGRCO05 UGRCO05-11 9 10 1 1.75 27.78 0.0344 0.0875
UGRCO05 UGRC05-12 10 11 1 1.62 71.70 0.0266 0.0718
UGRCO05 UGRC05-13 11 12 1 2.04 36.75 0.0228 0.0735
UGRCO05 UGRC05-14 12 13 1 2.10 33.08 0.0209 0.0673
UGRC14 UGRC14-23 20 21 1 10.27 74.53 0.0113 0.0182
UGRC14 UGRC14-25 21 22 1 16.08 46.21 0.0055 0.0019
UGRC14 UGRC14-26 22 23 1 11.08 56.52 0.0070 0.0030
UGRC14 UGRC14-27 23 24 1 2.15 39.04 0.0038 0.0080
UGRC14 UGRC14-28 24 25 1 1.29 22.08 0.0109 0.0062
UGRC14 UGRC14-29 25 26 1 2.10 18.08 0.0130 0.0386
UGRC14 UGRC14-30 26 27 1 3.28 14.90 0.0144 0.0071
UGRC14 UGRC14-31 27 28 1 7.33 28.82 0.0150 0.0281

Diamond drill holes. Ten diamond drill holes, named
UGDD 01-10 were drilled in the central part of the deposit.
The drill holes were sampled mainly in 1 meter lengths from
the top of the hole to the bottom.

The exploratory core holes were drilled at an angle of
—90 degrees at a diameter 122.6 mm (PQ) for the first 40—
72.5 m. Thereafter, the bore hole diameter was 86 mm,
producing 80 or 84 mm diameter cores. The core samples
were marked and placed into standard boxes.

Significant intervals of weighted averages greater than
0.29 gramme per tonne gold (ppm) over down hole intervals

of 1 metres or greater (>0.29 ppm Au and >0.9m) are
summarized in table 3 below. Drill hole UGDD02 was the
highest grade mineralized of the program, averaging 3.52
ppm Au over a 58.5 m length of the drill hole (Fig. 6). Drill
hole UGDD10 was the widest mineralized of the program,
averaging 1.23 ppm Au over a 106.5 m length of the drill
hole. Other notably mineralized drill holes included
uGDDO01, UGDDO03, UGDD04, UGDD06, UGDDO07,
UGDDO08 and UGDDO09. Drill hole UGDDO05 was the least
mineralized with a best intercept of 0.45 ppm Au for 11—
16 m (5 m) and 0.40 ppm Au for 20-25 m (5 m).

Table 3
Summary of significant drill intercepts (>0.29 ppm Au) of Reza gold deposit
hole_id sample_id from, m to,m length, m Au, ppm Ag, ppm Cu, %
UGDDO01 UGDD01-17 19.00 20.00 1.00 0.85 23.58 0.0211
UGDDO1 UGDDO01-18 20.00 21.00 1.00 0.75 18.85 0.0203
UGDDO01 UGDDO01-19 21.00 22.00 1.00 1.45 25.25 0.0170
UGDDO01 UGDD01-20 22.00 23.00 1.00 1.09 19.16 0.0165
UGDDO01 UGDDO01-21 23.00 24.00 1.00 1.34 10.66 0.0124
UGDDO1 UGDD01-33 34.75 35.50 0.75 2.81 8.81 0.0161
UGDDO1 UGDD01-34 35.50 36.50 1.00 5.05 4.69 0.0076
UGDDO01 UGDD01-35 36.50 37.50 1.00 15.87 1.25 0.0044
UGDDO1 UGDDO01-36 37.50 38.35 0.85 5.14 0.97 0.0035
UGDDO01 UGDD01-37 38.35 39.15 0.80 3.19 1.41 0.0043
UGDDO1 UGDDO01-38 39.15 40.00 0.85 2.51 1.01 0.0037
UGDDO02 UGDD02-04 4.00 5.00 1.00 18.45 31.57 0.0075
UGDDO02 UGDD02-05 5.00 6.00 1.00 13.96 28.83 0.0063
UGDDO02 UGDD02-06 6.00 7.00 1.00 5.33 16.53 0.0042
UGDDO08 UGDD08-42 41.00 42.00 1.00 17.38 64.74 0.0885
UGDDO08 UGDDO08-43 42.00 42.50 0.50 15.38 53.51 0.0388
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Local geological-structural setting. The gold
mineralization in the Reza deposit developed mainly during
the Upper Bajocian tectonic-magmatic cycle (Fig. 7).

Tectonic zone is the main host structure for the West
(central zone) and East zones of gold mineralization. During
Upper Bajocian times, the central tectonic zone was a right-
lateral strike-slip fault represented by a number of sub-

564750 mE

565250 mE

parallel-trending faults (55°-85°) with a combined length of
1-1.5 kilometres. The fault dips are from 70° to 80° to the
north-west. The faults of the central zone control the
hydrothermal metasomatic alteration, gold mineralization,
Upper Bajocian Atabek-Slavyanka plagiogranite massive
intrusion, and in some cases are the borders of the elevated
tectonic blocks formed by Lower Bajocian volcanic rocks.
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Fig. 7. Lithological-structural map (a) of the Reza gold deposit, Ugur exploration area
(scale 1:2800, A3 format, Original scale 1:1 000 (by GEG, 2016)) and lithological-structural cross section along AA1 line (b).
Legend: 1 — andesite tuff agglomerates facie; 2 — gossan; 3 — pyrite stock and stockverk; 6 — breccia zone of silicified andesite porphyritic
rocks; 5 — secondary quartzite; 6 — pyroclastic (from small clastic to lapilli) facie of rhyolite-dacite porphyry;
7 — lava facie of rhyolite-dacite porphyry; 8 — silicified andesite porphyritic rocks; 9 — andesite porphyritic rocks; 10 — quartz porphyry zone
(weak hematitized, limonitezation); 11 — faults; 12 — probably faults; 13 — topographic contour line; 14 — cross section lines; 15 — bore holes
points; 16 — bore holes ; 17 — deep angle of faults and dykes; 18 — structural elements of rocks; 19 — lithological contact; 20 — rivers

The East tectonic zone is complicated by the occurrence
of numerous related faults such as antithetic and synthetic
faults, down throw and thrust faults and intense folding due
to faulting. The combination of these structures determines
the general morphology of both the oxide and primary sulfide
mineralization. Where zones of either fracture cleavage or

quartz veinlets occur in drill core, these intervals are
described as fault zones. In many cases the intervals of
faulting are represented by tectonic breccias in which relics
of the host volcanic-sedimentary rocks are cemented by
dacitic rock. The tectonic breccias probably formed after
emplacement of the sulfide mineralization, during the
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formation of the sub-longitudinal faults. The intervals of
tectonic breccia exhibit lower gold grades in comparison with
zones of fracture cleavage and quartz veinlets.

The Reza gold deposit was emplaced in the intersection
of NW, NE, N and E trending structural systems regionally
controlled by a first order NW transcurrent structure.

Structure geometry and kinematics determined from
surface mapping and drilling information suggest that the
volcanic sequence hosted at central part might have been
accumulated in a "pull-apart" basin controlled by NW
structures. These structures were affected by two
compressive deformation processes: the first as a result of
the N to the NNE sub-horizontal contraction and the second
being formed during a post mineral NW contraction.

Field geological exploration information, cross-cutting
relationships between structures, veins and brecciation
types and hydrothermal alterations styles suggest that the
mineralization was controlled by NW brittle dextral shears,
associated with E-W left lateral and N-S pure extensional
structures, with all them related to the contraction event
within a transpressional regimen.

Deposit type. The Gedabey NW project is a new local ore
belt system discovered by GEG while following-up high
priority alteration targets in a key mineralization area located
in the Gedabey-Bittibulag ore belt of the Gedabey ore district
in Azerbaijan. The ore belt contains a series of Jurassic-age
porphyry, high-sulfidation and low-sulfidation epithermal gold
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deposits and mineralization occurrences. The remote sensing
anomalous (in NW and SW) area is believed to remain open
in all directions under shallow, post-mineral cover. Deposit
alteration signature has characteristics which suggest the
current outcrop level may be near the top of a mineralized,
gold-bearing high sulfidation epithermal (HSE) system.

The gold mineralization at the deposit is interpreted as
forming in shallow high sulfidation epithermal systems
(Sillitoe, Hedenquist, 2003; Simmons, 2005; Sillitoe,
2010) . The mineralization has been noted to occur in two
different styles:

 well-confined hydrothermal breccias;

¢ associated with pyrite stock-stockwork.

The majority of the deposit material and current
estimates are formed within the barite-hematite-quartz-
kaoline mineralization in the secondary quartzite rocks.

The main brecciation and stockwork are hosted within
secondary quartzite, sometime massive silicified andesite
porphyritic rocks.

Outcropping gold mineralization in the project is
oxidized with no sulfides recognised at surface.
Mineralization is hosted by brecciated, and intense
advanced argillically-altered andesitic volcanics and
possible domes, including large areas of "powdery"
probably alunite-opal alteration (Fig. 8).
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Fig. 8. International high sulfidation epithermal model for the Reza gold deposit

The outcropping alteration at the deposit is typical of the
upper steam-heated levels of high-sulfidation epithermal
(HSE) deposits, which in most mineralized systems of this
type, may cap higher-grade gold mineralization which is
hosted by underlying vuggy and oxide zones.

From our current mapping and sampling, the gold
mineralization at the deposit appears to form a crescent
shape surrounding a ‘"core" of barite-hematite
mineralisation in advanced argillically & silicification —
altered porphyritic andesite host rock.

Recommended. The objectives and recommended
methodology of the next phase of work are outlined below.

v'Stage 1: Re-logging of core and re-interpretation to
confirm geology model. Any mineralized exposures that are

open, or were undiscovered, should be systematically
sampled and documented.

v'Stage 2: Complete a thorough review and compilation
of the database. This should include re-logging of core and
standardizing nomenclature for log coding. Data can then be
used to build new accurate cross sections for future drill hole
planning. Field checks of geologic mapping to verify
structural and lithologic interpretations should be completed
as warranted. An intrusive suite of samples will be collected
for detail petrographic-mineralogical and fluid inclusion
studies.

v'Stage 3: All data will be compiled for detailed drill hole
planning for initial confirmation drilling.
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MEPCMEKTUBN OCBOEHHSA HOBOIO PYIHOI'O BY3JA YI'YP
HA NIBHIYHOMY 3AXOAI KEQABEKCbKOIoO PYAHOIO PAUOHY
(MAITUN KABKA3, ABEPBAULIXKAH)

OnucaHo pydHuli ey3on Yayp, poamawoeaHuli Ha nieHiYHoMy 3axodi Kedabekcbko2o pydHozo palioHy Manozo Kaeka3y e pecny6niyi Azepbati-
OxxaH. HaeedeHo pe3ynbmamu aHani3dy npo6, eidi6paHux 3 eiOkpumux 2ipHuU4ux eaupobok (mpaHwedl, kaHas), 3i ceepds108uH, NIPO6YypPeHuUX Memodom
RC, a makox 3eedeHi daHi npo pydHi nepemuHu i3 3Ha4Yyuyum emicmom 3os0ma (>0,29 ppm). BcmaHoenieHo, wio niowa pyoOHo20 ey3/ia Moxe 6ymu
36inbweHa 3a paxyHOK eUCOKUX eMicmie 3o1oma i cpi6bna e 6opo3doeili i wmygHux npobax Ha 2,5 kM y wupomHoMy i Ha 2 kM y doe20mHoMy
HanpsiMkax; npu ybomMy 3o/10mopydHe podosuuwe Pe3a npuypoyeHo 00 yeHmpasbHOI YacmuHu pyGHO20 ey3sia. 3 pyOHUX MiHepasnie npucymHii
KpucmaniyHuli 2emamum. bnuxye 0o 3eMHOI noeepxHi criocmepizatombcsi iHmeHcueHi 6apumoei i 6apum-2eMamumoei NPOoXUJIKU, a MaKoX 3y-
cmpiyaembcs 3ani3Hull kanenrox cynbgioHux noknadie. Y xodi po3eidyeanbHo20 eunpobyeaHHs1 20/108HUX 30H MiHepasi3auii, po3Kpumux mpaH-
wesimu Ne 1, 2, 3, siki po3mawoeaHi Ha eidcmaHi 0o 270 M odHa ei0 00HoOI, y eidi6paHux 3pa3kax 6y/0 eusiesieHO npomucsioei emicmu 3osoma i
cpibna. Takox 6yno gidi6paHo 6nu3bko 550 3pa3kie 3 ozoneHb Ne 1i Ne 2. Y micysix suxody ocHO8HO20 pyOHO20 mina Ha OeHHY MO8EPXHIO criocme-
pi2arombcsi eMOpPUHHI kKeapyumu 3 6apum-2emamumosuMu NPOXusKamu, Had siKUuMu 36epe2asucsi CKyn4eHHs 2idpokcudie 3anisa, ujo yemeHmyroms
6pekyii keapuy i keapyumise. A Ha OinsiHKkax 3 iHMEeHCUBHO 8usi8JIEHUM 8U8iMpPIO8aHHSIM 3ycmpiyaembcsl "yep8oHa maca”, Wo € NpPodyKmom oKuc-
HeHHs1 2eMamumoeux Wmokie i wmokeepkie. slensiroyu co6or0 mumnoei 3asi3Hi Kanenroxu cynbgiOHux noknadie, yi, po3kpumi e kaHaeax, pyOHi
CKYMYeHHs1, Maltomb nomy»Hicms 6nu3bko 5-10 M 3 emicmom 3onoma 0,3-2,0 ppm i cpi6na 1,0-15,0 ppm. Y yeHmpanbHili yacmuHi podosuwa 6yno
npo6ypeHo anmasHuM 6ypiHHaM decssmb ceepdnoeuH (UGDD 01-10). CeepdnoeuHu eunpoboesyeanucs yinkom i 6eanepepeHo, a G0eXuHuU npob e
ocHoeHoMy cmaxoeunu 1 memp.

3Hauyywi iHmepeanu 3 doexuHamu npo6 1 m i 6inbwe ma i3 cepeOHbO38aXeHUMU emicmamu, wio nepesuwyroms 0,29 ppm (>0,29 ppm i >0,9 m),
y3az2anbHeHo 8 mabnuyi. 3po61eHo 8UCHOBOK NPO Me, W0 Xxapakmep HagKos10pyOHUX 2idpomepmanibHO-MemacoMamuyHUX 3MiH éMiCHUX nopid, wo
3ycmpivyaembcsi Ha 0aHomy podoeuuwi, munosulii 0551 8epxHix pieHie eucokocynbgiOHUX enimepMasibHUX podosuw, W0 3a3Hasu 06POKy Napom.
Hanuii mun 2idpomepmanbHux 3miH y 6inbwocmi pyoOHUX cucmem Moe nepekpueamu iHmepeasnu 3 KaBepHO3HUMU i OKCUGHUMU 30HaMu, W0 Mic-
msamb 6inbw 6a2amy 30110mopyOHy MiHepasi3ayito.

Knroyoei cnoea: pydHuli ey3on Yayp; 30HU MiHepani3ayil; emicm 3o1o0ma, cpibna, midi, yuHky; Kedabekcbkuli pyoHuli patioH; Manui Kaekas.
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NEPCNEKTUBblI OCBOEHMA HOBOIO PYHOIO Y31A YIYP
HA CEBEPO-3AMNAJE KEOABEKCKOIO PYAIHOIO PAMOHA
(MANbIN KABKA3, ASEPBANOXKAH)

OnucaH pyOdHbliil y3en Yayp, pacrnonoxeHHbll Ha cesepo-3anade Kedabekckoz2o pydHozo palioHa Manozo Kaekasa e pecniybnuke AsepbalidxaH.
lNpueedeHbI pe3ynbmamsi aHanu3a npob, omo6paHHbIX U3 OMKPbIMbIX 20PHbIX 8bIPaboMokK (mpaHwel, KaHae), U3 CK8a)XUH, MPO6ypeHHbIX Memodom
RC, a makxe ceodHble daHHbIe O PyOHbIX NepecevyeHuUsIX co 3Ha4uMbIMU codepxaHusiMu 3os10ma (>0,29 ppm). YcmaHoesneHo, Ymo nnoujadb pyoHO20
y3na Moxem 6bImb yeenu4eHa 3a c4em 8bICOKUX codepikaHuli 30/10ma u cepebpa e 60po300ebix U WMyhHbIX NPobax Ha 2,5 KM 8 WUPOMHOM U Ha 2 KM
8 J0J120MHOM HarnpaesieHUsIX; MpuU 3MoMm 30510mopyoHoe MecmopoxdeHue Pe3a npuypoyYyeHo K UeHmpasnbHol Yacmu pyoOHo20 y3na. N3 pyOHbIX MUHe-
pasioe npucymcmeyem Kpucmannuyeckuli 2emamum. bnuxe k 3eMHol noeepxHocmu Habnrodaromcesi UHmMeHcueHble 6apumossie u 6apum-2emamu-
moseble MPOXUMKU, a MmakKke ecmpeyaemcsi XeflesHas wWnsna cynbguioHbix 3anexel. B xode pa3eedoyHo20 0OnMPo6o8aHUsi 2/1a8HbIX 30H
MUHepanu3sayuu, eckpbimbix mpaHwesimu Ne 1, 2, 3, Haxodsujuxcst Ha paccmosiHuu Ao 270 m dpy2 om dpy2a, 8 omobpaHHbIx 06pa3yax 6bi/1U 8bisieNeHbl
npombiweHHble codep)xaHusi 3o/10ma u cepebpa. Takke 6b110 omobpaHo okoso 550 o6pa3yoe u3 o6HaxeHuli Ne 1 u Ne 2. B mecmax ebixo0a OCHO8-
HO20 pydHO20 mesnia Ha OHeB8HYI0 M0B8ePXHOCMb Habirodaromcsi 8MOpPUYHbIe Keapyumbl ¢ 6apum-2eMamumoebIMU MPOoXusikaMu, Ha0 KOMopbIMU CO-
XPaHUNUCL CKOMJIeHUs1 2uOPOOKCUOo8 xefe3a, ueMeHmupyrouwux 6pekyuu Keapya u Keapyumos. A Ha y4acmkax C UHMEHCUBHO MpPOsieIeHHbIM
ebleempueaHuemM ecmpe 51 "KpacHo macca", sensirowjasicsi npodyKMmoM OKUC/IeHUsI 2eMamumoebIX WMOKoe U wimokeepkoes. [lpedcmaensisi
€060l munuy4Hble xese3Hble WsinbI CyNbUOHbIX 3anexel, 3mu, 8CKpbimble 8 KaHagax, pyOHbIe CKOMIeHUs1 uMerom MouHocms okos1o 5-10 M ¢ co-
OdepxaHusimu 3o510ma 0,3-2,0 ppm u cepebpa 1,0-15,0 ppm. B yenmpanbHol Yacmu Mecmopox0eHusi 6bi1u NpobypeHb! anMa3HbIM 6ypeHuemM decsimb
6ypoebix ckeaxuH (UGDD 01-10). CkeaxxuHbl orpo6oeanuck UesluKkoM U HerpepbigHO, a OruHbI MPo6 e ocHo8HOM cocmaensinu 1 memp.

3Hayumble unmepeansl ¢ dnuHamu npo6 e 1M u 6osiee u co cpedHee3seweHHbIMU codepxaHusamM, npessiwarowumu 0,29 ppm (>0,29 ppm
u >0,9 m), o606uweHbl 8 mabnuye. CoenaH 8bi800 O MOM, YMO xapaKkmep OKo/I0pyOHbIX 2udpomepMasibHO-MemacoMamuyeckux usmMeHeHuUll eme-
warwux nopod, ecmpevarouulics Ha aHHOM MecmopoXxdeHuu, munu4eH Onsi nodeepawuxcsi o6pabomke NapoM 6epPxXHUX ypoeHell 8bICOKO-
cynbulHbIX 3anumepManbHbIX MecmopoxoeHul. [JaHHbili mun a2udpomepMainbHbIX U3MeHeHull 8 6onbwuHcmee pyOHbIX cucmeM Moxem
nepekpbleamb UHMep8asbl C KABEPHO3HLIMU U OKCUOHbLIMU 30Hamu, codepxxawumu 6osiee 602amyto 30710MOPYOHYI0 MUHePanu3ayuro.

Knroyeenie cnoea: pyOHbili y3en Yayp; 30HbI MuHepanu3ayuu; codepxaHue 3os7ioma, cepebpa, medu, yuHka; Kedabekckuli pyOHbIl palioH;
Manbii Kaskas.
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EEN LAND AND SUBSOIL USE
DERGROUND SPACE

(MpedcmaeneHo 4YneHoM pedakuyiliHoi koneaii 8-pom 2eos. Hayk O.l. MeHbwoegum)

There is a strong bonding of categories when we are to consider problems connected with land. The constant development of social
relations brings the necessity to notice what is vital for the legislation to follow those changes. In that order, there is unambiguity in
resolving land disputes, particularly about subsoil use. The spatial use of land rights raises a question of clear legislative criteria for their
application. For us, it refers to the consideration of the "upper” and "lower" limits of rights distribution. Accordingly, this article
investigates the rules of legislation for land and subsoil use. The object of the study is legal problems arising from social relations
regarding land and subsoil use. As for the methodology, the following methods were used: analysis, synthesis, deduction, induction,
abstraction, generalization, historical and legal methods, formal-legal (dogmatic) method, comparative-legal and sociological-legal

methods, legal modeling, and critical-legal method. It has been c:

oncluded that domestic legal doctrine includes two approaches to the

distribution of owner's rights for the underground space. Additionally, there is a problem of legal demarcation between land and subsoil
use. As a result of the study, we offer some ways to solve this issue.
Keywords: subsoil, subsoil code, land use, property rights, urban planning.

Formulation of the problem. We consider the exploration
of property rights to land and subsoil use as such of a great
scientific and practical value. This consideration also consists
of such aspects as spatial boundaries of the ownership.

It follows, that relationships between owners and other
people in this area should have sufficient legal regulation.
Per contra, there is no legal definition of delimitation
between land and subsoil use. By meaning this, it brings lots
of misunderstanding when things get practical. For example,
Ukraine's legislation restricts using land to certain spatial
boundaries. Likewise, "upper" and "lower" limits have no
clear principles and criteria in the law. On the contrary, the
distribution of rights to use the airspace has well-established
legal regulation in Ukraine, while the boundaries separating
land plots from subsoil have no explanation in law. Speaking
of the underground construction, it leads to conflicts like
those whether a certain landlord has a right for subsoil use.
For example, Part 3 of Art. 373 of the Civil Code of Ukraine
(2003) (hereinafter — CCU) provides that the ownership of
land extends to the surface (soil) layer within the owner's
area. It includes water bodies, forests, perennials, as well as
the space above and below the surface of the site, height,
and depth, which are necessary for the construction of
residential, industrial, and other buildings and structures. At
the same time, Part 5 of Art. 373 of CCU establishes that the
owner can use everything that is above and underground,
i.e. below the surface of the soil, unless the law provides
otherwise and if it does not violate the rights of others. Then
the question arises whether Part 3 and Part 5 of the Art. 373
of CCU are contradictory or not. In this case, we need to look
closely at the wording of the law. It follows, that landowners
may use everything above and below the surface of the land
at their discretion unless otherwise is provided, and if it does
not violate the rights of others. This right extends on the land
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parcel, the airspace above it, the soil, subsoil, etc. From this
point of view, it may seem that the right of ownership of land
implies the limitless right of the owner to use it, which is not
original in domestic law, as there must be certain restrictions
from a technical point of view to such use.

The categories of land and subsoil use are of great
importance for the domestic doctrine of land law. The reason
for this is that they are part of a more general concept of a
common natural environment. By stating that, we mean that
they are interrelated and play essential environmental and
legal role in the field of land and natural resources law.
Through land use, we obtain physical access to all subsoil
resources such as minerals, gems, stones, water,
underground space, etc. But the crucial thing to note here
that the ownership of subsoil (and relevant resources)
belongs to the people of Ukraine, and landowners may be
specific individuals. Except for civil law, current legislation
has demarked legal regimes of land and subsoil use. In
particular, the law establishes land and subsoil private
ownership. However, the current legislation does not
provide an opportunity to resolve such conflicts
unambiguously. Consequently, it is of great validity to
determine the boundaries of the subsoil area usage.

Research methodology. We used general and specific
scientific methods for the study. For example, the general
methods are analysis, synthesis, deduction, induction,
abstraction, and generalization. We should discuss also in
more detail the specific methods used in the work, since they
were of prominent efficacy during the writing of the essay.
Consequently, it should be noted that in the methodological
arsenal of jurisprudence there are only a few special
methods of cognition regarding the legal reality, namely:

* historical-legal method;

« formal-legal (dogmatic) method;

Kharytonova T., Nosik V., Kostruba A., Mikhailov V., Kurilo M., 2021
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» comparative-legal method;

* sociological-legal method;

« as well as the method of legal modeling.

In addition, special attention should be paid to the
critical-legal method as the method of legal cognition. Thus,
we recall that from a philosophical point of view, criticism is
a test of scientific judgment for its truth. Therefore, the term
"criticize" means to question the truth of a judgment (in our
case — a legal statement).

Scientific criticism is one of the most significant
processes of attaining scientific knowledge, which is to verify
the compliance of theoretical provisions with the criteria of
truth, objectivity, provability, verifiability, and more. The role
of critique in its application to new data, ideas, notions, and
theories is of distinctive importance.

Knowledge has weight only after it passes the challenges
of criticism, remaining convincing, undeniable, and true. All
legal theories, principles, and statements must be criticized,
proven to be viable, and updated. Therefore, the critical-legal
method is often described as such of fundamental value.
Therefore, concerning this study, not only contradictory
scientific positions are subjected to critical analysis, but also
the current legislation, which does not always correspond to
modern substances in the field of subsoil and land use.

Analysis of recent research and publications. As the
article was in development, various works of both Ukrainian
and foreign scientists were analyzed. Those works are
devoted to the problems of legal regulation of social relations
that are emerging in the fields of subsoil use, land use, and
urban planning.

Special attention was paid to the following authors:
Chyryk (2019), Dimitriev (2011), Gaiko (2074), Ignatenko
(2015), Kalinichenko (2016), Kirin (2017a;, 2017b),
Kolotinskaya (7986), Kulinych (2011, 2014; 2015),
Miroshnichenko (20717), Naumov (7928), Voronina (2008).

Highlighting previously unselected parts of the overall
problem. Meanwhile, analyzing domestic and foreign legal
doctrine, it is possible to conclude that currently in the literature
and legal framework of the state, there is no clear answer to the
question of where the "lower" limit of the rights of owners and
users of land is, and there is a problem of legal delimitation the
concepts of "subsoil use" and "land use". It is these two aspects
that determine the relevance of this article.

Setting the goals of the article. The article aims to define
a clear distinction between the concepts of "subsoil use" and
"land use" and to find an answer to the question of where the
"lower" limit of the rights of owners and users to land.

Thus, based on the goals of the study, it seems possible
to form the following tasks:

1) to find a solution to the problem of legal delimitation of
the concepts of "subsoil use" and "land use";

2) to determine the optimal method of delimitation of land
plots and subsoil located underground, and;

3) to establish the most acceptable legal regime for the
use of underground for urban needs.

Research results. It is worth mentioning that the
complex issue of establishing boundaries and determining
the legal regime of land and scholars have studied subsoil
since the XIX century. As a result of such inquiries, the
following scientific concepts concerning the decision of the
specified question were formed.

The first one is the concept of indivisibility of land and
subsoil, meaning land and subsoil have/should have a joint
legal regime). Particularly, some authors deny the
fundamental possibility of qualifying the subsoil as an
independent object of legal definition. Consequently,
Kalinichenko (Kalinichenko, 2016) states in his thesis that

subsoil legislation does not allow to determine where the
boundary between the land and the subsoil is. In her opinion,
it is necessary to refuse recognition of the subsoil area as
an independent object of the property rights and to include
it in the model of the land plot.

Dimitriev (2011) takes a resemblant position. According
to him, the subsoil area in its characteristics is nothing but
an integral part of the land plot. He also takes the stand that
when we discuss the concept of subsoil area, we should not
argue about subsoil as a separate object of civil rights, but
about the specific real right to use the land plot in terms of
minerals contained in its subsoil.

The second approach to the questioned dichotomy is the
concept of separation of land and subsoil, meaning land and
subsoil have/should have a separate legal regime.

In turn, here appears a call to identify what is the essence
of terms, if land and subsoil are separate categories.

It should also be noted, that scientists and lawmakers
have no joint opinion on this issue.

In some countries, there is a clear delimitation of the
surface of the earth, which we are used to calling "land", and
the line from which the subsoil begins. For example, under
Polish law, the boundary between the surface and the
subsoil runs at a depth of 30 m. The scope of mining
legislation and the competence of mining authorities include
issues related to the extraction of minerals, their exploration,
etc., wherever they occur, as well as the use of the globe's
surface for other purposes at a depth of more than 30 m. It
can be debated that Polish lawmakers were not pioneers in
establishing such a method of differentiating land and
subsoil. Consequently, back in 1925, the Venezuelan Mining
Law clearly distinguished the concepts of "surface" and
"subsoil", meaning the first top layer of earth to a depth of 3
m. It also provided that the owner of the land should not bore
deeper than that. In the latter case, the term "surface" is
defined, concerning a particular case by the relevant
governmental authority for the safety of surface structures.
Hence, it is clear, that subsoil begins where the surface ends
(Voronina, 2008; Naumov, 1928).

Whereas in contrast, an unambiguous legislative
definition of the boundaries of land and subsoil can cause
numerous problems associated with the actual impossibility
of compliance with these requirements in individual cases.
In particular, Navrotska (1976) considers that the upper limit
of the subsoil should be considered not just the earth's
surface, but the "conditional surface" of the land's territory,
bearing in mind the location of the object (autonomous use
of the underground environment) and the purpose of the
earth's surface. It follows that the boundaries of subsoil and
land should be set each time alone, taking into account the
specifics of the case.

Therefore, subsoil and land are not just objects that
replace each other in space, but objects, each of which
takes its place in economic activity. Therefore, relations on
the use of subsoil and land differ, above all, in content. It
seems that this approach to the delimitation of land and
subsoil can be considered as one of the most appropriate.

The use of the underground space can be acknowledged
as a continuation of land use, especially when it comes to
meeting personal non-commercial demands. This sort of
land use can similarly be compared to assuring the right to
leisure and recreation. Such practices incorporate all other
kinds of general subsoil use other than direct extraction of
metals, crystals, gems, etc., from the subsoil. It involves
ecological tourism, paleontological objects usage, unique
minerals sampling, scientific and educational activities,
speleology, mountaineering, etc.
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There is a necessity to examine the problem of
establishing the spatial boundaries of land rights in the
context of urban planning. In this context, a feasible question
emerges: what specific right is acquired by the owner — the
property right to use underground space to a certain extent?
Alternatively, the right to build underground structures?
Consequently, to address these proposals, it is vital to probe
in more detail the current legislation on subsoils.

In this way, Art. 4 of the Subsoil Code of Ukraine (1994)
establishes that subsoil is the exclusive property of the people
of Ukraine and it is provided use-only. Agreements or actions
that directly or implicitly violate the ownership of the people of
Ukraine in the field of subsoil ownership are invalid. The
people of Ukraine exercise their ownership through the
Verkhovna Rada of Ukraine, the Verkhovna Rada of the
Autonomous Republic of Crimea, and local councils.

The Subsoil Code of Ukraine (Article 14) distinguishes
geological examination of subsoil among the varieties of
subsoil use, including research and industrial development
of mineral deposits of national importance; mining;
construction and operation of underground facilities not
related to the extraction of minerals, including facilities for
underground storage of oil, gas and other substances and
materials, disposal of harmful substances and industrial
waste, and wastewater discharge; creation of geological
territories and objects of important scientific, cultural,
sanitary and health significance (scientific landfills,
geological reserves, sanctuaries, natural monuments,
medical, health facilities, etc.); performance of works
(activities) provided in the shared production agreement;
meeting other needs.

According to the contemporary national enactment, there
are several ways to use the subsoil, among which a special
place is occupied by the underground construction. The right
to use subterrene cavities as a legal structural component of
the right of subsoil use is a system of legal norms governing
public relations in the field of extraction of useful properties of
underground cavities, their types, procedure, and conditions
of design, construction (creation), operation and termination
(conservation, liquidation) of use. In some sense, it can be
clarified, that we can withdraw underground, or subterranean,
law as an integral part of subsoil law, which is also mining and
geological law (Kirin, 2017).

Therefore, the foregoing considerations designate that
the relationship of land use (on land, above, and
underground) is the same and should not be governed by
different branches of law. Otherwise, problems and conflicts
occur inescapably. As we can witness, there is a broad gap
between reality and the law. Outdated conservative
legislation focuses on the period when only land resources
could be the spatial basis. However, subsoil began to be
used for the installation and maintenance of underground
structures not associated with the extraction of minerals
along with scientific advancements (Kolotinskaya, 1986).

Contemporary scientific development permits solving the
above problems with the help of vertical zoning, which will
allow not only using the surface space in the planning process
but also underground as a geospatial resource. Qualitatively
new spatial, aesthetic, and ecological characteristics can be
created due to the improvement of "vertical zoning" in
multifunctional aspects with the integrated use of
underground space as the preconditions for the formation of
urban ensembles. Therefore, the advancement of the
underground space of megacities should be carried out on the
principle of not only "horizontal" but also "vertical" zoning of
underground layers (Ignatenko, 2015).

Such activities as "urban planning" and "subsoil use" often
go indistinguishable nowadays in Ukraine. This way, it can be
argued that this standpoint complicates the rational use of
geological resources (Gaiko, 2014). In turn, it would be
appropriate to determine what is meant under this concept. In
most cases, it is the subsoil and the associated resources. They
are objectified to the law. Subsoil resources are considered to
be solid, liquid, gaseous minerals, energy resources, and
subsoil cavities of natural and artificial origin. Usually,
researchers divide them into 6 categories (Rudko et al., 2012):

1. Mineral deposits:

e deposits of solid,
homogeneous composition;

e complex deposits of solid, liquid, gaseous minerals,
represented by nearby deposits with significantly different
material composition. The development of such facilities is
carried out jointly with a single system of mine workings, and
the processing of extracted minerals of different
compositions is carried out separately or according to
different technological schemes.

2. Dumps of overburden rocks, heaps of coalmines, and
warehouses of off-balance-sheet minerals.

3. Waste from mining, processing, and metallurgical
plants.

4. Deep sources of the fresh, mineral, and thermal water.

5. The internal, deep heat of the Earth's subsail
(geothermal resources, i.e. part of the solid, liquid, and
gaseous phases of the earth's crust, which can be effectively
extracted from the subsoil and used at the actual level of
geothermal energy technology).

6. Natural and artificial cavities in the massif of rocks.

Not all subsoil resources are systematically considered
as objects of law according to domestic legislation.
Traditionally, most legal approaches and methods relate to
minerals (their geological study and extraction). The legal
regulation of mining tools is less detailed but sufficiently
developed for the construction and operation of
underground structures, which use not only the subsoil
cavities but also such properties of the geological
environment as the stability of the massif, favorable
engineering, and geological conditions, etc. It is meant, that
to consider separately the type of subsoil use for the creation
of geological territories and objects of important scientific,
cultural, sanitary, and health significance means to
acknowledge the association with the satisfaction of
intangible human needs. This type of subsoil use can be
closely related to the field of land use in cases where
geological objects are located on the daylight surface.

It can also be shown that legislative uncertainty
regarding the rights to use land and subsoil must be
discharged. To be specific, this demand befalls due to the
calls of those land and subsoil users who manage the same
part of the territory independently for different purposes.
However, such use cannot be completely independent as
the use of the subsoil area automatically imposes some
restrictions on the use of the land plot above it. The use of
the subsoil area below imposes restrictions on the use of the
subsoil area above (Voronina, 2008).

It is required for the introduction of the vertical zoning
model that a rather substantial revision of other theoretical
and practical aspects of the regulation of these relations can
be legally provided. It is likewise expected of the approach
to the legal regime of "non-land real estate" to be rethought
in order to define a land plot as a certain part of the space to
which the rights of the owner of the surface or certain
exclusive rights to use such space apply. There is no
necessity also to deny individual ownership to the same part

liquid, gaseous minerals of
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of space. As an example, let us imagine that there is a multi-
story residential building on a communal or state property
land plot, which is sometimes considered as a separate real
estate with a corresponding certificate, or license, of
ownership of developers or other persons to apartments in
it. It can be debated that the so-called "tripling" of property
rights occurs in this case. The current domestic legislation
does not contain unambiguous answers to the issues of the
nature of the "spatial rights" of landowners, meaning they
are not yet fully substantiated. Therefore, it is crucial to set
the spatial boundaries of the rights of landowners and
owners of other objects above and below the earth's
surface. But how can this be done?

The first option is to ascertain property rights or
obligatory relations. If we accept the idea of owner's rights
as infinite "up and down", all issues concerning the use of
space above and underground could be resolved easily with
the help of such civil law tools as servitude, superficies, or
other obligation. If such practice is permitted according to
the planning documentation, another person may come with
the management of these spaces only by agreement with
the owner (user) of the land plot. It can be argued that in this
particular case, the owner's rights "absorb" this space,
hence they are: 1) in the sphere of domination of the owner;
2) covered by the regime of this land as real estate. An
example is the construction of a multi-story building, which
involves the development of underground spaces (laying the
foundation, installation of underground  parking,
underground shopping facilities, etc.).

If terrestrial, above-ground, and underground spaces
intend to be used by different persons, the "spatial conflict"
can be hypothetically resolved in the sense of land-
easement relations. However, here the question of
recognition arises: who is the owner and who is the
servitude? Consequently, which of the persons was the first
to register the right to the relevant land plot? The domestic
legislation does not determine which thing (say, an
underground structure or an above-ground house) is the
"main" object. Furthermore, which object can be considered
primary and secondary in the meaning of ownership? It
follows, that here lies the principle of the registered owner,
which can be translated as "he, who is registered, is the
owner". Additionally, it is important to keep in mind the
nature of servitude as a limited right that is placed under
specific circumstances, for example, when it is
unmanageable to satisfy the interests otherwise. An
example of negative land servitude is the ban to carry out
certain activities on the land, say, to construct buildings
above a certain height, etc.

The second option lies in the introduction of new legal
constructions. It is argued that the activities of owners and
users to the land apply to the expanse located on both
sides of the earth's surface and can be ensured as
legitimate by the legal structure as follows: "the right to use
the space adjacent to the land above and below its
surface" (Kulinych, 2011). Herein, underground space can
be included in the land plot, and, accordingly, it is
"extended" ("distributed") by the right of ownership. The
area usage on another, non-proprietary, rights requires
supplementary justification in regard to its nature, content,
etc., as well as a separate legislative ordinance. If we are
to compare "the right to use" to "the right of ownership", it
can be argued that the former is considered incomplete. In
this case, it is additionally noteworthy to set a demarcation
between heterogeneous subsoil resources that fall into the
geometrized geological space. The right of landowners
and land users to use land and subsoil applies "by default”

to the use of the geological environment with its
engineering and geological properties. Unlike that, the
rights of land users do not include the ability to utilize other
subsoil resources (minerals, geothermal resources, etc.).

Finally, it is permissible to suggest the third option, which
is the use of a legal mechanism of joint ownership, or
management. The right of joint partial ownership of land
should be viewed as the right of several persons to own, use
and distribute the land as a single object amounting to 1 (unit)
with certain shares in the right of joint partial ownership.
Firstly, it is certain that other owners are restricted on the
rights of co-owners. Secondly, joint partial ownership is
contractual. Therefore, these are the demands for
possession, usage, and distribution of land in joint partial
ownership to occur (Chyryk, 2019). An example is
constructing a multi-story residential house with underground
parts, where the legal roles of co-owners are distributed
consensually under the contract of joint partial ownership or
lease. According to Art. 88 of the Land Code of Ukraine
(2002), the co-owners of the plot may agree on separate use
of its aboveground and underground parts considering the
land plot as part of the space. A similar agreement of co-
tenants of the land plot does not contradict the law as well. It
is noteworthy that proposed models are not ideal as it is often
hard to delimit the shares of co-owners.

In addition, there may be a circumstance under which
the site is transferred for use for the development of a certain
area or for the creation of green zones for public utility. The
aforementioned does not dismiss the opportunity of
conducting the underground construction by another person
(underpasses, metro stations, trade facilities, etc.),
particularly with the subsequent restoration of the damaged
elements of landscaping. It is hard to maintain that the
underground space of considerable length falls within the
sphere of ownership domination of the land user or
landowner to whom the site is provided, or transferred, for
landscaping purposes. A significant deepening into the soll
is not provided in this case mainly because of the restrictions
imposed by the permitted use of the land plot, as well as by
the provisions of the planning documentation, and what is
usually is not of economic interest to the owner (user).

Nevertheless, the aforementioned problems can have a
solution. An example is sharing one land plot in a variety of
ways. Let us imagine the construction of a tunnel or other
structure at the "foot" of a mountain with houses on its top
(whether they are used for gardening or horticulture, etc.). In
our opinion, it is not in the interests and dominance of
owners on the top of the mountain to prohibit the
development of caves or tunnels at its foot if it does not do
any harm in the process or perspective for owners good and
safety and does not cause any inconveniences in the
process. Nonetheless, the owners of "surface plots" could
claim damages or collect a fee for a "negative servitude", or
even try to ban the relevant activities of the "underground
user" by appealing to the principle of "qui est solum...".
Notwithstanding, the courts must refuse to satisfy such
claims because what happens at the foot of the mountain
when there are no specific inconveniences like loud noise,
vibration, smoke, etc., is outside the sphere of interest of the
landowner. The Greek Constitution provides an example for
such a case. It follows, that it allows the possibility of tunnel
construction without compensation to the owner of the land
in instances where "the tunnel construction will not interfere
with the normal use of property located above it" (Chyryk,
2019). This is a restriction on the rights of owners of "surface
plots" in social favor, which does not deny but rather
confirms that, as a general rule, the underground space
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under the plot belongs to its owner or user. However, this
issue still requires further examination.

According to the given domestic legislation, there is a
demand for obtaining special permission for the
construction and operation of underground structures not
related to the extraction of minerals. It has to be approved
by relevant district, city, town, village councils, and
councils of united territorial communities, as follows from
the Procedure for special permits (Resolution..., 2011).
Additionally, the kind of economic activity can have its
impact on the decision of the authorities whether or not it
is appropriate to give such acquiescence. Paragraph 10 of
the Regulations on the procedure for granting mining
allotments (On approval of the Regulation..., 1995) allows
local councils and executive bodies to give permissions on
mining allotments under the territory where buildings,
structures, settlements, etc., are located.

Article 23 of the Subsoil Code of Ukraine (1994)
enshrines the right of landowners and land users to extract
minerals of local significance, peat, groundwater (except
mineral waters), and use subsoil for other purposes. At the
same time, it is restricted for such drilling to go deeper than
2 meters and extract more than up to 300 m® of groundwater
per day. Nonetheless, there is no provision for the details of
subsoil use by landowners and land users other than the
abovementioned purposes.

Coming closer to the conclusions of the study, it can be
stated that there are some flaws in the modern law on
boundaries to rights of landowners and land users when
underground space usage is taken into consideration. If we
are to conclude that each land plot following its purpose can
be attributed to only one of the categories of land enshrined
in the Land Code of Ukraine, then it essentially impoverishes
the legal regulation of land use as part of space. Moreover,
it once again proves the inappropriateness of leaving the
division of land into a closed list of mutually exclusive
categories of land under such law. An additional argument
against it is that the use of a certain area involves
concomitant and permissible uses that may occur at
different levels of space. As an example, we can imagine a
rock massif, various parts of which serve different
objectives. The underground space is occupied by
production, the cavities are used for recreation, and the
surface is used for housing. It is not provided by the modern
legislation of Ukraine that it is likely for such a plot to be
assigned to a clear legal model of regulation with a certain
category and purpose. In turn, this uncertainty creates the
preconditions for corruption and the use of land with
significant violations. It is debatable that in forming land plots
as real estate objects according to such principles, we may
end up speaking of separate immovable possessions (land
plots) in one projection.

Despite the obvious advantages, this progressive
approach has notable counterarguments. Consequently, the
allocation of individual "spatial land plots" is not fully
consistent with the principle of "qui est solum...", which is
recognized in many countries, although this principle is
hardly anywhere perceived as an absolute. The consistent
introduction of this principle has not been fully provided in
Ukraine's legislation either. Herein, landowners generally do
not have ownership not only of the subsoil but also of the
space occupied by the subsoil. In this case, the essence of
the subsoil is in its available/given resources. Similarly, there
is no question of the likelihood of using an infinite (or even
relatively long) airspace over the land. Ukrainian legislation
also does not have conditions for accounting lands in
various "sections" (i.e., "stratas"), as there is a "two-

dimensional" cadastral system. Currently, the development
of underground and, in some cases, aboveground spaces
often takes place without registration of any documents for
land use or subsoil use and, accordingly, with underpayment
of land fees. The Subsoil Code states that it is allowed for
the construction of mineral deposits of national importance,
as well as the construction of non-mining facilities on their
sites, to be held in exceptional cases only with the consent
of the central executive body, which implements the state
policy in the field of geological study and rational use of
subsoil, and the central executive body that implements the
state policy in the field of labor protection. In reality, this
principle is hardly upheld, which leads to material losses and
huge risks of destruction in a variety of circumstances.

Here lies a proposal that the best option may be to
determine in principle, which is the algorithm of "primary"
alienation of use of aboveground and underground spaces
of land from the state and communal lands ownership. It can
be argued also that it is almost impossible every time in
Ukraine to construct some underground object without
violating the rights of the existing "surface user". For
example, there is nothing new when it occurs that various
persons have ownership towards one land, but one of them
has ownership to the surface and another has superficies for
mining purposes. It follows, that this situation can befall
during the preparation of lots for sale of land or rights to them
at auctions, so it is tolerable to grant simultaneous use of
both aboveground and underground spaces of a certain land
plot, which can be purchased by several people, for
example, to get a plot for joint lease, joint ownership, etc.

Another problematic issue is the forced "termination" of
the legal regime of land in the case of the construction of
various real estate objects owned by various entities above
and below the ground. The fact is that such events are not
directly taken into account in Art. 120 of the Land Code of
Ukraine and Art. 377 of the Civil Code of Ukraine (2003), so
the practical application of these provisions may be
ambiguous. In some cases, there are insufficient grounds to
consider such buildings or structures as the main thing and
accessories or as part of a single "property complex"”, as they
may be completely separate and unrelated physically and
legally immovable things. This is an additional confirmation of
the imperfection of the model of "following the building", which
is the basis of these rules in land and civil law.

Kulinych (Kulinych, 2015) concluded that the legislation of
Ukraine implements the land-centric legal concept of real
estate, according to which it can be the land itself and
everything that is inextricably linked to it. Underground buildings
do not have an inseparable connection with the land, so they
"fall out" of the legal concept of real estate. The scientist
substantiated the subsoil-centric concept of real estate,
according to which the building (structure), which is located
underground, has a legal connection not with land, but with
subsoil (ibidem). He (Kulinych, 2014) also proposes to combine
these concepts in civil and land legislation. The researcher
insists on further multiplication of real estate. It is advisable to
introduce the concept of a land plot as a single real estate object
into domestic legislation, for example, when it comes to the use
of land for the construction and maintenance of underground or
aboveground linear objects of great length.

Conclusions. Currently, the domestic legislation does
not provide a clear answer to the question of delimitation of
land and subsoil. At the same time, it recognizes the legal
regime of lands and the legal regime of subsoil separately,
which causes problems when it comes to law enforcement.
It seems desirable to study the legislation of the Anglo-
American legal family in this regard as they have the
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indivisible legal regime of lands and subsoil. It is likely that
certain provisions of the legislation of those countries could
be adapted and implemented into Ukrainian legislation.

Another significant problem is the interpretation of the
category of "subsoil use". In particular, this applies to urban
planning. These are cases when construction is carried out
under the surface of the land. However, it is not about
subsoil, but the use of the land. Recognition of this fact by
the legislator would significantly simplify the activities of
economic entities and bring the current state of relevant
public relations in line with current legislation. It would be
useful to identify the subsoil resources that are used. Most
often, construction takes place in the absence of deposits of
national importance and use of the engineering and
geological space, which is associated with a certain land and
adjacent areas. The introduction of vertical zoning may be
of great use to Ukraine's current legislation. 1t would allow
remarkable changes for land and subsoil use. It also means
that urban space would have its benefits like environmental
and aesthetic improvement.

Thus, the issue of proper legal regulation of land and
subsoil use in Ukraine is relevant and promising. Further
research on this topic may concern the simplification of
bureaucratic procedures related to land and subsoil use and
the granting of more rights to subsoil users. In particular, the
draft Subsoil Code is currently being actively discussed,
which may include a rule on the possibility of transferring
subsoil use rights from one user to another or the possibility
of selling a special subsoil use permission from one
business entity to another.
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CNIBBIGHOLWEHHSA KATEFOPIA "HAOPOKOPUCTYBAHHSA" | "3EMJIIEKOPUCTYBAHHA"
NP BUKOPUCTAHHI NIASEMHOI O NPOCTOPY

Hepo3pueHuli 38'a30k 3emni ma Hadp 3ymoesitoe HeobxiOHicmb adekeamHoi npaeoeoi peznameHmauyii eidnoeidHux cycninbHUxX 8iOHOCUH, sIKi
¢hopmyrombcsi 3 IPUEOJY 8UKOPUCMaHHS Yux 06°'ckmis. 3a YUHHUM 3aKOHOOa8CME8OM NMuUMaHHs PO3MeXy8aHHSI 3eMesIbHOT QinsiHKU | Hadp nid Hetro
He Moxxe 6ymu supiweHo 00HO3Ha4HO. 30KpeMa, 8im4u3HsiHe 3aKoHOOaecmeo 06MeXye 8UKOPUCMaHHSI 3eMeslb Ie8HUMU MPOCMOPo8UMU MeXamu,
ane wimkux npuHyunie i kpumepiie Yb020 06MexeHHs1 8 3aKoHi Hemae. MOembcsi NPO "eepxHIO"™ Ma "HUXHIO" MeXi MOWUPEHHS Npase eNacHuUKie i
Kopucmyseayie Ha 3eMesbHi dinsiHku. lfpedmemom AocnidxeHHs1 aucmynuau HOPMU 3aKkoHodaecmea 3 NuMmaHHs peanaMmeHmauyii 6i0HOCUH, wo eu-
HuKaromb Ha cmuKy HadpoKopucmyeaHHs i 3emnekopucmyeaHHsl. 06'ekm AocnidxeHHs1 — NPO6IeMHi acnekmu cycninbHUX eiOHOCUH y cghepi Hao-
pokopucmyeaHHs i 3emnekopucmyeaHHsi. Memodornozito po6omu cknanu maki Memoou HayKo8020 Mi3HaHHSI: Memod aHasnizy, Memod cuHmesy,
memod dedykuyii, Memod iHOyKUii, Memod abcmpazyeaHHsi, Memod y3azanbHeHHsl, icmopuko-npasosuli Memod, ¢hopmasnbHo-npaeosuli (doemamu-
4YHuli) Memo0, nopieHsIbLHO-Npasoeuli Memod, coyiosnoziyHo-npaeoeuli Memod, MemoOd NPasoeo20 MOOesI08aHHSI, KPUMuU4Ho-npasoeuli Memod. Y
pe3ynbmami docnidxeHHs1 aeamopu Oiliwu 8UCHOBKY, W40 ¥ 8iMYU3HsIHIl OOKMPUHI iCHylomb d8a OCHOBHI nidxodu w000 MowupeHHs rnpae eJsac-
Huka Ha npocmip nid 3emenbHoto OinsiHkoro. Takox 3akoHodaeeyb He Oae eidnoeiob Ha 3anumaHHsi, 0e 3aKiH4yembCsi 3eM/IeKopucmyeaHHsi ma
noYyuHaemscsi HaOpPoKopucmyeaHHsi. Y po6omi eu3Ha4eHo eapiaHmu supiweHHs yiei npo6nemu.

Knroyoei cnosa: Hadpa, koOekc npo Hadpa, 3eMsieKopucmyeaHHs, NpPaeo eslacHocmi, micmo6ydieHuymeo.
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COOTHOLUEHUSA KATEFOPUW "HEQPOMONb30BAHUE" U "3EMIENOJIb30BAHUE"
NPU NCNOJIb3OBAHUU NMOA3EMHOIO NMPOCTPAHCTBA

HepaspbieHasi cesi3b 3emu u Hedp obycroenusaem Heobxodumocmb adekeamHoli pasoegoll peaslaMeHmMayuu coomeemcmeyruwux obuiecmeeH-
HbIX OMHOWeHUU, Komopble ¢hopMupyromcs 1o nogody Ucrnosib3o8aHusi amux o6Lexkmos. o delicmeyroweMy 3akoHoOamesibcmey 80rMpoc pa32paHu-
4YeHUs1 3eMesIbHO20 y4Yacmka u HeOp rnod Heli He Moxem 6bimb pewleH OOHO3Ha4YyHo. B 4YacmHocmu, omeyecmeeHHoe 3aKOHOGameJsibCMeo
ozpaHu4u8aem ucnosib308aHue 3eMesb onpedesieHHbIMU MPOCMPaHCMEEHHbLIMU 2paHUyamu, HO YemKuX MPUHYUIMOS U Kpumepues 3mozao o2paHuyde-
Hus1 8 3aKkoHe Hem. Peub udem o "eepxHeli” u "HWxHel" 2paHuUye pacrnpocmpaHeHusi npae cob6cmeeHHUKO8 U nosib3oeamesieli Ha 3eMesibHble y4acmKu.
IMpedmemom uccrnedoeaHusi 8bICMyNuUIU HOPMbI 3aKOHOGamesibcmea o 80MpPOCy peaslaMeHmayuu OmMHOWeHUl, 803HUKalOUWUX Ha cmbike HeGPOIo-
JIb308aHUs1 U 3emienosb3o8aHusi. O6bLeKmMoM uccriedoeaHusi 8bICMYNUU MPo6IeMHbIe acrnekmbl 06ujecmeeHHbIX OMHoWeHUl 8 cghepe HeAPOMNOIb-
30eaHusl u 3emsienosnib3oeaHusi. Memodonozauro pabomsl cocmasunu crnedyroujue Memoodsbl Hay4YHO20 Mo3HaHusl: Memod aHasiu3a, Memod cuHmesa,
mMemod dedykyuu, Memod uHAyKyuu, Memoo abcmpaaupoeaHusi, Memod 0606weHusi, ucmopuKo-rnpasoeoli Memod, gpopmasibHO-Npasoeoii (doamamu-
4eckuli) Memod, cpagHUMesIbHO-Npasoeoli Memod, coyuosio2udecKku-npasosoli Memod, Memod rpPasoeo20 MoOesIUPO8aHUs], KpUmu4YecKu-npasogoll
memod. B pesynbsmame uccnedoeaHusi aemopbi NpUWu K 8bieody, 4Ymo 8 omeyecmeeHHol AOKmMpuHe cywecmeytom dea OCHOBHbIX nModxoda rno
pacnpocmpaHeHuro npae co6¢cmeeHHUKa Ha MPOCMPaHCMeo Mod 3eMesbHbIM y4yacmkoM. Takxe 3akoHodamerb He 0asl omeem Ha 80npoc, 20e 3aKaH-
qyueaemcs 3emsienosib308aHue U Ha4uHaemcs Hedpornonb3oeaHue. B pabome onpedesieHbl 8apuaHMbI peweHus1 3mol npo6reMsl.

Knroyeenie crnoea: Hedpa, kodekc o Hedpax, 3eMsienosib308aHue, npaso co6cmeeHHOCMU, 2padocmpoumesi-cmeo.
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MIHNUBI PUTMU B PEXXUMI 'PYHTOBUX BOA
TA IXHIX 3B'A30K 3 KNIMATUMHUMU YUHHUKAMMU

(MpedcmaeneHo 4YneHoM pedakuyiliHoi Konezil 0-pomM 2eos. Hayk, npogh. O.€. Kownsikoeum)

Y 38'A3Ky 3 aHOManIbHUMU 3MiHamu 8 pexxumi rpyHmoesux eod 3a ocmaHHi 5 pokie mocma’sio numaHHsi Npo adekeamHicmb ma egbek-
mueHicmsb icHyro4Yux Memodie NPo2HO3yeaHHs1 IXHLO20 pieHsi. [[poaHanizoeaHo daHi MOHIMOpPUH208uUX criocmepexeHb 3 1951 p. y eep-
XHili YacmuHi 6aceliHy piyku lliedeHHul Bya. Memodom ckiHYeHuUX pi3HUYb po3paxoeaHo numomutli nio3eMHuUl cmik 6o piyku y cmeopi
M. XMinbHuk. BcmaHoesieHo, wyo HanpukiHui 80-x pokie MUHys1020 cmopi44si noYyana nposienisimuck 7-8-piyHa YukniyHicmb e KonueaH-
HsiX pieHs1 rpyHmosux eod (PI'B) ma nid3emHoz20 cmoky. BoHa do6pe Kopesitoe i3 yukiyHicmio memMnepamypu rnpu3eMHoO20 wapy rnosi-
mpsi, ma MeHWOo Miporo — i3 Yuknamu micsiyHoOi cymu ammocghepHux onadie. Hamomicme 30ecim He xapakmepHi nodi6bHi pummu onsi
COHSIYHOI akmueHocmi, 0ns sikoi enacmuei 11-piyHi ma 5-6-piyHi yuknu. Came Ha 38'3Ky i3 HUMU I'PYHMYyeMmMbCS 2e1ioCUHONMUYHUU
mMemod 0o820cmMpPOKO8020 NMpoz2Ho3yeaHHs1 PIB. BipozidHo, wjo memnepamypHi 3miHu, siki eid6yearombcsi Ha 3emiti, 30amHi nopyuwy-
8amu 3aKOHOMIPHY "COHSIYHO 3yMoeJIeHY" UUKIiYHiCMb MOKa3HUKie pexxumy rpyHmoeux eod, momy yeli Memod rpozHo3yeaHHs rnepe-
cmae 6ymu egpekmueHuM. OcKinbku Yimkuli 38 930K Mi>x memnepamypHUMU 3MiHaMU Ma COHSIYHOH aKMUBHICMIO He MPOCMEXYeMmbCH,
Hali6inbw eipo2idHo, wjo memnepamypHi 3MiHU cripuYyuHeHi disinbHicmio s1roduHu. 3 2013-2015 pp., wjo 3anovYamkosyroms Ha A0CTiOXKy-
eaHili mepumopii Masno8odHuUl YUK Onisi rpyHmMoesux 800, criocmepizarombcsl Yacmi aHoMarnbHi MiHiMyMu e pexxumi PIB ma mpaHcgbo-
pMauiss yuknie y 6ik 3meHweHHs1 (0o 5—-6 pokis), Wo Moxe ceidyumu nNpo KapOuUHalbHI 3MiHU 8 XapaKmepi XUeJIeHHs1 rpyHmoesux 600 i
8i0HoeneHHi ix 3anacie. BioxuneHHs1 8i0 8-pi4HuUX yuksie ma pi3Huys y ix mpueanocmi Ha pi3Hux dinsiHkax o0Ho20 800036ipHo20 6a-
celiHy noe'sa3aHi nepedycim 3 pizHuuero y PI'B.

51k ocHo8HUU Memo0 sudineHHs1 YUKIiYHOCMi 3acmocoeaHo eelieriem-aHari3. 3a AoromMo20H MHOXXUHHO20 KopesisiyiliHo20 aHasizy
ecmaHoesIeHo, W0 3a ocmaHHi decsamupivyysi memnepamypa euliwsia Ha OOMiHyYY MO3Uyito 3a 8M/IUBOM Ha PeXXUM IpyHmMoesux eod (3a
ix pienie €id 1,5 do 4,0 m). Y nidcymky eiomiyeHo, ujo susieneHi 7-8-pidHi Yuknu dobpe npocmexyromscsi nid yac sioHocHo 6azamoeod-
HO20 nepiody, cnpu4yuHeHo20 36ibWeHHsIM iH(hinbMpauyiliHo20 KuesieHHs1 ’PYHMoe8uUX 800 8HaC/iIOOK NoYyacmiwaHHs1 3UMoeux eidnua
(0duH i3 docmoeipHux nposieie 21106a51bHO20 NOMerliHHSA), a 5—6-pidHi YUKIU KOpecroHAYMbCS 3 MaslI0800HUMU repiodamu.

Knro4oei cnoea: yukniyHicms, pigHi rpyHmoeux eo0d, nidzemHuli cmik Ao piyku, eeliesiem-aHarnis, pexxum, memMnepamypa, COHsI4Ha
akmueHicmb, onadu, criocmepexeHHsi, [lie0eHHul By2, YUHHUKU.

BcTyn. Y rigpogmMHamiyHOMy pexuMi 06'eKTiB KOHTUHEH-
TanbHOi rigpocdepn cnoctepiraeTbest 6arato LUMKNIB Pi3HOT
TpuBanocti. PUTMn B gnHamiui piBHIB NOBEPXHEBUX i I'PYH-
ToBux Bog (PIMB) ogHum i3 nepwwux onucas H.C. Tokapes
(Tokapes, 1951). BiH nomitTve TpuBani abo goeri — 78—
80-piyHi, cepenHi — 11-pidHi Ta KOpoTKi (1,2—3 pokn) puTmmn
Ta MOB'A3aB iX i3 COHAYHOK aKTUBHICTIO. 3B'AI30K OKPEMMX
uuKniB y pexumi PIB i3 3miHamu aktuBHocTi CoHus Ta rpa-
BiTauiHoro Bnnuey Micsus, ocobnmeo y dasm noro makcu-
ManbHoro HabnwxkeHHs o 3emni, € [AOCTaTHLO
0o6rpyHToBaHMM. ["paBiTauinHWi Ta eHepreTuyHui snnus Co-
HUS Ha 3eMHy aTMocdepy Ta NOBEPXHIO 3eMIi BENMUKOI Mi-
poto TpaHCOPMYETLCA Ta MPOSABNSAETLCH Y CUHOMTUKO-
KniMaTU4HUX npoLecax Ta rigponoro-riaporeosnoriyHnx Asu-
Lax i3 3Ha4YHMM 3CyBOM Y 4aci (EliceHcoH, 1957). Y cBow
Yyepry, TUN1 atMocepHNX LMPKYNALIin, WO BU3HAYaoThb pi-
3HWUIA CTYNiHb 3BOJIOXEHHSI TEPUTOPIi (AHTULMKIOHANbHUIA
TWN — BOJIOMMIA NiTHIN Nepioa Ta 6araTocHiXkHa 3Mma; LIMKMIo-
HanbHWUN — HaBMaku), € ogHielo 3 popm NposiBy Ha 3emni
BMMUBY COHAYHOI akTusHocTi. .M. Kay ana 3powyBaHux
perioHiB BUAINMB PUTMiYHI KOnNuBaHHA npupogHux PIB, ki
BiNOBiAaTb 3MiHaM knimary, Lo BiabyBatoTbCs 3 nepioau-
yHicTio Big 20 go 35 Ta Big 10 oo 14 pokiB, i3 cepeHim 3Ha-
YeHHsIM (oNsA ocTaHHboro Bunagky) B 11 pokis (Kauy, 1960).

3a BGaraTopiyHMMK cnocTepexxeHHsMU Y JleHiHrpaacbkin 06-
nacti CPCP 6yno sugineHo uuknn y 3—4, 5-6, 8—14 (B cepe-
OHbomy 12) Ta 26-31 pokis (Sanbuybepe, 1961). Tpusanictb
BuaineHux Binbamcom (Williams, 1961) putmis ans onagis, Te-
MnepaTypy Ta MIHIIMBOCTI CTOKY 1151 3HAYHOI YaCTUHWN TEPUTO-
pii cBiTy B Garatbox Bunagkax cnienana i3 10,5-piyHnmm
(21-pivyHnMpn) umknamm Xenna i 88-piyHNMMN LKNaMM COHSYHOI
akTuBHocCTi niccbepra. e oanH umMKn, BCTAHOBNEHWIA 3a ria-
POSOrYHUMKN Ta KNIMaATUYHUMWU AaHUMU, — MICAYHUIA | COHSIY-
HUA NpunNnMBHO-nepiogosun Tpusae 18,6 pokie. Llen nepiog
pa3oM i3 COHSIMHMMW LMKNaMu OeTanbHO npoaHarnisoBaHuin
Currie (Currie, 1996). IHwi BuYeHi (Esper et al., 2002; Liritzis and
Fairbridge, 2003) Takox nokasanu, Lo GaraTtopiyHi LMK Tem-
nepartypu nNoBiTPS Ta iHLWMX KNiMaTUYHUX MOKa3HWKIB, IMOBIPHO,
MatoTb CBOE MOXOMPKEHHSA B pyci 3emni y KOCMOCi.

CTtano o4eBMOHUM, WO BaraTopivHi LMKIKM 3HAYHOT TpU-
BanocTi (=200 pokiB) MaloTb NEPEBAXHO KOCMIYHE MOXO-
[PKEHHs1 Ta JOCTaTHbO He3anexHi i cTinki. 3 iHworo Goky,
Ons MeHL TpMBanux puUTMIiB MOMIYEHO, L0 YMM MeHLa iX
YacToTa, TUM MEHLLE YMHHWUKIB BMAMBAE Ha LMKNIYHICTb i
TUM YiTKiLLE NPOCTEXYETLCA ii 3aNexXHiCTb BiA NEBHOIO YNH-
HUKa. BignosigHo, UMM TpuBaniwunn uukn, TuM BinbLue YmH-
HUKIB Ha HbLOrO BMSIMBAE; KpPiM TOro, B Pi3HUM 4Yac Ha
OOMiHYOUi No3uLii BUXOASTh Pi3Hi YMHHMKN, Lo pobuTb LmK-
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KMNiYHICTb HEBUTPMMaHOL0. Tak, 4060BI KOnMBaHHSA HernMbo-
knx PI'B MoxyTb OyTr cnpuymHeHi kinbkoMa aktopamu, ce-
pea AKNX BUAINAIOTH: YepryBaHHs npouecis
3aMOpOXyBaHHA Ta po3mopoxyBaHHsA (Gribovszki et al.,
2006); onaaw nicnga nonyaHsa B Tponikax; 3MiHW rigpasBnivyHoi
NPOBIAHOCTI PYCMOBOro MOTOKY, CMPUYMHEHI KOMNMBAHHSIMM
TemnepaTtypu — Ansi NpYpPIYKOBUX OiNSIHOK; 3MiHU 3HaKy Ta
BENUYUHY 3apsaay eNeKTPOMarHiTHOro noss 'pyHToOBOro no-
KPWBY Nif, BNAVBOM 30BHILLHIX €NEeKTPUYHNX CUr, WO B ne-
pLy Yepry BNAMBalTb Ha HaMNpsAMOK pyXy naponogibHoi
Bonoru (bybnisice ma iH., 2008), 3MiHM aTMOCEPHOro TUCKY
Ta iH. Y pi3HNX KnimaTU4HMX 30HaX i naHaLwadgTax npioputeT
MatoTb pi3Hi YMHHUKK (Gribovszki et al., 2010; Kosanesckul,
1973; BonbpuyH, 1972; KoHonnsHuee u CemeHos, 1979;
Jlebedes, 1980). Tak, y nomipHOMY KnimaTi O4HUM 3 HaviBa-
XNUBILUMX YMHHWKIB, WO CMPUYMHIOTD LUOAEHHI KOmnu-
BaHHs, € CNOXMBaHHA BoAu pocnuHHicTio (Gribovszki et al.,
2010). Y pavioHax Ta Ha rMMOMHaX MOLUMPEHHS CKEITbHUX
i HaniBCKeNbHUX MOpi4 3MiHa PUTMIB CTUCKaHHSA — PO3TAry-
BaHHsi 106pe ikCcyeTbCst 3@ CTyNneHeM PO3KPUTTS TPiLLWH
(Wecmonarnos u bybnsce, 2016), Wo No3Ha4yaeTbCA Ha KO-
NMBaHHSX piBHIB Nia3eMHux Bog. Lli konuBaHHSA, gk i gedo-
pMauiiHi  pUTMM, MalTb MepioAuYHICT B OAWH  piK
(Pydakos,1993) Ta cninbHWMN YMHHUK — 3MiHY LUBUOKOCTI
obepTaHHsa 3emni.

OTxe, NposiBM 3MiH KriMaTy Ta iXHbOro BMNMMBY Ha pe-
XXUM I'PYHTOBMX BOA AOUIMBHO LWyKaTW Yy 3MiHaxX LUKNIYHOCTI
Temnepatypu Ta aTMocepHMx onagis, NoB'a3aHuX i3 3Mi-
HaMW COHSIYHOI aKTUBHOCTI.

Ha BWKOpUCTaHHI 3B'AI3KIB MiXK COHSIMHOIO aKTMBHICTIO i
aTMocdepHO LMpKynsuieto, 3 ogHoro 6oky, Ta 3miHamu
PI'B — 3 iHworo, 6yno nobynoBaHo eeniocuHonmuyHul me-
mod [OBrocTpoKkoBOro nporHosyeBaHHa PIB (KoHonnsHyes
u CemeHos, 1979). Y AOro oCHOBI NnexaTtb BikOBa MiHIUBICTb
COHSIYHOI aKTMBHOCTI, SIka CKNafjaeTbCs 3 MapHOro noej-
HaHHA 11- Ta 22-piYyHNX LMKIIB, Ta MPKUUKIOBI 3aKOHOMIp-
HOCTI iX nocnigoBHMX 3miH (KoHonnsHues u CemeHos, 1979;
UuHkapesckutl, 1973). MNMpoTe Hawi gocnigkKeHHs BKasyTb
Ha Te, Wo BcTaHoBmneHi Ao novatky 2000-x pokiB 3akOHOMIp-
HOCTI BXXe He BUTPUMYIOTBCS | Liel MeToA NoTpebye iCTOTHOro
KOperyBaHHsl, Tak Camo $K i MPOrHO3yBaHHS MNPUPOOHOrO
pexumy PI'B Ha ocHOBI eeoiHghopmauitiHo2o nidxoldy, Wwo n
epeabayvae BUAINeHHS 30H 0OHOPIOHO20 pexxuMy 3a bGaraTo-
piYHUMK 3aKOHOMIpHOCTAMU (Hasubida, 2014).

CyuacHe nigBuLLEHHSA TeMnepaTypu MoBiTpA B YKpaiHi
Ma€e MOKW L0 HE3MIHHO HapoCTaluun XapakTep i, Bigno-
BiJHO [0 PEKOHCTPYKUii KINbKOCTi ~ COHAYHMX MAsiM
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(Solanki,2004), pieHb akTMBHOCTI COHUSA NPOTArOM OCTaH-
Hix 70 pokiB € BUHATKOBMM (MOZIGHMIN Nepion BUCOKOI aKTu-
BHOCTI BigbyBca noHag 8000 pokiB Tomy).

BinbLWicTb cnocTepexeHb NonepeaHix pokiB BKa3yoTb Ha
iCHyBaHHs1 06epHeHOI 3arexxHoCmi pummMiyHUX KornueaHb PIMB
8i0 akmusHocmi CoHUA. Taka 3anexHiCTb NPOCTEXYETbCA
npn6nmaHo 3 1930 p. HamBuLLy COHsIYHY akTUBHICTb 3a uumC-
namn Bonbda (201,3) 3a yBeCb Yac TeneckoniYHnx crnocre-
pexeHb MaB 19-i1 umkn 1954-1964 pp., Akomy Bignosiganu
MiHiManbHi nonoxeHHsa PIB (KoHonnsiHues, CemeHos, 1979).
[lo ocTaHHbLOro 4acy TakoX crocrtepiranacb 3aebinbLuoro
obepHeHa 3anexHictb PIB Big aktuBHocTi CoHus. Y 2014—
2015 pp. uA 3anexHicTb AeLwo 3MmicTunachb, WO MOMiYeHO
Hamu nig Yac aHanisy gaHux GaraTtopiyHMX rigporeonoriyHmx
crocTepexeHb No cBepArnoBnHax AepXaBHOI MOHITOPUHIOBOI
Mepexi y BepxHin YacTuHi 6acenHy p. lMiea. byr: CoHue 6yno
HambinbL akTMBHUM Y KBiTHI 2014 p. (Nik Bignosiaas y cepe-
AHbOMY 82 COHAYHUM Nnsmam), npote PIB 6ynu HaiBuLLMMHN
3a nepiog cnoctepexeHb (3 1950 p.) 3aBASKM 3HAYHIN KiNbKO-
CTi onagiB y nonepeaHbLoMy poui (743,7 mm) Ta B CidHi 2014 p.
(40 mm); a 3HkeHHst PTB y 2015-2016 pp. BiobyBanuck Bxe
y hasi 3MEHLUEeHHS1 COHAYHOI aKTUBHOCTI. 24-i COHSAYHUN
uukr, nepebyBatoum y cTaHi peuecii i3 cepnHsa 2019 oo Bepe-
cHa 2020 p. (puc. 1), pocar csoro MiHiMyma 15 BepecHs
2020 p., a nepioga, konu CoHue Byno HaNnMeHLL aKTUBHUM (3a
3rnagKeHM YMCIoM COHAYHUX mnsm — 1,8) ctaBcs B rpyaHi
2019 p. (Hello Solar Cycle, 2020). Bcynepe4 o4ikyBaHOMY
nigsueHHo PIB, gk MOro 3akoHOMIpHOI peakuil Ha 3Hu-
YKEHHS CoHsiYHOI akTuBHOCTI, 2019 p. Ta auma 2019-2020 pp.
Big3HauMNuChb 3HmkeHHsM PIB Ha 0,5-0,8 m Hwk4e cepeg-
HbobaraTopiYHOI HOPMW BHACMIAOK Ay>Ke HU3bKOI KinbKOCTi
onaais (3abesneveHicTb MO KpaiHi 30ebinbLuoro B Mexax 40—
70 % Big, piuHoi Hopmun) (CmaH..., 2020). [lo noyaTKy >KOBTHSA
2020 p. BigHOBNeHHA PIB fo cepenHbobaratopivyHOi HOpMKY
Ha 3HaYHiN TepuTOopIl Tak i He BiAbYNOCh, WO Y3ro4XKyeThes i3
CBif4YeHHAMU NPO AO0BLUY TpMBanicTb nepiogy Hu3bkux PIB
(ripporeonoriyHa nocyxa) NOpiBHAHO 3 METEOPOSIONYHOKO MO-
cyxoto (Hsin-Fu and Hsin-Li, 2019). NopyLueHHs1 3aneXXHoCTi
PI'B Big COHAYHOT aKTUBHOCTiI MOXe CBiAYUTU NPO NOPYLUEHHS
3aKOHOMIPHOI NiANOPSAKOBAHOCTI Mi4poreonoriYyHnX npoLecis
rnobanbHUM KOCMIYHUM dhakTopamMm, L0 MOXIMBO Biabysa-
€TbCA BHACNiAOK OOKOPIHHUX 3MiH Y XapaKTepi XVUBMEHHS
(BiOHOBMNEHHS 3anaciB) I'PYHTOBUX BOZ, CMPUYMHEHNX TEXHO-
reHe3om Ta rnobanbHYMK 3MiHaMK Knimary.
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Puc. 1. 3MiHM COHAIYHOT aKTUBHOCTI NifA Yac 24-ro COHAYHOrO LMKy, WO 3aKiHYMBCs y BepecHi 2020 p.
(Hello Solar Cycle 25, 2020)
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OTxe, 3 aHanisy iCHylUYMX AaHWX MOXHa MPUMYCTUTH,
wo rnobanbHe noTenniHHA (abo NeBHi NEPLUONPUYMHA YK
NoB'A3aHi i3 HUM MpoLEecK) MOrmo 3MIHUTK yCTaneHy 3akoHO-
MipHY UMKMIYHICTb MNOKa3HWKIB pexuMmy rpyHTOBUX BoOA, a
BB MiCLIEBUX YNHHMKIB HA PEXUM I'DYHTOBKX BOA 3 4acoM
HIBEMIETLCS, OCKiNbKM 3HWxXeHHs PIB BiobyeatoTbesi no
BCil TepuTopii YKpaiHu Ta 3a il mexamn He3anexHo Big no-
YaTKOBMX PiBHIB, NMaHAWAdTHOT HANEXHOCTI, CEMCMIYHOI aK-
TMBHOCTI Towo. [lposABNATLCA HEBRacTuBi  MEBHUM
KniMaTU4HUM 30HaM YKpaiHn aHoMarbHi 3HWKeHHs PIB, wo
MOXe CBigYMTW NPO 3MillleHHs abo PO3LUIMPEHHS apuaHOI
30HW Ha MiBHIY. Y 3B'A3KY i3 LM MOXYTb NOPYLUMTUCS CTa-
TUCTUYHO OGrpyHTOBaHi NonepegHiMy GaraTopiyHMMKM cro-
CTEPEXEHHSIMU  3B'A3KM MK MOKa3HUKAMW  peXuUMy
I'PYHTOBMX BOZ Ta He3aneXHWMu YMHHMKaMU, Lo iCTOTHO
3MEHLUY€E TOYHICTb NPOrHo3yBaHHs PIB.

Tomy MV NOCTaBWM 32 MeTY BU3HAYUTU NpUTaMaHHI pe-
XUMY I'PYHTOBUX BOA CyYacHi BUOW LMKITIYHOCTI, BCTAHOBUTU
X BUTPMMaHICTb, MiANOPSAKOBAHICTb Ta Y3ro4KeHICTb i3 Ln-
KNiYHICTIO peXxMModopMyBanbHUX YAHHUKIB, @ came: TeMne-
patypu, onagis, BUTpaT HaMGNMK4oi pivukM; a Takox
NOPIBHATU BCTAHOBMEHI PUTMM i3 LUKMIYHICTIO COHSIYHOT aK-
TUBHOCTI Ta BUAINUTM CydacHi TpeHau 3MiH Mig3eMHOoro
CTOKY Ta pexunModopMyBarnbHUX YNHHUKIB.

MeToau pocnigxeHb. [1ns BU3Ha4YeHHs obcsariB nuTo-
MOro CTOKY I'PYHTOBMX BOA, OO PiYOK 3aCTOCOBAHO YMCENb-

pi3HMLEBOro piBHAHHS (BonbguyyH, 1972). OCHOBHUM MeTO-
[OM BUAINEHHS LUMKMNIYHOCTI B paAaax AaHux OaraTopiuyHmx
crnoctepexeHb 3a PI'B Ta pexxumodopmyBanbHUX YMHHUKIB
Hamu obpaHo BerBReT-aHari3, Sk OAMH i3 JOCKOHANuX cy-
YacHUX CTaTUCTUYHMX MeTopiB (Grossmann and Morlet,
1984, Hsin-Fu and Hsin-Li, 2019). 1na nopiBHAHHA Ta Bepu-
dikauii pe3ynbTaTiB 3aCTOCOBYBaBCSl METOA LUBUAKICHUX
nepetBopeHb Pyp'e, a TAKOXK MHOXWHHWUIA KOPENnAUinHWN
aHanis (JybHos, 2004).

Pe3ynbTtat gocnigxeHb. LlukniyHictb PI'B Ta cTtoky
I'PYHTOBUX BOA A0 PivKU. [1na BUABMNEHHS LMKNIYHOCTI Y
KONMMBAaHHSAX PIiBHIB Ta BUTpAT CTOKY I'DYHTOBUX BOA MU 06-
panuv psiau ogHUX 3 Hanbinbw Tpueanux (3 1951 p.), mavixe
Ge3nepepBHUX crnoctepexeHb 3a PIB Ha TepuTopii YkpaiHu
no CBepAJIOBUHAX Ha I'PYHTOBI BOAM Y HEMOPYLUEHUX YMO-
Bax y 6acemHi p. MNiea. byr (BiHHMUbKa obnacts).

Cnoyatky Ans BMAINEHHA OOHOMAaHITHMX NepioaiB B pe-
Xumi PIB Ta nepenamHux pokiB, LLO MOXYTb KOpeCcrnoHay-
BaTUCb i3 ICTOTHUMM METEOPOSIOrYHUMKU 3MiHaMu, Gyrno
nobyanoBaHo pi3HULEBI iHTerpanbHi kpusi. Ha H1ux gobpe Bu-
LinsiloTbCA ABa TpUBANMX €Tanu — 3HWXKEHHSA Ta nignomy
(puc. 2). MNepenamHa To4ka (€KCTpPEMyM), WO po3ainse ui
nBa etanu ans PIB no ceepanosuHi Ne 5-5 (cepeaHbobara-
TopivyHe 3HayeHHs PIB 3,65 m Big noBepxHi) npunagae Ha
1989 p. (puc. 2). Ana ceepanosuHu Ne 5-3 (PI'B = 1,76 m)
MOXHa BUAINUTU N TPETIN eTan, WO TakoX BUAINSAETbCS 3

HUW rigpoguMHaMiYyHM MeTod Ha OCHOBi  CKIHYEHHO- 1989 p. 32 NOMITHMM NepenamoMm KpUBOi nignomy.
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Puc. 2. PiHuueBi iHTerpanbHi kpusi no PI'B y cBepanosuHax Ne 5-3 (1) i 5-5 (2)
y M. XMinbHUK BiHHMLUbKOT o6nacTi Ha nepiog 1951-2019 pp.

Ha dopmy iHTerpanbHoOi KpMBOi Hanbinblle mae BNu-
BaTW xapakmep bazamopidyHuUx 3MiH pigHie i nepeaycim iH-
TEHCUBHICTb Ta mpusasicmb OCHOBHUX ma Opy20psOHUX
yuknie KonueaHb piBHA (KoHomnnsHuee u CemeHos, 1979).
Ockinbkn ceepanosunHn Ne 5-5 i Ne 5-3 nepebyBsatoTb Ha pi-
3HUX TiNCOMETPUYHMX PIBHSAX (Opyra cBepAnoBUHA HUXYE),
Ha pi3Hili BigaaneHocTi Big pivky (neplua, Ha nisomy Gepesi, —
Aani; apyra Ha ocTpoBi, Ha 50 M 6nmx4e), MalTb ICTOTHO
pisHMn cepepHbobaraTopiyHmin PIB (BignosigHo 3,65 i
1,76 M) TOGTO O4EBMAHO MaAOTh PI3HMI TUM PEXUMY, a OTXKe
i pi3Hi JOMiHYIOYi pexxumodopMyBarbHi YUHHUKKM, TO i Xxapa-
KTep iHTerpanbHUX KPMBUX Y HUX BIApI3HSAETLCA (puc. 2).
BBaxaeTtbes, wo ana PIB 1,5-2,0 M npoBigHUM pexumo-
bopMyBanbHUM YMHHUKOM € TemnepaTtypa MoBiTps, a Ans
rmunbuH 3,0-4,5 m — atmocdepHi onagn (KoHonnsHues u
CemeHos, 1979).

AKLLO0 3BEpHYTUCH 0 XpoHosnoriyHoro rpadiky PIMB no cee-
panoBuHi Ne 5-5 (puc. 3), To no6aumMmo, WO MPOCTEXYETHCS
BUTPYMaHa NOBTOPHOBAHICTb ManoBoAHWX pokiB 82—99 % 3a-
6e3neyeHocTi. BoHa BKknagaeTbca y JOCTATHBO YiTki 5-6- Ta

10—11-piyHi LMKNK, AKi Y3romKyTHCS i3 LIMKNAaMM COHSIYHOI ak-
TMBHOCTI. [poTe Taki umknu PIB cTatoTb HeBUpasHMMK nicna
1986 p. (LLles4yeHko ma iH., 2019; Shevchenko et al., 2020).

Mepiog Brucokux PIB, wo noyascst 4nsi BOGOHOCHOrO ro-
PU3OHTY Y BEPXHBOYETBEPTUHHMX | CyHaCHUX antoBianbHMX
Biaknagax (cs. Ne 5-5) nicns 1989 p. (puc. 3) nobpe kopec-
NMOHAYETHLCA 3 NEPLUUM NEPEXOAOM Y LiIbOMY POLi cepeaHbo-
MicauHux Temnepatyp nwotoro (MeTeocTaHuii "lancuH" i
"Miobawiska") 4O NO3UTUBHMX 3HAYEHb i BIAHOCHO CTabinb-
HUM yTPUMaHHAM cepeaHix TemnepaTyp LbOoro MicsiLs BULLEe
—4.,5 °C (Ocadquti ma iH., 2013; LLlakipsaHoea ma Kasakxosa,
2015), a Takox abcontoTHMM OaraTopiyHMM MaKCUMyMOM
Temnepartypu noeiTpsi came B rpyaHi 1989 p. (Ocadyuli ma
iH., 2013). 3aranom 1989 p. BM3HaHO poKoM "novaTky 3Ha-
YyLMX 3MiH knimaty B Ykpaini" (Ocadyuli ma iH., 2013; Cme-
naHeHKo ma iH., 2015). OuyeBMOHO, WO came 3UMOBI
Big MK, siki pisko novacTiwanu 3 1989 p., npuasenu o 36i-
NbLUEHHS iHPINbTPaUIHOIO XuBNeHHs, nignomy PIB (LLee-
4YeHKo ma iH., 2019; Diffenbaugh et al., 2013; Shevchenko et
al., 2020) i macwTabHuX nNigTonneHb TepuTopii YKpaiHu.
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Puc. 3. XpoHonoriuHi rpaciku piBHsa rpyHToBux soa (PI'B, M) go 2019 p. Ta ix 3a6e3aneyeHocrTi (P, %) nopiBHAHO
3 piBHeM 50 % 3a6e3neyeHocTi Ansa ceepanoBuHn Ne 5-5, M. XminbHuk BiHHMUBbKOT obnacTi, 6acenH p. MNisa. byr

[na BuaineHHs yacy BUHUKHEHHS, TpUBanocCTi Ta 3B'A3-
KiB MK Pi3HUMMW UMKNiYHOCTAMK Byro 3aCTOCOBaHO METO[,
BenBneT-aHanisy. 3a cepeaHbOMICSYHUMWU AaHVMU HaMu
BUSIBNEHO 7—-8-piyHy UMKNiYHICTL KonuBaHb PIB ang Bcix
CMOCTEPEXHUX CBEPAJIOBUH 3 HEMopyLleHum abo cnabono-
PYLIEHMM PEXUMOM Yy BEPXHiA 4acTuHi BacenHy p. MiBa.
Byr. 3okpema, ansa ceepanosuHu Ne 5-5 (M. XMinbHWK) Taka
LMKNIYHICTE HaWOINbL YiTKO NPOCTEXYETbCS NPUOMM3HO 3
1989 p. (puc. 4). MNMpu ubomy ayxe HegupasHor ctae 10,6-
PiYHa YuKiYHicmpb, sika NposSBUNAach fyLle Ha Yyac MaroBo-
aHoro nepiogy 1972—-1988 pp. (puc. 3), wo maixe 36ircs i3
21-M coHsi4HUM uumknom (1976-1986 pp.). MNpnubnusHo fo
uporo x vacy gobpe npossnsetbcs 30—32-piyHa uUMKMiY-
HICTb (OpYrMii HEBENUKWUIA NiK 3HU3Y Ha rpacdpiky npasopyy
puc. 4), aka notim mamxe 3Hukae. lMicna 2011 p. 7,8-piuHa
LMKIIYHICTb NOPYLLUYETLCS, L0 MOXHA NOB'A3aT 3 peakLieto
pexumy PIB Ha no4aTok MarioBogHoro nepiogy (Ha puc. 2 —
HabnmkeHHa Ta nepexig 4yepes3 "0"). BkasaHi pokum (sK i
1989 p.) MOXXHa BU3HATV MOBOPOTHMMM, Bi SKMX MOYMHa-
I0TbCSl HOBI eTann B pexuMi rpyHTOBMX BOf, MOB'A3aHi i3
3MiHaMu yMOB iX XUBNEHHA. Ha cnekTporpami Buwe psgy
7—8-pivHnX LMKNIB, NO3Ha4YeHOro BiNbLUOK CTPINKO, TaKoX
NOMITHUI pAA Manux NnsM (HaBNPOTU MEHLLOI CUHBOI CTpi-
1KK), L0 03Ha4ae HasABHICTb 5,5-piYHOro puTMy B KONMBaH-
Hax PrB. BiH pobpe ButTpumyBaBCs nifg Yac Bxe
3ragyBaHoro 19 LMKy COHAYHOI akTUBHOCTI, NPOTeE B Nepioa
31970 no 1986 pp. NnaBHO NepexoauTb Yy 7—8-piyHi LMKnn.
To6T0, SKLLO po3rnsaaTu BCi TP TUNWN LUMKNIYHOCTI y B3ae-
Mozii, TO B 03Ha4yeHu nepioa Biabynocb "3nmTTa" 5-6-piy-
HOi Ta 11-piYHOI LMKNIYHOCTEN Y 8-piyHy.

Ha cnekrporpami PI'B (1,5-2,0 m Big noBepxHi) no ceep-
anoBuHi 5-3 (puc. 5), Wo 3HaxoaMTbCA Ha OCTPOBI Nocepen
p. MiBg. Byr y m. XminbHuWK, Big noyaTKky CNoCTepexeHb Y
1951 p. TakoX BUAINATLCA PUTMK B cepeaHboMy no 50,6
pokiB, a putMu y 8,1+1,0 pokiB NouMHaOTb NPOCTEXYBATUCH
paHiwe, npnbnusHo 3 1975 p. Maiixe 3 LbOoro X poKy aAns aa-
HOI [iNsiHKM po3noyaBcsl TpuBanui etan Bucokux PIB
(puc. 6). Omxe, cnig LWykaT NEBHI METEOPONOriYHi NoAii, Lo
BiaOynuck 3a uen pik i npussenu 4o 3MiHu umknivyHocTi PIB
Ta ix nigsuweHHs. 3rigHo 3 (Ocadyul ma iH., 2013) 1974 p.
Ha 3axofdi KpaiHu Bia3HayaBcs abCOMTHMM GaraTopiyHUM
MaKCMMYMOM TemnepaTtypu noBiTps y 6epesHi micaui a 1976
—y rpyaHi, y 1975 p. 3acbikcoBaHo 0dHe 3 Halbinbwux doda-
MHuX 8i0XuneHb cepedHb0o20 MakcuMyMa memrepamypu Ci-
4Hs1 (5,2 °C) (Ocadyquli ma iH., 2013). Llinkom BiporigHo, Lo
came Ui nogii, siki 4o6pe y3romkytoThes i3 KoHuenuieto rnoba-
NbHOrO MOTENNIHHSA, NPU3BENY 40 KapAUHANbHUX 3MiH Y pe-
Xumi Hernunbokux (PMB = 1,0...2,0 m) rpyHTOBMX BOA Ta
3ano4vaTKyBanu s HUX nepio BUCOKOI BOOHOCTI.

Mepen TMM K NNsiMK 8-pivHOT UMKNIYHOCTI CTalTb Hal-
6inbL ackpaBnmMm (novaTok 80-X pokiB — y LIEHTPi CNEKTpOr-
pamu Ha puc. 5), 5-6-piyHi UMKNK, AKi NPOCTEXYTbCSA Y
BUIMSAAI rOPU3OHTANbHOIO psgy NNsM NocepeamnHi Mix nos-
Haykamu 16 Ta 64 (Bicb opaMHaT), HaBNaku cTalTb HeBUpa-
3HMUMU. BiporigHo, wo "Hosa" 7-8-piyHa pummiyHicms
Cripu4yuHeHa Hasimp binbw 8rnIUeo8UM 25106abHUM YUHHU-
KOM, HiX coHsiyHa akmuseHicmb. MpoTe nicna 2004 p. (503
MicsiLub Ha oci abcuunc) i Ui pUTMK CTaloTb AyXKe HEYITKUMU.

3 HaBeeHoro BuLLE BUNMMBAE, WO HaNbinbL YiTka 5-6-
piYHa LMKMIYHICTb XapakTepHa AN TpyMBanux nepiogis ne-
peBaxHo HU3bkMX PIB, a 7—8-piyHa — kpaLle nposBnsaeTbCA
nig, Yac nepiodie 8UCOKUX pieHig. BpaxyBaHHS LIbOro 403BO-
nse NigBULNTU TOYHICTb NporHo3yBaHHsA PIB.

Ha Bogo36opax Manux nputok p. MiBa. Byr gns rpyHTO-
BMX BOJ TaKOX XapakTepHi 6nm3bki A0 7-piYHOro LMKNK i3 He-
CYyTTEBO MeHLWOoW TpueanicTio. Tak y 6aceiHi p. Cob
(m. Jlunoeeub) ana PIB (3,0-6,0 m) Bign noyatky cnocrepe-
XeHb y 1988 p. No cBepAnoBMHax AepXXaBHOI Mepexi rigpo-
reornoriyHOro MOHITOPUHIY BCTAHOBIEHI Lnknu 6,9+0,3 poku,
npote y 2013 p. BOHM 3HMKaOTb. [OCTATHLO YiTKUA UMK Y
2,2 pokun 3HMKae Bxe nicna 1997 p., Wwe MeHWw TpvBanMm €
umkn y 3,9 pokis, npoTe fobpe NPosBNAETLCA pUTM Y 26 po-
kis. Ansa PIB (0,4-1,8 m) y BepxiB'ax 3aperynsosaHoi p. 3rap
(c. Fopoauwe) BinbLU-MeHLL YiTKO NPOABMSETHCA NULLIE LMK-
NiYHICTb y 7 pOKiB (CnocTepexeHHs novanuce y 1986 p.).

3paBanocsa 6, Lo NOCTiNHI Ta cninbHi AnA BCiel BogHOT
obonoHkn 3emni KOocMiyHi 06'ekT Ta reodpisnyHi npouecu
NMOBWHHI POPMYBaTK SAKLLO HE CUHXPOHHI LIMKNK, TO Xo4a 6
pUTMU 3 OHAKOBOIO MOBTOPIOBAHICTIO. [MpoTe BUSBNSETLCS,
LLIO 4OCTaTHLO BUTPUMAHOT MOBTOPIOBAHOCTI (LIMKMIYHOCTI) Y
3MiHax MOKa3HWKIB pexumy Hemae. CrocTepiraloTbCsl He
niwe puUTMU Pi3HOI Nepiogu4HOCTI Ansi OQHOro BOAHOro
o6'ekTa, ckaximo NepLUoro Big NOBEPXHi BOAOHOCHOTO ropu-
30HTY (I'PYHTOBMX BOA), @ W TUMYACOBiI 3HUKHEHHSA MEBHUX
pUTMIB, NOsIBa IHLWIMX LMKMIB Ta pi3Ha PUTMIYHICTb Ana o4-
HakoBuWX ane BigganeHunx o6'ekTiB. OCcTaHHE MoXe OyTu 3y-
MOBIEHE 3HAYHUM BMSIMBOM MaHAWadTHUX BiAMIHHOCTEN,
y T. 4. YMOB APEHOBAHOCTI, Ha (DOPMYBaHHA PEXUMY 'PYH-
TOBMWX BOA Ta iH(INbTpaLIHOro XUBNeHHs 3okpema (/lebe-
Oes, 1980; [lpuHesckul u Macnos, 2010). Hanpuknag
BiJIOMO, L0 HaBIiTb 3@ MEHLIOro HaaXo4XXeHHS NiTHbO-OCIH-
HiX onagis Ha NoBepxHto I'pyHTY B nici (70 % Big 3anacis Ha
BiAKPUTOMY MOMI UM nykax), TyT rMmnbMHa 3BONOXEHHS I'py-
HTY Ta iHINbTPaLiiHe XNBMNEHHS I'PYHTOBUX BOZ, iCTOTHO Oi-
nbLwi, HiX Ha noni (MpuHesckuli u Macnos, 2010). Ha nonsix
iHbinbTpauinHe X1BNEHHA B NiTHIA Nepiod NPaKkTUYHO Bia-
cyTHe. Te, wo noHag 70 % TepuTopii HaLWWOi aepXaBu 3ali-
MatoTb BiOKPWTI 'PYHTU cinbrocnyrigb, pobuts ii NnpupogHi
BOZHi pecypcu oyxe BpasnvMByMU 0 BUCHAXEHHS B yMOBaxX
3MEHLLEHHS KifbKOCTi onagiB Ta nigBULLEeHHst TemnepaTypu.
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Puc. 4. Bropi — xpoHonoriyHun psg cepegHboOMicsa4HUX 3HaYeHb PI'B
(B a6contoTHux BiamiTkax BC) y cBepanoBuHi Ne 5-5
(M. XminbHuUK, niBo6epexcksa p. Misa. byr) 3a 1950-2020 pp.
Mig HUM — ABOBUMIpHA CniekTporpama Moro BerBneT-po3knaay.
Mo ropusoHTani — micsup Big novaTKy cnoctepexeHbs. Mo BepTukani —
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Puc. 5. CnekTporpama 3a pe3ynbtaTtamu
BeWBneT-aHani3y AaHux 6araTopiyHux
(1951-2018 pp.) cnocTepexeHb 3a PIB

y cBepanoBuHi Ne 5-3
(M. XMinbHUK, ocTpiBHa AinsHKa)

HaniBnepio B 0AMHULSIX FOPU30OHTanbHOT oci. CTpinkamu nokasaHo psiam

nnsM, 4Ns SkMx MoXKHa AOCTaTHLO HadiMHO BM3HAYMTK nepiog
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Puc. 6. luHamika cepeaHbopiyHux PI'B (BogOHOCHMIA FOPU3OHT y ronoLeHOBUX antoBianbHUX Bigknaaax)
no cBepanoBuHi Ne 5-3 B 6aceiiHi p. MiBa. Byr, m. XMinbHUK. MomiTHUI BuXia Ha BuUWWi BiamiTku y 1975 p.
Ta 3MiHa TpeHAy (CTae ropu3oHTaNbLHUM Micnsi TPUBanoro 3pocraHHs) 3 1989 p.

Cnig Big3HaunTK, WO B iCTOPIT PEXXUMHUX CMOCTEPEXKEHD
3a PI'B 6—8-pidHi unknu Bxe BUAINANUChL, 30Kkpema npu o6-
pobLi 4aHUX KoNMBaHb TeMMNepaTypu, onagis, MiHiMansHoro
ctoky p. [loH Ta PI'B Ha 1 BepecHs KoxHOro poky y Kam's-
Homy Cteny (BopoHesbka 06n. PP) (KopobeliHukos, 1965).
OKpiM cCeMMUPIYHMX NPOSBASAMMNCH TaKOX M iHLWI LIUKNW, NpoTe
HanbinbWw YiTkumm Bynu 11- Ta 7-pivHi. CeMupiyvHi CTilKi
LMK A0BOMI YiTKO NPOABASIOTLCHA TAKOX OIS CTOKY PivoK
Ouictpa Ta MpyTy nopsg i3 5- Ta 29-piyHumu (flykesHey u
KamuHckas, 2015).

Bunagku "3HMKHEHHSA" 11-pivyHOi UMKNIYHOCTI B AMHaMILi
Pi3HMX riPOMETEOPOIIONIYHMX SBULL TAKOX BXe Tpannsnmcs
(3okpema, ans piBHiB 03. BikTopia Ta Kacnincekoro mopsi),
wo M.C. EvireHcoH (OleeHcoH, 1957) nosicHioBaB "npuxoBy-
BaHHsM" iX GinbLU YiTkKUMKU 5-6-piyHMK UmMknamn. Baxnmeo
BiOMITUTK, WO Yy Tak 3BaHWA nepexigHuin nepiog (2008—
2009 pp.) TakoX BUSIBNEHO MOPYWEHHSI 8 CUHXPOHHUX 3Mi-
Hax 11-pidHo20 yukny CoHsiYHOI akmueHocmi Ta rnobanb-
HOI TemnepaTypu, ski cnocTepiranuckb BkM4YHO Ao 1998 p.
(/Taba ma iH., 2013).

€ nigcTaBu BBaXaTu, L0 3a OCTaHHi AecaTupivys Biaby-
nuckb rNnboki, OOKOPIHHI 3MIHU PeXUMy rpyHmMoesux 800, Lo
NPaKkTUYHO MOBHICTIO pOBUTbL HenpuAaTHUMU CTATUCTUYHI

mMogeni nporHodyBaHHs PI'B, no6yaoBaHi Ha 3akOHOMIpPHOC-
TSX, BCTAHOBMEHMX 3a OAHMMMW CMNOCTEPEXEHb MWHYIOro
cTopivys. Lle niaTBepaxye ouiHka nopyLlueHb CTaTUCTUYHOI
CTivkocTi konueaHb PIMB. BukoHaHWn HaMu aHarnia cmyrneHst
einepsunadkosocmi wopnobosux BumMiptoBaHb PI'B y cBepa-
nosuHax gaHoro 6aceliHy 3a nepiog 1980-2020 pp. gonomir
BUSIBUTM YacoBWUM Nepexid Big BUMNAAKOBUX 3MiH pexXumy
PIB po einepsunadkosux, skuin npunagae npubnmnsHo Ha
1990-1993 pp. Lle o3Havae, Wwo cToxacTu4Hi mogeni, 3a Ao-
MOMOTOI0 SIKUX MOXHa Byno onucysaTu konusaHHs PI'B npo-
TArOM [ecATKkiB pokiB A0 uboro, micna 1993 p. cranm
HenpuaaTHUMK.

CeMun-BoCbMUpIYHI Lk fobpe NomiTHI 1 Ha rpadiky
sumpam rpyHmoego2o cmoky 0o piuku MNisg. Byr (puc. 7), aki
6yno po3paxoBaHO YMCENbHUM METOAOM 3a AaHUMM Tigpo-
reonoriyHNX Ta rigpoMeTpUYHNX cnocTepexeHb. Ha xpoHo-
noriyHomy rpadpiky TakoX nNOMITHO [fBa nepiogn 3a
XapaKkTepoMm 3MiH MiA3eMHOro NPUTOKY A0 piyvku: 1) MOHO-
TOHHOrO Ta CTpPiMKOro 3pocTaHHs (1980-1998 pp.); 2) BpiB-
HOBaXXEHHs1 3aranbHOl TeHAEeHLUil, npoTe 3 HasABHUMMU
Pi3KMMN eKCTpeMyMamMn — HalBULLMMW MakcuMymamu Ta
poctatHbo  rmubokummn  miHimymamm — (1999-2019 pp.).
[MoBTOPIOBaHICTL MakcuMymiB — 8—9 pokiB (HaCTyMHUA Mak-
CMMYM MOXHa ovikyBaTh npubnusHo y 2023 p.).
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Puc. 7. XpoHonoriyHi rpaciku 3miH Noka3HUKIiB pexumy I'pyHTOBUX BOA,
(1 — PIB cB. 5-5, M a6¢. BigM. BC; 2 — nUTOMMIA CTiK A0 piuku, M. XMinbHUK, M3/pik/m)
3a nepio MakcUMarnbHUX NPOsBIB rNob6anbHOro NOTENNiHHA y CNiBCTaBMEHHI 3 NOKa3HMKaMW peXuMy NoBePXHEBOro CTOKY
(3 — cepepHbopiuHuI cTik p. MiBa. Byr, noct "flenitka", m¥/c; 4 — cepeaHbOpiuHMIA piBeHb p. MiBa. Byr, M. XMinbHKUK)

3pocTaHHs Nig3eMHOro CTOKY B ManoBoAHi nepioau (nikv
2011, 2014 pp.) 3BNYaNHO MOB'sI3aHi i3 CTBOPEHHAM 3HAYHNX
rpagieHTiB CTOKY MiX nigsuweHnmun PIB y npupiyvKoBi 30Hi
Ta 3HWKEHMM PiBHEM BOAM B piyLi (pyC. 7), LLO NOSICHIOETHLCSA
LUBMAKOI peakuieto piBHA piYKM Ta MOBEPXHEBOrO CTOKY Ha
Aediunt onaais i ynoBinbHEHO — PiBHIB r'PyHTOBMX BoA. Lle
niaTBEPAXYE CE30HHUIA PO3NOAIN, 3riAHO 3 SIKUM HanbinbLui
obcary CToKy r'pyHTOBMX BOA MpunagalTb Ha MiTHI Micsui,
KON piBeHb Yy pivli HanHwxumn (LLlegyeHko ma iH., 2019).

3a pesynbTatamn BemBreT-aHanidy gaHux Mio3emMHo20
cmoky 0o piyku Mieg. Byr (puc. 8) mioTBepmKyeTbCA YiTKa
7,5-pivHa UMKNiYHiCTb, NpPoTe BoHa GinbL oyeBmaHa 3 1993 p.
(nonoBuHa putMmy nicna 1989 p.) — noyaTky eTany rinepsuna-
OKOBUX 3MiH Yy pexumi rpyHToBMX Bod. Ha cnektporpami ni-
A3EeMHOro CTOKy, Ha BigMiHy Big PIB (puc. 4-6), 5—6-pivHi
pUTMW Malxe He NMOMITHI, NpoTe 3 po3paxyHKiB TPMBanNoCTi
OKpeMux nepioais 7—8-piyHoi LMKMIYHOCTI BUNMUBAE, LLIO TPU-
BanicTb LMKy 3 Yacom 3pocTae Big 5,8 (1985 p.) oo 8,5 pokis
(2009 p.), a HaNpuKiHLi NoYMHae 3amMeHLyBaTuck 4o 8,0 pokiB
(no HaniBuwmkny Ha 2013 p.). To6To o4eBMAHO, Lo 7—8-piyHin
LMKIIYHOCTI Nig3eMHOro CTOKY A0 pidku TakoxX, sk i ans PIB,
nepegysana 5—6-piyHa LUMKNIYHICTb.

HasBHicTb umknivHocTi y 7,4 poku (88,8 mic.) Ansa nuto-
moro (m3nor. m/mic.) nig3eMHoro CTOKy Ha Becb nepiof
(1980—-2016 pp.), a Takox LUMKNM B 1 Ta 4 poku NigTBEPAKEHO
cnekTpanbHUM aHanisoM AaHuX MeTOAO0M LUBUAKICHUX nepe-
TBOpeHb dyp'e (Shevchenko et al., 2019), npoTe OCTaHHIN
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Puc. 8. CnekTporpama 3a pesynbTataMv BeWBneT-aHanisy
po3paxyHkoBux gaHux (1980-2016 pp.) nig3eMHoro cTroky

Ao p. MNiea. Byr. Nnama o3Ha4ya€ NONMOBUHY LMUKIY.
Pap AckpaBuX NnsiMm Ha piBHi No3Ha4vku 64
3 NOMITHUM MiKOM Ha KPUBI NpaBopyY Bignosigae
LMKIiYHOCTI 6nu3bKo 7,5 pokiB

MEeTO/[] He 103BOSE BMU3HAYaTh Yac NOosiIBU Ta 3HUKHEHHS Liel
LmKnivyHocTi. Ha BigmiHy Big 7—8-piyHux umknis PIB, Taki um-
KW B AVHaMILi NiA3€MHOro CTOKY NPaKTUYHO HE 3MEHLUYOTb
iHTEHCMBHOCTI CBOrO NPOSIBY | B OCTaHHi poku (puc. 8). TobTo
nepiog 2011-2019 pp. 3a umknamu PIB xapaktepunsyetbcs
K ManoBOAHMN, a 3a LMKNIYHICTIO NiA3eMHOro CTOKY — Ha-
Bnaku. AKWo npoaHanidysatn metogom ®yp'e psaa AaHUX 3a
nepiog 1999—2016 pp., TO BUSBNAETLCA NiK 4OCTATHBO YiTKOI
9-piuHoi (108 micsauiB) umknivHocTi. Lle BuaHo i 3a gBoma ma-
KcuMmymamm ctoky y 2005 ta 2014 pp. (puc. 7).

LUmkniyHicTb noBepxHeBOro (piuKOBOro) CTOKy Bax-
nunBa TUM, LLO MAPONOTiYHNA PEXMM PiYKK € BNIIMBOBUM pe-
XMMOOpMyBanbHUM YMHHMKOM AN IPYHTOBMX BOA Ha
o6ox ginsiHkax. O4eBUAHO, L0 AKLO 7—8-pidHi LUMKNu BUAi-
NSATLCA ANS A0CTaTHBO WMPOKoro AianasoHy PIMB, To BOHU
CKOPpILL 3a BCe 3yMOBIEHI 3aranbHVMK 30BHILLHIMU YNHHU-
KaMu, a He rigporeonoriyHMMmM ymMmoBamu Yy NOKanbHUMMU
ymoBamMu ApeHoBaHocTi. OTKe, MOXHa NpumnyckaTw, Lo Taki
pUTMU MPOSIBNSATUMYTbLCA | B PEXUMI MOBEPXHEBUX BOA.
BenBneT-aHania 3a gaHumu eumpam piyku Nisg. byr winkom
nigTBepavB ue npunyLeHHs. [incHo, 8 KonugaHHsX Npucy-
THi 7—8-piYHi UMKNKN, NpPOTE BOHM MOPIBHSIHO LWBMAKO (3a
2003-2005 pp.) 3amiwytotbes Ao 11-pivHux (puc. 9) Hanepe-
[OAHI ManoBOAHOMO A4S MOBEPXHEBOrO CTOKY LMKITY POKiB
(novascsa y 2008-2009 pp.). Hewo nisHiwe, npubnunsHo 3
2011 p., dhopmyeTLCA Takox 5—6-pidHa LMKNIYHICTb.
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Puc. 9. CnekTporpama 3a pesynbtatamu
BeMBreT-aHanisy cepeAHbOMICAYHUX 3HA4YeHb BUTpaT
p. MiBAa. Byr 3a nepioa 1980-2016 pp.

Ha nocrty c. JleniTka
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Llinkom noriyHO npunyckaTtu, WO BUSABMEHI BiAXWUMEHHS
Bif, CTAbINbHOI PUTMIYHOCTI 3yMOBIIHOIOTLCSI HE HAKITaAeHOo
JJ€EH0 KiNbKOX He3anexXHux Ginbll MeHL PiIBHOLIHHUX YMHHU-
KiB, @ JOMiHYIOHOIO [J€E0 OQHOro YMHHKKA, sika BUKPUBIIHO-
€TbCA Nig BNAMBOM MicLeBUX haKTopIB.

LUukniyHicTb onapiB Ta Temneparypu noBiTps. Ak Bi-
OOMO, HaMBMNVBOBILLMMU  PEXMMOCOPMYBANbHUMU  YAHHU-
Kamu, SKi Ans BCiX BUMAAKIB | TUMIB peXMMY BUKOPUCTOBYHOTb
SIK NPEAMKTOPU A1 KOPOTKOTEPMIHOBOIo NporHo3yBaHHs PIB,
€ B MepLuy Yepry onagu i TemnepaTypa npu3emMHoro Lwapy no-
BiTpsA (KoHonsiHues u CemeHos, 1979; Kosnoeckkul, 1995;
Ypanoe ma LlllesyeHko, 2001; PybaH ma LLluHkapescbkud,
2005). Hamu BCTaHOBNEHO, L0 NepenamHi NOpYLUEHHS B LIMK-
NiYHOCTI pexxuMy I'pyHTOBUX BoA 3aebinbLuoro 3biraoTbes i3
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3HaYYyLMMKN 3MiHAMK TeMnepaTypu, MEHLLOK MIpoto — 3i 3Mi-
HaMK B po3noAini KinbkocTi onagis. TobTo i B puTMax Lux pe-
XMMOOPMYBAaInbHNX YMHHUWKIB TaKoOX cnig wykatu 36iry 3
umknavu PIB.

BusaeneHi 3a gonomoroto BemeneT-aHaniay putMu ammoc-
ghepHux onadis, (puc. 10), Ha BigmiHy Big puTMmiB PI'B, MatoTb
[OeLwo G6inbLuy Tpueanicts — 8,7 Ta 16,9 pokis. PaHiwe ans 6nm-
3bkux LWKMpoT (Kam'aHuin Cten, BopoHesbka 06n.) 3a pesynbTa-
TaMn OBpoOKM piYHMX CyM OMadiB Ta CymapHMX onagis
XOriofHoro nepiogy 6yno BusIBNEHO LukniyHocTi y 34, 6-8, 11,
13-16, 21-23, 26 i 34-35 pokiB (KopobelHukos, 1965).
HarbinbLu YiTkuMy Ta CTirkumm 6ynmn 11-pidHi "COHAYHI" LK.
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Puc. 10. CnekTporpama 3a pe3syrnbTataMy BelBneT-aHanisy AaHux
6araTtopiuyHux (1980-2016 pp.) cnocTepexeHb 3a aTMocepHUMU onagamu (MicsayHa cyma) no meTeocTaHLii M. XMinbHUK

MoxxHa npunycTnTy, Wo 7—8-pivyHa LMKNiIYHICTb NOBUHHA
NPOSIBUTUCDL i Y 3MiHax memmepamypu NpU3emMHOro Lwapy
nosiTps. [iicHo, Ha cnekTporpami BerBneT-aHanisy gobpe
BuainsoTbea putmm y 8,1+1,1 pokn (puc. 11). HanmeHLwi
BepTUKamnbHi (4acoBi) BIOXWIIEHHST BOHW MaloTb Nicns
1986 p. TyT BaXNIMBO BiAMITUTY NepeBarv BerBrneT-aHaniay,
OCKiNbKW Mg Yac 3acTocyBaHHSA MeToAy LUBUAKICHUX nepe-
TBopeHb Pyp'e, Hi AN onagis, Hi ANa TemnepaTypu He Gyno
BUSIBNEHO HiSIKMX LMKNIB OKpiM 12 MiCSYHMX (4N noBepXHe-
BOrO CTOKY BCTAHOBJIEHO TAKOX psifi criabkux puTMmiB, cepen,

akux € 9,25 poki). [N NOpiBHSAHHS, BCTAHOBMEHI paHille
nepiogorpamMHMM METOAOM LMKNK TemnepaTypu ans Kam's-
Horo Cteny manu TpmBanicte 3—4, 6-8, 11-12, 13-17, 19—
21, 23-25 ta 32-34 pokiB (KopobelHukos, 1965), 3 Hau-
Oinbw vitknmn umknamm B 11 Ta 32-34 poku. MpoTe y Ha-
woMy Bunagky 11-piyHi LUMKNKM 30BCIM He NPOSIBNSATLCA i
nvwe kopoTkuii yac (asi nnsmm Mixk 100 Ta 200-m micauamm)
NoMiTHI 10-piYHi UK.
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Puc. 11. Cnektporpama TemnepartypHoi LuknidyHocTi (M. XMinbHUK) 3a nepioa 1980-2016 pp.
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PesynbTaTi MHOXMHHOMO KOpPENnsALUifMHOro aHaniay Takox
cBig4aThb Npo SOMIHYOYY porb TeMnepaTtypuy NoBiTps y go-
pMyBaHHi peXuMy CTOKYy I'PyHTOBUX BOA AO PiykM (3a ga-
HUMKM no ceBepanoBuHi Ne 5-5 3 6inbw rmubokum PIB).
IcToTHO cnabwe nposBNSAETbCA 3aneXxHiCTb nia3eMHoro
CTOKY Bif, onagiB i pexvmMmy noBepxHeBOro CToKy pivku (L/e-
8YeHKo ma iH., 2019;Shevchenko et al., 2019). H13bkun cta-
TUCTUYHWIA 3B'A30K MK CTOKOM I'pyHTOBMX Bof abo PIB Ta
onagamu NOsICHIETLCA 3HAYHUM 3ani3HeHHAM peakuii PI'B
Ha onapgu: nigeueHHs PI'B BinbyBaeTbes Ha 12—90 gib ni-
3Hiwe. Taka 3Ha4yHa i HeperynspHa pi3HULSA Y 3MiLLeHHi pe-
akuii PI'B Ha onagu B Yaci, ska 3anexuTb nepeBaxHo Big
NOroAHUX YMOB, Y TOMY YUCHi TpMBANOCTi Ta iIHTEHCUBHOCTI
oLy, He JO3BOMSIE CIMPATUCL Ha SIKYCb NEBHY, YM xoya 6
Ce30HHY Monpasky nia Yac nporHodyBaHHs PIB. Temnepa-
Typa X, SK FOMOBHUA perynsaTop iHiNbTpauinHOro >uB-
NEHHs I'PYHTOBMX BOA, Binblu BUTPMMaHa BMPOAOBXK Yacy,
3a AK1I BiOyBaeTbCS | BUNadiHHA onagi., i peakuis Ha HUX
PIB Ta nig3emHoro cTtoky. Tomy i BaroBun KoewiuieHT
BMMUBY TEMMNepaTypu Ha NiA3eMHWIA CTiK HaNbINbLLWI cepep,
iHLWIMX YMHHKKIB (6,06), WO KopecnoHAyeTbCsA 3 TiCHUM 3B's-
3KOM iX uukniyHocTen — BignosigHo 8,1 i 7,5-7,8 pokiB, a
npubnusHo 3 1997 p., KONM NOYMHAKOTLCA NopyLleHHs 11-
PiYHOT COHAYHOI aKTMBHOCTI, BiAOyBaeTbCA Maike NoBHa CU-
HXPOHi3aUis iX LumkniB.

PiBHAHHA perpecii 6araTodakTopHOi Moaeni MiHinHoro
BUAY, WO NOB'A3Y€E CTiK 'PYHTOBMX BOA A0 PiYKM i3 TpbOMa
NPUPOAHUMW PEXMMO(OPMYBaNbHUMKN YMHHMKaMK 3a Oa-
Humm 1980-2016 pp., Mae BUrnNsa

Qrigs. = 6,396 + 0,01198-P + 0,229-t — 0,0724-Qnoe, (1)
e Qrigs. — MiA3EMHWMIA CTiK, M3/Mic./m; P — micsayHa cyma onagis,
MM; t — TemnepaTypa cepeaHboMicsiuHa, °C; Qnos. — CEpeaHi 3a
micsub BuTpaTy pidkm Misa. Byr (noct c. Nenitka), mM3/c.

Hu3bKi XxapakrepucTnkn mogeni, a came: koedilieHT MHO-
XuHHOT  kopensuii R =0,36, «koediuieHT aeTepMiHauii
R?=0,13, piBeHb 3HauyllocTi 3a kpuTepiem Oiwepa
p =3,9 107", F=21,724, ceig4aTb Npo HasiBHICTb GinbLu Ba-
roMUX YMHHUKIB, O BNNMBAOTb HA NiA3EMHWUIA CTiK, SIKi B MO-
neni He BpaxoBaHo (hinbTpauiiHi napaMeTpy BOOOHOCHOIO
rOPU3OHTY, rigpoaNHaMIYHI YMOBMW, reoi3nyHi MOKa3HMKK
TOLLO), @ FONOBHE — NPO HEKOPEKTHICTb 06'eAHaHHS NepioaiB
Pi3HOI BOOHOCTI 3 BIAMIHHOK LMKAIYHICTIO. PiBHSIHHA HE MO-
XKHa BBaXkaTu [OCKOHanNUM Ta npuaaTHUM Anst eekTMBHOIO
MPOrHo3yBaHHSA Ha Cy4acHoMy eTani, ockinekn 3 2015 p. Bia-
OyBaeTbCA 3aroCTpeHHs rigporeonoriyHoi nocyxm (3a PIB).

Ha puc. 12 npogeMoHCTPOBaHO HaCKifIbKW iCTOTHO MO-
XyTb BNAvMBATW TPEHAM 3MiH MUTOMUX BUTPAT I'PYHTOBUX
BOZA Ta OMafiB NepLloro etany Ha TPeHAu APYyroro etany i
HaBnaku, sIKWO iX He po3ainsatu. OcobnmBo 3HavyHe BigXu-
neHHs Ha ApyroMy eTani (cnabke 3pocTaHHs) Big NiHiHOro
TpeHda nepworo etany (CTpiMKe 3pOCTaHHs1) cnocTepira-
€TbCs Anst BATPAT Nig3eMHMX BoAd. TOMy, OY4EBUAHO, LUO
6inbLU AOCTOBIPHNUM MOXe BYTU NPOrHO3yBaHHS NuLe B Me-
»Kax NeBHOro etany 3 YMOBHO yCTaneHuM TpeHOoM. A Bxe
TpMBanicTb LMX eTaniB 3anexHo Bid BOAHOCTI gornomarae
BU3HAUMTU BULLEHaBedEeHU aHani3 UMKMAIYHOCTI Y 3MiHax
NMOKa3HMKa PEXMUMY.
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Puc. 12. NopiBHAHHA TpeHAiB BUTpaAT rpyHTOoBMX BoA (Q) Ao p. Misa. Byr 3 niBo6epexHOi YacTMHM BoAo360py (M. XMinbHMK)
Ta cyMu micayHuX atmoccepHux onagis (Onaam), nobyaoBaHux okpeMo 3a AaHumm nepworo (1980-1998 pp.) — niHii Q1(L)
Ta Onagu1(R) Ta gpyroro (1999-2016 pp.) — niHii Q2(L) Ta Onaan2(R) eTaniB

Akwo rigporeonoriyHa nocyxa byge Tpusatu 1 Hagani
Ta nornmbnoBaTUCh, L0 MOBWMHHO MiATBEPAUTUCH YIiTKOHO
Yepro,icTio 5—6-piyHux uuknis PI'B, To 3a oTpmaHumm ans
nepiogy nicns 2011 p. piBHAHHAMY perpecii MoxHa byae Bu-
KOHyBaTW AOCTOBIpHi NporHo3un PI'B Ha HacTynHuin manoso-
AHnn umkn (2031-2040 pp.)

MogibHi noetanHi Ta 3aranbHi ans 1980-2016 pp. Tpe-
HOW OTPMMAHO Hamu i AnS iHWWX MokasHuKiB (LL/egyeHko
u 0p., 2019). Baxnueo BigMIiTUTHK, LLO SKLLO TpeHAM onaais,
nig3eMHOro Ta MOBEPXHEBOro CTOKY Ha Apyromy eTani

1999-2016 pp. MOMITHO 3MiHIOIOTbCA (MOBEPXHEBUIN CTiK
3MeHLyeTbcA Binbll CTPIMKO), TO TemnepaTypa 3pocTae
MalKe 3 TiEt X iIHTEHCUBHICTIO (TPEHA He 3MIHIOETBCS) | 3a
40 pokiB 36inbLIyeTbCcA GinbLU Hixk Ha 2 °C.

OTxe, € fOCTaTHBO NiACTaB BBaXATH, LLO BMNIMB METEO-
pornoriyHux abo KniMaTU4HMX 3MiH MOLIMPIOETLCSA He NnuLle
Ha HaseMHy rigpocdepy (Huang et al, 2017), a  Ha Hernu-
6oki (PI'B = 0,5...7,0 m) nig3emHi Bogun. YiTko BuainsawTbCA
2 eTanu pi3HOro BNNMBY TeMMepaTypHUX 3MiH Ha pexvm
rpyHToBux Boa: 1 etan (1974-1998 pp.) — MO3UTUBHOIO
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BMNBY, 3 NOCUMEHHAM IHDINbTPALIMHOIO XMUBMEHHS Ta LWN-
pokoMacLTabHmumm nigronnexHHamu (LLlesueHko u dp., 2019;
Sheffield and Wood, 2008) i 2-n etan (1999-2020 pp.) —
3pocTatoyoi nocyxu. llig yac UbOro Apyroro, Cy4acHoOro
eTany B pexuMi I'pyHTOBUX BOA, SIKMI AOLUINbHO Ha3BaTtu ne-
piogom Hapocmaro4oi HepieHOMIpHOCMI CMOKY, Ha nepLue
Micue 3a cTyneHem 3B'a3ky i3 P[B BuALWOB pexum BuTpat
ctoky p.[MiBa. byr (3a cepegHbOMICSYHMMM BUTPaTamu,
m3/c) (WesyeHko u Op., 2019). Lle ceiguuTtb npo Te, WO B
YMOBaXxX 3MEeHWEHHS Kilbkocmi onadig Ta YacTKM CyTO MoBe-
PXHEBOro CTOKY B 3araribHOMy CTOL|i PiyKu, 3pOCTaE 3anex-
HiCTb 3aranbHOro piYKOBOro CTOKY BiA4 NiA3eMHoro.
HepiBHOMIpHICTb MiA3eMHOro Ta MOBEPXHEBOro CTOKY Cnpu-
YMHEHA HeperynspHUM pPOo3MoAifioM MiCAYHUX onapgis, sKi
3MiHIOOTLCSt B GaraTopidyHOMy nnaHi 6e3 YiTkoi TeHaeHLUil,
ane i3 3MeHWeHHsIM PiYHOI cCyMu, Lo BiOMIYaOTb He nuLle B
YkpaiHi (CmenaHeHko ma iH., 2015), a n ganeko 3a ii mMe-
xamu (Groisman, 2005; Dai, 2013; Deng et al., 2018).

Ha 1974-1975 ta 1987-1989 pp. npunagatoTb NeBHi
rpaHnYHi 3Ha4YeHHs TemnepaTypu (abo cykynHocTi MeTeopo-
NOFYHUX YMHHUKIB, Y TOMY YuChi Nepeposnoain onagis no
ce30Hax), sIKi CNpUYUHUAM BigYyTHI 3MiHM B pexumi PIB,
crnoyatky Ha cepefgHbobaraTopiuyHux rmubuHax 1,5-1,8 m
BiJ noBepxHi (cBepanosmHa Ne 5-3), a nisHiwe — Ha rmmbu-
Hax 3,0—4,4 m (cB. Ne 5-5), npu3BiBLLUM O Nepexoay i 3akpi-
NNeHHs piBHIB Ha BULIMX BigMiTkax. [pyroto Takow
rpaHmyHoto gatoto ctaB 2004 p. ans suwmx PIB (cB. Ne 5—
3) Ta 2011-2013 pp. — gna munbwwux. BiporigHo, dopmy-
BaHHA 7—8-piYHOl LMKIIYHOCTI B pexumi rpyHToBMX Bog 3a
ocTaHHi 40 pokiB noB's3aHe 3 AMHAMIKOK TemnepaTypHUX
3MiH. HanbinbLu 4iTko 7—8-piuHi putMm NposiBRsNMCs nig yac
6aratosogHoro etany (1989-2014 pp.), KONu 3pOCTaHHs Te-
MnepaTypu XonogHoro nepiogy cnpusano iHinbTpauinHomy
XXMBIEHHIO I'PYHTOBUX BOA.

PesynbTaTn Hawmx JocnigxeHb y UiOMy He cynepe-
YaTb BMCHOBKaM iHLINX JOCAIAHMKIB reodisnyHUX NpoLeciB
(Berri, 2010) y ToMy CEHCi, L0 LUMKNiYHI KONMBaHHSA MOKa3-
HUKIB peXnMMy FPyHTOBUX BOA Ta X peXUModopMyBanbHUX
YMHHUWKIB NEBHUM YMHOM 3anexaTb BiJ KONMBaHb COHAYHOI
aKTMBHOCTI, MICSMHO-COHSIMHMUX MPUIMBHUX CUI, LUBUOKOC-
Tern obepTaHHs 3eMni, a TakoX Big B3aeMopgin Lux Ta iHWnx
reocpisanyHmx npouecis. MpoTe HUHI GinbLl BaroMmm YNHHKU-
KOM BMAMBY CTaloTb rnoGanbHi  KniMaTU4Hi - 3MiHK
(Huangetal, 2017; Hsin-Fu and Hsin-Li, 2019). BoHn no4u-
HalTbcsa 3 gediunTy onagis (MeTeoponoriyHa nocyxa), Lo
nepepocTae y BUCHaXXEHHS I'PYHTOBOI BONOMM (CinbCbKOroc-
nogapcbka mocyxa), CKOPOYEHHs1 CTOKY (rigponoriyHa no-
cyxa), 3HmxeHHs1 PI'B (nocyxa rpyHTOBMX BOA) i, Y NiACYMKY,
3aKiHYYIOTbCA  COLjianbHO-€KOHOMIYHUMUN  PYNHYBaHHAMU
(couionoriyHa nocyxa) (Mishra and Singh, 2010; Mukherjee
et al., 2018), AKWO He BXMBATK XXOOHUX 3axodiB. 3 HaLMX
JocnigXeHb BUNNMBAE, WO MOCyxa rPyHTOBMX BOA HacTae
Yepes 6-7 pokiB nicna noyaTky rigponoriyHoi nocyxu. LWoao
"couionoriyHoi nocyxun", To BXe 3apas chnif BXuBaTu TepMi-
HOBWX 3axopiB Ans ii 3anobiranHs (Pozzi et al., 2013; Yap-
Huli ma LllegyeHko,2020).

BucHoBKW. AHani3 cTyneHs rinepevMnagKkoBOCTi iHTepno-
nboBaHuXx wopobosnx 3HavyeHs PIB y cBepanoBuHax
GacewiHy p. MiBa. Byr 3a nepiog 1980—2020 pp. NpOAEMOHCT-
pyBaB nepexig y 1990-1993 pp. Big BUNAOKOBMX 3MiH
y pexxumi PI'B go ctaHy rinepeBrnagkoBux MeHLL nepeadavy-
BaHMX 3MiH, L0 3aCTaBrsie€ LWyKaTW HOBI METOAW OLHKU Ta
NPOrHo3yBaHHSA NMOKa3HUKIB PEXMUMY I'DYHTOBUX BOL.

Ona cepegHbomicsuHux PIB Ta BUTpaT CTOKY OO pidku,
nepeBaxHo B AianasoHi PMB 1,5-3,8 M, BUSIBNEHO uiTKy
7—8-pidHy LMKNIYHICTb, SiKa NPaKTUYHO NOBHICTIO 36iraeTbes i3
LMKITIYHMMKX 3MiHAMKU PIYKOBOrO CTOKY (8,3 poku) Temnepa-
Typu noBiTps (8 pokiB), MeHLLe — onagis (8,7 pokiB), NpoTe 30-
BCiM He MignopsiaKOBYETHCS LIMKITIMHOCTI COHSYHOT aKTUBHOCTI.

7—8-piYHi UMKNN y KOMUBAHHSAX PIBHS Ta BUTPAT CTOKY I'PYyHTO-
BMX BOA, 3 no4yatkom GaratoBogHoro umkny y 1987-1989 pp.
(3pocTaHHa TemnepaTypu 3MMOBOTO Mepiody) 3amiHsAOTb CO-
6oto 5-6- Ta 10—11-piyHi "coHsaYHI" unknn. To6To Hamn BCTa-
HOBJIEHO, LLO 7—8-piYHa LMKMIYHICTb Kpalle NposiBNSETLCS Nig,
Yyac TpuBanux Nepiodis BUCOKOI Ta cepeHbol BOAHOCTI, a 5—6-
Ta 10—11-piyHa — y ManoBoaHi, NoCyLUNuBI nepioau.

Ha pisHnx yactuHax 6acenny p. MNiea. byr 7-8-piyHa un-
knivHicTb nicna 2003-2004 pp. cnablwae, a 3 no4aTkoM ma-
noeogHoro umkny y 2015 p. — NpakTM4YHO 3HUKaE AN PiBHIB
r'pyHTOBMX BOA. Lle moxe cBiguntn npo "nepebynoBy" 3Bu-
YaNHUX UUKNIB 3 NPUYNH KapOuHanbHUX 3MiH Y XapakTepi
XVBMEHHs1 (BiOHOBMEHHs 3anaciB) r'pyHTOBMX BoA. Taki
3MiHU B X pexmMi MoXyTb ByTW NOB'A3aHi i3 3MiHamu Krima-
MUYHOI 30HasIbHOCMI, TOGTO po3LwnpeHHsaM CTenoBoi 30HM
Ha niBHiY. Takox NpnbnunaHo 3 2003 p. y pexnumi CTOKY pidKm
Misa. Byr npoctexytoTbes 11—-12-piyHi Ta 5-6-piyHi Luknw.
[MopyLLeHHS B CUHXPOHHUX 3MiHax 11-piYHOro LMKy COHSAY-
Hoi akTuBHocTi B 2008—2009 pp. 4iTkO 36irn1cs 3 no4yaTkom
HOBOrO ManoBOAHOrO LMKy B YKpaiHi.

[MomiyeHo BB Ha TEPMIHU | TPMBAnICTb NEBHUX BUAIB
LUMKNIYHOCTEN MiCLeBUX YMHHUKIB — Y NepLuy vepry cepef-
HbopiYHMX PIB. Akwwo paHile, o noyaTky rnobansHoro no-
TenniHHA, PIB Hwkye 3,0 m y JlicocTenosin 3oHi BBaxanucs
NPaKTUYHO HEAOCSKHUMW AN COHSAYHOro Tenna, 1o, No4n-
Hatoum 3 cepeamHn 80-X poKiB MUHYMOro CTopivys MiaBu-
LLIEHHA TeMnepaTypy MO3HAYaeTbCA Ha PEXMMI 'PYHTOBUX
BOA BXe Ha rmubuHax 3,4-3,8 M, wo Oinblue xapakTepHO
ansa CTenoBoi 30HW. BigyyTHi 3MiHM B pexxuMmi r'pyHTOBKX BOZ,
3 piBHaAMK 1,5-2,5 m Bigbynucb npubnmnsHo Ha 10—12 pokis
paHiwe. Ha umx rmmbuHax peakuis umkniyHocti PIB Ha ab-
COMIOTHI GaraTopiyHi MakcumMmymu 3aMMoBUX TeMnepaTtyp Bia-
Oynacs we y 1975 p.

3icTaBneHHs TpeHAiB 3MiH TemnepaTtypwu, onagis, nose-
PXHEBOro Ta MiA3eMHOro CTOKYy A0 PidOK, 3 BpaxyBaHHAM
3B'A3KIB X LMKIIYHOCTEN, AEMOHCTPYE, WO Ha (POHI 3MeH-
WEeHHS CepefHbOMICSYHOrO Ta pPIiYHOrO MOBEPXHEBOro
CTOKY, piBHIB BOAW B pidkax, nornubneHHs 6a3ucy eposii 3a
ocTaHHi 20 pokiB, TpeHA NiA3eMHOro CToky 36epizae no3u-
mugHy duHaMiKy, xo4a gyxe NOMITHO 3HU3MBCSA. [pu Tomy,
Lo 3a ocTaHHi 10 pokiB KiNbKICTb PiYHUX OMNafiB 3MEHLUY-
€Tbcs (3a BuHaTkom 2020 p.), TOGTO BUTpaTH 'PYHTOBUX BOA
He KOMMEHCYIOTbCS XXUBMEHHSAM, BCe Lie CBiAYMTb Npo npuc-
KOpeHe i Aiy)ke 3arpo3nuee cripayto8aHHs 3anacie ma 3MeH-
WeHHs1 pecypcie rpyHmosux, a 3a HUMW W HanipHUX
nig3eMHnx sBog. OTxe, 3a BCiMa O03Hakamu B JOCigXyBa-
Homy GaceliHi 3 2015 p. noyanacb "nocyxa rpyHToBux Boa".

3a pesynbTaTamMm MHOXMHHOMO KOpensuiinHoro aHanisy
3a OCTaHHI AecaTupiyda Temnepartypa BUALINAG Ha OOMiHY-
IO4y MO3MLII0 3a BMMMBOM Ha PEXUM I'PYHTOBUX BOA (Npu
PIB Big 1,5 oo 4,0 m). Bce ue gosoauTh, WO NposiBM NOPY-
LWEHb LMKMNIYHOCTI B PEXUMI I'PYHTOBMX BOA MOXYTb Biaby-
BaTMCA Nig BNAMBOM MOTEMMIHHA KniMaTy. Y ToW e 4ac
pUTMU TemnepaTypHUX 3MiH OCTaHHIMWU pokamu He 3biza-
IOMbCS i3 YUKITIYHICMIO COHSIYHOI akmueHOCmi, o MOXe
CBIiQYMTU NPO BMNMB @HTPOMOrEHHWX YMHHWKIB Ha NioBu-
LLIeHHs TemnepaTtypu.

PosnovaTti Hamn gocnigpkeHHs [oBOAATb €(PEKTUBHICTb
3aCTOCyBaHHA BelBrneT-aHanidy Ans BUSIBMEHHSA LMKNIB Y
pexXumi Nia3eMHNX BoA, BCTAHOBIEHHS Yacy iX NosBu Ta 3a-
TYXaHHs; BiKpUBaIOTb LUNAX A0 MOLUYKIB 3aKOHOMIpHUX ne-
piogu4yHocTen Yy 3MiHax MOKa3HWUKIB TigporeonoriyHoro
pexumy i banaHcy Ha TepeHax iHLWKX Bogo36ipHMX baceiHiB
YkpaiHu, rnobanbHUX NPUYUH LUX 3MiH Ta MIiCLLEBUX YMHHM-
KiB, LLJO 3yMOBIIOTbL YAaCOBY HEBUTPUMAHICTb OKPEMUX Ne-
piogis. 3HamgeHi 3akOHOMIpPHOCTI cnig BuWKOpUCTaTWM Ans
BOOCKOHANEHHS MPOrHO3HUX Mogenen Ta Ginbl TOYHOro
nepenbadeHHs HacnigkiB BNAVMBY 3pOCTaHHA Temnepartypu
Ha Ha3eMHy i nig3eMHy rigpocdepy.
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VARIABLE RHYTHMS IN GROUNDWATER REGIME AND THEIR RELATIONSHIP WITH CLIMATE FACTORS

Due to the anomalous changes in the groundwater regime over the past 5 years, the question arose about the adequacy and effectiveness of
existing methods for predicting their level. The data of monitoring observations from 1951 in the upper part of the Southern Bug river basin are
analyzed. The specific underground runoff to the river in the site of Khmilnyk was calculated by the finite difference method. It is established that at
the end of the 80s of the last century a 7-8 year cycle began to appear in the fluctuations of the groundwater level (GWT) and groundwater runoff. It
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correlates well with the cyclicity of the air temperature, and, to a lesser extent, with the cycles of the monthly amount of precipitation. Instead, such
rhythms are not at all typical of solar activity, which is characterized by 11-year and 5-6-year cycles. It is in connection with them that the heliosynoptic
method of long-term prediction of RGV is based. It is likely that temperature changes occurring on Earth may change the "sun-induced"” cyclicity of
GWT, so this method of forecasting becomes ineffective. As there is no clear link between temperature changes and solar activity, it is possible that
temperature changes are caused by human activity.From 2013-2015, with the beginning of the low water cycle in the study area, the anomalous
minima in the GWT mode became more frequent and the cycles were transformed in the direction of their reduction (up to 5-6 years), which may
indicate sharp changes in the nature of groundwater storage recovery. Deviations from 8-year cycles and differences in their duration in different
parts of the same catchment area are primarily related to differences of GWT.

Wavelet analysis was used as the main method of cyclic selection. Using multiple correlation analysis, it was found that in recent decades the
temperature has reached a dominant position in terms of the impact on the groundwater regime (at their levels from 1.5 to 4.0 m). As a result, it was
noted that our 7-8 year cycles are well traced during the relatively multi-water period caused by increased infiltration of groundwater due to increasing
winter thaws (one of the most significant manifestations of global warming), and 5-6 year cycles correspond to low water periods.

Keywords: cyclicity, groundwater levels, underground runoff to the river, wavelet analysis, regime, temperature, solar activity, precipitation,
observations, river Southern Bug.
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M3MEHYUBbIE PUTMbI B PEXXMUME NPYHTOBbIX BOl U UX CBA3b C KIMMATUYECKUMU ®AKTOPAMU

B cesi3u ¢c aHoManbHbIMU U3MEHEeHUSsIMU 8 peXxuMe 2pyHmoehbix 800 3a nocsie0Hue 5 s1em 803HUK 8onpoc 06 adekeamHocmu u aghghekmueHocmu
cyuwjecmeyroujux Memoaooe npo2HO3UpPo8aHUsl UX yPoeHS. AemopamMu npoaHanu3upoeaHbl 0aHHbIe MOHUMOPUH208bIX HabmodeHuli ¢ 1951 2. e eep-
XHell yacmu 6acceliHa peku FOxHbIlU Bye. Memodom KoHe4YHbIx pa3Hocmel pacc4umaH yoesibHbIl M1oA3eMHbIl CIMOK 8 peKy 8 cmeope 2. XMeslbHUK.
YcmaHoeneHo, Ymo e koHye 80-x 20008 NPowI1020 cMoJsiemusi Hayasa rnposiesisimbCsi 7—8-1eMmHsisi YUKTUYHOCMb 8 Kosle6aHusiX YpoeHs 2pYHMO8bIX
600 (YI'B) u nod3emMHo20 cmoka. OHa Xxopowlo Koppesiupyem ¢ YUKIUYHOCMbIO memnepamypbl MPU3eMHO20 CJ10s1 8030yXa, U 8 MeHbuwel cmerneHu — ¢
Yuknamu MecsiHHoli CyMMbl ammMmocghepHbix ocadkoe. 3amo nodo6Hble pummbi CO8ceM He XapaKmepHbl 07151 COSIHeYHOU akmueHocmu, 8511 Komopoli
ceolicmeeHHb! 11-nemHue u 5—6-nemHue yukibl. UMEHHO Ha cesi3u ¢ HUMU OCHO8bI8aemcsi 2e/luocuHonmuyeckuli Memod 8os120CPOYHO20 Mpo-
2Ho3upoeaHusi YIB. BeposimHo, memnepamypHble U3MeHeHUsl, Komopble npoucxodsim Ha 3emse, crnocobHbl Hapywamb 3aKOHOMEPHYH0 "COJTHEYHO
06ycrioesieHHy0" YUKIUYHOCMb NoKa3ameriel peXxuma 2pyHmoebix 600, 103momy 3mom memod npo2Ho3upoeaHusi nepecmaem 6bimeb 3ghghexkmu-
8HbIM. [TockonbKy Yemkasi cesizab Mex Ay memrnepamypHbIMU U3MEHEHUSIMU U COJTHeYHOU aKmueHOCMbIO He MPOoC/exusaemcsi, 03MOXHO, Ymo me-
mnepamypHbie U3MeHeHUs1 8bi3eaHbl desimesibHOCMbIO Yyenioeeka. C Havyanom e 2013-2015 22. MmasoeodHo20 Ot epyHMoebix 800 uccnedyemoll
meppumopuu yukna Habnrodaromcsi Yacmbie aHOMaslbHble MUHUMYMbI 8 pexume YIB u mpaHcghopmayusi UK/108 8 CMOPOHY YMeHbWeHusl (0o 5—
6 s1em), Ymo moxxem ceudemesnibcmeosamse 0 KapOUHasbHbIX U3MEHEHUsIX 8 XapaKmepe numaHusi 2pyHmoebIX 800 U 80CCMaHOB/IEHUST UX 3anacos.
OmkroHeHUe om 8-1emHuUX YUK/I08 U pa3Huya e ux npodosmKumesnibHoCmu Ha pa3Hbix y4acmkax o0Ho20 8000c60pHO20 bacceliHa cesizaHbl, 8 nep-
8yto o4yepedsb, ¢ pasHuyel e YIB.

B kayecmee ocHO8HO20 Memoda ebi0e/leHUs1 YUKITUYHOCMU MPUMEHeH eelieniem-aHanu3. C moMoujblo MHOXXeCM8eHHO020 KOPPEesIsILUOHHO20 aHanu3sa
ycmaHoesieHo, Ymo 3a rnocsiedHue decsimusiemusi memrepamypa ebiwsia Ha GOMUHUPYIOWYHO MO3ULUIO M0 8JIUSIHUIO Ha PEXUM 2PYyHMOo8bIx 800 (pu ux
ypoeHsix om 1,5 do 4,0 m). B umoze ommeyeHO, YMoO ebisiesIeHHbIe HaMu 7—8-lemHue YUKITbI XOPOWO MPOC/IEXUBAroMCsi 8 OMHOCUMEe/IbHO MHO20800HbIE
nepuoodkbl, 8bi38aHHbIe yeeludeHUeM UHGUILMPaYUOHHO20 NUMaHus 2pyHmoebix 800 ecriedcmeue yyauleHus 3UMHUX ommenenel (00Ho u3 docmoee-
PHbIX nposiesieHull 25106a/1bH020 nomensneHusl), a 5-6-1emHue YUKIbI KOPPECMOHAUPYOMCS C Maslo800HbLIMU repuodamu.

Kntoyeenie cnoea: yuknuyHocms, ypoeeHb 2pyHMOo8bIXx 800, Mod3eMHbIl CMOK 8 peku, eeligsiem-aHaus, pexum, memnepamypa, Co/IHeYHast
akmueHocmb, ocadku, HabnrodeHusi, p. IOxHbIl Bye, gpakmopsbi.
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BMICT BAXKUX METAJIB Y TPYHTAX HA®TO3ABPYOHEHUX
TEPUTOPIA NEPEOKAPNATTA

(lMMpedcmassnieHo YneHoM pedakuyiliHoi konezii 0-pom 2eor1. Hayk, npog. C.A. Buxeoro)

BuceimsieHo pe3ynbmamu 0oclideHb eMicmy 8aXKux Memadiie y depHoeo-nid3osnucmux rpyHmax Haghmo3abpyoHeHuUx me-
pumopit leaHo-®paHKiecbkoi obnacmi. 3abpyOHeHHs rpyHmMie HagpmonpodyKmamu CrpUYUHSIE 8aXKKi eKosl02iuyHi Hacnioku onsi
ekocucmem. Memoro docnidxeHb 6yo eue4eHHs1 ocobnueocmell HazpomaodKeHHS 8aXKKUX Memarnie y rpyHmi, nid3eMHil 4acmuHi
ma eezemamueHiti maci cunbgii npoHU3aHonucmoi 8 ymoeax supoujyeaHHsi Ha Haghmo3abpydHeHUX mepumopisix. YmMicm pyxo-
Mux ¢hopM eaxxKux memarie y rpyHmax He rnepesuujyeae HOpM y ecix eapiaHmax docnidy. Y npoueci eupoujyeaHHsi cunbgii
npoHu3aHosucmoi eiH 3pocmas y psidy: kadmili — Hikesib — Kob6anbm — nmomM6ym. BuzHayanu koeghiyieHm KoHyeHmpauii eaxxxkux
memaiie, w0 eidobpaxae 3MiHy emicmy enemeHma y 0ocniOHoMmy rpyHmi eiGHOcCHo eMicmy memaiiie y gpoHoeomy rpyHmi. Koe-
hiyieHMu KoHYeHmMpauii pyxomux ¢hopm saxxkux Memariiie y Hagpmo3abpyOHeHOMy r'pyHmi 3a eaupoujyeaHHs cusbii npoHU3aHo-
nucmoi 3a éHeceHHs1 dobpue Ha ocHoegi ocady cmidHUXx 800 ma KoMrocmie Ha ix ocHoegi 3apocmanu y psidy: kobasnbm — nIMeyM
— HiKeslb — Kadmili. BcmaHoesieHo ocobsiusocmi HazpoMadXKeHs1 8a)KKUX Memarsiie y eezemamuseHili Maci pocsiuHu. IHOekcu eHy-
MpiWwHbO-MKaHUHHO20 3a6pyOHeHHs1 8aXKKUMU MemasiaMu KopeHegoi cucmemu cusnbii npoHU3aHonucmoi 3a 8HeCeHHs1 ocady
cmiyHux 600 3pocmaroms y psAdi: KaOMili — Hikenb — nIOM6ym — kob6anbm. MakcumarnbHi iHOekcu 3a6pyOHeHHSI KopeHie cunbgii
npoHu3aHosiucmoi kadmieM, HikeneM i ko6asibmomM criocmepicaembcsi 3a 8HeceHHs y rpyHm OCB y Hopmi 40 m/2a i N1oP14Kss,
nomM6yMoM — 3a HeceHHs1 kKomnocmy y Hopmi 30 m/2a i NyKss. HalimeHwi iHOekcu e HympiuwHbO-mKaHUHHO20 3ab6pyOHEeHHsT 8ax-
KUMU MemaJsiaMu KopeHie cunbgii npoHu3aHosucmoi ei03Ha4eHo 3a 6HeceHHs1 y rpyHm do6puea NgoPsoKso.

Knroyoei cnoea: eaxki Memanu, cunbgbisi npoHu3aHonucma, Haghmo3abpydHeHa mepumopisi, akymysissmueHa 30amdicma.

MoctaHoBKa npo6nemu. 3abpyoHeHHSA TPyHTIB Ha-
1ot Ta NpogyKTamu ii nepepobkn CnpuYnHSE 3HaYHi Npo-
uecu gerpapgadii ekocuctem (Gaur and Adholeya, 2004).
3aBaskn agcopOyrouMm  BnacTMBOCTAM  HadTONPOAYKTU
TpuBanui yac 36epiraloTbCs B I'PYHTI, TUM CAMUM 3MiHIOIOUN
isnko-xiMmivHi Ta GionoriyHi noro BnactmueocTi. HadpToximi-
YHe 3abpyaHEeHHsT 3 BUCOKMM BMICTOM BaXKKMX dopaKLi Byr-
NeBOHIB YyTBOPIOIOTb Ha MOBEPXHi FPYHTY LWiMNbHY, B'A3KY
BiTYMIHO3HY KipKy, Sika yTPYAHIOE ra3000MiH MiXX NOBITPSAM i
cepenosuwem rpyHTy (Ghori et al., 2019; Hasegawa et al.,
2009; Eissa, 2016). Kpim LbOro, npakTU4HO BCi I'PYHTU, SAKi
nigaaBanncs TEXHOTEHHOMY BMMBY BHAcCMigoK OyAiBHUU-
TBa 4M ekcnnyarauii HadTonpoBoAiB (MPOAYKTONPOBOAIB),
3a3Hanu TEXHOTEHHOro BMnuBY, 3a6pyaHeHi BaXXkumn meTta-
namu, iHWUMK Hebe3neyHMM peyvoBMHaAMU TOLLO. Baki
MeTanu ocobnmeo HebeaneyHi BHaAcMigokK iX 3gaTHocTi Ao bi-
oakymynsuii (Shtangeeva et al., 2004, Pehlivan et al., 2009;
Mank et al., 2019; Tonkha et al., 2020).

AHani3 ny6nikaudin 3a Temoro gocnigxeHb. Jliksiga-
Lo Ta YCYHEHHS HeraTMBHMX HacnifkiB HadToBmx 3abpya-
HeHb I'PYHTOBOrO NOKPWBY 3AIMCHIOTbL Pi3HMMU MeToAaMm
(cnantoBaHHS, eKCTpakLis napo, NPOMMBaHHS 3abpyaHe-
HOro HadpTow I'pyHTY, copbuis, BiOHOBNEHHS TepUTOpIN 3a
OOMNOMOroH0 iHiLiioBaHOro ryMiHOBOro copGeHTy, BUKOpUC-
TaHHA aKTMBOBAaHOro TOpdy, OYULLEHHSA TBEpAWX MOBep-
XOHb 32 [JOMoMOorot rigpocobHOro opraHomiHeparnsbHOro
HadgToBOro copbeHTy i T.iH.) (Ghori et al., 2019; Gaur and
Adholeya, 2004, Rakhshaee et al., 2009). AHani3 nitepa-
Typv Aa€ niacTaBu CTBEPKYBATU, WO BiAOMI MEXaHiyHi, Xi-
MiYHi Ta i3nYHi MeToaM € JOBroTpMBanMmu, NoTpebytoTb
BENMKMX 3aTparT i He 3abe3neYvyoTb MOBHOTU OYULLEHHSA Ha-
BKOJTMLLIHLOrO npupogHoro cepegoBuwa (Ghazala and

Setsuko, 2017; Ghori et al., 2019). AnbTepHaTUBHWUM i Nopi-
BHSIHO eHeprooLlagHuM € MeToq diTopemeaiadii HadTo3a-
OpyAHEHUX TepUTOPIN, SKUIA IPYHTYETLCS Ha BUPOLLYBaHHI
KynbTYPHUX POCNVH, 30KpEMa eHepreTuyHux (ceivrpac, Be-
pba eHepreTuyHa, MickaHTyC, ToniHamByp Ta iH.), SKi iIHTeH-
CMBHO HarpoMajxyloTb BeretatMBHy Macy BMPOAOBX
6araTbOX LIMKMIB BUPOLLYYBaHHSA akyMyrolTb Y CyXili pevo-
BMHI 3HA4Hy KiNbKiCTb 3aOpy[HIOYMX PEYOBUH 3 nojarb-
wum T BigvyxeHHaAM 3 nons. OfHielo 3 Takux POCMWH-
diTopemeaiaHTiB Moxe OyTu cunbgis NpoHW3aHonucTa
(Silphium perfoliatum L.) (Moxapiscbka, 2020).

OctaHHiM Yacom ige mowyk eHeprosbepiranbHUX Ta
LUBUAKICHNUX TEXHOIOTIN BUSHAYEHHS CTaHy 'PyHTOBOrO MOK-
puBY TEPUTOPIN BMNAMBY BYrNeBOAHIB. TakuM Kputepism Big-
noBigawTb reodisnyHi  TEeXHOMOorii, 30Kpema MarHiTHi
pocnigxeHHst rpyHTiB (Menshov et al., 2020). OeMoHcTpy-
€TbCA BUCOKUI 3B'A30K MK MarHiTOMeTpu4yHMMM napameT-
pamu, 3MiHOIO MarHiTHOI MiHepanorii rpyHTiB nig BNIYMBOM
BYrneBoAHeBoro croigy Ta nokanisauieto HadToNpoayKTiB
(MeHbwoe ma iH., 2016). Npn ubOMY PO3rNSAAETLCA K MO-
TEHUiHUIA BNNXB BNacHe noknaais HadpTu Ta rasy, Tak i Bu-
TOKM BYINEBOOHIB Yy npoueci 1ix Buoobytky Ta
TpaHcnopTyBaHHs. 3adikcoBaHO BMIMB BYINEBOAHIB Ha dho-
pMyBaHHS OpraHiYHOT peYOBUHM Y I'PYHTax Ta 3B'A30K 3 BPO-
XalHicTio, (pbopMyBaHHSA Tak 3BaHOrO OPOHTY rymidikauii y
r'pyHTax, Lo po3TalloBaHi Ha TepUTOPISX BUTOKIB HAdTH i
rasy (MerHbwos, 2018).

BupineHHA HeBuUpilleHMX paHille YaCcTUH 3aranbHoI
npo6nemun. CTaTTs NpUcBAYeHa BUCBITNIEHHIO 0CObNMBOC-
Ten BMICTY BanoBUX i pyxoMmnx oopm BaXKKMx MeTarniB y Ha-
pT03abpyaHEHOMY T['PYHTI 3a BUPOLLYBaHHA  Cunbdii
NMPOHM3aHOMNUCTOI, agXXe caMe BUPOLLYBaHHA POCHWH-
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piTopemeaiaHTiB AO3BONUTL BiAHOBUTU I'PYHTU TEXHOTEHHO
3abpyaoHEHVX TEPUTOPIN.

MeToro gocnigkeHb Oyrno BMBYEHHSI 0COGNMBOCTEN Ha-
rpoMaXeHHs BaXKUX MeTaniB Yy rpyHTi, NiA3eMHi YacTuHi
Ta BereTaTuBHIN Maci cunbdii MPOHN3aHONNCTOI B yMOBax
BMPOLLYBaHHsI Ha HahTO3abpyaHEHUX TEPUTOPISIX.

MeTtoauka pocnimxeHb. [locnig 3aknageHuin Ha Teputo-
pii MNepeakapnaTtTy, 3okpema [lliBgeHHO-IBi3aeLpKoro poao-
BuLLA HaaBipHAHCHKOro HadTOrasonpoMMCIIOBOrO parioHy B
c. butkiB IBaHO-®paHKiBCbKOI 06nacTi, Ha Skin BUpOGHMYa fi-
ANBbHICTb NpUNMHeHa 25 pokiB ToMy. Cunbgito NPOHU3aHoNM-
cTy BuciBanu 3a cxemoto 0,50x0,70 m. WupuHa gocnigHoi
ainsHkn 5,0 m; gosxuHa 7,0 M; obnikosa nnowa — 35 M2
Ak KOHTpPONbHY AINsAHKY (poHOBOI TepuTopii) (BapiaHT 1 — KOHT-
ponb (6e3 no6puB)) oGpaHo He3abpyaHeHy AinsiHKy Aocnia-
Horo nond. [pyHT  pgocnigHoro  nons  AEepHOBO-
cnabonia3onuMcTui NilaHuin, 3yCTpivaroTbCs OKPeMi 3anuLLKn
HapTOBOro po3nmey, Tak 3BaHi HAapTOBI NNAMN.

Mig yac BupoLLyBaHHA cuUnbdii MPOHN3aHONNCTOI BHO-
cvnun yaobpeHHs y Takin nocnigoBHocTi: 1. KoHTponb — 6e3
nobpue; 2. NeoPsoKeo; 3. NooPooKgo; 4. OCB 20 1/ra +
NsoPs2K74; 5. OCB 30 1/ra + N3oP33Kes; 6. OCB 40 T/ra +
N10P14Kss; 7. komnoct (OCB + conoma y cniBBigHOLLEHHI
3:1) 20 1/ra + N5oP16Ks7; 8. komnocT (OCB + conoma y cnie-
BiaHoweHrHi 3:1) 30 T1/ra + N3oKss.

BrnpogoBx 4OTMPLOX POKIB ekcnepumeHTanbHUX AOCHi-
OXXeHb BU3Hayanu BMICT BanoBUX i pyXOMUX hOpM BaXKKMX
MeTanie y HadTo3abpyaHEHOMY I'PYHTI 3@ BUPOLLYBaHHS CU-
Nb@il NPOHM3AHOMUCTOI, a TaKOX BMICT BaXKKUX MeTaniB y
3efeHill Maci Ta KOPEHSAX POCNNHM 32 anpoboBaHNMK METO-
aunkamum 3rigHo 3 ICTY 4770.3 — ICTY 4770.9, aToMHO-aa-
copbuinHum meTogoM y nabopaTopii IBaHO-®paHKiBCHKOT
dinii AY "OepxrpyHTOXOpoHa".

KoediuieHT GionoriyHoro nornnHaHHs BU3Havanu 3rigHo
3 MeToAMKamMu 3a BiAHOLLEHHSAM BMICTY XiMiYHOro eneMeHTa
y 3071 POCNUHM [0 AOro BarioBoro BMICTY y I'pyHTi (KopcyH
ma iH., 2019; Caem ma iH., 1985). KoediuieHTn KoHUEHTpa-
uii Baxxkmx metanis (Cd, Ni, Co, Pb) BusHayanu 3a BigHo-
LLIEHHAM BMICTY efleMeHTa y I'pyHTi 40 MNOro BMICTY Y I'pYHTI
doHoBOI AinsiHkM (BapiaHT 1 — koHTponb) (Gaur and
Adholeya, 2004; Rakhshaee et al., 2009; Hinchman et al.,
1995). KoedpiuieHT pyxomMOCTi BaXKknx MeTanis BU3Ha4anm
32 BiAHOLUEHHAM YMICTY pyxomoi oopMu LOCHigKyBaHOMO
MeTany Ao noro BanoBoi opmu y I'pyHTi (Shtangeeva et al.,
2004; Roy et al., 2005).

KoediuieHT nepexony BaXKkMx MeTaniB i3 KOPEHEBOI Cu-
CTeMMU Ccunbii MPOHN3aHONUCTOI Y HaA3EMHY YaCTMHY pocC-
NVHU pO3paxoByBanu 3a BiAHOLUEHHSAM BMICTY efleMeHTa y
HaA3eMHIN YaCTUHI POCNNHM OO0 NOro BMICTY Y KOPEHSAX CU-
nbii npoHnsaHonucToi (Ghosh et al., 2012). KoediuieHTn
TpaHcrokauii BaXXkux meTaniB i3 IPyHTY Y HaA3eMHy Ta KO-
pEeHEBY YaCTUHY POCIMHU BU3Ha4yanu 3a BigHOLLUEHHSIM KOH-
LUeHTpauii meTany B 3eneHin 4acTuHi OO0 KOoHUeHTpauil
pyxoMoi hopMu mMeTany B rpyHTi (Eissa, 2004).

PesynbTtatn Ta ix obroBopeHHs. Bmict nniombymy B
KOHTPOJNbHOMY BapiaHTi ((poHOBMI) cknae 3,92 Mr/Kr I'pyHTY.
BwmicT kagmito Ta Hikento gopisHioe 0,21 Ta 1,22 Mr/kr rpyHTy
BiANOBIgHO, BMICT k0BanbTy — 2,40 Mr/kr rpyHTy (4ns Bapia-
HTy 1). lMpoTe 3a BHeceHHs1 Neo-90Ps0-90Ks0-90 (BapiaHTu 2 i 3)
BMICT KaaMito Ta Hikento 36inbLimBcsa B mexax 0,26—0,39 Ta
1,27—-1,35 mr/kr rpyHTy BignosigHo. MiHepanbHe obpueo
BHOCUNW Y HadTo3abpyAHEHWI rPYHT ANS NOPIBHSIHHSA, OCKi-
NbKM AOr0 3aCTOCYBaHHs 3abe3neyvye OeLl0 HKYY NPOaYK-
TUBHICTb €HEepreTUYHUX KynbTyp, MOPIBHIOWYM 3 iHLLUMMMK
BapiaHTamu yaoOpeHHsi, Ta He NPU3BOANTL A0 NOKPaLLEHHS
NoKasHWKIiB I'PYHTY B arpoekocucremax.

"paHn4YHO JonycTMMa KOHLUEHTpaList pyXxoMux ¢hopM Ans
nntombymy — 6,0 Mr/kr rpyHTy, Ans Kagmito Ta Hikento 0,7 Ta
4,0 mr/xr rpyHTY BignoBigHo, Ansa kobanbTy — 5,0 Mr/Kr FpyHTY.

Haneuwpmin BMiCT pyxommnx cpopm nntomOyMy Big3HayeHo y
rpyHTi 3a BHeceHH OCB 40 1/ra i N1oP14Kss (BapiaHT 6) Ta
komnocTty y Hopmi 30 T/ra Ta N3oP33Kes (BapiaHT 8) i cTtaHo-
BUTb 4,54 Ta 4,48 mr/kr r'pyHTy BignosigHo (puc. 1 1a 2). Bmict
KagMmito KONMBaETLCS BIiAMNOBIAHO OO HOPM BHECEHHS ya006-
PEeHHS, ane Moro Makcumymy pocsirae y 6 BapiaHTi i cTaHo-
BuTb 0,55 mr/kr rpyHTy, wo Ha 0,21 mr/kr rpyHTy Ginblue 3a
BapiaHT, Ae BHOCUNN HavimeHLwy HopMy OCB (BapiaHT 4).

BMicT Hikento amiHoeTbCA B Mexax 1,27—1,53 mr/kr rpy-
HTY, Wwo Ha 0,05-0,31 mr/kr r'pyHTy nepeBULLYE KOHTPOIb.
BmicT Hikento y rpyHTi 3a BHeceHHs ceixxoro OCB y Hopmi
40 1/ra Ta N10P14Kss ctaHoBUTb 1,53 Mr/kr rpyHTY. BMicT KO-
OanbTy y I'PYHTI 3MiHIOBaBCS BigNOBIAHO 40 BapiaHTy A0OCHi-
[KeHb, HanbinblLue oro MmicTunock y BapiaHTi 6 — 2,63 mr/kr
I'PYHTY, @ HaMeHLLEe Y BapiaHTax, Ae BHOCUIU KOMMNOCT Ha
ocHoi OCB + conoma y cniesigHowweHHi 3:1 y Hopmi 20 T/ra
Ta NsoP16Ke7z — 2,46 mr/kr rpyHTy (BapiaHT 7), a Takox y Ba-
pianTi 2 (NeoPeoKso).

Bmict BanoBux ¢opm AOCnigKeHUX enemMeHTiB LeLo
BiApi3HsBCS, BiANOBIAHO BMICT NntoMOyMy KOnvMBaBcs B Me-
Xax 12,49 mr/kr r'pyHTy Ha koHTponi Ta 14,36 Mr/Kr r'pyHTy Yy
BapiaHTi 8 (komnocT (OCB + conoma y cniBBigHOLWEHHI 3:1)
30 1/ra + N30Kss), wo Ha 1,87 mr/kr rpyHTy Oinblue 3a KOHT-
ponb. BmicT Banosux popm nniombymy 3a BHeceHHss OCB y
Hopmi 20—40 T/ra ctaHoBUTb 13,96—14,98 Mr/Kkr I'pyHTY, LLO
Ha 1,47-2,49 Mr/Kr I'pYHTY NepeBULLYE KOHTPOSb.

BmicT Banosux coopm kagmito 3a BHeceHH OCB y Hopwmi
20-40 T/ra craHoBuTb 0,71-0,84 mr/kr rpyHTy, Wo Ha 0,07—
0,2 Mr/kr rpyHTY nepeBuLLye KOHTponb. BMmicT Banosux
hopM Hikento 3miHIETbCA B Mexax 25,01 Mr/kr rpyHTy Ha
KOHTponi Ta 27,96 mr/kr rpyHTy y BapiaHTi 6 (OCB — 40 1/ra
+ N10P14Kss). BmicT Banosux dopm kobanbTy 3a BHECEHHS
OCB y Hopmi 20—40 T/ra ctaHoBUTL 22,10-23,15 mr/kr r'py-
HTY, Wwo Ha 0,95-2,0 mr/kr rpyHTy OGinblie 3a KOHTPOIb.
MpoTe Banosi hopmu KOOanbTy y BapiaHTax 7 Ta 8 cTaHOB-
natb 22,37 ta 23,0 Mr/kr rpyHTy BignoBigHo (puc. 2).

paHM4HO JonycTMMa KOHUEHTpauis Ana nniomoymy
ctaHoBuTb 30,0 Mr/kr rpyHTy, Ans kagmito i Hikento 3,0 i
85,0 mr/kr rpyHTy BignosigHo, Ansa kobanbty 50,0 mr/kr r'py-
HTy. 3rigHO 3 OTpMMaHWMK pesynbTaTamn JOCNISKEHb Y
I'PYHTax XO4EeH 3 KOMMOHEHTIB HE NEPEBULLLYE HOPMY Y BCiX
BapiaHTax gocnigy. BmicT pyxomux cpopm Baxkmx meTtanis
y 'PyHTax 3a BUPOLLYBaHHS CUnbdii NPOHN3aHONUCTOI 3po-
CTaB y psaay: KagMii — Hikernb — kobanbT — NnoMoyM.

Byno Bu3HayeHO KoediLieHT KOHLEeHTpaLii BaXKnux mMeTa-
ni., Wo Binobpaxxae 3MiHy BMICTY enemeHTa y AoCnigHOMYy rpy-
HTi BiZHOCHO BMICTYy MeTaniB y ()OHOBOMY I'PYHTi (KOHTPOIb).

KoediuieHTn KoHUeHTpaLii pyxommnx opM BaxKnx me-
TaniB y HacpTo3abpyaHEHOMY I'pYHTI 32 BUPOLLYYBAHHSI CUIb-
(il NPOHN3aHONMCTOI 3a BHECEHHSI OOPUB Ha OCHOBI Ocagy
CTIYHMX BOA Ta KOMMOCTIB Ha iX OCHOBi 3pOCTaloTb Y psai:
kobanbT — nnoMbym — Hikenb — kagmin. KoediuieHTn
KOHLIeHTpaLii BanoBux hopm BaXkkmx MeTaniB y HagpTo3ab-
pyaHeHoMY I'pyHTI Ni4 Yac BUPOLLYBaHHA cUnbdil NPoHM3a-
HOMUCTOI 32 BHECEHHS OpraHiyHoro yaoOpeHHst Ha OCHOBI
ocafy CTiYHUX BOA 3pOCTaloTh y psfi: koGansT — Hikenb —
nnoMbym — kagmin (tabn. 1). BenuunHa koedilieHTa KOH-
LeHTpauii CBig4YMTb NPO aKTUBHICTb MPOLIECIB HAKOMUYEHHSI
XiMIYHUX €NEeMEHTIB Y I'PYHTI.

Ons Toro, Wo6 AisHaTUCA MOXMUBICTb NEPETBOPEHHS
BaXXKMX MeTaniB i3 Banosoi hopmu y JOCTYMHI ANS POCMWH
pyxomi dopmu, Bu3Havanu koediuieHT pyxomocTi. Hau-
BULLY PyXOMIiCTb KagMito B A€PHOBO-NIA30NIMCTOMY I'PYHTI 32
BMPOLLYBaHHA CUnbii NPOHM3aHOMNWUCTOI cnocTepiranu 3a
BHeceHHA OCB y Hopwmi 40 1/ra i nobpmea N1oP14Kss, Makcu-
ManbHi koedilieHTn pyxoMocTi nnoMbymMy 3adikcoBaHi 3a
BHeceHHs obpuB NeoPsoKeo Ta NooPgoKgo. Hikenb Ta ko-
6anbT NposiBNsAOTL CTabIiNbHICTb NOKA3HUKIB iX PyXOMOCTi B
ycix BapiaHTax gocnigy (tTaén. 2).
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Puc. 1. BmicT pyxomux chopm Baxkux metanis y HadTo3abpyaAHEHOMY I'PYHTi
3a BMpoOLlyBaHHsA cunbgii npoHU3aHonucToi, cepeaHe 3a 2016—2020 poku

variants

g 0 5 10 15 20 28
Puc. 2. BmicT BanoBux ¢popm BaXXkux MetaniB y HadpTo3abpyaHeHOMY I'PyHTi
3a BUpoOLyBaHHA cunbdii npoHn3aHonucToi, cepegHe 3a 2016—2020 poku
Ta6nuysa 1
KoediuieHTn KOHUEHTpaUii BaXXKUX MeTaniB y HadpTo3abpyaHEeHOMY I'PYHTI
3a BUpOLYBaHHsA cunbgii npoHU3aHonuUcToi, cepegHe 3a 2016—2020 poku
BapiaHT Pb | ¢d | Ni | Co Pb | cd | Ni | Co
pyxomux coopm BanoBux copm
NsoPsoKso 1,05 1,24 1,04 1,01 1,04 1,08 1,04 1,03
NgoPgoKoo 1,12 1,86 1,11 1,03 1,08 1,19 1,08 1,05
OCB — 20 1/ra + NsoPs:K74 1,02 1,62 1,16 1,05 1,12 1,11 1,06 1,04
OCB — 30 1/ra + N3oP33Kss 1,07 2,14 1,22 1,08 1,16 1,25 1,09 1,09
OCB —40 1/ra + N1oP14Kss 1,16 2,62 1,25 1,10 1,20 1,31 1,12 1,09
Komnoct (OCB + conoma (3:1)) — 20 1/ra + NsoP16Kez | 1,06 1,38 1,12 1,03 1,09 1,14 1,04 1,06
Komnoct (OCB + conoma (3:1)) — 30 1/ra + N3oKss 1,14 2,05 1,20 1,06 1,15 1,25 1,08 1,09
Ta6bnuys 2
KoediuieHTn pyxoMocTi BaXXKknx MetaniB y AepHOBO-NiA30NMCTOMY I'PYHTI
3a BUpOLYBaHHsA cunbgii npoHU3aHonucToi, cepegHe 3a 2016—2020 poku
BapiaHT Pb Cd Ni Co
Bes nobpmB (KOHTponb) 0,31 0,33 0,05 0,11
NeoPsoKso 0,32 0,38 0,05 0,12
NgoPgoKso 0,32 0,51 0,05 0,13
OCB - 20 1/ra + N50P52K74 0,29 0,48 0,05 0,14
OCB — 30 1/ra + N3oP33Kss 0,29 0,56 0,05 0,14
OCB - 40 1/ra + N10P14K53 0,30 0,65 0,05 0,15
Komnoct (OCB + conoma (3:1)) — 20 1/ra + NsoP+6Ksr 0,31 0,40 0,05 0,13
Komnoct (OCB + conoma (3:1)) — 30 1/ra + N3oKss 0,31 0,54 0,05 0,13
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KoHueHTpauii Hikento, nniombymy, kobanbTy y 3eneHin
Maci cunbii NPOHU3AHOMMUCTOI CAralTb MakCUMAarbHUX
3HayeHb 3a BHeceHHst OCB y HopMi 40 T/ra Ta N1oP14Kss (Ba-
piaHT 6) i cTaHOBUTL AnA ntomoymy 0,97 Mr/kr pOCIVHM i
TMM CaMUM NepeBULLYE KOHTPOrb (BapiaHT 1) Ha 0,46 mr/kr
pocnuHu. BmicT koGanbTy Ta Hikento ctaHoBuTb 1,01 Ta
1,44 mr/kr pocnvHK BignoBigHO. HamBuwwmin BMICT Kagmito y
3eneHin maci cunbdii NPOHM3aHONNCTOT 38 BHECEHHSI KOM-
nocty y Hopmi 30 T/ra Ta NsoKss i ctaHoBuTb 1,71 Mr/kr poc-
nunHK (BapiaHT 8), wo Ha 0,62 Mr/kr pocnunHU nepeBuLLye
NMOKa3HMK KOHTPOro (BapiaHT 1).

HarMeHLWi KoHUeHTpaUii yCix BaXKKnux MeTaniB y 3eneHin
Maci cunbdii NPOHN3aHONNCTOI BCTAHOBIIEHO 3a BHECEHHS
NeoPsoKeo (BapiaHT 2) (puc. 3).

IHOeKC BHYTPILHbLO-TKAHWHHOIO 3abpyAHEeHHS1 POCMWH
BM3HaYanu 3a BiJHOLUEHHAM BMICTy enemeHTa y Beretatu-
BHill YaCTWHI POCNMHU OO BMICTY efleMeHTa y BeretaTusHin
YaCTUHI KOHTPOSMBbHHUX POSIMH. BuaHayaroum iHaeKcn BHYTPI-
LWHBO-TKAHNHHOIO 3abpyAHEHHSA BaXXKUMW MeTanamu 3erne-
HOI Macu cunbgii NPOHM3AHOMUCTOI 3a BHECEHHA ocany

mg/kg

CTiYHUX BOA BiA3HAYEHO MIOBULLEHHS Y pAdi: Hikenb — Kag-
Mit — nnomMbym — kobanbT (Tabn. 3).

MiHimanbHi iHOekcn 3acpikcoBaHi y BapiaHTi 2 3a BHe-
ceHHs1 NeoPsoKeo, @ HamBuLLi iHOEKCU ONSA Hikento, nmom-
6ymy, kobanbTy — 3a BHeceHHs OCB y Hopwmi 40 T/ra i
N10P14Kss (BapiaHT 6). [1ns kaaMmito HaNHWKYi 3HaYEHHS BHY-
TPILLHBO-TKAHWUHHOIO 3abpYyAHEHHS BaXXKUMK MeTanamu 3e-
neHoi macu cunbdii NPOHN3aHONMMCTOI BCTAHOBMEHO 3a
BHeceHHi OCB y HopMi 30 T/ra i N3oKss (BapiaHT 5). Ogep-
XaHi eKkcrnepvMeHTanbHi AaHi 403BONSAITb KOHCTaTyBaTw,
Lo B YMOBax HadhTo3abpyaHEHOro I'PYHTY i3 36inbLUeHHAM
BHECEHHSA HOPM OCajy CTi4HMX BOZA crocTepiranocsi nocu-
NEHHS1 HAaKOMUYEHHS MeTariB KopeHsMU pocnuHu. Mpo wo
CBig4aTb 3HaYEHHS iIHOEKCIB BHYTPILUHbOTKAaHNHHOIO 3abpy-
OHeHHA — 1,6—1,9.

IHOeKen BHYTPIWWHLO-TKAHWHHOIO 3abpyOHEHHs Bax-
KMMMW MeTanamu KOpeHeBOoi CUCTEMM cunbii NpoHM3aHoNM-
CTOi 3a BHECEHHS ocagy CTiYHMX BOA 3pOCTaloTb y psAai:
KagMii — Hikernb — nniombym — kobanbT (Tabn. 3).
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Puc. 3. BanoBuin BMiCT BaXKux MeTaniB y 3eneHii maci cunbdii npoHusaHonucToi
3a BHECEHHA yaobpeHHs Ha OCHOBI ocagy CTiYHUX BoA, cepenHe 3a 2016—2020 poku

Tabnuys 3

IHAeKCcH BHYTPIilLHbO-TKAHUHHOTO 3a0pPyAHEHHA BaXXKMMM MeTanamu cunbdii NPOHN3aHONUCTOI 3a BHECEHHA ocafy CTiYHUX BopA,
cepeaHe 3a 2016—2020 pp.

. Cd Ni Pb | Co Cd [ Ni | Pb | Co
BapiaHT -
3eneHa maca KopiHb

NeoPsoKso 1,19 1,08 1,18 1,24 1,03 1,01 1,10 1,07
NgoPgoKso 1,36 1,22 1,33 1,49 1,05 1,03 1,16 1,14
OCB — 20 71/ra + N5oPs2K74 1,28 1,32 1,45 1,75 1,10 1,08 1,22 1,27
OCB — 30 1/ra + N3oP33Kes 1,43 1,47 1,73 1,90 1,15 1,14 1,31 1,45
OCB —40 1/ra + N4gP14Kss 1,53 1,60 1,90 1,98 1,19 1,22 1,41 1,61
KomnocTt (OCB + conoma (3:1)) — 20 1/ra + NsoP16Ke7 1,47 1,44 1,55 1,69 1,13 1,11 1,35 1,48
KomnocTt (OCB + conoma (3:1)) — 30 1/ra + N3oKss 1,57 1,57 1,80 1,82 1,15 1,17 1,43 1,59

MakcumanbHi iHgekcu 3abpygHEeHHsI KOpeHiB cumnbdii
NPOHM3AHONMMCTOI KaaMieM, HikeneM i kobanbTom crnocTepi-
raeTbCsl 3a BHecCeHHs1 y rpyHT OCB y Hopwmi 40 1/ra i
N10P14Kss (BapiaHT 6), ntomMOyMOM — 3a BHECEHHSI KOMMO-
cty y Hopmi 30 T/ra i N3oKss (BapiaHT 5). HalimeHLwi inaekcn
BHYTPILLUHbO-TKAHUHHOTO 3a0pyAHEHHSI BaXKKMMK MeTarnamm
KOpEHiB cunbii NpOHNM3aHONMUCTOI BiA3HAYeHO 3a BHECEHHS
y I'pyHT go6pwmea NeoPesoKeo (BapiaHT 2).

BucHoBkuW. Ha HadhT03abpyaHEHNX rpyHTax 3a BHECEHHS
Pi3HNX HOPM OCaay CTIYHUX BOA YMICT PyXOMUX (DOPM BaXKKMX
MeTarniB 3a BUPOLLYBaHHS CUITbAii MPOHN3aHONMMCTOI 3pOCTae
y psi4i: KagMmin — Hikenb — kobanbT — nniomoyMm. BmicT Ba-
NoBUX POPM BaXKKUX MeTaniB 3pocTae y psaai: kagmin — niko-
MBYM — KOBanbT — Hikenb.

AHani3 KOHUEHTpaUiNHUX 3anexHOCTEeN BMICTY BaXKKUX
MeTariB y CUCTEMi FPYHT — POCNMHA 4A€ MOXIMBICTb BUKO-
PUCTaHHSA POCIUH SIK BioiHanKaTopiB 3abpyaHEHHS JOBKINMs
HadTonNpoayKTamMu.
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Hapinwna ao peakonerii 05.01.21

CONTENT OF HEAVY METALS IN SOILS OF OIL-POLLUTED AREAS OF PRE-CARPATHIAN

The article highlights the results of research on the content of heavy metals in sod-podzolic soils of oil-contaminated areas of Ivano-Frankivsk
region. Contamination of soils with petroleum products causes severe ecological consequences for ecosystems. The aim of the research was to
study the peculiarities of the accumulation of heavy metals in the soil, underground part and vegetative mass of sylphia perforated in the conditions
of cultivation in oil-contaminated areas. The content of mobile forms of heavy metals in soils did not exceed the norms in all variants of the experiment.
During the cultivation of Sylphia perfoliatum, it grew in a number: cadmium — nickel — cobalt — lead. The concentration of heavy metals in the soil
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was determined, which reflects the change in the content of the element in the test soil relative to the content of metals in the background soil. The
coefficients of concentration of mobile forms of heavy metals in oil-contaminated soil for the cultivation of perforated sylphia for the application of
fertilizers based on sewage sludge and compost based on them increased in a number: cobalt — lead — nickel — cadmium.

Peculiarities of heavy metals accumulation in the vegetative mass of perforated sylphia have been established. Indices of intra-tissue heavy metal
contamination of the root system of sylphia perforated with the introduction of sewage sludge increase in the following series: cadmium — nickel —
lead — cobalt. The maximum indices of contamination of sylphia roots permeated with cadmium, nickel and cobalt are observed for the introduction
into the soil of ERUs at a rate of 40 t/ ha and N1P14Kss, lead — for the application of compost at a rate of 30 t/ha and N30Kss. The lowest indices of intra-
tissue contamination with heavy metals of the roots of sylphia perfoliatum were noted for the application of fertilizer NeoPsoKeo.

Keywords: heavy metals, sylphia perforated sheet, oil-contaminated territory, accumulative capacity, translocation, remediation.
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COLOEPXAHME TAXEJbIX METAINOB B MNOYBE HE®TE3AMPA3HEHHBLIX TEPPUTOPUNA NPUKAPIMATbLA

OceeujeHbl pe3ynbmamsi ucciedogaHuli codepxaHusi mspKeslbIX Memarsnsnoe 8 0epHO80-M100301UCMbIX MoY8ax Heghme3laepsA3HeHHbIX meppu-
mopuli MeaHo-®paHkoeckol obnacmu. 3azpsi3HeHUe noye HeghmenpodyKkmamu ebi3bleaem msixesnble 3Kono2uYyeckue nocmaedcmeus Ans1 3Kocuc-
mem. Ljenbto uccnedoesaruli 6b110 usy4eHue ocobeHHocmell HaKoMNIeHUs1 MsXellbIX Mema’ios 8 rnoyee, mod3eMHol Yacmu u eecemamueHol Macce
cunbghuu npoHu3laHonucmol 8 ycrioeusix ebipaujueaHusi Ha Heghme3azpsi3HeHHbIX meppumopusix. CodepkaHue NOOBUXHbLIX hOPM MSKENbIX Me-
marnoe e noysax He rnpeebIWano HOPM 60 8cex apuaHmax onbima. lpu ebipawueaHuu cunbuU MPOHU3aHOIUCMOL OHO y8esiuyueaemcsi 8 psdy:
kadmuli — HuKenb — Ko6asbm — ceuHey. B noyee onpedensnu KoaghpuyueHmM KOHYeHmMpayuu msxkesbix Memasnaoe, ompaxarouwuli usmMeHeHuUe
codepiaHus anemMeHma e uccredyemol noyee omHocumesibHo codep)kaHusi Memasioe e ghoHoeol noyee. Koaghgpuyuenme! KOHYeHmpayuu nood-
8LXKHBLIX hOPM MSDKeNbIX Memasioe e Heghme3sazpsi3HeHHOU no4vee Npu ebipawjueaHuu cusbguu NPoHU3aHonaucmou npu eHeceHUU yA0obpeHuli Ha
ocHoge ocadka CmMoYHbIX 800 U KOMITOCMOE Ha UX OCHO8e yeenu4yueanuck 8 psidy: kobasbm — ceuHey — HUKenb — KadMul. YcmaHoeJseHbl 0co-
6eHHOCMuU HaKomn/IeHUli mshkesibIX MemMasnsioe 8 ezemamueHoli Macce cusbguu NpoHu3aHonucmHou. MHOekcbl eHympeHHe-MKaHe8020 3a2psi3He-
HUs1 MspKenbIMU MemarsisaMu KOpHeeol cucmeMbl pacmeHusi Npu eHeceHUU ocadka cmo4Hbix 800 pacmym & psidy: kKaOMull — HUKeslb — C8UHey —
ko6anbm. MakcumanbHble UHOEKChI 3a2psi3HeHUs1 KOpHel cunbghuu NPoHuU3aHonucmolii kKaOMueM, HUKesnieM U Kobasbmom Ha6nodaromcesi npu eHe-
ceHuu e noysy OCB e Hopme 40 m/2a u N1oP14Kss, ceUHYOM — Npu eHeceHUu komrnocma e Hopme 30 m/2a u N3oKss. HaumeHbuwue uHOeKcbl BHympeHHe-
mKaHee020 3a2psi3HeHUs1 MsKesIbIMU Memasnsiamu KopHel cunbguu MPoHU3aHOIUCMHOU ommeyYeHbl Npu eHeceHuu 8 no4ey yodobpeHusi NeoPsoKeo.

Knroyeenbie cnoesa: msikenbie Memaninbl, cunbgusi NPOHU3aHOUCMHasi, Heghme3azpsi3HeHHasi meppUMOopUsi, aKKyMyJisimueHasi Cmoco6HoCMb.
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rigPOXIMIYHUM CTAH FPYHTOBUX BOf
Y MEXAX MICTA TATAPEYHAPU OOECbKOI OBNACTI

(MpedcmaesneHo 4reHoM pedakyiliHoi Kosezii 0-pom 2eosl. Hayk, npog. O.€. Kownskosum)

Po3ansinymo 2idpoximiyHutli cmaH rpyHmosux 600 y mexax micma Tamap6yHapu Odecbkoi o6nacmi. Huni sikicmb eodu € Hazanb-
Hoo npobrieMoro He MinbKu Ans1 Micma, a U 0ns eciei Odecbkoi 06s1acmi ma kpaiHu 3a2anom. OKpiM ub020, NpobeMam MasieHbKUX Micm
4u cin He Ha0aembCs HaJleXHa yeaea, W0 npu3zeodums 00 wie 6inbwozo 3a2ocmpeHHs npobnemu. Y M. Tamap6yHapu noeepxHeai dxe-
pena eodonocmayaHHsi eidcymHi. Slk dnsi 2ocnodapcbKo-nobymosux, mak i On NUMHUX Nompe6 8UKOPUCMO8YHOMLCS MepPe8aXxHo
800U eepxHbOCapPMaImcbLK020 8000HOCHO20 20pu3oHmMy. O6'ekmom AocnideHHs1 € rpyHmoesi eo0u nepwux eid noeepxHi 8000HOCHUX
2opu3oHmie. [Tpedmem docnidxeHHs1 — XiMiYHUll cmaH rpyHmoeux 800 y Mexax micma.

06 'ckmueHy OUiHKy cmaHy 600 y Mexax Micma MOX/1ueo Halamu minbKu 6a3yro4uchk Ha OaHUX CIIOCMePEXeHHs1 3a 2i0PoXiMiYHUM
cknadom rpyHmosux eo0. [ns ybo020 HeobxiOHO npoeodumu cucmemamuy4Hi MOHIMOPUH208i CIIOCMEPEXEHHSI: Mamu MepPeXy Croc-
mepexHuUx nyHkmie i eionoeidHuli kapmozpadpiyHuli Mamepian. ocnidxeHHs nposodunucsi 8 N'Amb emariie, W0 8K/IHOYaNU MNoLO8I
ma KamepasibHi po6omu, 8id6ip npo6 eodu Ha XiMi4HUl aHali3 ma onpayro8aHHs ompuMaHux pe3ysibmamis.

HocnidxeHo ximiyHull cknad eodu no 23 KpuHUYsIX y mexax M. Tamap6yHapu. Byno eusHayeHo 16 noka3Hukie ma eiOHeceHo 800U
do nesHoe0 Kilacy ma mury 600 3a 8i0rnogiOHUMU MoKa3HUKaMu 3 ypaxyeaHHsIM Knacudpikayii AnbokiHa. OKpiM ybo20, pesynbmamu
aHauizie 6ysu 3icmaesieHi 3 MokasHUKamu 2paHU4YHoO donycmumux koHueHmpauit (I4K ) dns eodonocmayaHHs 3 KPUHUUbL. 3a pe3ysib-
mamamu eunpo6byeaHHs1 6yno eudineHo dea munu eod, a camMe 800U NomipHoi miHepanisauii (19 npo6) i eodu eucoko miHepanizoeaHi (4
npo6u). Yci eoHu Hanexamsb 00 knacy cynbghamHux 800. 3 Hux y 15 npobax nepeeaxae ioH Hampito, wie 8 n'ssMu — ioH Kanbyiro, a
MpbOX — iOH MazHilto.

BusienieHo, ujo soda 3a 6acambMa nokasHukamu nepesuwye IJK ma e HenpudamHoro 35151 TUMHO20 8000CMOXUBAHHSI (@Micm Him-
pumie i pocghamie y mexxax I[JK). BidnoeidHo Ao suzHa4yeHO20 emicmy wKidueux pe4yosuH y odi nompi6Ho abo ycyeamu ix HasieHicmb
wisixomM 80donid20moeKu — ecmaHoeJIeHHs (hinlbmpie Ha Oxepesia eodornocmayaHHsi, abo X nepexoOumu Ha CrioXKueaHHs Osist MUMHUX
nompe6 6ymunboeaHoi eodu. Kpim mozo, HeobxiOHO npuiiMamu HopMamueHi GOKyMeHmu w000 ympumaHHsl KpuHUUb i eidnoeidasnb-

Hocmi Kopucmysadyie 3a 3abpyOHeHHs1 r'pyHmMoe8ux 800.

Knroyoei cnoea: 2zidpoximiynuti cmaH, 4K, rpyHnmoei eodu, KpuHuUui.

Beryn. YBara fo SIKOCTi NUTHOI BOAW i BOAM Y BOOHMX
Axepenax y KpaiHax CBiTy CTPiMKO 3pocra B nepiog i no 3a-
KIHYEHHIO Aekaam NMMTHOro Bogo3abesneyeHHs, MpoBeaeHOI B
1981 atomHo agcopbuiiium metogom 1989 pp. 3 iHiliaTnBK
Opranizadii O6'egHaHux Hauin (OOH) i BcecBiTHBOI opraHi-
3auii oxopoHu 300poB'a (BOOS3). MobanbHuiA xapakTep 3a-
rOCTPEHHS1 BOAHO-€KONOriYHOI 0BCTaHOBKM, sika MiOcUmoe
KiNbKICHWM | sikicHWI gedpiunT BoAM, NPUAATHOI AN NUTHUX i
rocnofapcbko-nobyToBUX Linen, 3p0CTaHHs 3aXBOPHOBAHOCTI
i CMEpPTHOCTI HaceneHHsi, 3yMOBIEHi HECNPUSTIMBOIO Ai€t0
BOAHOro hakTopy, He0AHOPA30BO po3rnsaanvcs i Ha Beecsi-
THiX BoAgHuX cpopymax (Mappakew-1997, [aara-2000,
Mapwmx-2000, BepniH-2001, MenbbypH-2002, KioTo-2003,
Mexiko-2006, Ctambyn-2009, Mapcenb-2012, Tery-KeHroyk-
2015, Bpasunis-2018), koHrpecax EKBATEK (Mocksa, 1994—
2006 pp.) i ETEBK (Anta, 1998-2000 pp.), AKBA-YkpaiHa
(2002—2019 pp.), Ha BcecBiTHiX CamiTax rnaB gepxas y Pio-
pe-YKaHeiipo (1992 p.) i MoranHecBypai (2002 p.) Ta iHLLMX,
LLIO 3aCBiQvy€e BaXXITMBE 3HAYEHHSA BOOHOIO (hakTopy B €KOMo-
riyHo cTikomy posBuTky mtoactea (CmpukaneHko, 2003;
World Health Organization and UNICEF, 2016).

HasBHICTb i SIKICTb BOAN € HE MEHLU BaXKINMBOK TEMOIO i
ans Ykpainu, a ocobnmeo ans il niBAeHHNX PerioHiB, A0 SKNX
HanexwuTb | TatapbyHapcbkuii paioH. 3a gaHnmuy "HauioHa-
NbHOI JONOoBIAI NPo AKICTb BOAWM Ta CTaH MUTHOrO BOOOMO-
cTayaHHa B YkpaiHi y 2017 poui", B Opgecbkinn obnacTi
LleHTparnisoBaHMM BOAOMOCTA4YaHHSIM OXOMNSEHO HAceneHmx
nyHkTiB (HIM), BignosigHo: micta — 100 %, cenuwa micbkoro
Tuny (CMT) — 100 %, cinbcbki HaceneHi nyHktn (CHIM) —
79,4 % (HauioHanbHa dornoegidb, 2018). Mpn ubomy 94 %
HIM 3abesneyeHi LinogoboBum BogonocTadyaHHaM. Y 44 HIM
(4 micta, 2 CMT Ta 38 cin) BogonoctavaHHs 34iNCHIOETLCS

3a rpadikom. KopucTyroTbCsi MPUBI3HOK MUTHOK BOOOH
11,9 % HIM.

MpoGnema BOOOMOCTAYaHHS CiNbCbKOTO HAaCENeHHS,
Manux Mict i CMT Bxe TpuBanuii 4yac € ogHieto 3 Harcknaa-
HiLIMX couianbHuX Npobnem B YKpaiHi. AKLO y BENUKUX Mi-
cTax LeHTpanizoBaHuM BoAoMNocTayaHHsAM 3abeaneveHo
maike 95-100 % X MeLlKaHLiB, TO B CiflbCbKii MiCLLEBOCTI
TiNbKM KOXeH 4eTBepTUin 3 14 MNH oOcCib cinbCcbkoro Hace-
NEHHSI Ma€ MOXIMBICTb CNOXMBATW SKICHY NUTHY Boay. Bnu-
3bkO 6,5 TMcAY cin (koxHe n'sTe ceno Big X 3aranbHOi
KifTbKOCTi) MaloTb MUTHI BOOAOMPOBOAM rocnogapcbko-noody-
TOBOrO NMpu3HayeHHs. binblwe nonoBmHKM Npob NUTHOI BOaM
3 NiA3eMHUX D[Kepen Yy CinbCbkil MiCLLEBOCTI He Bianosiga-
I0Tb YWHHUM CTaHZapTaM Ta HopMaTuBaM.

Ha cyyacHomy eTani po3BWUTKYy CycninbCTBa BHacnigok
3MiHW eKOSOoriYHOT piBHOBarn YkpaiHa, K i iHWi gepxasu
CBIiTy, noTepnae BiJ NPUPOAHUX Ta TEXHOTEHHUX KaTaknis-
MiB. Hacamnepepn Le cTocyeTbes LWKiANMBOI Aii Bog — nigTo-
NMEHHs, 3aTONNEeHHA i, SK Hacnigok — 3MmiHa B 6ik
MOripLIEHHS AKOCTi IPYHTOBMX, MiA3EMHUX Ta NOBEPXHEBUX
BOA. | SKLWO pO3B'A3aHHI0 Taknx NPOBMeM y BENUKMX MicTax
e nodeKkyaum npuaindeTbcsa yBara, TO B Manux Mictax Ta
CiNbCbKUX HACENEeHUX MyHKTax Taki MUTaHHS NPaKTUYHO He
BMpILLYOTbCA. Hanpuknag, niaTonneHHs € OOHUM 3 YUHHU-
KiB NiACMNEHHS couianbHOI Hanpyru B CinbCbKiA MiCLEBOCTI
i BHYTpILUHBOT Mirpauii 3 cin 4o MicT.

Micuesi rpomaam 6e3 haxosoi 4ONOMOrM HamararTbCs
BMPILLMTK Npobnemu Lwkignueoi Aii Bog. Ha ceciax abo Bu-
KOHKOMax Aefani yacTille noyanv npuiMaTtu nporpamm Ta
yxXBanu LWOJO BUPILLEHHSA BULLE3a3HayYeHux npobnem.
LiboMy B TOMY 4ncni cnpusie npouec AeueHTpanisauii, akun
nae GinbLy iHiLiaTMBY NpyU po3nogineHHi NpiopuTeTIB BUKO-
pucTaHHa BnacHUx kowrTiB. OfHielo 3 TakMx nporpaMm €

© MeaBeaeBa O., KownsikoBa |., OuHsk 0., 2021
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nporpama TatapbyHapcbKoi Micbkoi pagn "YucTi gxepena
Ha 2018-2020 poku", sika Oyna 3aTBepaXeHa OBaAuUsSTb
apyroto cecieto VIl cknukanHs Big 16.02.2018 p., B sikin aB-
Topy Opanu Ge3nocepeHio yyacTtb. [porpama pobiT ne-
peabavana BU3HAYEHHS KINbKOCTI i CTaHy KpuHUUbB
3aranbHOro KOPUCTYBaHHSI i IKOCTi BOAM 3 HUX 3 ypaxyBaH-
HSIM NpUAATHOCTI ANst NUTHOro 3abe3neyeHHst

MNMocTtaHoBka npo6nemwu. lNiBgeHb Beccapabii — Byaxa-
LibKuiA cTen y BCi Yacu Big4yBaB BenuKy noTpeby y Bofi, 0co-
6nMBO MpuAaTHIN ons NUTHKUX uinen. HamGinbw rocTpo us
npobnema noctae B M. TatapbyHapu i pavioHi B uinomy. [ns
NUTHUX i rocnoaapcbko-NoByTOBMX Linen BUKOPUCTOBYHOTLCS
B OCHOBHOMY I'DYHTOBI BOOM, SKi BUKPUBAIOTLCS YNCIEHHUMM
KPUHULAMW, BOAM MOHTMYHOrO BOOOHOCHOIO FOPU3OHTY, SKUIA
BUXOOUTb Ha MOBEPXHIO Yy BUMMAAi DKeper, a Takox Boau
onagis i TaHeHHA cHiry. 3 1940 p. o cborofHi Ha Teputopii
paroHy 6yno BnawitoBaHo noHag 230 cBepaoBuH pisHOMa-
HITHOrO NPU3HAYEHHSA Ha MOHTUYHWUIA | BEPXHBbOCAPMaTCbKUMN
BOZOHOCHI rOpM30HTK, BINbLUICTb 3 AKMX HUHI HE NpPauoTb
(Medsedes, 2001). OkpiM LBOro, 3pocra YNCENbHICTb Kpu-
HULb, KINbKICTb SIKUX JOCTEMEHHO HeBigoMa.

Y M. TatapOyHapu noBepxHeEBi Dxepena BogomnocTa-
YaHHA BiaCyTHI. Ak Ansa rocnogapcbko-nobyToBux, Tak i ans
NUTHUX NOTPeG BUKOPUCTOBYHTLCS BOAM i3 CBEPAJIOBUH,
yNnalToBaHMWX Ha BEPXHbOCAPMAaTChKNA BOLOHOCHWUIA ropu-
30HT. Konopasasi 3aranbHoro Ta iHOUBIQyanbHOro KOPUCTY-
BaHHA pO3KpuBalTb Mepwi Big MNOBEPXHi BOAOHOCHI
ropusoHTU. Y Aeskmx cenax panoHy (Ctpymok, Cnackbke,
BawrTaniska i Jenbxunep) okpim uboro 3 2010 p. noyanm su-
KopucToByBaTu Boau p. [lyHan 3 rpynoBoro Tpy6onposoay.
ToMmy NUTaHHSA BUBYEHHS XiMIYHOrO CTaHy nepLumnx Big nose-
PXHi BOOOHOCHMX FOPW3OHTIB Ta HafaHHSA pekoMmeHaauin
CTOCOBHO MOMIMLWIEHHSI SKOCTi BOAW € akTyarbHUM [Ans
M. TatapbyHapu Opecbkoi obnacri

Ornag nitepatypu. lMpobnemamun Bogo3abesneyeHHs
Ta SIKOCTi I'PyHTOBMX BOpA, perioHy 3anmanucs P. baep, |. 3e-
neHiH, b. Jliotaes. M. Potap Ta O. Jlixogenosa, siki po3rns-
Janu nepeBaxHo NpoGremMm TEXHOreHHOro 3abpyaHeHHs B
i reonoriyHoro cepefoBsuLla B Linomy B mexax Opecbkoi 06-
nacrti. |. Hocupes, B. KagypiH, A. Yenixko Ta iH. 3anmanucs
BUAINEHHSIM OCHOBHUX BUAIB €KOSTOr0-reonoriyHnx aHomanin
i CTPYKTYpOIO 3axXBOPHOBAHOCTI Ha Teputopii Ogecbkoi obna-
CTi. Y KOno iHTepeciB BXOAUSI0 BUBYEHHS ANHaMIKM PiBHEBOIrO
Ta rigpoxiMiyHOro CTaHy rpyHTOBMX BOOOHOCHUX FOPU3OHTIB
Ha MacuBax 3pOLLEHHS | HaceneHMX NyHKTax NiBAeHHOro 3a-
xopy OpeluuHu, i B ToMy yucni B mexax TaTapbyHapcbKoro
parony. Mpu ubomy ByB 3anoyaTkoBaHUWA MiOXig BUBYEHHSI
CTaHy I'pyHTOBUX BoA y Mexax koxHoro CHI 3a BigcyTHocTi
cTauioHapHUX CBepASIoBMH ONS CrocTepexeHHs. B ocHoBy
Oyro noknageHo BMBYEHHS BUKPUTUX BOOAOHOCHWUX rOPU30OH-
TiB y BUrNa4i KpYHULB 3 y3aranbHEHHSM OTPUMaHUX JaHWX Ha
KapTax 4ecATUTUCSAYHOro Maclitaby.

ABTOpU CTaTTi y CBOIX NoNepeaHix AOCHiAXEHHSIX CKOHLe-
HTpyBanu yBary Ha BMBYEHHI AMHAMIKW IPYHTOBUX Bof, iX-
HBOTO BMMBY HA MNPOLECU MIATOMNMNEHHS Ta HAa BUKOPUCTaHHS
I'DYHTOBMX BOA, AN rOCMOAAPCLKO-MUTHUX MOTPed y Mexax
CHIM (Medeedes, 2001, 2002; Medsedesa, 2016). byno 3a-
NPOMOHOBAHO ANS y3ararnibHEeHHS aHanisy OTPUMaHuX AaHuX
Ta anpokcumalii BukopuctoysaTtmn [lC-texHonorii, a came
MeTO[ 3BOpPOTHMX 3BaxeHux BiactaHen (33B) (Medsedesa,
[unsik, 2018; Miedviedieva, Dyniak, 2018).

MpakTn4HO y BCix BULLe3a3HadYeHnx poboTax posrnsga-
nucs npobnemu Bofo3abesneyeHHs Ta AKOCTi MiA3eMHUX
Boa CHI, a Takox cTaH Bogo3abesneyeHHsi B CamoMy MicCTi,
Xoya 3rigHo 3 "HauioHanbHow 4oNoBiaa Npo AKiCTb MMTHOT
BOAM Ta CTaH MMTHOro BOAOMOCTayaHHa B YKpaiHi y
2017 poui" (HauioHanbHa dornoegidb, 2018) m. TatapbyHapu
€ OOHVM 3 YOTUPBLOX MICT, e BoAa NofaeTbCs 3a rpadoikom,
a xiMiyHWI cknag BogonpoBigHOT BOAM He BiAMNOBIigaEe CTaH-
AapTy AKOCTi 3a NOKa3HUKOM MiHepani3adii, opraHonenTuy-
HUMMU | MiKpOBIONOTYHMMM NOKA3HMKaMM.

MeTtoponoria gocnimxeHHA. O0'eKTUBHY OLiHKY CTaHy
I'PYHTOBMX BOA Yy Mexax M. TatapbyHapyu MOXNUBO AaTtu
TiNbkn Ha 6asi cnigkyBaHHs 3a iX rigpoxiMiYHUM CKriagom.
[1ns uboro Heo6XxigHO NPOBOANTM CUCTEMATUYHI MOHITOPUH-
roBi CMOCTEPEXEHHS, MaTU MEPEXY CNOCTEPEXHUX MYHKTIB i
BiANoBiaHMIA kapTorpadivyHmin matepian. Po6ota npoBoau-
nacs B gekinbka etanis, a came:

| eman: kameparnbHa nid2omoska (BUBYEHHSA NniTepaTyp-
HKX | poHAOBKX MaTepianiB PiBHOMaHITHNX opraHisauin i yc-
TaHOB MO TepuTopii paroHy pobiT; 36ip CTAaTUCTUYHUX
JaHuX; NigrotoBKa KapTorpadivyHoro matepiany, HaHeCEeHHA
Ha KapTW PEeXMMHO-CMOCTEPEXHOI Mepexi; po3pobka Ta
CKkInafaHHsi NnaHiB NpoBeAEeHHSs NonboBKX pobiT: nigrotoBka
"yopHOBMX" KapT, BU3HAYEHHS Ta CKNadaHHSA YMOBHMX MO3-
HayeHb, BU3HAYEHHSI MapLUpYTIB AOCAIAXEHb).

Il eman: nonbosi pobomu (NpoBeAEHHS BMMIpPIB PiBHS
I'PYHTOBMX BOZ, i MOTYXXHOCTi BUKPUTOrO BOAOHOCHOMO ropu-
30HTY; ONKMC iHCpopMaL,ii NPO CTaH KPMHULL; 3anMCK CTOCOBHO
[OAaTKOBMX [pKEpPen HaOXOMKEHHS BOAM Ta MOXIMBUX
nxepen 3abpyaHeHHs).

Il eman: nonbosi pobomu — 8id6ip npob sodu (Binbip
BOAM 3a BigNOBiAHVMMMW NpaBunamu Bigbopy, BUMIpIOBaHHS
TemnepaTtypu Boau Ta MOBITPS, ONUC NOroau).

IV eman: nabopamopHi docnidu (npoBeaeHHs nabopa-
TOpHUX JocnimkeHb OA4ecbKow rigporeonoro-meniopaTue-
Hoto ekcneauuieto (HuHi Bl "MpuyopHomopcbkuin LIBPT™)).

V eman: kameparnbHi pobomu (aHania oTpuMaHux aa-
HWX, BUAINEHHSA TUNIB BOAW, BU3HAYEHHSA SKOCTi Ta npuaaT-
HOCTi Ansi MUTHWX W TrocnogapcbKo-nobyToBUX Linewn)
(Memoduka nposedeHHs, 2002).

OcHoBHi pe3ynbTaTtu. Beboro Ha Teputopii M. Tatap-
OyHapu Oyno BusiBNeHO 57 KpUHULL 3aranbHOro KOpUCTY-
BaHHA, TOGTO TUX, LIO BUKOPUCTOBYOTb abo MOXyTb
BMKOPUCTOBYBaTW TpW i BinbLue poAaunH. Bci BOHNM pO3MiLLEHHI
Ha BYNMUAX, NEpeBaxXHO 3a Mexamu noagip's (byaisensb).
[na pocnimpkeHHss XiMidyHOro cknagy rpyHToBMX Bopg Oyrno
B3ATO 23 KpUHUL, siki Oynu BubpaHi 3 ypaxyBaHHAM rMMOUHM
3ansraHHs piBHS FPYHTOBUX BOA Ta IX MOTYXXHOCTI, po3TaLuy-
BaHHSA B penbedi, a TakoX AN pPiBHOMIPHOIO MOKPUTTS Te-
putopii gocnigxeHHs. AkicTb BoaM BM3Hayanaca 3a 16
nokasHukamu. OkpimM LbOro, pesynstati aHanisis Oynu sic-
TaBneHi 3 nokasHukamu OK ona BogonocTavyaHHst 3 Kpu-
HUUb (CaHlliH Ne384-96, 1996).

3a pesynbTatamu BUNpPoOyBaHHS, 3 ypaxyBaHHAM Kna-
cudikauii O.A. AnbokiHa (fopdees u dp., 1981), sika nogi-
nde npuMpogHi BOOM 3a nepeBaXawvMMu ioHaMmu i
CniBBIgHOLUEHHSAM MiX HUMK, Byno BUAiNeHo ABa TMNW BoA,
a came: Boau nomipHoi MiHepanizauii (19 npo6) i Boan Bu-
CoKkoMiHepanisoBaHi (4 npobu). Yci BOHW Hanexatb A0
knacy cynbgaTHux Boa. 3 HuXx y 15 npobax nepeBaxae ioH
HaTpilo, LWe B N'ATN — iOH KanbLilo, a B TPbOX — iOH MarHito.
Boawn cynbdaTtHo-HaTpieBi 3Haxo4AaTbCA B MiBHIYHIN | B MiB-
NeHHO-3axiaHi YacTuHi MicTa i 3anmatoTb 6nn3bko 37 % Te-
puTopii. Opyrumu 3a nowuvpeHHsM (27 %) € cynbgartHo-
KanbLieBi BOAM, SIKi 30cepeaXeHi nepeBaxHo B NiBAEHHO-3a-
XigHIn YacTuHi micTa. XnopuaHo-cynbdaTtHi HaTpiesi BoAu
BiAMIYEHi B MiBOEHHO-CXiAHIN YacTuHI Ta dparMeHTapHoO B
NiBHIYHIN, 3aiMaloumn nNpu Lpomy 6nm3bko 16 % TepuTopil.
CynbdaTHi HaTpieBo-marHiesi i cynbdaTtHi MarHieBo-HaTpi-
€Bi BOOW CNOCTEpiranTbCs Y CXiAHIN Ta NiBHIYHO-CXiAHIN Ya-
CTMHax MicTta i cTtaHoBnsaTb 8,2 % Ta 7,6 % BignosiaHoO.
CynbdaTHi MarHieBi BoauM MaroTb (bparMeHTapHe MoLUu-
PEHHs1 B 3axigHil YacTuHi micTta (puc. 1).

3a nokasHWKOM MiHepanisauii rpyHToBi BoAgu noains-
I0TbCS Ha cnabo ConoHyBaTi, CUNIbHO COMIOHYBATI | COmnoHi. B
oaHin npobi 3adpikcoBaHa MiHepanisauisa MeHwa 3a 1 r/amd,
O Aae 3MOry BifHeCTV AaHy BOAY A0 rpynu NpiCHWUX BOA.
Cna6o conoHysari Boau (MiHepanisauia 1-3 r/ogm3) 3aiima-
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10Tb 6rn3bko 38 % nnoLli i 3HaxoO4ATLCS NEePEBaKHO Yy NiB-
OEeHHO-3axigHii YacTuHI MiCTa 1 YacTKOBO, dhparMeHTapHo,
y ueHTpanbHiin. Comnoni Boam (MiHepanisauia >5 r/am®) pos-
TaloBaHi pparMeHTapHO B NiBHIYHO-CXiAHIN Ta NiBOEHHO-

CXifHin YacTuHax i 3anmaroTb 6nuseko 20 % Teputopii. Ha
GinbLocTi Teputopii (42 %) Boan HanexaTb A0 CUIBHO CO-
NoHyBaTUX 3 MiHepanisauieto Big 3 ao 5 r/amd (puc. 2).

YMOBHI NO3HAYCHHS
A SONa V SOMgNa \ SOCa C1SONa
SOMg A\ soNamg MCAI THITY BOA

Puc. 1. KapTocxema Tuny rpyHToBux Bog y M. TatapbyHapu

BmicTt xnopwuaiB 3MmiHIOETBCA B Aianas3oHi Big 35 Ao
1187 mr/om®, ane Ha GinblIOCTI TEpPUTOPIl MOKA3HWKM
nexatb y mexax 350-700 mr/am3. MepesueHHs MOK 3a
BMICTOM XNOPUWAIB Maixe y ABa pasn CrocTepiraeTbCca Ha
27 % TepuTopii (NiBHIYHO-CXigHa YacTVHa MicTa Ta YaCcTKOBO
niBaeHHo-cxigHa). ®dparMeHTapHO iKCyeTbCa nepesu-
LLLEHHs BinbLU HixX y ABa pasu.

BmicT HiTpaTiB 3anexHo Big MicLsa po3TallyBaHHS NMYHKTY
BiaOOpy 3MmiHIOBaBCA B LUMPOKMX Mexax — Big 4 pJo
758 mr/am3, 40 % npo6 dikcyBany HasiBHICTb HITPATIB Y Kinb-
kocti 300—400 mr/om® i Ginbwe, we B 28 % — MeHwe
45 mr/om3. Ha 6inbLocTi TepuTopii criocTepiraloTbca nepesu-
weHHa FOK y Tpu-n'ate pasiB (44 %). Lle Hacamnepep
LeHTpanbHa, niBAeHHo-3axifgHa i niBHiYHa YyactuHu. MNepesu-
LLleHHs Big N'AT pasiB 1 GinbLue dikcyeTbes Ha 24 % nnoLwi

35

YMOBHI NOSHANCHIA
Jaraasua Minepastizauis (1)
13 s M-

10
© " xpunmux 1a i HoMep

Puc. 2. KapTocxema 3aranbHoi MiHepani3auii 'pyHTOBUX BOf,

(3axigHa, niBHIYHO-CXigHa i CXigHa YacTMHM MicTa), Big 0QHOrO
[0 TPbOX pasiB — B NIBAEHHO-CXIiAHIN | pparMeHTapHO B MiBHi-
YHilA, 3axiaHin | ueHTpanbHii YacTuHax (puc. 3).

Bwmict cynbdaTiB Bapitoe B Mexax Big 542 pgo
4208 mr/am®, npuyomy GinbLIICTb TEPUTOPII Mae NOKa3HMKK
noHag 500 mr/om3. MepesuiierHa MK 3a gaHUM KoMnoHe-
HTOM 3MIHIOETECA B LUMPOKOMY AianasoHi: Big4 HOpMU [0
Oinbw Hix n'atu pasis. Ha 30 % Teputopii nepeBuLLEeHHA
['OK ctaHOBUTL Big OBOX 4O TPbOX pasiB. Y NiBHIYHIN | yacT-
KOBO B MiBAEHHO-3aXigHil YaCTUHI MiCTa NepeBULLIEHHS CS-
rae Big TpbOX A0 4OTUPLOX pasiB. Ha uin xe Teputopii
nokaniaoBaHi NepeBULLEHHS B YOTUPKU-N'ATL i Binblue pasie.
[iBoeHHa YacTmHa, YacTKOBO 3axigHa Ta cxigHa xapakTtepu-
3YETLCSI NEPEBULLEHHAM [0 ABOX pasiB i oparmMeHTapHO
nokanisauieto y mexax 'AK (puc. 4).
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Puc. 3. BmicT HiTpaTiB Ta HiTPUTIB y KpuHUUAX M. TaTapGyHapu
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Puc. 4. Kaptrocxema BmicTy cynbdartiB y npo6ax Boau

Moka3HMK XOPCTKOCTi 3yMOBIEHWIA HAsiBHICTIO Y BOAji CO-
new kanbUito i marHito. NpakTU4HO BCsl BoAa HanexuTb 40
rpynu Ayxe >XOpCTKOi BoAM 3 nokasHukamu noHag 10 mr/exs.
MpunbnnaHo Ha TpeTuHi Teputopii (38 %) — niBgeHHO-CXiaHa,
CXiHa, YaCTKOBO 3axigHa i NiBHIYHO-3axigHa YaCTUHU MicTa,
'OK nepeBuLLeHO 40 ABOX pasiB; Big TPbOX 4O YOTUPLOX pa-
3iB — NepeBa)kHO B LIEHTParbHil i NiBHIYHO-CXigHIM YacTUHaX
(14 %). Ha mainke nonosuHi Teputopii nepesuLleHHa MOK
CTaHOBWTb Big ABOX [0 TPbOX pasiB.

BwmicT HiTpuTiB i pocdaTie — y mexax 'AK.

BucHoBkuW. AHanisyoun BULLEBMKNAOEHE, MOXHA CTBe-
pLXyBaTu NpO HenpuaaTHICTb I'PYHTOBMX BOA Y MICTi TaTta-
pOyHapy Ans NUTHUX Uinen 3a maike BciMa MokasHUKaMu
skocTi Bogu. ToMy Bogo3abesneyeHHs MicTa € HaranbHUM
NUTaHHSAM Cy4aCHOCTI.

BMiCT WKiANMBUX PeYOBUH Y BOAI SIK LEeHTpanisoBaHoro
BOAONOCTa4YaHHs, TaK i HeLEeHTpanizaoBaHOro He MOBUHEH
nepeBULLYBaTU FPAHUYHO AOMYCTUMUX HOPM, BKa3aHWUX Y
OCanlMiHax (4CaxlliH 2.2.4-171.10, 2010; CaHlluH
Ne 384-96, 1996). BignoBigHO 00 BU3HAYEHOro BMICTY LUKI-
NMBMX PEYOBMH Y BoAi NoTpibHo abo ycyBaTu ix HasiBHICTb
LUMAXOM BCTaHOBIEHHS (inbTpiB Ha AXepena BoAonocTa-
YaHHs1, abo XX NepexoanTU Ha CMOXMBAHHS AN NUTHWUX NOT-
peb 6yTunsoBaHoOi BOaM.

[nsa noninweHHsa AKOCTi BOAW YNPOAOBX ABOX POKIB aB-
TOpU BUKOpUCTOBYBanu inbTpu Anst Boam "AparoH", "[Ixe-
peno", "Aksadop", ki He NOTPebyTb 3HAaYHOrO TUCKY MpK
nogadi Bogu. Ane 0CHOBHUM HEOOMIKOM X BUKOPUCTAHHS €
Te, L0 BOHM OYMLLYIOTb BOAY MEPEBAXHO Bif MeXaHiYHMX
OOMILLIOK, HEe 3MiHIOI4YM NPU LibOMY XiMiYHWIA cknag. [Onsa oa-
HOro Tuny Bof, HeobxigHO BMKOPUCTOBYBaTU (DinbTpu 3i 3B0-
POTHOOCMOTWMYHOK CUCTEMOIO OYUCTKW, Hanpuknag Ecosoft
MO450ECOSTO. Ane 1 BOHa Mae CBOI HeonNiKW: Bogy Mo-
AaBaTtu Ha NpUCTPI HeobXxigHO nig TUCKOM, a OTpMMaHa ni-
Cns JOOYMCTKM BoAa NoTpebye NigkmBNeHHs ii MiHepanamu
i JOBeAeHHs OO0 cTaHaapTy.

BigcyTHiCTb kepen BOOOMNOCTaYaHHSA, @ OCOGNMBO iXHIN
CTaH Ta SKiCTb, € OCHOBHOIO NMPUYNHOK COLlianbHO-€KOHOMIYHOIO

HanpyxeHHs. [Ina noninweHHsa cuTyadii cnig npunmat Hop-
MaTMBHI JOKYMEHTU LLOAO YTPUMAHHS KPpUMHWUb i BignoBiga-
NBHOCTI KOPUCTYBaYiB 3a 3abpyaHEHHS NiA3EMHUX BOA.

ABTOpPY BBaXatOTb, IO MOAIOHI AOCNIOKEHHS rigpoXimiy-
HOrO CTaHy I'PYHTOBMX BOA Y M. TaTapbyHapu 060B'sI3k0BO Mo-
BWHHI 34ilCcHIOBaTMCA | B NodarnbLlUOMY, Ha MOCTIMHIA OCHOBI,
OCKiNbKM TigpoxiMidHa auHamika HegoCTaTHLO AOCHimKeHa, a
TEXHIYHI 3ax0oaM 3 MOMINLIEHHsT sSIKOCTi BoAM (3okpema, BUGIp
TMNy iNbTpiB) BUMaratoTb Takoi iHdopmaLlji.
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HYDROCHEMICAL CONDITION OF GROUD WATER WITHIN THE CITY OF TATARBUNARY OF ODESSA REGION

The hydrochemical state of soil aquifers within the city of Tatarbunary, Odessa region is considered. Currently, water quality is an urgent problem
and is relevant not only for the city but also for the entire Odessa region and the country as a whole. In addition, due attention is not given to the
problems of a small town or village, which exacerbates the problem. There are no surface water sources in Tatarbunary. The waters of artesian wells
on the Upper Sarmatian aquifer are used for both domestic and drinking needs. The object of research is the groundwater of the first aquifers from
the surface. The subject of research is the chemical state of groundwater within the city.

An objective assessment of the state of waters within the city can be provided only on the basis of observations of the hydrochemical composition
of groundwater. To do this, it is necessary to conduct systematic monitoring observations: to have a network of observation points and appropriate
cartographic material. The study was conducted in five phases, which included field and in-house work, sampling of water for chemical analysis and
processing of the results.

The chemical composition of water in 23 wells within the city of Tatarbunary was studied. 16 indicators were identified and waters were assigned
to a certain class and type of water according to the relevant indicators, taking into account the classification of Alokin. In addition, the results of the
analyzes were compared with the indicators of maximum permissible concentrations (MPC) for water supply from wells. According to the test results,
two types of water were noted, namely water of moderate mineralization and highly mineralized water. All of them belong to the class of sulfate waters.
Of these were dominated by sodium ion.

It was found that water in many respects exceeds the MPC and is unsuitable for drinking water consumption (nitrite and phosphate content within
the MPC).

According to the determined content of harmful substances in water, it is necessary to eliminate their presence by water treatment — installation of filters
on water sources or switching to bottled water and it is necessary to adopt regulations on source maintenance and user responsibility for pollution.

Keywords: hydrochemical state, MPC, groundwater, wells.

0. MepBepeBa, acn.,

E-mail: mdvdv_olga@ukr.net;

WUHcTuTyT BoaHbIX npo6nem n menuopauun HAAH YkpauHbl, KueB, YkpanHa

yn. BacunbkoBckas, 37, Kues, 03022, YkpauHa

WU. KownskoBa, UHX.,

E-mail: irkos@ukr.net;

O. MHSAK, KaHA. reon. Hayk., AoL.,

E-mail: dyniak_o_v@knu.ua;

KueBckuit HaumoHanbHbIN YyHMBepcuteT uMmeHun Tapaca LeBuyeHko, YHU "UHcTUTYT reonorun”,
yn. BacunbkoBckas, 90, r. Kues, 03022, YkpavHa

rMAPOXUMUYECKOE COCTOAHUE NrPYHTOBbIX BOA
B NPEAOENAX TOPOOA TATAPBYHAPbI OOECCKOM OBJIACTU

PaccmompeHo 2udpoxumudeckoe cocmosiHue 2pyHmMoebix 8000HOCHbIX 20PU30HMOE 8 npedesiax 2opoda Tamap6yHapwbl Odecckoli o6nacmu.
Celivyac ka4ecmeo 800bl! siefisiemcsi Hacyu,Hol npo6rieMoli He mosibKo 051 20poda, Ho U eceli Odecckoli obriacmu u cmpaHbi 8 yesioM. Kpome moeo,
npobnemam maneHbKO20 2o0poda usnu cena He yodesnsiemcsi 00/HKHOe 8 HUMaHUe, Ymo npueodum k ewe 6onbwemy ux o6ocmpeHuro. B 2opode Tama-
p6yHapbl No8epxXxHOCMHbIe UCMOYHUKU 8000CHabeHusi omcymcmeaytom. Kak dns xo3silicmeeHHO-6b1moe8bix, mak u 07151 NumbeabIX HyX0 UCMOJIb-
3yromcsi 800bl apme3uaHCKUX CK8aXKUH Ha 8epXHbocapMamckKuli 8000HOCHbI 20pu3oHm. O6bLekmom uccriedoeaHusi 18JITFOMCS 2PYHMo8ble 800bI!
nepebix om noeepxHocmu 000HOCHbIX 20pu30HMos. [[pedmem uccredogaHusi — XuMu4ecKoe COCmosiHUe 2pyHmMoebix 00 8 Yepme 20poda.

O61BeKmMuBHYH0 OUeHKY cOCMOosiHUS 800 8 Yepme 20poda 803MOXKHO rpedocmasume MoJsIbKO OCHOB8bI8asiCb Ha OaHHbIX HabmodeHuUs 3a 2udpo-
XUMUYecKuM cocmaeoMm 2pyHmoesbix e00. [jsiss amozo Heo6xodumo npoeodums cucmeMamuyeckue MOHUMOPUH208bIe HabtodeHusi: uMems cemb
HabnodamesibHbIX MYHKMO8 U coomeemcmeayrouwuli kKapmoepaguyeckuli Mamepuai. UccnedosaHue npoeodusiock 8 Nsimb 3Marnoe U 8KoYaso
nosneeslie u KamepasnbHblie pabombi, om6op NpPo6 800kl Ha XuMuyveckuli aHanu3, 06pabomky nosy4eHHbIX pe3y/ibMmamos.

Uccnedoean xumuyeckuli cocmae 8o0bI no 23 kosodyam e npedenax 2opoda Tamap6yHapsl. bbino onpedenexo 16 nokazamenel, 800bI 6biuU
omHeceHbI K onpedesieHHOMY Kraccy u muny eod 1o coomeemcmeyowuM nokasamessiM ¢ yyemom knaccugpukayuu AnekuHa. Kpome moezo, pe-
3ynbmambl aHanu3oe 6biniu cornocmaesieHbl ¢ nokasamensimu npedesibHo donycmumbix KoHyenmpauyul (MAK) ons eodocHabxeHus1 u3 Konoodyes.
Mo pe3ynbmamam ucnsimaHusi 661710 ommMeyeHo dea muna 800, a UMEHHO: 800bl yMePEHHOU MUHepanu3ayuu u 800kl 8bICOKO MUHEPA/TU308aHHbIE.
Bce oHu omHocsimcs K Knaccy cynbgamHbix 800. B 6onbwieHcmee u3 Hux npeobnadaem uoH Hampusl.

BbisigeneHo, Ymo eoda no MHO2uM rnokasamensm npesbiwaem MK u sensemcs Henpu2o0dHoU Onsi numbeso2o eodonompebrieHusi (codepxaHue
Humpumoe u ¢pocgpamoe e npedenax N4K).

CoanacHo nosly4eHHbIM 3Ha4YeHUsIM codepxKaHusi 8peOHbIX 8ewjecme 8 800e, Hy)XXHO ycmpaHsimb ux Hanu4yue u6o nymem eodonod020moeKu —
ycmaHoeka ¢hunibmpoe Ha UCMOYHUKU 8000CHabXeHus1, unu nepexodomM Ha nompebreHue Onsi numbeabIX HyX0 6ymunupoeaHHoli 80dbl. Kpome
mozo, Heo6x0dUMO NpuHUMamb HopMamueHble OKYMeHMbI 10 codep)KaHUI0 KO100Ue8 U omeemcmeeHHOCMU nosib3oeamersiell 3a UX 3a2psi3HEHuUe.

Knroyeenie cnoea: 2udpoxumuyeckuli cocmosiHue, MK, 2pyHmoesie 800bl, KO100Ubl.
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MODELING OF DISPLACEMENT PROCESSES
IN HETEROGENEOUS ANISOTROPIC GAS RESERVOIRS

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM ¢hi3.-mam. Hayk, npodp. b.I1. Macrnosum)

Nowadays there are important problems of increasing efficiency of development and exploitation of gas deposits. There are problems
associated with the growth of gas production in heterogeneous anisotropic reservoirs, increasing gas recovery, achieving economic
efficiency and so on. In this situation, there are popular methods of computer modeling of gas productive reservoirs, because they allow
getting information of the structure and characteristics of the gas reservoir, the distribution parameters of permeability and other important
factors in it. They also allow evaluating and calculating uncertainty arising from the lack of information about the gas reservoir properties
outside the well. Currently there are many methods of computer modeling, allowing solving various practical problems. From another
hand there are some problems related to the accuracy and adequacy of simulation of heterogeneous anisotropic permeable collector
systems in real conditions of gas deposits exploitation.

On the base of combined finite-element-difference method for solving the nonstationary anisotropic piezoconductivity Lebenson
problem, with calculating of heterogeneous distribution of permeable characteristics of the gas reservoir, we carried out modeling of
filtration processes between production and injection wells.

The results of computer modeling show that intensity of the filtration process between production and injection wells depends
essentially on their location both in a shifting-isotropic and anisotropic gas reservoir. Therefore, for the effective using of poorly permeable
shifting-isotropic gas-bearing reservoirs, it is necessary to place production and injection wells along the main anisotropy axes of the
gas-bearing layers. At the placing production and injection well systems in low-permeable anisotropic reservoirs of a gas field, the most
effective exchange between them will take place when the direction of increased permeability of the reservoirs coincides with the direction
of the location of the wells. Obviously, the best conditions for gas production processes in any practical case can be achieved due to
optimal selection of all anisotropic filtration parameters of the gas reservoir.

One can use obtained results for practical geophysical works with a purpose optimizing of gas production activity in low-permeable
heterogeneous anisotropic reservoirs. Presented method for more detailed investigation of low-permeable heterogeneous anisotropic

gas-bearing deposits can be used.

Keywords: computer modeling, anisotropic filtration processes, gas reservoirs.

Introduction and statement of the problem.
Nowadays, there are actual problems of increasing and
effective supporting of the stable gas production. For that
purposes in practice, different modern technologies for
intensity of the gas filtration process between producing and
injection wells have been used (Kowrsik, 2002; Tep-Capku-
cos, 1999; HckuH u Op., 2018). There are different
technologies, which can influence the main filtration
parameters of the gas reservoir such as permeability,
porosity, viscosity and any other additional factors. From the
other hand, an important factor in gas production in poorly
permeable depleted reservoirs is the calculation of
anisotropy in the processes of gas phase displacement.

However, for effective using of the gas technologies in
practice it is necessary to realize the complete anisotropic
filtration processes between production and injection wells
in reservoirs. In this situation, computer methods of the
anisotropic heterogeneous gas reservoirs modeling are very
effective, because they help to obtain information about
anisotropic filtration processes between acting wells in many
practical cases.

Furthermore, they allow evaluating and taking into
account uncertainties due to poor information about the
structure and filtration properties of the reservoir outside the
wells. Moreover, we can obtain all this information by
comparatively cheap way and use for effective analysis,
control and management of the gas production processes.

Analysis of latest investigations. At that moment,
there are many methods of the gas reservoirs modeling,
which allow resolving of various practical problems in gas
production (A3u3z u Cemmapu, 2004; KaHesckas, 2003;
Chen, et al., 2006; Ertekin, et al., 2001): a) determination of

gas filtration processes under different actions on the
reservoir in vicinity of acting wells; b) the general choice of
the system of development of depleted gas reservoirs;
c) supporting of optimal volumes of gas production in low-
permeability depleted gas reservoirs; d) determination of
final reserves and stagnant zones in gas reservoirs;
e) gradual analysis and reduction of risks of development
and provision of strategy and tactics of operation of the
system of acting wells in difficult mining conditions.

Pinpointing unresolved issues. Now there remain the
number of problems connected with accuracy and adequacy
of modeling of specific anisotropic heterogeneous poor
permeable gas reservoir systems in realistic conditions.

Considering in this work combined finite element -
difference method resolving nonstationary piezoconductivity
Lebenson problem (bacHues u 0Op., 2003; Lubkov, 2019)
allows calculation of the different filtration parameters in the
anisotropic heterogeneous gas reservoirs and gas
penetration conditions on the border of investigating area in
any time. Therefore, we can adequately define the
distribution of the gas reservoir pressure between producing
and injection wells in anisotropic heterogeneous poor
permeable gas reservoir systems in realistic exploitation
conditions.

Setting objectives. The aim of the article is modeling of
pushing processes in the anisotropic low permeable gas
reservoirs based on the elaborated combined finite element
— differences method.

Research part and findings validated. Mathematical
formulation and solving problem. We consider the gas
reservoir in which the presence of gas is very small. We
suggest that the average reservoir thickness is considerably

© Lubkov M., Zaharchuk O., 2021
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smaller than its horizontal sizes of the considered area, so
it's sufficient to use a two-dimensional nonstationary
anisotropic model of piezoconductivity Lebenson problem
(bacHues u dp., 2003; Lubkov, 2019). In that case, the
general formulation of the nonstationary anisotropic
piezoconductivity Lebenson problem, taking into account
the conditions of penetration of the gas phase on the borders
of considering region, in rectangular axes (X, Y) can be
presented as:

oP* 1 0P’ o’P? oP* 9P’
ok ke 2k, S ey
ot c[ ox’ Ty oy’ Ty ox ayJ > ()
Pt=0)=B; %)
k,gradP’ = o(P* — P7). (3)

Here (1) — nonstationary piezoconductivity Lebenson
equation; (2) — initial condition; (3) — condition of the gas
penetration in the reservoir borders; P(x,y,t) — pressure, as
function of coordinates and time; ¢=nm/ E, — coefficient of

Lebenson piezoresistivity; kxx, Ky, kxy — anisotropic gas
coefficients permeability; n — gas dynamic viscosity; m —
porosity coefficient; y— gas production parameter; F, -
initial pressure of the porous layer; o — coefficient of the gas
penetration in the border of reservoir; P, — pressure in the

border of investigating area; k» - gas coefficients
permeability in the border of investigating area
For resolving nonstationary piezoconductivity Lebenson
problem (1) — (3), we use variation finite element method,
which leads to the solving of variation piezoconductivity
Lebenson equation (Lubkov, 2019):
S1(P)=0. (4)
Here I(P) — functional of piezoconductivity Lebenson

problem (1) — (3), which after substitution 7 = P?can be
presented as:
<1 oP oP oP oP
I(P)==||{k (=) +k, (=—) +2k ——+
(Pr=o [k G0 4, G o7 + 26, 220

LoP - . lp = < =~ ®)
+2 J ¢, dP=2yPydvdy - [ o(P—2P )Pl
here, S —the square of investigating area; L — contour, which
surrounds the square S, d/ — element of the contour.

For resolving variation equation (4), we use eight-nodal
isoparametric quadrangular finite element (J/ly6kos, 2017;
Lubkov, 2019). As global coordinate system, where we unit all
finite elements of investigating area S, rectangular system (x,
y) is using. As local coordinate system, where in limits of every
finite element we define approximation functions @i and make
numerical integration, normalizing coordinate system (¢, n) is
used (/lybkos, 2017; Lubkov, 2019).

0= (=01 =ML -1
0, = (1 D=1 =10, =1+ DA+ MEC 11

0, = (1= M-C 0 -1
0 =5 (1-C)1-m;
0 =5 (1-M)(1+0)

o, =%(1—c2)(1+n);<ps =%<l—n2>(l-®~ ©)

In this system coordinates, pressure, initial pressure,
pressure in the border of investigating area, coefficient of the
gas penetration in the border and derivatives of pressure on
coordinates approximated in such way:

8 8 .8
XZZ)C,.(p[;yZZy[(p[;PZZP[(p[;
i=1 i=1 i=1

.8 T g
F= ZPOi(pi; F,= zpm% o= zai(pi;
pa =1 =1

0 P 3
—=Y P¥; —=) Pd,;
) % a laay a;a
¢, dy 0Q, oy
(= (G = S, )
\J\ on & 9§ on
o, =L 20,9 90,0,
\J\ d0& on  dn 9
dy dx dy ox . .
here J=——-—— — Jacobian matrix between
Wi ac‘;BT] an aE_, | X Wi

systems (x, y) and (&, n).
Following variation equation (4) and suggesting, that nodal

. _ 4P
meanings from derivatives of pressure on time i are known
t

values and can't be variated we get system of differential
equations for k—nodal of p—finite element in such view:

ol 8 dP _
2 =N H2 S (A2 +QP)P — QP P —yP =0; 8
o7, D {HZ AL QDR - QLR -] (8)

i=1

11
HY = [ [ g0, |Tldgan;
—1-1
11
A= [[Gw Y, +I0®.®, + kW@ ))|IdEdn;
—-1-1
11
Q} = [oo0,ds v = [ [ o, lldgdn.
L -1-1
For resolving the system of linear differential equations
of the first order (8) at initial conditions (7) we use method of
finite differences. At that, approximation of derivative in time
can be realized on the base of implicit differential scheme:
dP _ P(t+AH—-P(@) )
dt At '
Putting expression (9) into the system (8), we obtain the
next system of linear algebraic equations:

8
DA I+ AL+ QE(-+ 80— HY PO - QL B} =17 =0,
i=1

(n=1-3). (10)

After summing equations (10) by all finite elements, we
obtain the global system of linear algebraic equations, which
allows defining unknown meanings of pressure in the moment
of time t + At via their meanings at previous moment t. We
resolve the global system equations on the base of Gauss
numerical method without choosing the main element (J1y6-
koe, 2017; Lubkov, 2019). After solving, we can define the
pressure at all nods of the finite element net. According to the
found nodal values, the pressure can be determined at any
point of the gas reservoir area in any time. The use of
quadratic approximation and implicit difference scheme leads
to increasing of the accuracy and also convergence and
stability of the numerical solution of the problem (A3u3 u Cem-
mapu, 2004; Jlybkos, 2017; Chen et al., 2006).

Modeling of anisotropic gas displacement processes.
Let us consider filtration processes of an anisotropic gas
reservoir in the vicinity of a production well with the power of
24840 m?3over day at the initial reservoir pressure of 20 MPa.
Taking into account the expansion of the gas, at the surface the
well power wil be 2,484-105m3 over day. We suggest
anisotropic gas reservoir area with the size of 9x9 km?.

We choose some average characteristic parameters of
the gas reservoir (bacHues u dp., 2003): n =0,18-10*Pa-s;
m=0,15. In that case coefficient of Lebenson
piezoresistivity is ¢=0,27-10"" s. In modeling, we will
consider that borders of investigating area are impenetrable,
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thus the gas penetration coefficients on the borders of
considering area equal zero.

From the figures we can see the pressure distributions
between gas production and injection wells at the given well
power and various anisotropic parameters of the gas
permeability after 30 days of continuous acting.

In fig. 1 — we can see distribution of pressure between
producing and injection wells in the shifting-isotropic case of

1
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gas permeability distribution (kx, # 0). In fig. 2 — distribution
of pressure between producing and injection wells at their
horizontal installation relatively of the main anisotropy axes.
In fig. 3 — distribution of pressure between producing and
injection wells at their vertical installation relatively of the
main anisotropy axes. In fig. 4 - distribution of pressure
between producing and injection wells at their diagonal
(shifting) installation relatively of the main anisotropy axes.

! !
m L
8000 ~
6000 -
4000+ ~
2000+ ~
0 \ \ \
0 2000 4000 6000 8000
m p
! !
Q
o
o
\
0 2000 4000 6000 8000
My

Fig. 1. Distribution of pressure between production and injection wells over month from beginning
in shifting-isotropic case of permeability gas distribution:
a— kw=0,0012 D, kyy=0, 0012 D, k= 10,0012 D; b — kxx=0,0012 D, ky, = 0,0012 D, kxy,= 0,0012 D; ¢ — kxx= 0,0012 D,
kyy=0,0012 D, ky = 0,0012 D; d — kxx = 0,0012 D, ky, = 0,0012 D, kx = 0,0012 D. (1D (Darsi) = 10'2 m?)

Discussion of the results. The modeling results show
a significant effect of the anisotropy of the gas reservoir
permeability on the nature of the filtration processes around
the production and injection wells, and therefore on the gas
production process. In fig. 1 it is possible to detect the
degree of intensity of the filtration process between
production and injection wells depending on their installation
in shifting-isotropic gas reservoir. The most intensive
filtration process between production and injection wells
occurs when they are placed along the main anisotropy axes
(fig. 1, a, b, d). In that case, the gas production process is
the most efficient. In the case of diagonal (shifting)
installation relatively of the main anisotropy axes, the mutual
exchange between production and injection wells decreases
and gas production is reduced accordingly (fig. 1,c). In fig. 2
we can see that the most intensive exchange between
production and injection wells is observed in case 2, a, when
the direction of increased permeability coincides with the
direction of well location. Accordingly, the least intense
exchange is observed in case 2, b, when the direction of

increased permeability is perpendicular to the direction of
the wells. Case 2,c, when the direction of increased
permeability is shifted, corresponds to the average
exchange rate. In fig. 3 we can see that the most intensive
exchange between production and injection wells is
observed in case 3,b when the direction of increased
permeability coincides with the direction of wells distribution,
the least intense in case 3 a when the direction of increased
permeability is perpendicular to the direction of wells. That
is, the pattern of exchange intensity between production and
injection wells is repeated. In fig. 4 - the most intensive
exchange between production and injection wells is
observed, respectively, in the case of 4, ¢, also when the
direction of increased permeability coincides with the
direction of the wells. Moreover, cases 4, a and 4, b have an
equally intensive exchange between production and
injection wells. Based on the obtained information, for the
effective use of weakly permeable shifting-isotropic gas
reservoir, it is necessary to install production and injection
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wells along the main anisotropy axes. At installing systems
of production and injection wells in anisotropic low
permeable gas reservoirs, the most effective exchange
between them will take place when the direction of increased
permeability of the reservoir coincides with the direction of
the wells. Obviously, for achievement of the best conditions

of gas production in any practical case we need in
systematic analysis and optimal selection of all influential
factors of the anisotropic gas filtration processes. From the
other hand, we can evaluate these factors by using
presented method.

| |
m m m
8000 = 8000+ 8000
6000 = 6000 6000
4000 - 4000 4000
0 °
2000 - 20004 %/E 2000
¥ D O . g
o m - ol : 0 N %Qﬁ‘ : ‘QJ/ 0
0 2000 4000 6000 8000 0 2000 4000 6000 8000 0 2000 4000 6000 8000
m m m
a b c
Fig. 2. Distribution of pressure between production and injection wells at their horizontal installation relatively
of the main anisotropy axes over month from the action beginning:
a—kw=0,012 D, ky=0, 0012 D, kxy=0,0012 D; b — kxx= 0,0012 D, ky,= 0,012 D, kxy=0,0012 D;
¢ — kxx=0,0012 D, kyy=0,0012 D, k= 0,012 D
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Fig. 3. Distribution of pressure between production and injection wells at their vertical installation relatively
of the main anisotropy axes over month from the action beginning:
a—kw=0,012 D, ky=0,0012 D, k= 0,0012 D; b — kxx= 0,0012 D, ky,= 0,012 D, kxy= 0,0012 D;
€ — kxx=0,0012 D, kyy=0,0012 D, k= 0,012 D
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Fig. 4. Distribution of pressure between production and injection wells at their diagonal (shifting) installation relatively of the
main anisotropy axes over month from the action beginning:
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Conclusions. The elaborated combined finite element —
differences method of resolving anisotropic nonstationary
anisotropic Leibenson piezoconductivity problem in
deforming gas reservoirs allows adequately in the quantity
level describing of low permeable gas filtration process
between producing and pushing wells in realistic conditions.
The obtained results show that the intensity of the filtration
process between production and injection wells and,
accordingly, the productivity of gas production depends
essentially on their location, both in the shear-isotropic and
in the anisotropic gas reservoirs.

The obtained information shows that it is necessary to
place production and injection wells along the main
anisotropy axes of reservoir for effective exploitation of
anisotropic low permeable gas reservoirs.

At installing systems of production and injection wells in
anisotropic low permeable gas reservoirs, the most effective
exchange between them will take place when the direction
of increased permeability of the reservoir coincides with the
direction of the wells. Obviously, for achievement of the best
conditions of gas production in any practical case we need
to realize systematic analysis and optimal selection of all
influential factors of the anisotropic gas filtration processes.
From the other hand, we can define and evaluate these
factors by using the presented method. In the future, it is
interesting to create on the basis of the elaborated finite-
element-difference method a practically significant method
of optimizing gas production in real exploitation conditions of
production and injection wells in low-permeability
anisotropic gas reservoirs.
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MOAENOBAHHSA NPOLIECIB BUTICHEHHA B HEOOHOPIOAHUX AHI3OTPOMHUX TASOHOCHUX MITACTAX

Y Haw 4ac saxnueumu € npobnemu nidsuuwjeHHs eghekmusHocmi po3pobku ma ekcrniyamayii 2azoeux podosuuy. 3okpema, ye npobrnemu, nos'-
s3aHi 3i 3pocmaHHsIM 8UG06Y MKy 2a3y 8 HEOOHOPIOHUX aHi30MPOMHUX niacmax, 00Csi2HeHHsIM eKOHOMIYHOI egpekmusHocmi mouwjo. Y yiti cumyauii
3ampebygaHumMu € Memodu KoM 'tomepHo20 Modesito8aHHs1 2a30MPodyKmuUeBHUX fnyiacmie, OCKiflbku 60HU 00380J1sIloMb ompuMyeamu iHgpopmayiro
npo cmpykmypy ma xapakmepucmuKu 2a308020 fjiacma, napamempu po3nodisly npoHUKHocmi ma iHwi eaxnuei gpakmopu. BoHu makox do3eorsi-
romb oyiHr8amu ma o64ucsIroeamu Heeu3Ha4yeHOCMi, WO eUHUKarOMb eHac/lidok HedocmamHbOi iHghopMauii npo enacmueocmi 2a308020 niacma
nosa mexamu ceepdsnosuH. IcHye 6azamo Memodie KoM 'tomepHo20 Modesito8aHHs!, w0 00380JII0Mb 8UPiWyeamu Pi3Hi NpakmMu4Hi 3adad4i. 3 iH-
wozo 60Ky, 3anuwaromscs 0esiki TumaHHsi, Noe'si3aHi 3 mo4Hicmto ma adekeamHicmio Modesito8aHHsI HEOOHOPIOHUX aHiI30MPOMHUX KOSIEKMOPChKUX
cucmemM y peanibHUX yMogax eKcrylyamauil 2azoeux podosuwy.

Ha ocHoei komM6iHO@aHO20 CKiH4YeHHO-esleMeHMmHo-pi3HuUyeso20 Memody O HecmauioHapHOi aHi3omponHoi 3adayi n'e3onpoesioHocmi JleliGe-
H30Ha, 3 ypaxyeaHHsIM HeOOHOPiOHO20 po3nodiny pizHuUx ¢inbmpayiliHux napamempis ecepeduHi aHi30MPONHO20 2a30HOCHO20 MNslacma i Ha lio2o
Mexax, npoeedeHo ModestoeaHHs npouyecie hinbmpayii Mixx eudobyeHUMU ma HacHiManbHUMU ceepdsio8uUHaMU.

Pe3ynbsmamu komn'tomepHo20 Modesiro8aHHs MOKa3ylomb, W0 iHMeHcueHicmb npouyecie ¢inbmpayii Mixx sudobyeHuMu ma HacHimanbHUMU
ceepdnosuHamu i, idnoeioHo, NpodykmueHicmb eudobymKy 2a3y cymmeeo 3asiexxums 8id ix po3mauwyeaHHsl, siK y 3Cy8HO-i30mponHuUx, mak i aHi-
30MpOnNHUX 2a30HOCHUX niacmax. Buxodsiyu 3 ompumaHoi iHghopmauii, Onsi e¢pekmueHo20 8UKOPUCMAHHS CJ1a60NPOHUKHUX 3CY8HO-i30MPONHUX
2a30HOCHUX ns1acmie Heob6xiOHo po3miwjyeamu eudobyeHi ma HacHimanbHi ceepdno8UHU y3008)K 20/108HUX oceli aHizomponii nnacma. lMpu po3mi-
wieHHi cucmem eudobyeHuUx ma HazHimasnbHUX ceepOsiI08UH y cs1a60MPOHUKHUX aHI30MPOMHUX Macmax 2a3oeo20 podosuwa Halibinbw egpekmus-
Huli 06MiH MiX HUMU 6yde npoxodumu, KO/IU HanPsIMOK 36inbweHoi MPOHUKHOCMI niacma 36i2zaembcsi 3 HaNPSIMKOM po3mauly8aHHsi ceepOsI08UH.
O4esudHo Halikpauwii ymosu 8u0obymky 2a3y MOXymb 6ymu Aocsi2Hymi minbKu nicsisi cCucmeMHO20 aHaiily ma onmumasnbHo20 nidbopy ycix ennu-
8oeux ¢hakmopie aHi3omponii 2a30HOCHO20 n1acma y KOXXHOMY NPakmu4YHoOMYy eunaoky.

OmpumaHi pe3ynbmamu MOXXHa euKopucmoeyeamu 07151 MpakmuYyHuUx 2eoizu4Hux pobim 3 Memoro onmumisayii 2azoeudobyeHoi dissnbHocmi
8 c/1a6onpPoHUKHUX HEOOHOPIOHUX aHi3omponHux podosuujax. Y nodanbwoMy eUK/IUKAaEe iHmepec eukopucmaHHsi npedcmaesieHo20 Mmemody Onsi
6inbw demanbHO20 AOCiOXKEHHSI OCMaHHiIX.

Knroyoei cnosa: komn'tomepHe Modesito8aHHs1, aHi3omponHi ¢hinbmpayiliHi npoyecu, 2a30HOCHIi Nnacmu.
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MOAENMPOBAHUE NMPOLIECCOB BbITECHEHUA
B HEOAHOPOAHbIX AHU3OTPOIHbIX FASOHOCHbIX MJIACTAX

B Hacmosiwjee epemsi cywjecmeytom npobriembl noebiweHusi aghghekmueHocmu paspabomku U 3Kcrayamayuu 2a3o8bix MecmopoxoeHutli. B
JacmHocmu, amo npobriemMsl, cési3aHHble ¢ pocmoM 006bI4u 2a3a 8 HEOOHOPOOHbIX aHU30MPOIMHbLIX MN1acmax, docmuxeHueM 3KOHOMUYecKol 3gh-
gekmueHocmu u m.8. B amoli cumyayuu eocmpe60o8aHHbIMU SI8/1HOMCS1 Memo0dbl KOMIbIOMEPHO20 MOOeIUPOB8aHUsl 2a308bIX 1171acMoe, MoCcKo-
JIbKY OHU [10380JISilOM [oJly4amb UHGOPMayuro O CMPYyKmype U XapaKmepucmukax 2a308020 facma, napamempax pacnpedesieHusi
npoHuyaemMocmu u Opyaux eaxHbix hakmopax. OHU MaKxxe M0380IsII0M OYeHUBaMb U 8bIYUC/ISIMb HeonpedesleHHOCMU, 803HUKaroujue ecrnedcm-
sue Hedocmamo4Hol uHghopmayuu o ceolicmeax 2a30HOCHO20 Ms1acma eHe 00csi2aeMocmu CKeaXKuH. B Hacmosiujee epems cyujecmeyem MHO20
mMemodoe KoMMnsromepHo20 Modeslupo8aHuUsl, MO3680JISIFOUUX pellamb pa3suYyHbie npakmuyeckue 3adayu. C dpyaoii CMopoHbI, OCMaroMmcsi HeKo-
mopbie 80MPOChl, C8sI3aHHbIE C MOYHOCMbIO U adeK8amHOCMb0 MOAeUPO8aHUsi HEOOHOPOOHbLIX aHU30MPOIHbIX KOJIIIEKMOPCKUX CUCMEM 8 pea-
JIbHBIX YCII08USIX 3KCMTyamayuu 2a308bIX MECMopoXxoeHud.

Ha ocHoee KOM6UHUPOBaHHO20 KOHEYHO-3/1eMeHIMHO-Pa3HOCMHO20 Memoda Os1s HecmayuoHapHoOU aHU3ompornHou 3ada4u nbesonpogodumocmu Jlel-
6eH30Ha, ¢ y4emom HeoOHOPOGHO20 pacnpedesieHuUs] Pa3uYHbIX huNbMpPayUOHHbIX NapaMempoe 8Hympu aHU30MPONHO20 2a30HOCHO20 ry1acma U Ha e2o
2paHuyax, 6b110 nposedeHo ModenuposaHue rpouyeccoe ghunbmpayuu Mexady obbigaroujuMu U Haet TbHBIMU Ci IHamu.

Pe3ynbmamsbi koMnblomepHo20 MOAeslupo8aHUs MoKa3biealom, Ymo UHMEHCUBHOCMb npouyeccoe gunbmpayuu mexdy dobbigarouumMu U Ha-
2HemamesibHbIMU CK8aXXUHaMu U, COOMe&emcmeeHHo, npou3zeodumenbHOCMb A06bIYU 2a3a CywecmeeHHO 3agucum om ux PacrosioXeHUsl, KaK
c08U2080-U30MPONHbLIX, MaK U aHU30MPOIMHbIX 2a30HOCHbIX naacmax. Mcxods u3 nonyveHHol uHgopmayuu, 0ns aghghekmueHoU 3KcnIyamayuu
cnabonpoHuyaeMbix cO8U20-U30MPOINHbIX 2a30HOCHbIX M/1acmoe, Heo6xo0umo pasmeuwjams Aobblearowjue U HacHemamesibHble CK8a)XXUHbI 8301
2n1aeHbIx oceli aHuzomponuu nnacma. lpu pasmeujeHuu cucmem Ao6blearoUUX U Ha2HemamersbHbIX CK8aXUH 8 Cs1abonpoHUUuaeMbIX aHU3omponn-
HbIX n1Iacmax 2a308020 Mecmopo)x0eHus1 Haubosiee aghgpekmueHbIli 06MeH mexdy HUMuU 6ydem npoucxodumsb, ko2da HanpaesieHue MNoebIWEeHHOU
npoHuyaemMocmu nnacma 6ydem coenadamsb ¢ HarnpaesieHUeM pa3Meu,eHus1 ckeaxuH. O4eeaudHo, Hausy4wue ycriogusi do6bi4u 2aza Mo2ym 6bimb
docmuzHymbl MOJILKO & pe3ynibmame CUCMEMHO20 aHanu3a u onmumasnbHOo20 y4éma ecex 8axHbIX hakmopoe aHU30MmpPOoNHO20 2a30HOCHOR20 r/1a-
cma 8 KaxxdoM npakmu4ecKom cry4ae.

IMony4yeHHble pe3ynbmambl Mo2ym 6bimb UCMOJIb308aHbI Ha MPakKmMuke 2eogusuyeckux pabom c yesbio onmumusayuu 2azodobbiearowjeli de-
simenbHOCMU 8 c1abonpoHuyaemMbix HEOOHOPOOHbIX aHU30MPOMNHbLIX niacmax. B danbHeliweM ebi3bieaem uHmepec ucnonb3oeaHue npedcmas-
JleHHo20 MemoOda 9151 6oniee demanbHO20 ucc/iedo8aHusi MOCIeOHUX.

Kniodeenie crioea: KomnsromepHoe ModesiupoeaHue, aHU30mpornHble (hunbmpayuoHHbIe MPOYECChI, 2a30HOCHbIE N1acmal.
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OCOBJIUBOCTI CTBOPEHHSA FrEOIH®OPMALIIMHOIO 3ABE3MNEYEHHSA
ANA BEAEHHA MOHITOPUHIY YOPHOBUIIbCbKOIo PAAIALIIMHO-EKONOrIYHOIro
BIOC®EPHOI O 3ANOBIAHUKA

(MpedcmaesneHo 4reHoM pedakyiliHoi Koseail 0-poM 2eos1. HayK, cm. Hayk. crniepob. O.J1. LlleeyeHkom)

HocnidxeHo cmaH ma nepcnekmueu 3acmocyeaHHs 2eoiHghopmayitiHux cucmem (IC) onsi supiweHHs1 MOHIiMopuH208uXx 3a80aHb
npupodooxopoHHUX mepumopil YkpaiHu. [f[pedcmaenieHo pe3ynibmamu enepuwe 8UKOHaHO20 8 YKpaiHi npoekmy 2eoiHghopmauyitiHo2o
3abe3neyeHHss mepumopii YopHobunbcbKo20 padiayiliHo-ekos102iyHo20 biocghepHozo 3anoeidHuka (YPEB3) Onsi eedeHHss MOHImMopu-
H2y, OCHOBOH0 sIKO20 crly2ye 6a3a 2eonpocmoposux 0aHUX mepumopii 3arnoeiGHuKa, cmeopeHa i3 3acmocyeaHHsIM 06'ekmHo-opieHmo-
8aH020 nidxody Ha OcHoei HauioHanbHUx cmaHdapmie Ykpainu [CTY 8774:2018 "NeozpacpiyHa iHghopmauyisi. [pasuna modesntoeaHHs1
2eonpocmoposux 0aHux" ma [CTY ISO 19110:2017 "NeozpacpiyHa iHghopmauisi. Memodosiozisi Onsi kamarnozizayii 06'ekmie”.

CmeopeHuli iHghopmayitiHo-dogidkoeutli 2eornopmast mepumopii ma 06'ekmie YopHobusnbcbko20 padiauyiliHo-ekonozi4Ho20 6iocghe-
PHO20 3anoeiOHuUKa dae MoxJlueicmb Ha0aHHS1 WUPOKOMY KoJly Kopucmyeadie nybniyHo2o docmyny Ao akmyasbHOi MOHIMOpuH20801
iHghopmauii YPEB 3 Ha ocHoei nnamghopmu ArcGISOnline. 3anponoHoeaHo euKopucmaHHs po3pobrieHuUx cneyianizoeaHux anzopummie
2eoiHghopmauiliHo2o aHanizy ma Mmodesro8aHHs1 OJ1s1 MOHIMOpPUHa2y cmaHy padiayiliHozo 3abpyoHeHHss YPEB3.

Ocob6nuesocmsimu 2eoiHghopmMauitiHo20 3abe3neqYeHHss mepumopii YopHobusnbcbko20 padiayiliHo-eKos102i4H020 b6iocghepHO20 3arno-
8i0HuUKa O eedeHHs1 2e0iHghopmauiliHo20 MOHIMoOpuUHay € NiIOMpuUMKa 8 akmyaslbHOMY cmaHi ma yHicikayisi pisaHux 3a murom i noxo-
OXXeHHsIM daHuX Ha eOuHill yugbpoeili monozpadpiyHili ocHoei, 3abe3ne4eHHs Nompi6bHo20 pieHs1 e3aeMo0ii pi3HuUx nidpo3dinie opzaHie
micyeeo20 ynpaeniHHs, iHwWux niénpueMcme ma ycmaHos, w0 3abe3neqyyroms XummeoisiibHicmb 3anoeioHukKa.

3a donomozoro INC YPEB3 3abe3neyeHo eupiwieHHs1 3a80aHb 3i CMEOPEHHST Ma NiGMmpuUMaHHs1 8 akmyaslbHOMy cmaHi 2eonpocmo-
poeux GaHux: MeX 3arnoeiOHUKa; Cy4acHO20 CImaHy 8UKopucmaHHs mepumopii, IpupodHux naHowaghmie; poCIUHHO20 MOKpuUBY; MicUb
nowupeHHs1 piOKicHUX ma 3HuUKaro4yux sudie ¢hsiopu, ¢ghayHuU, POCITUHHUX y2pynoeaHb; (hyHKUiOHasIbHO20 30Hy8aHHsI mepumopii; sico-
HacaO)XeHHs1 3anoeiGHUKa; PO3MilujeHHs1 iCIMOoPUKO-Ky/IbMYPHUX Ma pekpeauiliHux 06'ckmie, eKos102iYHUX CIMEXOK i mypucmuYyHUX ma-
puwpymie; NPOMUIIOXEXHO20 ernopsiIOKye8aHHsI Mepumopii, NMPOEKMHO20 MaHy; n/aHyeaHHsI NMPUPOOHO-3aroeiGHOI mepumopii;
opeaHi3auiro egheKmueHO20 eKOHOMIKO-coyiaslbHO ma eKoJs102i4HO yrpaessliHHS 3aro8iOHUKOM; po3po6Ky 3axodie Onsi 30iliCHEeHHST MOHI-
mopuHay 008Kinns; NPUliHAMMS ynpaesniHCbKUX pieHb, audayy daHUX Ha meepdi HOCIT; MPOEKMy8aHHsI MyPUCMUYHUX Mapwpymie
ma Moxnueux Hacsiokie kamacmpodgb; HalaHHs 2eoiHghopmauitiHoi NiGmpumku nid Yac nikeidayii icogux noxex; po3pobrieHHs 3axodie
w000 30ilicHeHHs1 MPUPOGOOXOPOHHUX, MPOMUEPO3ilIHUX, MPOMU3CY8HUX IMa MPOMUIIOXEXHUX pobim, 8i0HOBMeHHs NopyweHUX npu-
POOHUX KOMIIIEKCi8; KOMI/IeKCHOI OUiHKU mepumopil 3arnoeioHuka, lio2o 20cnodapcbKo20 8UKOPUCMAaHHSI ma 3anacie npupodHuUX pe-
cypcie, naHowaghmHo20 pi3HOMaHImMmMsi, icMOPUKO-KY/IbMYPHUX 06°'ckmie, cmaHy iH)XeHepHO-MmpPaHCMopMHOi iHghpacmpykmypu;
npoeedeHHs1 HAYKOBO O06I'PYHMOBaHO20 hYHKUiOHaSIbHO20 30HY8aHHsI mepumopii 3arnoeioHuka; po3pobrieHHs1 npono3uuit wjodo 6ydi-
8HUYmMea ma pekoHcmpyKuii 06'ekmie, Heob6xiOHUX Onsi 3abe3neveHHs1 OissibHOCMI 3arnogiGHUKa mou,o.

Knroyoei cnoea: 6aza 2eonpocmopoesux OaHux, I'IC, 2eoinghopmayiliHe 3abe3neyveHHsl, 2eoiHghopmayiliHuli MOHIimopuHa, YopHo-
6unscbkul padiayiliHo-ekosnoziyHuli 6iocghepHuli 3anoeidHuk, FTNC YPEB3, 2eoinghopmayitiHuli aHasi3.

MoctaHoBka npo6nemu. OgHUM 3 HaMBaXKUBILLMX 3a-
BAaHb MPUPOAOOXOPOHHOI OisNbHOCTI € 30epexeHHs Ta 36i-
NblUEHHA MNPUPOAHO-3anoBigHOro OHAY Ta OXOpoHa
reHooHAY POCIIMHHOIO | TBAPUHHOIO CBITY, PiAKICHMX BUAiB
POCHVH i TBApWH, NaHawadgTiB.

Micns CTBOPEHHS NPUPOAOOXOPOHHOT TepUTOpIi oapasy
nocrtae npobnema 3abeaneyveHHs ynpasniHHSA L€l TepUTo-
pieto. HaredeKkTUBHILMM NpakTUYHUM METOAO0M BUPILLEHHS
uiei npobnemn € BUKOPUCTaHHS reociHpopMaLiiHiX cucTem
(M'1C) Ta reoiHdopmauinHnx TexHonorin (IT), ki gonomara-
10Tb €(PEeKTUBHO yNpaBnATM NPUPOAHO-3aMoBiAHUMU Tepu-
TOpiAMMW, aHanidyBaTM Ta MOAentoBaTu pisHi npouecu Ta
ABMLLA Ha LUMX TEPUTOPIAX Ta iX kapTorpadyBaHHs. Bukopu-
CTaHHA reoiHopMauiiHoro 3abesneyeHHst AKICHO MiaBu-
Lye edeKTUBHICTb TepuTopianbHOro adanisy nig 4ac
BCT@HOBIIEHHS MEX HOBUX OO'eKTiB, NMPOBeAEHHS npoLe-
OYPV BUIYYEHHST 3eMerb, PO3pobneHHs nonepeaHboro gy-
HKLiOHanbHOro 30HyBaHHsI TepUTOpIi TOLWO.

MpakTka BnpoBamKeHHSA reoiHdopmauiiHoro 3abesne-
YeHHH AN ynpaBniHHA NPUPOAHO-3anoBIAHMMW TEPUTOPISMA B
icHytoui reoiHdhopmauinHi  npoektn  (MNpupodHo-3anosioHul

¢oHO Ykpainu, H.0.; HII "Todinsceki Toempu”, H.0.; Npupo-
OHi ymosu HIIM "MupsmuHcekul"”, H.0.; YopHobunbcbkuli
padiaujiliHo-ekoroaiyHul biocgbepHuli 3anosiOHUK, H.0.), AKi
npusHaveHi ana 3abesnevyeHHst 4issNbHOCTI OKpeMux o6'ex-
TiB NpupoaHo-3anosigHoro goHay (M3d) ceigunTb, WO BOHU
BiAPI3HAIOTBCA MiAXo4amMu Ta BUKOPWCTOBYBAHUMU METO-
namu. FonoBHOW 0cobBNMBICTIO 3a3HAaYEHNX BULLE MPOEKTIB
€ Te, WO BOHWU BMKOHaHI K reoiHopmauinHi wapu gaHmx
i NnpeacTaBneHi LMPPOBMMM KapTaMu, AN BUPILLEHHSI KOH-
KpeTHoi npoGnemu. BukopucTaHHs kapTorpagivHoro nia-
Xo4y 00 BUPILLEHHA NoAibHUX 3aBOaHb, Ha OyMKY aBTOpIB,
He € NPOrpecuMBHMM i CynepeynTb NpUHUMNaM Cy4acHOro
reociHcopmauiiHoro niaxony BUpOOHMLTBA reonpoCTOPOBMX
naHux. Mpu kaptorpadivyHoMy nigxodi umMdpoBa KapTa €
"3pi3oM MicLLeBOCTI" Ha NeBHUIN Yac i He BPaxoBye 3MiHW Mi-
CLIeBOCTi, He 3abe3neyye MOXNMBICTb iHTerpauii AaHux, 3i6-
paHux 3 pi3HWX [Kepen Ansi  OHOBMIEHHS  KapT,
BMIOTOBMNEHHS UMdpPOBOi kapTn BiabyBaeTbCsl B cepeno-
BULLi KOHKpeTHOI IMC, wo He 3abe3neyye iHTeponepabernb-
HICTb reonpocTopoBMX AaHuX, 3ibpaHux B iHwux [IC,
i cnpuMYMHAE Npobnemu 3i CTBOPEHHS, OHOBMEHHS, OOMiHY
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Ta MOLUMPEHHS TakuMX AaHWUX MK PisHUMK BMPOBHUKamMK Ta
kopuctyBayamu. Kpim Toro, aBTopCbki LMdpPOBi reonpocTo-
POBi AaHi NOAIGHMX NPOEKTIB 3anMwalTbCs HeJOCTYNMHUMUN
ONs1 LUMPOKOTO KoNna KOpUCTYBadiB, a B AesKMX BUNagKax Ha-
BiTb 4Ns agMiHICTpaLii NpMpOA0OXOPOHHOT TepUTOpIi Ta Mi-
CLIeBUX OpraHis BNaau.

AKTyanbHMM 3aBOaHHSIM CbOrOAEHHS € OOI'PYHTYBaHHS
€OUHMX BUMOT 0O TeXHOnorii reoiHdopmadinHoro 3abesne-
YeHHs 3anoBigHMX TEPUTOPIN N Yac iX CTBOPEHHSI, NPOEK-
TyBaHHSA Ta ekcnnyaTauii.

eoiHbopmaLiiHe 3abe3neyeHHst NOBUHHO ByTn OpieH-
TOBaHe Ha epeKTUBHE BUKOHAHHS BCiX PYHKLi Npupoaoo-
XOPOHHOI TepuTopii. K CBigYMTL CBITOBUA  A0CBI4,
Hanpwuknag npoektn Protected areas, Protected planet, 6i-
NbLUICTb TakNMX TEPUTOPIN MaE CXOXMI, perrnameHToBaHUN
HOpMaTMBHOI 6a3010, nepenik PYHKLIN 3 NPiIOPUTETHUM ne-
peBaXKaHHsIM NEBHUX i3 HUX. 3aranoM, 3aBOaHHs QisNbHOCTI
NPYPOLAOOXOPOHHUX TEPUTOPIA MOXHA 3BECTU [0 KiNbKOX
OCHOBHUX (DYHKLiA: NPMPOAOOXOPOHHOI, HaykoBO-goOCHiA-
HOI, TYPUCTUYHO-peKpeaLiiHOl, OCBITHbO-BUXOBHOI TOLLIO.

YopHobunbCbkMin pagialiitHo-ekonoriyHnm GiocdepHun
3anosigHuk (gani — YPEB3) 6y 3acHoBaHui go 30-i pivyHuLi
aBapii Ha YopHobunbebkin AEC 26 kBiTHst 2016 p. Y 2016 p.
3anoBiAHMKY Takox Oyno HagaHo MiXHapogHWW cTaTyc Ta
BKIMOYEHO A0 BcecBiTHBOI Mepexi GiocdepHux pesepsartis
y pamkax nporpamu FOHecko "lMiognHa i Giocdepa”.

Mnowa 3anoBigHWKa, po3TalloBaHOrO B Mexax |BaHkiB-
cbkoro Ta lMonicbkoro panoHiB KuiBcbkoi obnacTi, 3arimae
30HY BigyyeHHs1 YopHobunbcbkoi AEC, 3a BuHATKOM 10-
KiToMeTpOBOi OXOPOHHOI 30HU TepuTopii YopHOGUNbCLKOT
AEC, i crtaHoBuUTb 226964,7 ra (YopHoburnbcekuli padia-
uitiHo-ekomnoaiyHull 6iocgpepHull 3anogioHuk, H.0.; [po 3a-
meepdxeHHs  [lonoxeHb..., 2005; [Ipo cmeopeHHs
HopHobunbcbkoe2o..., 2016).

MeTo CTBOpPEHHS 3anoBigHMKa € 30epexxeHHs Npupoa-
HOro cepefoBuLLa, NPOBEAEHHS HAYKOBUX AOCHIIKEHb TOLLO.

MeToto faHoro gocnigkeHHsi € 06rpyHTyBaHHsi 0cob6nmMBo-
CTel CTBOPEHHS reoiHdopMaLiiHoro 3abesneyeHHst YopHo-
OuUnbCbKOro pagiaujiHo-eKonoriYHoro GiocchepHoro
3anoBigHvKa Ansi reociHopMaLiiHOro MOHITOPUHTY, sike 6asy-
€TbCH Ha Teopii 6a3 AaHWX | BUKOPUCTOBYE NPUHLIMNM OYHKLIO-
HanbHO-OPIEHTOBAHOIO MOAENMOBaHHA ONsl CTBOPEHHS 6a3un
AaHnx reonpoctoposmx aaHnx NC YPEBS sik sgpa reoiHdop-
MaLifHOI MiZTPYMKM AN MOHITOPUHIY 3aMOBiOHNX TEPUTOPIN.

Hophodate

Kutacown ofin

Puc. 1. TepuTtopia YopHoGunbcbKoro pagiauiiHo-ekonoriyHoro 6iocdepHoro 3anoBigHuka

Buknap ocHoBHoOro marepiany. HeobxigHicTb Takoi
macwiTabHoi cTpyktypu, sk YPEBS, 3'aBunacsa 3agosro go
26 kBiTHA 2016 poky. Bxxe yepes 15-20 pokiB nmicns aBapii
Ha YAEC crano 3po3ymino: npupoga Habarato NoTyxHila
HaBiTb 3a Takui CTPaLLHMIA aHTPOMOreHHU chakTop, ik YopHo-
6unbcbka kaTacTpodpa. TepuTopis B Kinbka COTEHb TUCSY rek-
TapiB cama no cobi crana 3anoBigHOK: Tam  3HaAMLLMM
MPUXMCTOK | KOMAPOPTHI YMOBU ANS PO3MHOXEHHSI COTHI BUAIB
He TiNbK1 TUNOBUX, @ N PIAKICHNX YEPBOHOKHUXHMX TBAPUH.

3 2018 p. YUPEB3 akTMBHO BKIMHYAETLCA B MiXKHApOAHI
MPOEKTW, a8 HAyKOBMM NiAPO3AiNOM OpPraHi3oBylOTbLCS MepLui
HayKoBi ekcneauuii 3 BUBYEHHA briopu i pbayHn TepuTtopii
30HU BigYYXEHHS.

CtBopeHnn y mexax 30-KinoMeTpoBOi 30HW BigYYXEHHS
HanbinbLLMIA 3a TepuTopieto B YkpaiHi 3anosigHuK € 6asncom
ONs HaA3BMYAMHO BAXIMBOTO YHIKanbHOro NPUPOAHOIo ekcne-
PVYMEHTY He TifbKu B HaLLil KpaiHi, ane 1y BCbOMY CBITi.

YopHoOMNbCbkM  padialinHo-ekonoriyHMin - BiocchepHnii
3anoBigHMK CTBOPEHO 3a Ykasom [lpeavgeHTta YkpaiHu Big
26 kBiTHA 2016 poky — Ne174/2016 "Mpo cTtBopeHHs YopHo-
OunbCcbKoro papiauiiHo-ekonoriyHoro 6GiocdepHoro 3anoBsia-
HUKa". Llen JOKyMeHT BU3Ha4vae "CTBOPEHHs B |BaHKIBCbkOMY
Ta MNonicbkomy paroHax Kuiscbkoi obnacTti B Mexax 30Hu Bia-
Yy)KEHHS Ta 30HM 6e3ymMoBHOrO (0OO0B'A3KOBOrO) BiACENEHHS
TepuTopii, pagioakTMBHO 3abpyaHeHol BHacnigok YopHobunb-
CbkOi KaTacTpodu, YopHOOUNBLCHKOrO pagiauiiHo-eKornoriy-
Horo B6iocdepHoro 3anosigHuka” (puc. 1).

IcHye ABa WNSAXM CTBOPEHHS reociHgopmadinHoro 3abes-
NneYeHHst 4N NPUPOAOOXOPOHHMX TEPUTOPIN:

1) Npy NPOEKTYBaHHI Ta CTBOPEHHI NPMPOAOOXOPOHHMX
TepuTopIn;

2) ons 3abe3neyeHHs epeKTUBHOI AisnbHOCTI (PyHKLio-
HyBaHHS1) CTBOPEHOI NPUPOAOOXOPOHHOI O4NHULI.

"eoiHopMmaLiiHe 3abe3neveHHs YHKLiIOHYBaHHS Npu-
POAOOXOPOHHUX TEPUTOPIV PO3rMNSAAETbCA Ta peani3yeTbes
y BUMAAi:

1) iHTEepHET-caiTy 3 KapTamu Ta iHLIOK [O0BIAKOBOK iH-
dopmaliieto Npo NPUPOLOOXOPOHHY TEPUTOPIID;

2) reociHdopMaLiNHOro NPOEKTY, AK CyKYMHOCTI B3aEMO-
NpuB'A3aHNX reoiHopMaLinHKX LWapiB AaHWX, CTBOPEHUX
AN NPMPOAOOXOPOHHOT TEPUTOPIT;

3) cneuianizoBaHoi 'IC, Ak OKpeMoro NporpamHoOro Kom-
nnekcy, NPU3Ha4YeHoro AN BUKOHAHHS CyKYMHOCTI YiTKO BU-
3HayeHMX 3aBAaHb 3rigHO 3 YHKUiAMKM Ta cneumdikoto
OiSNbHOCTI NPUPOAOOXOPOHHOT OANHWLII.
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IHTepHeT-canT 3 KapTamu Ta iHLWO AOBIAKOBO iHOP-
MaLi€to MPo MPUPOOOOXOPOHHY TEpUTOpIt0 HanbinbLue Bia-
noBigae 3aBAaHHSM MONyNAPHOro 3MicTy — 3abe3neyveHHto
iHTepeciB TYpUCTIiB, @ TAKOX BUKOHAHHIO 3aBAaHb eKOomoriy-
HOI OCBITM Ta BUXOBaHHs1, Ta 3abe3ne4eHHI0 BUKOHAHHSA Ha-
YKOBOI Ta NPUPOAOOXOPOHHOI (OYHKLIIN.

MepeBaramy BUMKOPUCTaHHSI IHTEPAKTUBHOMO iHTEPHET-
CcanTy sk HanpsaMy reoiHdopmauinHoro 3abesneyeHHs Ais-
NBbHOCTI NPMPOAOOXOPOHHOT TEPUTOPIT €:

e [OCTYMNHICTb ANSsi LUMPOKOro Kona KopUCTyBauiB;

o ronynspu3aLis NpYPOAOOXOPOHHMX TEPUTOPIN, Y TOMY YK-
Cni Ans po3BUTKY TYpU3My Ta eKONOrYHOI OCBITY | BUXOBaHHS;

® MOXIMBICTb OMPUIIOAHEHHSA HAYKOBUX AOCHIAXEHb Te-
puTopii y Mexax eguHoro iHdopmMaLiiHoro axepena.

OCHOBHMMUM HepfornikaMun iHTepHeT-CanTiB NPUPOA0OXO-
POHHUX TEPUTOPIN €:

® BiZICYTHICTb BEKTOPHMX LLAPIB AaHUX, LLO 3aKOHOMIPHO
06MeXY€E MOXMMBOCTI BUKOPUCTAHHS AAHMX ANS HayKOBUX
uineu;

e Te, WO CanTW NoriyHo He nepeabayaloTe aBTOMaTUY-
HOro 3aCTOCYBaHHSA reoiHhopmMauiiHMX NporpamMHUX 3aco-
6iB Ta (pyHKLiN CKNagHOro recnpoCcTOPOBOro aHarni3y gaHuXx.

MogoonaHHs LUMX HeAornikiB MOXIUBE 3a paxyHOK CTBO-
PEeHHS | PO3BUTKY HaLiOHaNbHOI iHPaCcTPYKTypu reonpocTo-
pOBMX [aHuX, sika nepenbdavae BUKOPUCTaHHS MPUHLMNIB
reoiHdopmaLiiHoro nmigxoay Ansi NOBHOIO LMKIY BUPOGHML-
TBa reonpocTOPOBMX AaHMX: Bif iX CTBOPEHHSI 40 OBMiHy i no-
LUMPEHHA Ha OCHOBI €AMHMX CTaHAapTiB i crneumdikauin y
cepi "leorpadivHa iHopmauis / eomaTnka", CTBOPEHHSA
reonopTanis NPUPOSOOXOPOHHMX TEPUTOPIN, WO € aKkTyarnb-
HVMM 3aBOaHHAM CbOrOAEHHS Ta aKTUBHO PO3rnsaaETbCs Ha-
ykoBusamu (Mepecadbko, 2012; KapniHcekuli ma Jla3opeHKo-
lesenb, 2020; Karpinskyi and Lazorenko-Hevel, 2020).

"eociHbopMaLiiHNIA NPOEKT — CYKYMHICTb B3aEMONPUB's-
3aHUX reoiHopMaLiiHMX LWapiB AaHWX, CTBOPEHUX Ans
NpYPOLOOXOPOHHOI TepuTopii. Y Mexax AaHoro nigxomy
reoiHcpopmauiiHe 3abesneyveHHs1 pPo3rNAgaeTbCa LOCUTH
BY3bKO CreLianizoBaHO — sk Habip AaHuX, MiAroToBNEHMX
ans pobotu B INC. MNeoiHbopmaLuiiHUA NPOEKT y AaHOMY BU-
nazky BionoBigae NOHATTHO iHopMaLiiHoro 3abe3neveHHs
IC, TobTo cykynHocTi macusiB iHdopMmauii (6a3 aaHux, 6a-
HKIB JaHUX, iHLIMX CTPYKTYpOBaHMUX HAbopiB AaHUX), cUCTEM
KoAyBaHHS, knacudikadii Ta BianoBigHOT 4OKyMeHTaLii, LWo
o6cnyroBye cuctemy 06pobku AaHumX.

3 nornsgy BUKOHaHHSA (OYHKLIiN MPUPOLSOOXOPOHHUX Te-
puTOpI AaHMI BUA reciHbopmauinHOro 3abeane4yeHHs Mo-
KHa BUKOPWCTOBYBAaTU MNEPEBaXKHO AN HAyKOBUX 3ajau.
TypucTnyHo-pekpeadinHa Ta eKkornoriyHa OCBITHbO-BUXOBHA
YHKUIT MOXYTb BMKOHYBaTUCH LUNAXOM OOPMIEHHS Te-
MaTUYHUX KapT BiAMNOBIgHOrO 3MiCTY Ha OCHOBI LLApIB AaHWX
reoiHopMaLiiHOro NPOEKTY, PO3MILLLEHHS iX Y APYKOBaHMX
BUAAHHAX Ta Ha IHTepHeT-canTax.

onoBHOW nepeBaro reociHPoOpMaLinHUX MPOEKTIB €
MOXJUBICTb CaMOCTIMHOrO MOAEOBaHHA CUTyaLin Ta nNpo-
LeciB Ha OCHOBI 6a30BMX HabopiB reonpoCTOPOBMX OAHMX.
Cepen HeponikiB BapTO Bifg3HAYMTU HEAOCTYMHICTb OaHMX
ONsi LUMPOKOro Komna KOpUCTyBayiB Ta MOXMMBICTb MOMNyns-
pu3aduii nuwe Yepes HaykoBi nybnikauii. BiocyTHicTb none-
pefHbO 3akNafeHWx Yy CUCTeMy anropuTtMmiB i Mogenen
aHanisy AaHux, po3pobrneHux 3 ypaxyBaHHAM creundikv
NPUPOAOOXOPOHHOT TEPMTOPIi, BMEHLLYE MOXITMBOCTI CUCTE-
MaTM30BaHWX HaykoBMX gocnimpkeHb. OfHaK npuy LboMy 3a-
NUwaeTbca AocTtaTtHa cBoboga A ansg  gocnigHuka,
MOXIMBICTb PO3PO6KM y NofanbLIOMy CrelianbHUX anropu-
TMIB, L0 0COGNMBO akTyanbHO Ha NO4YaTKOBMX CcTagisx ¢o-
pMyBaHHA  HanpsaMiB  JisnNbHOCTI  TepuTopii  Ta  iX
reoiHopmadiiHoro 3abesneyeHHsi. Kpim Toro, Ha eTanax
NPOEKTYBaHHS Ta CTBOPEHHS NPUPOSOOXOPOHHUX TEPUTOPIN

reoiHpopmadiviHe 3abe3neyeHHsa peanisyeTbcs nepeBaxHoO
came y BUrmnag4i reociHpopmauiiHoro NpoexTy.

CneuianizoBaHa [C, Ak oOkpemuii NpoOrpamMHUin KOM-
nrnekc, npusHayeHa Ans BMKOHAHHS KOHKPETHMX 3aBAaHb
3rigHO 3 OYHKUIAMW NPUPOOOOXOPOHHOI TepuTopii. Y Aa-
Homy Bunagky nig MNC posymioTe 3aranbHONpUHATE BU-
3HayeHHsi: "anapaTHO-MPOrpamMHUn  NOAUHO-MAaLLUMHHWIA
KOMMMeKc, Wwo 3abesnedvye 36ip, 06pobky, BigoOGpaXeHHs i
MOLUMPEHHSA MPOCTOPOBO-KOOPANHOBaHWX AaHWX, iHTerpa-
Uit gaHux, iHopMmalii Ta 3HaHb NPo TepuTopito Ans edek-
TMBHOTO 1X BWKOPUCT@HHS MPW BUPILIEHHI HayKoBUX i
NpuKNagHnx 3aBAaHb, NoB'A3aHMX 3 iHBEHTapu3allieto, aHa-
ni3oM, MOAENOBAHHSIM, NPOrHO3YBaHHSAM i ynpaBriiHHSAM J0-
BKINNAM Ta TepuTopianbHOW oOpraHisalieto cycninbctea'.
CneumngivHicTb 3acTocyBaHHs [NC anga po3s'a3aHHsA 3agad
PYHKLOHYBaHHSA NMPUPOLOOXOPOHHNX TEPUTOPIN AeLLO 3BY-
XY€ Lie NOHATTHA 3a paxyHOK TOro, WO MaeTbCA Ha yBasi He
noBHoyHKUioHanbHa MC i3 MOXNMBICTIO BUPILLEHHS LLIMPO-
KOro Kosia 3aBgaHb, a creianisoBaHuin nporpaMmHui goaa-
TOK, CTBOPEHWUM caMe ANa OKPeEMOI MPUPOLOOXOPOHHOI
TepuTopii (lepecadbko, 2012).

Y reoiHcbopmaLiiHin cdepi 3abe3neveHHs NpUpoaooXo-
POHHMX TEPUTOPIN Ha MiXKHApPOAHOMY PiBHI HaMGinbL Bigo-
MUM npoekTom € CeiToBa 6asa gaHMX NPUPOAOOXOPOHHUX
Teputopin (World Database on Protected Areas — WDPA)
(Protected areas, n.d.) — ue HalnoBHiWMIi rmobanbHUM Npo-
CTOpPOBMIA Habip f4aHUX, WO MICTUTb MOPCbKI Ta HA3EMHIi Npu-
POOOOXOPOHHI TepuTopii. [laHi npo MicueBiCTb HagalTbCs
yepe3 oHnamnH-iHTepdpenc Protected Planet (Protected
planet, n.d.), akun pospobnenuin ansa WDPA, o € cninbHo
iHiliaTMBOO MixHapoO4HOrO COK3Y OXOPOHW NpUpPOAMU
(MCOIM) Ta LieHTpy eKkonoriyHOro MOHITOPUHIY OXOPOHU Ha-
BKONMUWHbOro cepegosuwa OOH 3 meTolo 360py NpocTo-
pOBO-OpiEHTOBAHOI  iHpopmauii Npo  NPUPOOOOXOPOHHI
Teputopii.

MCOI1 Bu3HauMB yHiBepcanbHi KaTeropii NpUpoLooXo-
POHHMX TepUTOpIn, Aki NnepenbavaloTb BiAMOBIOHWUIA pPiBEHb
saxucty (Protected planet, n.d.).

Ha ocHoBi npoaHanizoBaHoi iHdbopMaLii MOXHa 3pobuTn
BMCHOBOK, L0 NepcrnekTuBmM 3actocyBaHHs [IC ans 3abes-
NeyYeHHss AiSnbHOCTI MPUPOLOOXOPOHHUX TEepuTOpIn 3BO-
OATbCa 00 (POPMYBaHHA €OMHOI HaUiOHanbHOI CUCTEMM
06'ekTiB Ta TepuTopi N3P, a TakoXX CTBOPEHHS NTOKANbHUX
IC Ta iHTepHeT-canTiB NPUPOLOOXOPOHHUX OAMHULb, OCKi-
NbKW 3Ha4YHa YacTuHa 00'ekTiB He iHhopmaTmn3oBaHa.

ABTOpU CTaTTi PEKOMEHAYIOTb BUKOPUCTOBYBATW MPUH-
uunu reoiHopmMaLinHoro nigxoay Ans reciHopmauinHoro
3abe3neyveHHs Teputopii YPEB3. Cepea npuvHUUMIB reoiH-
dopmaLinHOro niaxogy € BUMKOPUCTaHHA reonpoCTOPOBUX
0a3 gaHux, nepeBaraMu Skux €: MiHiMi3auis HagMipHocTi fa-
HUX; YHidbikauia opraHiszauii gaHux, sika 4OCAraeTbCsi BUKO-
pUCTaHHAM reoiHdopMaLiinHUX Modenen, po3pobreHnx Ha
OCHOBI MiXXHaApOOHUX Ta HauioHanbHUX cTaHaapTiB YKpaiHu
y coepi MeorpadpivHoi iHdbopMmauii/leomaTuky; LinicHICTb Ta
3aXUCT BiJ HECAHKLOHOBAHOro AOCTYMy, WO BU3HA4ae Bia-
noBigHicTb iHopmaLii 6a3n AaHux Ti BHYTPILLHIA CTPYKTYPI
Ta 3afaHvM npasuram, He3anexHiCTb CTPYKTYp AaHuX Big
nporpamHoro 3abesneyeHHs, HesanexHiCTb NporpamMHoro
3abe3neyeHHs Big CTpykTyp gaHux (COY 71.12-37-949,
2014; CTY ISO 19110, 2017; KapniHcbkuli ma JlazopeHKo-
lesenb, 2020).

Ha noyaTky npakTU4HOI YacTWHU JOCHiaxeHHs Oyno po-
3po0breHo aeTanbHy TEXHOMOrYHY MoAenb reciHdopMauin-
Horo  3abe3neyveHHs  MPUPOLOOXOPOHHOI  TepuTopil
BignosigHo ao metoponorii IDEFO, aka npusHadeHa ans
(PYHKLIOHaNbLHOrO MOZENIOBaHHA | YHaOYHEeHHs eTanis
npoekty. PospobneHa TexHonoriyHa cxema aganToBaHa
6esnocepenHb0 ANS BigobpaXeHHs1 y3aranbHeHOro npo-
uecy C 3abesneveHHss YPEB3.
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Mepwnm TEXHOMNOrYHMM 3aBAAHHAM Y TEXHOMOrIYHIN
Mogerni € 36ip BXigHMX AaHWX, SKUI Nonsrae B KOOPAMHATHIN
npuB'aA3Li TepuTopii 3anoBigHMKa, MOro OKpeMMX AiNSHOK Ta
o6'exTiB. HactynHum reoiHcpopmaUiiHuM  3aBOaHHAM €
NpoeKTyBaHHA 6a3n reonpoCTOPOBUX AaHUX, SKE BUKOHY-
€TbCH NapanernbHO 3 KOOPAUHATHOI NPUB'A3KOI0 TepUTOPIT
3anoBigHMka abo nicna i 3aBeplueHHs. [ns BMKOHAHHSA
LbOro npouecy BucysatTbcs Bumorn o NC ta 6a3n reo-
npocTtopoBux AaHux (brA). 3aBaaHHs BUKOHYETLCH FEOiH-
dopmMaTMKOM 3 BMKOPUCT@HHAM  KomM'loTepa  Ta
BiNOBIAHOro NporpamHoro 3abesneveHHs. [JaHun eTan ne-
penbavae po3pobrneHHst reciHdopMaLinHOT KOHUenTyanb-
Hoi Ta noriyHoi mopgenen BI, katanory oO6'ekTiB i
aTpubyTiB, a TakoX NPOBEAEHHs AOCNigHOI peanisauii 3a-
NpOeKTOBaHOI 6a3n reonpocTopoBMX AaHMX Y BiAMOBIAHIN
IC. Pesynbtatom uboro etany € bI'[l, ska peanisoBaHa y
BUOpaHin reoiHdopmMaLinHin cucremi, To6TO Ha Buxoni
oTpUMyeTbCs He3aBepLueHa MC 3anosigHuka.

Ha HacTynHoMmy eTani BUKOHYETbCS BUTOTOBIIEHHS KapTor-
pacpivHMX MaTepianiB Ha OCHOBI BEKTOPHMX LUapiB CTBOPEHOI
B[, peaynbtatiB nonboBmx pobiT Ta BuMor MNomnoxeHHs "Tpo
MpoekTn opraHisauii TepuTopii 3anosigHuka". Ha Buxogi etany
OTPUMYIOTBCH KapTorpadiyHi Martepianu, ski € CKNagoBo
"MpoekTy opraHisavii TepuTopii 3anosigHnka".

HacTynHum Kpokom € po3pobrneHHs anroputMmis cnedia-
nidoBaHUX (PyHKLi reonpoCcTOpOBOro aHarisy Ta reoiHdop-
MaUinHOro MOAenNtoBaHHS BiAMNOBIAHO 4O BMMOT, BUCYHYTUX
0o C T1a BIrd. KepiBHMMK [OKYMEHTaMU € METOANYHI Ma-
Tepianu OO0 BMKOHAHHA 3a3HA4YeHOro BuLle aHanisy Ta
MoZentoBaHHsi. Po3pobrneHHst anroputmiB BUKOHYETLCH reo-
iH(bOpMaTMKOM 3 BUKOPUCTAHHSAM KOMM'lOTepa, CTBOPEHOI
B ta I'C. Ha gaHomy eTani TakoX BUKOHYETLCS NMPOEKTY-
BaHHSA reonopTany 3anoBigHuKa.

Ha ocHoBI pe3ynbTaTiB nonepeaHix eTanis BUKOHYETLCA
3aTBepkeHHst MpoekTy opraxisadii TepuTopii 3anoBigHuka,
AKWIA | OTPUMYETBCA BHACMiAOK 3aBepLUEHHSA JaHoro eTany.

OcTaHHs 3agaya reoiHgopMauinHoro 3abesneyeHHst Te-
puTopii 3anosigHuka nonsrae y BeegeHHi 'lC 3anosigHuka B
ekcnnyaTauito 3a y4acTi po3pobHukis MC Ta agmiHicTpaLii 3a-
noeigHnKa. 3aadva BUKOHYETLCS i3 3arnyyYeHHAM iHCTPYKLUIT 3
kopucTyBaHHs NC 3anoBigHWKa, sika cknagaeTbes po3pobHU-
Kamu cuctemn. PesynbTtatoM gaHoro etany Ta TEXHOIOriy-
Horo npotecy B Uinomy € NlC Ta reonopTan 3anoBigHWKa.

MpoekTyBaHHa Bl nondrae y moaentoBaHHi peanbHOro
CBiTY, TOOTO Y CTBOPEHHI reoiHpopMaLliHUX Moaenen, CTpyk-
Typa siIKUX HanobinbLL TOYHO BiAMNoBiaae uinam 6a3v aaHux. MNe-
penymoBOK MNPOEKTYBaHHs 6a3 gaHMx abo Tak 3BaHUM
NMoYaTKOBUM €TaroM MPOEKTYBAHHSI € BU3HAYEHHS LIiNbOBOrO
npusHadveHHs B, ske Bu3Ha4yae CTPyKTypy AaHWX.

MpoekTyBaHHs BI'[ Bkntovae B cebe Tpu piBHI Mogento-
BaHHSA: KOHUeNTyarnbHe, noriyHe Ta gisnyHe.

Ha etani koHuyenmyanbHO20 MOOerito8aHHs BW3HAYa-
€TbCs NpegMeTHa cdepa Ta onuc JoCHiaXyBaHUX 00'ekTiB
abo asuuy, TMNK umx ob'extie B BI'l, BcTaHOBNIOKOTLCA 00-
MEXEHHSI Ta B3aEMO3B'A3kU. IHWMMK crnoBamu, nig Yac ga-
HOro eTany He BpaxoBYOTbCS AeTani akTnyHoi peanisauii
BIr4. Etan koHuenTyaneHOro MoaentoBaHHA OOUH 3 HaliBa-
KMUBILLNX, OCKINbKW Big, SIKOCTi AOr0 BUKOHAHHSA 3anexuTb
noganblue NpPOeKTyBaHHA 6asu AaHux, NpoBeAeHHs peari-
3auii Ta ekcnnyarauii cuctemm, a TakoXX BUKOHAHHSA 6a30t0
OaHVX 3aBAaHb, ANsl SKMX 11 CTBOPKOOTL. Jlo2iyHul emarn
moOerntoeaHHs nepenbadvae BinobpaxeHHs KOHLEeNTyanbHoI
MoAeni AaHuX Y BUIMsS4i MOBHUX KOHCTPYKLIN Ta cxemaTuy-
HUX No3HayeHb BUbpaHoi CKB[. TpeTii eTan — ¢hizuyHe mo-
OentogaHHsA,  nepepbayvae  akTyHy  KOMM'IOTEPHY
peanisadito 6a3u reonpocTopoBmNX AAHMX.

Basy reonpoctoposux ganunx ans NC YPEB3 ans npo-
BEe[eHHS MOHITOPUHIY Oyno CTBOPEHO 3 BMKOPUCTaHHAM
byHKUjOHaIbHO-OpieHMogaHo20 Midxody, KU BU3HaA4Yae

OCHOBHi CYTHOCTI (knacu) cuctemu, LWo po3pobnseTbesd, Ta
BCTAHOBJIIOE acoujiaLii Ta onepadii 3 uumu knacamu. Lis B
3abe3neyye ehekTMBHUIA JOCTyn Ao iHdopmalii, cuctema-
TM3aUilo pPisHUX TUMIB Ta Kepen OaHuX, reonpoCTopoBMIA
aHanis, reoiHdopmadiiHe MoaentoBaHHs Ta HeobXiaHWI pi-
BEHb B3aEMOJIT MK Pi3HUMU KOpUCTyBavamu.

Bynu po3pobneHi koHLenTyanbHa Ta noriyHa reoiHdop-
MauinHi mogeni BI'[] i3 BUKOPUCTaHHAM YHihiKOBaHOI MOBU
mogentoBaHHs UML, a Takox katanor o6'exTiB i atpnbyTis
IC YPEBS3 Ha ocHOBI HauioHanbHMX CcTaHAapTiB YKpaiHu
OCTY ISO 19101:2009 EtanoHHa wmogenb, ACTY
8774:2018 "leorpadiyHa iHopmauis. MNpasuna mogento-
BaHHA reonpoctopoBux ganHux" i OCTY ISO 19110:2017
"leorpadpivHa iHdopMmauis. MeTogonorisi kaTtanorizauii 06'-
ekTiB" Ta COY 71.12-37-949 "Basa TonorpadiyHmx AaHuX.
Katanor o6'exTiB i atpubyTis", o 3abesnedye eekTNBHUN
[ocTyn Ao iHopmauii, BUKOPUCTAHHA METOAIB reoiHdop-
MaUinHOro aHaniay, iHTerpadito reonpoCTopoBMX JAaHUX.

KoHuenTyanbHe MoAerntoBaHHA MOMsrac y CTBOPEHHI
mMozeni iHpopmallii, ska 6yae BUKOpUCTOBYBaTUCS B Manby-
THIN 6asi gaHux. Y KoHUenTyarnbHii mogeni BiacyTHA 3ane-
XHiCTb  iHcbopmalii  Big cnocobiB Ta metogiB il
npeacTaeneHHs. [aHuin etan nepenbavae abcTparyBaHHs
Ta onuc npegmMeTHoI cdepu.

KoHuenTyanbHa mogens Bioobpaxkae CyKynHiCTb BUMOT
3amoBHMKa abo KopucTyBaya 40 AaHUX, ki OTpMMaHi 3 ysB-
NeHb Npo pearnbHWiA CBIT. 3a AONOMOro AaHoi Mogeni onu-
CyHOTbCS BCi eneMeHTU JaHuX, BUAWM 3B'A3KIB MK HUMU, a
TaKoX 3a3HavaloTbCcs 0OMeXeHHs, ski NoTpibHi aAna 3abes-
MeYeHHs LiniCHOCTi JaHuX.

KoHuenTyaneHa Modenb ckrnagaeTbCcs 3 TPbOX OCHOB-
HWUX eneMeHTIB: NpeaMeTiB (CyTHocTeln); aTpubyTiB (sIKicHUMX
npegcTaBneHb BNacTMBOCTEN NPeAMETIB); NiHiN, AKki No3Ha-
YaloTb 3B'A3KM (BiGHOLLEHHST) Mi>K CYyTHOCTAMW. Y JaHOMY BU-
nagky npegMeTom € o6'ekT iHdhopmaTuaadii, aTpnbytamm —
MOoro BracTnBOCTi abo XxapakTepPUCTUKN.

3anpoekToBaHa KoHuenTyanbHa mogens [MNC YPEB3
CKNnafjaeTbecs i3 CyTHOCTeN, X aTpubyTiB Ta B3AaEMO3B'A3KIB
MiX HUMK. 3aranom mogenb Hanidye 33 knacu ob'ekTiB Ta
35 3B'A3kiB Mix HUMK. Ha3Bu knacie 06'ekTiB Ta ix aTpnbyTiB
BiAOOpaXeHi ykpaiHCbKOK MOBOIO ANs y3aranbHEeHHS 3MICTy
iHcpopmalii, Aska Gyae 3asHayaTMCA B AaHUX Kracax.

Ha 3anpoekToBaHin KOHLENTyanbHii Moaeni ysaranb-
HeHi 06'ekTu:

e "Noporn", "3anisHuui" Ta "MocToBi cnopyan" y knac
"3ani3Hunui, 06'ekT BYNMYHO-AOPOXHBOI MEpeXi Ta MOCTOBI
crnopyau”;

e "TigporpadiyHi 06'ekT (NoniroHanbHi Ta niHINHI)",
"Mxepena", "MpotunoxexHi Bogonmun" y knac "O6'ektu rig-
porpadii Ta rigporpacpiuHoi mepexi";

e "®Onopa", "PocnuHHi yrpynosaHHsa", "PocnnHHMI nok-
puB" y knac "POCnnHHICTB".

Bci knacu o6'ekTiB BXOOATb 4O Cknagy kBapTanis vyepes
3B'a30K "koMno3uuia”. Komnoawuuis nonsirae y HEMOXIMBOCTI
iCHyBaHHs1 00'eKTiB 3anoBigHMKa No3a MexxaMu KBapTanis.

"KBapTanu" B3aemMofiloTb 3 TEPUTOPIEI0 3anoBigHMKa 3a
nonomoroto "arperauii”, a "TepuTopis 3anoBigHMKa" yepes
[OaHui 3B'A30k B3aemogie 3 KniBcbkoto obnacTio. Bubip 3B's-
3Ky "arperauist" NOSICHIOETLCHA TUM, LLO KBapTanu € Yactu-
HOK TepuTopil 3anoBigHWKa, ane BOHW MOXYTb iCHyBaTW i
OoKpemo (Hanpuknag, AKwo 6yae NPUNHATO pilleHHs npo fi-
KBigauito 3anoBigHvKa, TO KBapTanu MOXYTb iCHyBaTU OK-
pemo abo nepenTM [o cknagy nicHuuTtea). Te came
CTOCYETLCS | arperauii Mk TepuTopieto 3anosigHunka Ta Ku-
iBCbKO 0bnacTio.

MepenyMoBO NPOEKTYBAHHA NorivyHOi Mogeni 6a3n re-
OMNPOCTOPOBUX AaHUX € Po3pobreHHs kaTanory ob'ekTiB Ta
aTpumbyTiB.
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Y katanosi o6'ekTiB MiCLIeBOCTi ONNCYOTLCS abCTpakTHi
MOLENi peanbHOro CBITY Y BUMMA4i BU3HAYEHOI CUCTEMU
knacucikauii o6'ektiB Ta aBuLl. 3aBaaku kaTtanory ob'exTiB
3abe3neyvyeTbc OAHO3Ha4YHa iHTepnpeTauis abcTpakTHMX
Mofernen KOMM'toTEPHUMM cUCTEMaMM Ta X KOPUCTYBa-
Yamu, CTBOPHOKOTLCSH HEOOXiAHI YMOBM AN BUKOPUCTaHHS
reonpoCcTOpPOBMX AAHMX Ta iX LUMPOKOro PO3MOBCIOLKEHHS.

Knacuaikauis pisHOMaHITHUX aBuLLY Ta 06'ekTiB pearnb-
HOro CBIiTY Y KaTanosi 06'ekTiB i aTpmbyTiB NpoBOANTLCS 3a
O0MOMOrO y3aranbHeHOro Habopy BU3HAY€eHb, L0 B HBOMY
MicTsATbCA. 3a gonomoroto kaTtanory 3abesnevyeTbcs cnocio
opraHisauil gaHux, K1 NpuaaTHUN OO BUKOPUCTaHHSA Y TO-
norpadivyHomy kaptorpadyBaHHi Ta C pisHoro npwusHa-
YeHHs, e 3aBasiky TonorpadiyHMM OaHUM YTBOPHETLCH
OCHOBa, sika Crpusie CTBOPEHHIO NpodpinbHMX Habopie aa-
HWX, @ TaKOXX MPOCTOPOBIN NPWB'A3Li HOBMX OB'EKTIB 3 Pi3HMX
npeameTHux cdep (JCTY ISO 19110, 2017).

OcHOBHUMI piBeHb Kracudikadii y kaTanosi — knac o0'ek-
TiB MicueBocrTi (featuretype). [JaHni knac 6a3yeTbcsa Ha Mo-
JenbHOMY nofaHHi  o06'ekta (ABMWA), SKMA  MOXHa
OXapaKkTepusyBaTu 3aBAsKW MEBHOMY MiCLIEMOMOXEHHIO,
OnNsi IKOro BUKOHYETLCS 30MpaHHs, 36epiraHHs, a Takox pos-
NOBCIOAXKEHHS AaHUX.

B kaTanosi o6'ekTiB BI'l 06'ekT peanbHOro CBiTy knacu-
hiKyeTbCA A0 NEBHOI rpynu Ta Tuny AaHux, mictute UML-
CXeMy, BnacHi atpubyTi 3 ONMCOM iX 3Ha4YeHHs Ta acouiauii
Mk 00'ekTamu.

Po3pobneHa 6a3a reonpoctoposux aaHnx YPEB3 mictutb
33 knacwu 00'exTiB, 3 AKUX 12 KnaciB 00'eKTIB 3arno3n4eHo 3 cTa-
HaapTy COY 71.12-37-949:2014 "basa TonorpadivyHmnx AaHUX.
Katanor o6'exTiB i aTpnbyTis". O6'ekT Ta aTpmbyTw, SKi Biacy-
THi y 3rafaHoMy cTaHaapTi, 6ynu 3anpoekToBaHi aBTopamu ca-
MOCTIIHO, OCKiMbK/ BOHW HEOOXigHi Ans reoiHcopMauiiHoro
3abesneyeHHs TepuTopii YPEBS.

Po3pobrneHo katanor o6'exTiB Ta atpnbyTie b/l YPEE3
3rigHO 3 BMMOramu HauioHanbHoro ctaHgapty OCTY ISO
19110:2017 Ta COY 71.12-37-949:2014, sxuin Hanivye 21
knac o6'ekTiB.

JloriuHe MopentoBaHHA — Ue eTan npoekTtyBaHHa B,
nig 4Yac sikoro po3pobnsitTbes MoAeni gaHux, Wwo oyayTb
BMKOpUCTaHi B 6a3i AaHwux, 3 ypaxyBaHHam obpaHoi mogeni
opraHisauii gaHux.

JloriyHoto mogennto 6a3n reonpoCTOPOBUX AAHUX Ha3u-
BaeTbCs MoAenb, ska BpaxoBye ocobnueocTi CKB[ npu
onuci CTPYKTYpW [aHuX Ta, BiAMOBIAHO, € pe3ynbTaToM
eTany noriyHoro MozentoBaHHs. JloriyHy Moaernb TakoX Ha-
3uBatoTb CKB[1-3anexHoto. Lle o3Havae, Lo pensuiinHa no-
riyHa Modernb AaHuX, Hanpuknaa, Bignosigae npuHUMnam i
MeToaam pensuinHux 6as gaHux i, Takum YMHOM, MOXe OyTu
3acTocoBaHa Ao Oyab-skoi 6a3u aaHux, sika peanisyeTbcs B
cepepoBuwi pensuinHoi CKBL,.

[Ons npoekTyBaHHA reoiHgopmauiiHux mogenen b
3acTOCOBaHWMA 06'eKTHO-OpiEHTOBaHWIA nigxig i3 3acTtocy-
BaHHAM YHidikoBaHOI MOBW MogentoBaHHs UML.

Y norivHin mogeni 06'ekTu peansHOro cBiTy 6yno knacu-
dikoBaHO BiANOBIAHO A0 HauioHanbHoro ctaHgapty OCTY
ISO 19110:2017 "T'eorpadivHa iHdopmauia — MeTogonoris
Ans kartanoridadii 06'ekTiB" Ta 3rigHo i3 3anpoeKToOBaHMM Ka-
Tanorom o6'ekTiB Ta aTpMbyTiB. Y po3pobneHin noriyHin mo-
Aeni, Tak caMo K i B KOHUenTyarnbHii, BigobpaxeHo 33
knacu o6'ektiB Ta 35 3B'a3kiB. OgHak, Ha BiAMIHY Big KOHLe-
nTyanbHOI MoZeni, Ha NorivHii Moaeni Ha3Bu 00'ekTiB Bigo-
OpaxeHi Takumu, sikummn BoHu ByayTb cTtBopeHi y B, a
TaKoX 3a3HayveHi TUMW AaHnx aTpubyTUBHMX 3HAYEHb BiAMNO-
BiHO 1O 3aNpOEKTOBaHOro kaTanory ob'ekTiB Ta aTpubyTiB.
LLle ogHieto ocobnuBICTIO NOriYHOI MOAENi € 3a3HAYEHHsI ne-
pen Ha3Bo knacy ob'ekta horo Tuny, TO6TO TMNY AaHMX, AKi
OyayTb 3aHocuTUCA OO0 AaHoro kracy. [lMpu peanisauii

mMogeni knac ob'exkta featureType y CKB[ 6yne cTtBoptoBa-
TUCA 9K NPOCTOPOBUIA LLap 3 Bi4MNOBIAHOK reoMeTpieto.

HocnigHy peanisauito 3anpoektoBaHoi BI'[] YopHoOunb-
CbKOro pagiaujiiHo-ekonoriyHoro 6ioccepHoro 3anosigHuka
Oyno npoBefeHo B nporpamHomy 3abesneyeHHi ArcGIS
10.2, OCKinbKM Lien nporpamHuin NPOAYKT € KOMMIEKCHO
CUCTEMOI, sika [O03BOSISE BWpilyBaTW HaAcknagHi 3a-
BOAHHS, NOB'A3aHi 3 aHani3oM i MogentoBaHHAM. 3a3HayeHa
Bepcia 3abe3nedye nerkictb BUKOPUCTAHHS MPOrpamHoro
NPOAYKTY, MNOTYXHiLWi iIHCTPYMEHTU aHani3y, a Takox gogart-
koBi Web I'lC 3acTocyBaHHs.

Basy reonpocTopoBMX gaHMX peani3oBaHO Yy BUMSAAi
gannoBoi 06a3n reogaHux, CTBOPEHOI 3a [AOMNOMOro
ArcCatalog. Y pesynbTtaTi cTBOpeHHs 3anpoektoBaHoi b
YPEBS3 oTpumanu 33 npocTopoBux 00'ekTu, cepen SAKNX BU-
aineHo Tpu rpynu: "3anisHuui, 06'eKTU ByNNYHO-AOPOXKHBOIT
mMepexi Ta gopoxHi cnopyaun”, "O6'ektn rigporpadii Ta rig-
porpadivHoi Mmepexi”, "POCnMHHICTL".

3 meTot 3abesneyeHHs WNPOKOro Ta BigKpMTOro Ooc-
Tyny rpomagsiH, cyb'ekTiB rocnogapcbKkoi AisinbHOCTI, opra-
HiB MicLeBOro camoBpsilyBaHHSA Ta Aep)XaBHOI BNaau Ao
po3noaineHux reoiHopMaLiiHuX pecypciB K AOCNIMKEHHS
6yno pospobneHo reonoptan. [lo dyHKLUioOHany reonopTa-
niB TAKOX CNif BiQHECTW NOLIMPEHHS Ta 3abe3neyeHHst 00-
MiHy reonpocTopoBMX AaHnx 3a [0Momoroto
3aranbHoAoCTYNHOI rnobanbHoT iHpopmaLiiHoT mepexi, Lo
BMKOHYETBLCS 3 METOIO MiABULLUTY €(PEKTUBHICTE BUPOOHULI-
TBa, @ TaKOX BUKOPUCTaHHS reonpocTopoBux gaHux (Kapni-
Hebkul, 2012).

MpoekT reonopTany Teputopii YopHobunscbkoro pagia-
LinHo-ekonoriyHoro GiocgepHoro 3anosigHMKa Oyno BMKO-
HaHo 3a gonomoroto Bebpecypcy ArcGISOnline.

IcHye Tpu nmigxoan dopmyBaHHs reonopTany Ha Bebpe-
cypci ArcGISOnline Ha ocHoBi npoekTy ArcMap:

e 33 gonomoroto ArcGIS Server;

® 3aBaHTaXXEHHS OKpeMux Lwenn-gannis;

e KOHBEPTYBaHHSA NPOEKTY Y kml-cbann Ta noro 3aBaHTa-
XeHHs Ha ArcGISOnline.

Cnoci6 3a gonomoroto ArcGIS Server GinbL nputamas-
HWA NS opraHisauii, ockinbkn BiH Nnepefbadae HasiBHICTb
nokanbHoro cepsepa ArcGIS abo BugineHoro cepsepa Ha
caunTi ArcGIS um KomnaHin napTHepiB.

3aBaHTaxeHHs Wwenn-gannise, Sk NpaBuio, BUKOPUCTO-
BYETbCHA 3a HeBenukoro obcary gaHux mManbyTHbOI Bebka-
pTW, OCKiNbkM 3a pgaHoro  cnocoby  HeobxigHO
HanawToBYBaTU BifOOPaKEeHHS KOXXHOTO LLapy OKPEMO.

KoHBepTyBaHHsI NpoekTy y kml-cparin € HanbinbL 3pyy-
HUM CrnocoOoM CTBOpPeHHA reonopTany Ha ArcGISOnline
npv HeKoMepLiHOMY BUKOPUCTaHI Ta 3Ha4YHin KinbKkocTi Aa-
HUX ans BigobpaxeHHs. [JaHuii cnocib, Tak camo, Sk i 3a o-
nomoroto ArcGIS Server, xapakTepunsyeTbcst aBTOMaTUYHUM
nepeHeceHHsIM cuMBoniB 3 NpoekTy ArcMap, Wwo € aocuTb
3pY4YHO (YHKLIEI, OCKINbKM BOHa 3Ha4HO 3MEHLUYE 4Yac
opmyBaHHs BeG-kapTu.

Mepen npoekTyBaHHAM reonopTany 6yno CTBOpPEHO Ay-
onikaT npoekty NC YPEES3 Ta BaaneHo 3 HbOro 3arBi AaHi.
Takvm 4nHoM, 0o HoBoro npoekTy ArcMap yBinwnu wapu:
"Mexi", "Ooporun", "3anisHuui", "TigporpadiyHi 06'ekTn",
"HaceneHi nyHktn", "KoHTOopa", "lcTOpuko-KynbTypHi 06'e-
kTn", "TypncTunyHi 06'ekTn". Takox A0 NpoekTy Bynu goaaHi:

¢ (pyHKUiOHanNbHe 30HyBaHHSA TepUTOpIi Ha OCHOBI iH(O-
pmauii 3 wapy "Ksaptanu";

® TYPUCTWUYHI MapLUpyTy.

CtBOpeHHs reonoptany YPEBS3 y pamkax gocnigHoi pe-
anisauii ©0yno BMKOHAHO LUNSAXOM KOHBepTauii MpOoeKTy
ArcMap (*.mxd cbain) y dain *.kml Ta noro 3aBaHTaxeHHs
Ha cTopiHky Bebpecypcy ArcGISOnline (What is
ArcGISOnline, n.d.). Ha ocHoBi 3aBaHTaxeHoro dawny 6yno
ctBopeHo BebkapTy Teputopii UPEB3 (puc. 2).
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Puc. 2. JocnigHa peanisauia BIr'

Micnsa cTtBopeHHs BebkapTn YPEB3 0yno cdopmoBaHo
kapTorpadiyHuin Be6aoaaTok, Skuin € reonoptanom YPEBS3.
[nsi ctBOpeHHs reonopTany 6yno BUKOPUCTAHO OOVH i3 3a-
npornoHoBaHux LWabnoHiB BebgogaTky Ha Bebpecypci
ArcGISOnline Ta BHeCeHO 40 HbOrO 3MiHM BigNOBILHO A0 No-
Tpe6. CtBopeHun reonoptan YPEBE3 3abesneuye:

¢ Bidyanisauito TepuTopii 3anoBigHuKa;

* MOXITUBICTb BUOOPY LIApiB ANs BigOOpaXXeHHS;

e OTPUMMaHHs iHdopmaLii npo 06'eKT Nig Yac HaTUCKaHHS
Ha HbOTO;

® 3MiHy NPO30POCTi LWapiB.;

¢ 3amiHy 6a30BOi kapTy;

® BMMIPIOBaHHSI NIOLLI, BiACTaHi Ta KOOPANHAT;

® MOXIUBICTb MOLUMPEHHS MOCUNAHHS Ha reonopTar.

OHosneHHs reonoptany YPEB3 3aiMcHI0ETLCS LINSXOM
3aBaHTaXXeHHs1 OHoBneHoro kml-chbainy Ha BebGpecypc
ArcGISOnline 3a gonomoroto cyHkuii Update.

Ak Bigomo, reociHdopmMaLiiHWiA aHani3 — Le cnoci aHaniay
reonpocTopoBoi iHhopMaLlii 3a 4OMOMOroK MeTOZIB CTaTUCTU-
YHOro aHanisy Ta reciHopMaLinHMX TEXHOMOT N, B pe3ynbTaTi
SIKOro BUSIBMSIOTLCS HEBIOOMI paHilLe 3aKkOHOMIPHOCTI Ta OTpu-
MyeTbCSl HOBa iHGbopmaLisi. 3a JONoMOoror reciHdopmaLivi-
HOro aHanidy MoXnuMBe OOCAIAXEHHS  Pi3HOMAaHITHUX
AisnbHOCTEN Y NPOCTOpi, 3aKOHOMIPHOCTEN po3noginy 06'exTiB
Y NPOCTOPI, NPOrHO3yBaHHSA NPUPOAHMX abo coujianbHO-eKOHO-
MiYHUX SIBULLL, BU3HAYEHHS KOPEernsLii TOLLO.

Mig yac pocnigHoi peanisauii 0ynu po3pobneHi anropu-
TMKU cneuianizoBaHUX (PYHKUIN ANA BUPILLEHHS TakuMx 3a-
BaHb reonpoCTOPOBOro aHarisy Ta MoAeNtoBaHHS:

e [OCHiAKEHHS CTaHy pafiauiiHoro 3abpyaHEeHHs;

® MPOEKTYBaAHHSI ONTUMarbHUX MapLUPYTiB Big NiCOBMX
MOXEXHUX CTaHUi 40 MiCUSA NOoXeXi;

¢ BUOIp Micust Ans ByaiBHULITBA NICOBOI MOXEXHOT CTaHLi;

e MPOEKTYBAHHA MOXNMBUX HacNigkiB nNoBeHi Ha
p. Mpun'ate;

® MPOEKTYBAHHSA TYPUCTUYHUX MapPLUPYTIB;

® OTPMMaHHS CTaTUCTUYHOI iHpopMaLlii Npo TepuTopito
3anoBigHuKa.

BinbLicTb 3aBAaHb BUPILLEHI LWMASIXOM CTBOPEHHS MoAe-
nen ModelBuilder, ockineku ue cnpusie aBTomaTtusadii npo-
uecy Ta, 9K HacnifoK, 3Ha4YHO MiABULLYE MPOAYKTUBHICTb
npaui. Mogeni reoobpobneHHs aBToMaTn3ytoTb | AOKYMEH-
TYIOTb NPOLECH MPOCTOPOBOro aHanidy Ta ynpaBsriHHS Aa-
HumMKn. Mogenb ModelBuilder BigoGpaxaeTbcs y Burnagi
Aiarpamu, Wo 3'egHye NOcnNiAOBHOCTI NMPOLECIB i IHCTPYMEHTH

reoobpobneHHs, BUKOPUCTOBYHOYM BUXIOHI AaHi OAHOTO Npo-
Lecy sk BXigHi iHLWoro.

Ha nepwomy eTani 6yno npoBeAeHO [OCHIMKEHHS
CTaHy pagiauiiHoro 3abpyaHeHHst TepuTopii 3anoBigHWKa.
Ockinbkn Ha Teputopii YopHOBMNBECHKOT 30HU BiAYYXEHHS
ctaHom Ha 2018 p. npautoe aBTomaTM3oBaHa cuctema Mo-
HITOPUHrY piBHA pagiauii 3 BukopuctaHHam CKB[, posnogai-
neHoi Mepexi MOCTiB CrnocTepexeHb Ta 3abesneyeHHs
uinogoboBoro 4ocTyny A0 BUMIPSIHUX MOKAa3HUKIB Ha Bigno-
BiJHOMY iHTEpHET-pecypci, TO Npu reoiHdopmauinHoMy 3a-
Oe3neyeHHi Teputopii 3anosigHuka nepenbayeHo
nigkntoyeHHss CKBJ cuctemn moHitopuHry go N'C YPEB3.

[nsi BMGopy onTumansHoro cnocoby Bidyanisadii pagia-
LilHoro ctaHy 6yno BUKOHAHO MOPIBHSIHHSA Pi3HOMAaHITHUX
METOAIB iHTepnonauii, $SKi BMKOHYIOTbCH PO3LUMPEHHAM
Geostatistical Analyst N3 ArcGIS. Metoaun nobynosu nose-
PXOHb MOAINATLCA HA TPU FPYNn: AETEPMIHICTUYHI; reocTa-
TUCTUYHI; B6ap'epHi.

Geostatistical Analyst ArcGIS 3abeanevye MOXnuBiCTb
MOZEMNBaHHS MOBEPXHi 3@ JOMOMOrol AeTepPMIiHOBaHMX Ta
reocTaTUCTUYHNX METOZiB. oro iIHCTPYMEHTM, NOBHICTIO iH-
TerpoBaHi i3 cepeposullamu MogentoBaHHs NC, gossons-
I0Tb reHepyBaTh iHTepNonALifHI MOAENi Ta OLiHIOBATH IXHIO
AKICTb, MepL HXXK BUKOPUCTOBYBATK iX y Byab-aKkoMmy noaa-
nbomy aHanisi. NMobygoBaHi NOBEPXHi MOXYTb BUKOPUCTO-
ByBaTUCA B Mofensx (5K y cepeagosuiax ModelBuilder, Tak
i B Python), BisyanisyBatucsa Ta aHanisyBatucs 3 BUKOpUC-
TaHHAM iHWKX po3wupeHb ArcGIS (What is the ArcGIS
Geostatistical..., n.d).

Mig yac npoBeAeHHs AOCHiMKEHHS Byno BUKOPUCTAHO
10 meToaiB nobyaosu. insa nopiBHAHHA Noxnbok nobyaosa-
HUX Mogenen Byno 3acTocoBaHo iHCTPYMeHT "lNepexpecHa
nepesipka" (puc. 3) poswmnpeHHst Geostatistical Analyst. [1a-
HWIA IHCTPYMEHT BigoOpakae Noxmbkm Mogerni, a Takox Jo-
3BOISIE OAHOYACHE MOPIBHAHHSA ABOX MOAENEeN, Ha OCHOBI
4YOro CTae MOXMMBMM BU3HAYEHHS OMNTMMarbHOI Moaerni,
sika 6inbLU peanbHo Bigobpaxae cTaH pagiauiiHoro 3abpy-
OHeHHs. OnTumanbHUM Ang iHTepnonauil 3HayeHb NPocTo-
pOBOro po3nodiny AaHuX BBaXaeTbCA METOA, 3a SKOro
cepegHsa noxmbka HabnmKaeTbCs A0 HYNs, cepeaHs KBag-
paTuyHa noxmbka i cepegHe i3 cTaHAapTHUX NOXUBOK iHTep-
nonauii MalTb HaWMeHLUi i3 004YMCNeHMX 3HadeHb, a
cepefiHs KBagpaTu4Ha HOpMOBaHa Nnoxmbka Hanbnukya go
OOVHULL.

MokasHmkn noxmbok meTopiB Bidyanisauii ctaHy pagia-
uinHoro 3abpyaHeHHs YPEB3 HaBegeHo B Tabn. 1-2.
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Puc. 3. NMepexpecHa nepesipka metoay Kriging_Universal Ta Radial Basis Functions

MNMopiBHsAHHA NOXMGOK MeToAiB No6yA0BU cTaHy padiauiiHoro 3a6pyaHeHHs YPEB3

Ta6bnuuys 1

Global Polynomial Radial Basis Local Polynomial
MeTop / 3HaYeHHs1 NoXn60okK IDW A - " N
nterpolation Functions Interpolation
Mean 117,3229 4,2978 38,3505 -51,3993
Root-Mean-Square 898,6637 904,3401 873,5478 846,0011
Ta6bnuuys 2
MopiBHAHHA NOXMGOK MeToAiIB NOGyA0BM CTaHy pagiauiiHoro 3a6pyaHeHHs YPEB3
MeToa / 3HAYEHHA NOXMBOK Kriging Kriging Kriging Empirical Kernel Diffusion
(Ordinary) (Simple) (Universal) | Bayesian Kriging Smoothing Kernel
Mean 12,5033 654,4189 -14,4503 72,5761 -81,3436 77,2938
Root-Mean-Square 879,0809 4806,9287 822,9814 860,1551 871,2006 902,9041
Mean Standardized 0,0113 -9,4782 -7,5934 0,0742 -0,0764
Root-Mean-Square Standardized 0,9118 29,3024 318,7689 0,9611 0,8402
Average Standart Error 969,5144 2870,7003 2,7127 925,1208 1128,0644

Ha ocHoBi NOpiBHAHHA odepXaHuX NOXMOOoK onTumans-
HUM MeTogoM Oyrno obpaHo MeToA YHIBEPCanbHOrO KpUriHry
(Kriging (Universal)), ockinbkv BUKOHYETbCSI YMOBA: CEPEaHSsI
noxubka (Mean) Hanbnmk4a 0o Hynsi, cepeaHs kKBaapaTuyHa
noxmbka (Root-Mean-Square) i cepegHe i3 cTaHgapTHUX NoO-
xnbok (Mean Standardized) iHTepnonsuii MmaoTb HaiMeHLLi 3
ofbuncneHnx 3HayeHb, a cepefHsa KBagpaTuyHa HOpMOBaHa
noxubka (Average Standart Error) Hanbnwkya 0o oguHWL.
BuikopucToBytoun nNoBepxHto, sika nobygoBaHa aHUM METO-
aom, B6yrno CTBOpeHO kapTocxemy pagiauiniHoro 3abpyaHeHHs
YPEBS3 (puc. 4). MobynoBaHa NoBepxHs BUKOPUCTOBYBaracs
B NoganbLUoMy Ans BUKOHAHHS iHLWKX onepawin reciHdopmMa-
LinHOro aHanisy Ta MOAEentoBaHHs.

HacTynHum 3aBaaHHAM reoiHdopmauinHoro aHanisy Ta
MoAentBaHHs B6yno obpaHO MPOEKTYBaHHS OMTUMArbHUX
MapLUPYTIB Bif NICOBUX MOXEXHUX CTaHUiM 0O MiCUsa NOXeXi
Yy pamkax HagaHHs reciHdopmMaLinHoi NigTPUMKM Nig vac ni-
KBigawii NicoBUX NOXeX.

Mepwuin cnocibé NpoekTyBaHHA MapLUpyTiB nepeabavae
BUKOPUCTaHHSA po3wwmnpeHHst Spatial Analyst ArcGIS. Pos-
wmnpeHHst ArcGIS Spatial Analyst Hagae WwunpokniA cnekTp
NOTY>XHUX MOXIUBOCTEN NPOCTOPOBOrO MOZENIOBAHHSA Ta
aHanisy. flaHmm cnocobom moxHa nobyaysaT MapLIpyTK 3
ypaxyBaHHSM pagiauiiHoro 3abpyaHeHHs1, penbedy micue-
BOCTIi, HAsiBHOCTI iCHylO4MX Aopir Ta iHwWnx dakTopis. [Ons
nobynosu penbedy MicueBocTi Oyno BUKOPUCTAHO AaHi
SRTM. MNepen dopmyBaHHsIM Mogerni HeobXigHO CTBOPUTH
wap "Pogegi", akun byae BknoYaTh MicLe NOXexXi.

Peanisauito nepworo cnocoby BUKOHYIOTb LUFISIXOM
cTtBopeHHs mogeni ModelBuilder, wo 3abesneunTts aBTOMa-
TU3aUilo BMKOHAHHS JAHOro 3aBAaHHSA nig Yac noganbLluoi
ekcnnyaTauii NNC YPEBS.

Mepwnii eTanom y mogeni € oTpumaHHs HOBUX Habopis
OaHuX:

¢ yxun micuesocTi (Slope) 3a gaHnmm SRTM (puc. 5);

e MepeTBOPEHHS BEKTOPHOrO Llapy Aopir y pacTpoBui
wap (Polyline to Raster).

Motim BUKOHYEMO nepeknacudikauito pactpis
(Reclassify), 3agatoun Ginbl NpuaaTHAM LiNsHKaM MeHLUi
3HaYeHHs1, MeHL NpuaaTHMM — Ginblui 3Ha4YeHHs. MMicnsa ne-
peknacudikaLii pacTpiB BUKOHYEMO iX 00'€HaHHSA B EOUHWNA
Habip AaHWx 3a Jonomoroto Kanbkynstopa pacTpiB (Raster
Calculator), a noTim gogaemo 4o oTpMmaHoro Habopy nepe-
KnacudikoBaHWi Wap Aopir 3a AONOMOror yHKLUii noby-
noBu Mo3aikm Mosaic. LWap popir pogaetbcs 0o
KOMBIHOBaHMX AaHWX 3a AOMOMOIOK MO3aiKu, OCKifbKV Npu
Moro fgoAaBaHHi 3a 4ONOMOrO0 KanbKynsTopa pacTpiB OTpu-
MaHi JaHi BKnoyarTb B cebe Tinbku icHytodi gjoporu 3 ypa-
XyBaHHAM penbedy Ta pagiauiiHoro 3abpyaHEeHHs, Lo €
HenpunycTMUM, OCKiflbkn HeoOXigHO OTpumaTK Wwap 3Ha-
YeHb AN1A BCiei TepuTopii 3anoBigHuKa.

HacTynHum eTanom € oTpumaHHs Tak 3BaHOro wapy "Ba-
pTOCTI" NepecyBaHHs NO TepuTopii 3anoBigHvKa Ta Wwapy Ha-
npsiMkiB 3a gonomoroto yHkuii Cost Distance.

PesynbTaTom BMKOHaHHA MoAeni € pacTpoBWiA Lap on-
TUMarnbHUX MapLUpyTiB, @ TakoX BEKTOPHWIA Lwap, nepeTBo-
peHui 3a gonomoroto dyHkuii Raster to Polyline.

Opyruin cnocié nobynoBu onTUMarnbHUX MapLUpYTiB Bif
NiCOBMX NOXEXHMX CTaHLin 6a3yeTbCsa Ha BUKOPUCTaHHI po-
3wnpeHHsi Network Analyst. Cnocib nepegbayae cTBOpeHHsI
reoMeTpuU4HOI MepeXxi Aopir, Wwo 1 6yno aBToMaTU4HO BUKO-
HaHO nicnsi cTBOpeHHs1 Habopy aaHux Network Dataset.
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Puc. 5. MobyaoBaHuit yxun micueBoCTi

ArcGIS Network Analyst 3abe3neuye mepexesi iHCTpyme-
HTW MPOCTOPOBOrO aHanisy AN BUPILLEHHS CKagHuUX npo-
6nem mapLpyTtusauii. [JonaTtok BUKOPUCTOBYE HanalToBaHy
MoAenb AaHUX TPAHCMOPTHOI MepeXxi, Lo A03BONAE OpraHi-
3auis M TOYHO NPEACTaBNATM iX YHiKanbHi BUMOrM 40 Mepexi.

Habopun mepexeBux aaHmx Network Dataset — Habip
NPOCTNX NPOCTOPOBMX 0B'EKTIB (NiHii Ta TOYkKM) Ta NOBOpPO-
TiB, W0 3abe3ne4yoTb 30epiraHHsi 4aHUX Npo 3B'A3HICTb BUW-
XigHMx o06'ekTiB. Y TpaHCMOPTHMX Mepexax MOoXxHa
nepecysaTucsi no pebpax B 060x HanpsiMkax.

Y Habopi MepexeBux AaHUX BiACTEXYTLCS reoMeTpu-
YHi 36irn mix BUXigHUMKU 06'ekTaMu. Y HbOMY TaKOX Lil0Tb
npasuna 3B'A3HOCTI, AKi MOXHa 3MiHIOBaTV ANg TOro, wob
BM3HaA4YUTKU, AKi 3 00'ekTiB, WO 3biraoTbes, AiNcHO 3'eaHaHi
Mix coboto. Lle o3Bonsie mogentoBaTh ectakagu Ta TyHeni,
B SIKMX J0OpOru He 3'egHytoTbes. OTxe, Npy BUKOHAHHI Mepe-
)KEBOrO aHarisy MexaHiamMmu po3paxyHKy OTPUMYKOTb AaHi
npo AonyCTUMi cnocobu nepemilleHHs Mepexeloi.

3B'A3HICTb Y Habopi MepexeBUX aHNX BU3HAYaeTbCS Bi-
OMNOBIAHOI reOMeTPIEID KiHLEBUX TOYOK NiHil, BEPLUMH NiHiA
Ta TOYKOBUX 0B'EKTIB, a TAKOX 3aCTOCYBaHHSAM NpaBws 3B's-
3HOCTI, 3a4aHnX K BNacTMBOCTI HAabopy MepexeBuX AaHuX
(What is a network dataset, n.d.).

[ns NpoekTyBaHHA ONTMMarnbHUX MapLUPYTiB 3anpoeKTO-
BaHO HOBY [OPOTY, LUNIAXOM BUKOPUCTaHHSA NaHeni iHcTpymMe-
HTiB Network Analyst, a noTiM 3agaHo noyaTkoBy Ta KiHLEBY
TOYKY MapLUpPYTY (MicoBa NoXeXHa CTaHLis Ta MicLe NoXexi)
y NyHkTi Stops 3anpoekTosaHoi goporu. icnsa Yoro 3anycka-
€MO PO3paxyHOK Ta OTPUMYEMO ONTUMAanbHUA MapLUpPYT i3 3a-
3Ha4YeHHAM NOro NPOTSKHOCTI Ta Yacy pyxy no HbOMY.

7K BWCHOBOK MPOEKTYBaHHA MapLUpYTiB Bif IiCOBUX
MOXEXHMX CTaHLN 40 MicLa NOXeXi ABOMA Pi3HMMM CMOCO-
6amu cnig 3a3HauuTy, WO nepwmn cnocib (3 BMKOpUCTaH-
HaM Spatial Analyst) € 3py4yHMM 3a HeobXigHOCTI
BpaxyBaHHs pi3HOMaHITHUX dakTopiB (penbed, pagiauinHe
3abpygHeHHs1, iCHylo4i Aoporu), a TakoX SKLWO NoTpibHO
NpoKnacT! MapLlupyT Ha AinsHkax, Ae BiACYTHI goporu



~108 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

(nons, nicosi kBapTanwu). Y cBot 4epry, cnocid 3 Bukopuc-
TaHHAM Network Analyst cnig 3actocoByBaTu y pasi Heo0-
XiOHOCTi NPOEKTYBaHHA MapLUpPYTiB BUKITIIOYHO B MeXax
iCHYt0UMX Jopir.

HacTynHum 3aBgaHHAM reoiHdopmMaLlinHoro aHanisy Ta
MOZENOBaHHS CTano BUpILLeHHs npobrnemu BUGOpy Micus
Ansi 6yaiBHMLTBA NiCOBOI NOXEXHOT cTaHLii. [laHe 3aBaaHHS
BMpiLLYBanoch CTBOPEHHAM BiANOBIAHOI mogaeni
ModelBuilder 3 BukopuctaHHam dyHkuin Spatial Analyst.
BukopucTtoBytoun Spatial Analyst, icHye MoxnusicTb noby-
AyBaTu KapTy NpuaaTHOCTI Ha OCHOBI KOMOGIHaUIT pidHMX Ha-
OopiB gaHux Onsi BU3HAYEHHs OiNsHOK, siKi BignosigaloTb
HeobXigHUM yMOBaM.

Y cTBOpEHIn Moaeni Ha nepLUoMy eTani OTPUMYEMO YXUn
micuesocTi (Slope), 3a gaHumm SRTM, BUMKOHYEMO nepeTBo-
PEHHSA BEKTOPHMX LLIAPIB HACENeHNX MyHKTIB Ta NoniroHanbH1X
rigporpacpiuHmx o6'ekTiB y BignosigHi pactposi wapu (Polygon
to Raster), oTpumyemo wap BiactaHen Big iCHyHUMX NMiICOBMX
NOXEXHUX CTaHLii 3a gonomoroto cpyHkuii Euclidean Distance.
Ha HacTynHomy eTani BUKOHYEMO nepeknacudikadito pactpis
(Reclassify), 3apatoum 6inbLU npuaaTHUM ginsiHkam GinbLui 3Ha-
YeHHS1, MEHLL NPUAATHUM — MEHLLI 3HAYEHHSI.

3aBepLuansHUM eTanoMm Mofeni € 06'eqHaHHs gaHux y
€OUHWIA Habip Ta NPUCBOEHHS iM BigNOBIOHMX BaroBmx Koe-
dilieHTiB, BUKOPUCTOBYOUN Kanbkynsatop pactpiB (Raster
Calculator).

Maporpadivni 06'exTn gogaemo 6e3 NPUCBOEHHS iM Baro-
HaZlaHO HyNbOBE 3HAYEHHSI 3 METOIO BUKITHOYEHHS TEPUTOPINA,
SIKi BOHW 3alMaloTb, 3 pO3paxyHKy NpuaaTHOCTI AiNAHOK.

PesynbTaToM BUKOHaHHA MoAeni € Wwap npuaaTHoCTi Ai-
NsiHOK Anst 6yaiBHMLTBA NICOBOT NOXEXHOI CTaHLi Ha Tepu-
Topii YPEB3 (puc.6). Ha ocHoBi pgaHoro wapy 6yno
CTBOPEHO KapTOCXEMY peKOMeHO0BaHUX Micupb byaiBHULTBA
NicoBOI NoXeXHOT cTaHUii Ha TepuTopii YPEBS 3 ouiHloBaH-
HAM NpuaaTHOCTI Big 2 Ao 8 6anie.

YeproBum 3aBAaHHSAM reoiHopMauinHoro aHanisy Ta
MOZENBaHHst ByNno NPOEKTYBaHHA TYPUCTUYHUX MapLupy-
TiB. [JaHe 3aBaaHHs1 6yno BUPILLEHO 3 BUKOPUCTaHHAM pO3-
wnpeHHsi Network Analyst. Cnoyatky 6yno ctBopeHo Habip

MepexXeBuX OaHUX, MOTiM, BUKOPUCTOBYHOUM NAHENb iHCTPY-
MeHTiB Network Analyst, 6yno cTBopeHo pobounii Wwap ma-
pwpyTy. dani 3aHocMMO iHGoOpMaLito NPO TOYKM 3YMUHKU
CTBOPEHOrO MapLUpyTY, LUASXOM iMNOPTYBaHHSA HEObOXigHMX
06'exTiB 3 WapiB "lcTopuko-kynbTypHi 06'ekTn" Ta "Typnuctu-
yHi o6'extn" Bl YPEBS. 3aBepLluansHum eTanom € noby-
[oBa ONTMManbHOrO MapLlpyTy Ta HanpsiMKiB pyxy no
HbOMY 3 BMKOPWUCTaHHAM naHeni iHcTpymeHTiB Network
Analyst (puc. 7).

OcCTaHHIM BUpilIEHMM 3aBOAHHSM reoiHopMaLinHoro
aHanisy € OTpUMaHHsa CTaTUCTUYHOI iHdhopMalii Npo Tepu-
Topito 3anosigHuka. [laHe 3aBAaHHsi Gyno BMpILLIEHO Lns-
xoMm nobynosu Mmopgeni ModelBuilder, ocHoBy Kol
CTaHOBUTb yHKLia Summary Statistics Habopy iHCTpymeH-
TiB Statistics Tools. BxigHumu gaHnmmn mogeni € wapw, ki
BKIMOYaOTb B cebe JOPOXHIO Mepexy, 3anisHuui, rigporpa-
hito, HaceneHi NyHKTW, MiHii enekTponepeaadYi, dyHKLioHa-
NbHE 30HYBaHHS Ta NPOTUMOXEXHi PO3PUBH.

3a gonomoroto dyHKuUii Summary Statistics 3 BuxigHux
Wwapis Mogeni oTp1Myemo iHdopMaLiito MPO KinbKiCTb 06'ek-
TiB Ta ix 3araneHy nnouly abo LOBXWHY Ha TepuTopii 3ano-
BiAHWKa (puc. 8).

3aBeplianbHUM  eTanoM € 00'eAHaHHs CTaTUCTUKK
(Merge) 3 pisHux Lwapis B oguH wap. Llen etan Takox ne-
penbavae CTBOPEHHS HOBUX aTpubyTMBHMX MOIMIB Ta BKa3sy-
BaHHS 3Ha4YeHb, SKi M BignosigaTb, 3 PisHWUX LWapi..

Mpwn gocniopkeHHi cTaHy pagiauiiHoro 3abpyaHEeHHs Te-
putopii YPEB3 6ynu nopiBHSAHI pi3Hi MeToan iHTepnonsuii
MOKa3HWKIB MYHKTIB MOHITOPWHIY 3 METOK BMOOPY Halkpa-
woro meTtoady Bidyanisauii NOTOYHOro piBHA pagiauinHoro
3abpyaHeHHs1. OnTumMansHUM MeToaom Byno NpuUMHATO pi-
LIEHHS BBaXaTW MeTOo[ YHiBEpCanbHOro KpUriHry, OCKinbku
NOPIBHSAHO 3 iHLUMMY MEeTOAaMM BiH Mae HaMMEHLLI NOXUOKM,
a came: cepenHs noxubka gopisHioe 14,4503, cepenHs cTa-
HOapTM30BaHa noxmbka — 2,7127.

HacTynHum kpokom Gyro MpOEKTyBaHHS ONTMManbHUX
MapLLUpPYTiB Bif MiCOBMX MOXEXHUX CTaHLIN A0 MiCLS NOXeXi
nBoma crnocobamu: 3 BUKOPUCTaHHAM po3LunpeHHs Spatial
Analyst Ta Network Analyst.

YMOBHI no3HaueHHA
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Puc. 6. KapTocxema pekomeHOOBaHUX MicLb O6yAiBHMLITBA NiCOBOI NOXEXHOI CTaHLil
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Puc. 7. MobyaoBaHi TYpPUCTUYHI MapLIpyTH
Table O x
R ML=L
Statistics_Merge X
ECTID ™ Mokaskuik Kinbkicte Mnowa {ra Noexmua {km
> AHTPONOreHHUX naHawadie 76697358223 | <Null=
BythepHa 59 66245 81306 | <Null>
3anosigHa 65, 72598.994944 | <Null>
4 | HaceneHi nyHkmi 184 52743122 181274 | <Null>
QcHosni goporn 32 | <Null> 176.368124
IHWi Aopork 3 TEEpAUM NOKPUTTAM 136 | <Null> 399,597293
7 | IHWi Aopork 3 rpYHTOBUM NOKPUTTAM 15 | <MNull= 43686392
8 | lWnpokokonifixi 7 | <Null= 64,868034
9 | Figporpadivhi 06'ekT noniroHankLHi 1475 14365,109708 | <Null>
11 | kananu 108 | <Null= 199,850646
12 | piuka B7 | <Mull> 133.882269
13 | cTpymoK 79 | <MNull> 178,370813
14 |10 kB A7 | <Mull= 13444712
15 [ 110 kB 12 | <MNull= 108.91961
16 | 330 kB 6 | <Null= 94.51267
17 |35 kB 9 | <Null= 94.62404
18 | 750 kB 4 | <Null= §1.49756
19 | MNpoTHnoKekHI pospUBHM IcHy U 20 | <Null= 111,640982
20 | MpoTtunoskeskHi poapusn NpoeKTH 25 | <Mull> 162,1256587
"o 1+ » B2 (0 outof 19 Selected)
Statistics_Merge

Puc. 8. [laHi, oTpumaHi 3a gonomoroto mogeni "Ctatucrtuka"

Yac BukoHaHHs mogeni ModelBuilder Ha ocHOBI iHCTpY-
MeHTiB Spatial Analyst carae 17,52 cekyHa, Lo € 3a00Binb-
HUM pe3ynbTaToOM, BPaxOBYHOUYU NPOBEAEHHS PO3paxyHKiB
ansa Teputopii nnowleto 226964,7 ra.

LLlogo ToYHOCTi Ta MOXMMBOCTI 3aCTOCYBaHHS 3anpoek-
TOBaHWX anropmnTMiB BOMa cnocobamu MoxHa 3poduTn Bu-
CHOBOK, LLIO anropuTM 3 BUKOPUCTaHHS po3LUMpeHHst Spatial
Analyst cnig BukopucToByBaTtu y pasi HeobXigHOCTi NoLLyKy
onTMMarnbHUX MapLUpPyTiB Ha TepuTopiax 6e3 A0pOXHbOro
nokpuTTS Ta/abo 3 ypaxyBaHHAM pagialifiHoro ctaHy Ta pe-
needy MiCLEBOCTi, a Takox pagy iHwux dakTopis. JaHun
Cnocib TakoX AOCUTb 3PYYHMIN NPU NPOEKTYBaHHI ByAiBHWL-
TBa HOBOI Aoporu.

Anroput™M Ha ocHoBi poswunpeHHs Network Analyst, Ha
BiAMiHY Big nonepeaHbLOro anropuTmy, AouinbHille BUKOPU-
CTOBYBaTW ANS NPOKNafaHHA ONTUManbHUX MapLupyTiB no
iCHYytOui Mepexi Jopir Ta B He3Ha4YHOMY pafiyci Big HUX.

HacTynHuin po3pobneHuii anroputm nonsirae y noLuyky
onTumarnbeHOi AinsHkM ans GyaiBHULUTBA NMiCOBOI NOXEXHOI
cTaHuji. TOYHICTb 3aCTOCYBaHHSI JAHOro anroputMmy 3ane-
XWUTb BiJ TOYHOCTI BUXigHUX gaHux. Mpu npoBeaeHHi gocni-
OHOI peanisauii 3aBAskM po3pobneHomy anroputMmy 6yno
BUSIBNEHO TPU TepUTOPIi, SAKi NpuaaTHi 4ns 6yaiBHMUTBA Ni-
COBOI MOXEXHOT CTaHUil 3a 3agaHux ymoB. llicnsa vyoro npo-
BELAEHO [OCMi[XEHHS CrNpaBHOCTI anropuTtMy LUMISIXOM
Bi3yanbHOro MOPIBHAHHS BUXIOHWX LIapiB Ta BU3HAYEHHSA
BiANOBIAHOCTI pe3ynbTaTiB poboTn anropuTMmy AiNCHOCTI.
BuncHOBOK NOPiBHAHHSA — pO3pobneHnin anropuTM y BUrnagi
mogeni ModelBuilder uinkom Bignosigae AiicHOCTI Ta Mae
npaBo Ha 1noro BukopuctanHs y NC YPEBS3.

Cnig 3a3HauunTK, WO po3pobrneHnii anroputM MoxHa Ta-
KOX 3aCTOCOBYBaTW AN MOLIYKY AiNsiHOK Ans 6yAiBHULTBA
iHLWKWX 06'eKTiB Ha TepuTOpii 3anoBigHMKa MiCNsi BHECEHHS
He3Ha4HuX 3MiH y mogenb ModelBuilder, 3anexHo Big ymoB
OygniBHMLTBA, sIKi HEOOXiAHO BpaxyBaTu.

MpOo€EKTYBaHHS TYPUCTUYHNX MapLUpYTiB 3 BUKOPUCTaH-
HAM po3wupeHHs Network Analyst npoBegeHo 3a iHopma-
Lielo Npo iCTOPUKO-KYNbTYPHI Ta TYPUCTUYHI 0O6'€KTH, SiKi
MOXHa nobauntn Ha MapuwpyTi. 3actocyBaHHsi Network
Analyst y naHomy BunagaKy MOBHICTIO aBTOMaTM3ye MpoLec
NPOEKTYBAHHSA TYPUCTUYHUX MAPLLPYTIB, OCKINbKN B pe3yrb-
TaTi OTPMMYETBLCH KapTa 3 Bidyanisauicto MapLipyTy Ta Ha-
NPSAMKM PyXy NO MapLUpyTy, WO i NOTPIBHO ANs BUKOHaHHS
[aHoro 3aBOaHHS.

BucHoBku. MeoiHopmaLiiHe 3abe3neyeHHst Npupoao-
OXOPOHHMX TEPUTOPI 3HAYHO CMPOLLYE CUCTEMaTUYHI JOC-
NiOXEHHs1 CTaHy MpUPOOHMX KOMMIEKciB Ta 06'eKTiB;
KOHTPOSOBAHHS BMMOT, LLO CTOCYHTbLCS OXOPOHU 06'eKTiB
M3® npu 3aiNcCHEeHHI pi3HOMaHITHOro poay AisiNbHOCTI; po3-
pobneHHs NPOEKTHUX OOKYMEHTAUin; pauioHanbHOro 3em-
NEeKOPUCTYBaHHS, NiCOBMOPSAKYBaHHS; NPUNHATTA yyacTi y
MiXKHapogHOMY CMiBPOGITHULTBI LLIOAO OXOPOHWN HABKOJMLL-
HbOro cepefoBMLLA.

eoiHdopmaLiiHe 3abe3neyeHHs 06'ekTiB M3P akTMBHO
pO3BUBAETLCA ANA HaAaHHSA BiAKPUTOro JOCTYNy A0 reonpo-
CTOPOBOI iH(popmaUii LWMPOKOMY KoMy KopucTyBadiB. Ak
HacnigoK, NiABULLYETLCS 3aliKaBneHiCTb TYpUCTIB A0 OaHUX
06'exTiB, LLO y CBOO Yepry NpuBoauTb A0 BinbLUOi nonynspHo-
CTi, BiABiAyBaHOCTI Ta 36iNbLUEHHS NPUBYTKY NPMPOOOOXOPOH-
Hoi TepuTopii. MNpu BUKOHaHHI NPOEKTY reoiHopMaLinHoro
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3abe3neyeHHst TepuTopii YopHOOMNBCBKOrO pagiauiiHo-eko-
norivyHoro 6ioccpepHoro 3anosigHuka 6yno po3pobneHo NC
Ha OCHOBI 6a30-0pieHTOBAHOrO Nigxoady ANs NigTPMMaHHS B
aKTyanbHOMY CTaHi Ta YyHidikauito pi3HMX 3a TUMNOM i NOXO-
[DKEHHAM JaHMX Ha €auHin  undpoBin  TomorpadiyHin
ocHosi. ['IC YPEBS niaTpumye HeobxiaHWI piBeHb B3aEMO-
4ii pisHMX Nigpo3ainie opraHie MicLEBOro ynpasmiHHS, iHLINX
nignpuMeEMCTB Ta YCTaHOB, WO 3abe3neyyloTb XUTTERIANb-
HiCTb 3anoBigHuKa.

Mpobnemu, siki BUPiLLYOTLCS 32 JOMNOMOIO0 CTBOPEHOT
IC YPEBS:

e MiATPUMKA B aKTyanbHOMY CTaHi reonpocTopoBuX Aa-
HUX: MeXi 3aMnoBifHuKa; Cy4acHWUI CTaH BUKOPUCTaHHSA Tepu-
TOpii; NpupoAdHi naHawadTh; POCHAMHHWUA MOKPUB; MicLs
NOLUMPEHHS PiAKICHUX Ta 3HMKalouMX BMAiB doriopu, dhayHwu,
POCIVHHKX YrpynoBaHb; (PyHKLiOHarNbHe 30HYBaHHS Tepu-
TOpIT; nicoHacagXXeHHS 3anoBigHWKa; PO3MILLLEHHS iICTOPUKO-
KyNbTYPHUX Ta pekpeaLiiHux 00'eKTiB, €KOMOriYHNX CTEXOK
i TYPUCTUYHNX MapLUPYTIB; MPOTUMNOXEXHE BNOPSAKYBaHHS
TepuTOpIi; NPOEKTHUI NNaH;

e NnaHyBaHHS NPUPOAHO-3aMoBIAHOI TEPUTOPIl; opraHi-
3auid eKOHOMIYHO, couianbHO W eKomnoriYyHo edeKTUBHOIo
ynpasniHHA 3aMoBiAHUKOM;

e pO3pO6NEHHs 3axofiB Ans 34INCHEHHS MOHITOPUHIY
[JOBKINNs;

® MOHITOPVHI CTaHy pagiauinHoro 3abpygHeHHs TepuTo-
pii 3anoBigHUKa;

® MPUAHATTSA YNPaBRiHCbKMX pilleHb, Buaaya AaHux Ha
TBEpAi HOCIT;

¢ Bidyanisauia TepuTopii 3anoBigHuKa;

® MPOEKTYBAHHSA TYPUCTUYHUX MapLUPYTIB;

e HaJaHHA reoiHOpMaUiNHOI NIATPUMKM Mig Yac NikBi-
Jauii nicoBmx noxex;

® pO3pOBEHHS 3aXOAiB LIOAO 3AINCHEHHSI MPUPOOOOXO-
POHHUX, MPOTMEPOSIHMX, NPOTU3CYBHUX Ta MPOTUMNOXEXHNX
pOGiIT, BiAHOBNEHHS MOPYLLEHWX NPUPOAHNX KOMMNIIEKCIB;

e KOMMIIEKCHA OLjiHKa TepuTopii 3anoBigHuKa, Noro roc-
NofapCbKoro BUKOPUCTaHHSA Ta 3anaciB NPUPOOHUX pecyp-
CiB, NaHAWadgTHOrO PiI3HOMAHITTH, ICTOPUKO-KYNbTYPHUX
06'eKTiB, CTaHy iHXeHepHO-TPaHCMOPTHOI IHPPaCTPYKTypW;

¢ MPOBEEHHSI HAyKOBO OOI'PYHTOBAHOrO (OyHKLiOHamMb-
HOro 30HYBaHHS TEPUTOPIT 3anoBIAHVKA;

¢ pO3po6neHHs Npono3unLin Wwoao byaiBHULTBA Ta peKo-
HCTPYKLUiT 06'exTiB, HEOOXioHMX ANSA 3abe3neyveHHs AisnbHo-
CTi 3anoBigHuKa.

Y npoueci NC-3abe3neyeHHs TakoX 3anpoeKTOBaHO Mop-
Tan TepuTopii 3anoBigHWKa Ta anroputMK crneianizoBaHuX
YHKL reoiHpopmaLinHOro aHanidy Ta MoAentoBaHHs.

PeanisosaHuin reonoptan YPEB3 MOBHICTIO BUKOHYE
CBOI iHpOpMaLiiHO-A0BIAKOBI PYHKLIT, cepen sKux:

e Bi3yanisauis TepuTopii 3anoBigHvKa;

¢ HagaHHs1 HeobXxiaHoI iHdbopMmaLli Npo o6'ekTy reonopTany;

e 3ab6e3neyeHHs NpPOBEAEHHA BUMIPIOBaHb [OOBXMH,
NroLy Ta KOOPAMHAT.

Ha ocHoBi npoBeaeHoi gocnigHoi peanisadii reonoptany
YPEB3 MoXHa 3pobuTi BUCHOBOK MPO Oro npuaaTHICTb A0
BMKOPUCTaHHS, L0 3yMOBIIHOE MOXIMBICTb 0r0 BBEAEHHSI B
NOCTiIVHY eKcnnyaTauito.
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SPECIFICITIES OF THE CREATION OF GEOINFORMATION MAINTENANCE OF THE TERRITORY OF CHORNOBYL
RADIATION AND ECOLOGICAL BIOSPHERE RESERVEFOR GEOINFORMATION MONITORING CONDUCTION

The state and prospects of application of geoinformation systems (GIS) to solve monitoring tasks of nature protected territories of Ukraine are
investigated. The results of the first in Ukraine project of geoinformation support of the territory of the Chornobyl Radiation and Ecological Biosphere
Reserve (CBR) for monitoring conduction is introduced; it is based on a geospatial database (SDB) of the reserve, which was created using an feature-
oriented approach based on national standards of Ukraine DSTU 8774:2018 "Geographical information. Rules for geospatial data modeling" and DSTU
I1SO 19110: 2017 "Geographic information — Methodology for feature cataloging”. An information and reference geoportal of the territory and facilities
of the Chornobyl Radiation and Ecological Biosphere Reserve has been created, which makes it possible to provide public access to the current
monitoring information of the CBR based on the ArcGISOnline platform to a wide range of users. The use of the developed specialized algorithms of
geoinformation analysis and modeling for monitoring of a radiation pollution condition of CBR is offered.

Peculiarities of geoinformation support of the Chornobyl Radiation and Ecological Biosphere Reserve for GIS monitoring are as follows: keeping
up-to-date and unifying different types and origins of data on a single digital topographic basis, ensuring the required level of interaction between
different local government authorities, other enterprises and institutions which ensure the viability of the reserve.

Problems solved with the help of GIS CBR: creation and maintenance of up-to-date of the spatial data such as: (boundaries of the reserve, current
state of use of the territory, natural landscapes, vegetation, distribution of rare and endangered species of flora, fauna, plant communities, functional
zoning, afforestation of the reserve; location of historical, cultural and recreational areas features, ecological trails and tourist routes; fire-fighting
landscaping, project plan); planning of nature reserve territory; organization of economically, socially and ecologically effective management of the
reserve; development of measures for environmental monitoring; monitoring of the state of radiation pollution of the reserve territory; making
management decisions, issuing data on hard media; design of tourist routes; designing possible consequences of catastrophes; providing
geoinformation support during forest fire fighting; development of measures for the implementation of environmental, anti-erosion, landslide and
fireworks, restoration of disturbed natural complexes; comprehensive assessment of the territory of the reserve, its economic use and reserves of
natural resources, landscape diversity, historical and cultural sites, the state of engineering and transport infrastructure; conducting scientifically
substantiated functional zoning of the reserve territory; development of proposals for the construction and reconstruction of facilities necessary to
ensure the activities of the reserve.

Keywords: spatial database, GIS, geoinformation maintenance, geoinformation monitoring, Chornobyl radio-ecological reserve, geospatial
database, GIS CBR, geoinformation analysis.
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OCOBEHHOCTU CO30AHUA TEEONH®OPMALIMOHHOIO OBECINEYEHUA
ansa BEQEHUA TEOMH®OPMALMOHHOIO MOHUTOPUHIA YHEPHOBbLIITIbCKOIO
PAOVUALIMOHHO-3KOJTIOMMYECKOIO BUOCDPEPHOIO 3AMNOBEOHUKA

HccnedosaHo cocmosiHue u nepcrekmuebl MPUMeHeHUs1 2eouHgopmayuoHHbIx cucmem (FTUC) Ans peweHuss MOHUMOPUH208bIX 3aday NPUpPo-
dooxpaHHbIX meppumopull YkpauHsl. [lpedcmaeneHb! pe3ynbmambl 8bINOJIHEHHO20 ernepeable 8 YkpauHe npoekma 2eouHgopmayuoHHo20 obecre-
4eHusi meppumopuu YepHobb11bCKO20 paduayUuoOHHO-3K0o/102uYecko20 6uocgepHozo 3anoeedHuka (YPEB3) Onsi eedeHusi MOHUMoOpuUHaa, ocHoeol
Komopozo siensiemcsi 6a3a 2eonpocmpaHcmeeHHbIx 0aHHbIx (BI[]) meppumopuu 3anoeedHuka, co30aHHasi ¢ MpuMeHeHUeM 06 bLeKMHo-opueHmu-
poeaHHO20 nNodxoda Ha OcHOoee HayuoHallbHbIX cmaHdapmoe YkpauHbl [JCTY 8774: 2018 "eoepagpuyeckass uHpopmayusi. lpaeuna modenupoea-
Husi 2eonpocmpaHcmeeHHbIx OaHHbIx" u [ICTY ISO 19110: 2017" MNeozpaghuyeckasi uHgpopmayusi. — Memodosnozus Ons kamasio2u3ayuu o6bekmos”.

Co30aH uHghopMayuOHHO-CMPasoYHbIli 2eonopmasn meppumopuu u o6bekmoe YepHobbibCKO20 paduayuUoHHO-3KoI02Uu4ecKko2o buocgep-
HO20 3anosedHuUKa, KOmopbIl OIS WUPOKO20 Kpyaa rnosib3oeamerieli desiaem 803MOXHbLIM npedocmasseHue ny6nuyHozo docmyna K akmyasnbHoOU
MoHuUmopuHaoeol uHgopmayuu YPEB3 Ha ocHoee nnamgopmbi ArcGISOnline. MpednoxeHo ucnonb3oeaHue pa3pabomaHHbIX cneyuanu3upoeaH-
HbIX anzopummoe 2eoUHgOopPMayUOHHO20 aHalu3a u ModesiupoeaHusi 07151 MOHUMOPUH2a COCMOsIHUS paduayuoHHo20 3azpsi3HeHus1 YPEB3.

OcobeHHOCMSAIMU 2€0UHGhOPMaYyUOHHO20 ob6ecrneyeHus meppumopuu YepHobb11bCKO20 paduayUuoHHO-3K0/I02U4eCcKo20 6uocghepHO20 3anose-
OHuka 0ns1 eedeHusi TUC MoHumopuHaa siensiromcsi: noddepxaHue 8 akmyaslbHOM COCMOSIHUU U YHUGbUuKayusi pa3/iuyHbIX M0 Mumny U npoucxoxae-
HUto OaHHbIX Ha eduHoll yugposoli monozpaguyeckoli ocHoee, obecrneyeHue HY)XHO20 ypoeHs e3aumodelicmeusi pa3nuyHbIXx nodpasdeneHull
op2aHo8 MeCMHO20 yrnpassieHus], Opyaux npeodnpusmul u y4ypexoeHul, komopblie obecrneqyusarom xu3HedessmeslbHOCMb 3anoeedHuUKa.

C nomowbto F’MC YPEB3 peweHbl 3adayu co30aHusi u noddepixkaHusi 8 akmyasibHOM COCMOSIHUU 2e0MpPOoCMpPaHCMBEeHHbIX OaHHbIX, MaKuX Kak:
2paHuybl 3anoeedHUKa; cO8pPeMeHHOe COCIMOosiHUe UCMO/b308aHUsi meppumopuu; NpupooHble naHowagmel; pacmumesbHbIl MOKpo8; Mecma
pacrnpocmpaHeHusi pedKux U ucyesarouux eudoe ¢hsiopbl, ¢hayHbl, pacmumesibHbIX 2pYNnupPo8ok; hyHKYUOHa/IbHOEe 30HUpO8aHue meppumopuu;
niecoHacaxxdeHus1 3anoeedHuUKa; pazmMeujeHue UCMOPUKO-KYIbMYPHbIX U peKpeayuoHHbIX 06beKmMoe, 3K0102UYeCKUX Mmporn U mypucmu4yecKux Ma-
pwpymos; npomueornoxapHoe 61az2oycmpolicmeo meppumopuu; rnpoekmHbIl nnaH; a makxe riaaHupoeaHue npupodHo-3anoeedHoll meppumo-
puu; op2aHu3ayusi 3KOHOMUYeCKU, COyUaslbHO U 3KOJI02uUYecKu 3ghghekmueHo20 ynpaesieHusi 3anoeedHUKOM; pa3pabomka meponpusmul ons
ocyujecmesneHusi MOHUMOPUH2a okpyxatouwieli cpedbl; MOHUMOPUH2a COCMOSsIHUSI paduayuoHHO20 3a2PsI3HEHUsI meppumMopuu 3anoeedHuKa; npu-
HsIMue ynpaesieHYecKux peweHull, 8bida4ya GaHHbIX Ha meepoble HOCUMesu; NPoeKmuposaHUe Mypucmu4eckux Mapuwpymos; npPoeKmuposaHue
803MOXHbIX nocsedcmeauli kKamacmpodgh; npedocmassieHue 2eoUHpopMayuUoHHOU NoAdepPKKU NPU JIUKeUdayuu 1ecHbIX Noxapoe; papabomka me-
ponpusimui Mo ocyw,ecmeJsieHuto npupodooxpaHHbIX, MPOMUBO3PO3UOHHBIX, IPOMUEOOIO/I3HE8bIX U MPOMUEONoXapHbIX pabom, eoccmaHoesie-
HUe HapyweHHbIX MPUPOOGHbLIX KOMI/IEKCO8; KOMI/IeKCHasi oyeHKa meppumopuu 3arnoeedHukKa, e20 Xo3silicmeeHHO20 UCMOoJIb308aHUs U 3arnacoe
npupoOHbIX pecypcos, aHdwaghmHo20 pa3HOO6pa3usi, UCMOPUKO-KYSIbMYPHbIX 06 EKMOE, COCMOSIHUS UH)XeHepPHO-MmpaHCcrnopmHol uHgpacmpy-
Kmypbl; Hay4HO 060CHOBaHHO20 (hYHKUUOHaIbHO20 30HUPOBaHUsI meppumopuu 3anoesedHuka; pa3pabomka npednoxeHuli N0 cmpoumesnsbcmey u
PeKoHCMpYKyuu 06bLekmoes, Heo6xodumbix dnsi obecnevyeHus1 dessmeslbHOCMU 3anoeedHuUKa.

Knroyeenie crnosa: 6a3a 2eonpocmpaHcmeeHHbIx OaHHbIX, TUC, 2eouHghopmayuoHHoe obecneyeHue, 2e0UHHOPMaYUOHHbIU MOHUMOPUHE,
YepHoObbinbcKull paduayuoHHO-3Koo2u4eckuli 6uocgepHbili 3anosedHuk, FTMC YPEB3, 2ceouHghopMayuoHHbIU aHanus3.
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CAMOHABYAIIbHI HEUPOHHI KAPTU B 3A0AYAX EKONONYHOro MOHITOPUHIY

(Mpedcmaenexo 4neHom pedakuyiliHol konezii 3-pom mexH. Hayk, npog. B.I. 3ayepkoeHuM)

lpu npoeedeHHi eKO/102i4YHO20 MOHIMOpuUH2y cmaHy GO8KiIsA 3a 8UMIPSIHUMU 3Ha4YeHHSIMU GesiKko20 abiomu4yHo20 ghakmopy icHye
npo6nema: sik Ha nidcmasi pe3ynibmamie sumiprogaHn, W0 6ysiu npoeedeHi 8 KiHUe8oMy YUCITi MOYOK, Mo6ydyeamu yinicHy HerepepeHy
Kapmy 3abpydHeHHs1 Ha 8cili KOHMPOoJIboeaHil mepumopii. Mema po6omu: docnidumu Moxiugocmi 3acmocyeaHHsI Memody caMOoHas-
Y4anbHUX HelipoHHuUx kapm (Self Organizing Map — SOM) dns 3agdaHb eKkos102i4HO20 MOHIMopuUHay 00eKinss, a came 0511 nobydosu de-
manbHoi 6e3nepepeHoi kapmu ekosio2id4HuUx 3abpydHeHb Ha micyesocmi. Anzopumm po6omu SOM eknroyae: 1) poamauwyeaHHs1 Ha
Kapmi KOHMPO/IbLo8aHOI MepuMoOpIii akmueHoi HelipOHHOI Mepexi 3adaHoi mononoeii i3 3a30ane2iOb 8U3Ha4YeHOO KinbKicmio 8y3sie-
HelipoHie; 2) eubip exidHo20 eekmopa 3 Habopy OaHuUXx criocmepexeHb; 3) 3Haxo0KeHHs1 Halibinbw 6/1u3bK020 3Ha4YeHHsI eeKmopa 8y-
3na-HelipoHa ("HelipoHa-nepemMoxuys"”) Ha kapmi; 4) eusHa4YeHHs1 Kinlbkocmi HalbGMWx4Yux cyciOHix HelipoHie 00 HelipOHa-NepPeMoXysi;
5) Hae4yaHHs1 MepeXxi, 8 X00i IK0O20 3Ha4YeHHs1 8EeKMopa HelipoHa-nepeMoXxus i Halibux4ux cycidHix HelipoHie Mocmynoeo 3MiHHMbCH,
Habnuxaroyucb 00 3Ha4eHHs1 eekmopie exiOHuUX HelipoHie — OaHuUX criocmepexeHb; 6) ausHa4eHHs1 nomunku kapmu. Memodu doci-
OXeHb: suMiptoeaHHs1 aMbieHMHO20 eKsigasieHma nomyXxHocmi 0o3u 6e3nepepeHO20 PeHM2eHieCbKo20 i 2aMMa-8urnpoMiHI08aHHSsT 3a
donomozoro do3umempa MKC-05 "TEPPA"; sik Mamepianu docnidxeHb 6y/10 suKopucmaHo pe3ysimamu euMiptogaHb MomyxHocmi
do3u Ha mepumopii icmopuyHo20 yeHmpy M. Xapkoea; o6pobka ompumaHux 0aHux memodamu SOM 3a GOrMOMO200 KOMI'tOMePHUX
npoepam MatlLab 8.1 ma STATISTICA 10. Pesaynbmamu: y npouyeci 1000 yukriie camoHag4yaHHs1 HelipoHHoi Mepexi 3 100 akmueHuXx Hel-
POHi8, po3mauwiogaHux eunadKkoeuM YUHOM Ha Kapmi KOHMpPoJsIbo8aHoi mepumopii, 6ys10 odepxaHo 25 suxiOHUX HeUPOHHUX Kracmepis,
KoopOuHamu yeHmpie IKux npakmu4Ho 36i2anucs 3 KoopOuHamaMu IMoYoK criocmepexeHb. Takum YuHoMm 6yna ompumaHa 6e3nepe-
peHa kapma padiayiliHo2o ¢hoHy Ha KOHMPOIILO8aHiLli mepumopii. To4Hicmb kapmu cmaHoeusna He 2ipwe 3a 0,25 mkP/200. BucHoeku: y
pobomi doeedeHO Mox/Tugicmb 3acmocyeaHHs1 Memody caMoHag4aslbHUX HelipoHHUX kapm (SOM) Ans no6ydoeu demarbHOI Kapmu
pieHs eKkos102iYHUX 3abpyOHeHb Ha Micueeocmi 3a pe3ysibmamamu eumiproeaHb 3Ha4YeHb Oesiko20 abiomu4yHo20 ghakmopy e KiHueeomy
qucsii mo4ok criocmepexeHb. [JoeedeHo, wjo daHuli Memod € 6inbWw Mo4YHUM ma HadillHUM rNopieHsIHO 3 MemodaMu pezpeciliHoi Kap-
mozpadpii ma knacmepHo20 aHarsisy, eid sikux eiH MPUHYUNoeo eidpizHssembcsl. Moxnueocmi icmomHo20 noslinuweHHss Mo4YHocmi Me-
mody nonsizaroms y 36inbuweHHI KinbKkocmi noyamkosux HelipoHie Ha kapmi Micyeeocmi i Kinbkocmi imepauit y npouyeci ix Hag4yaHHsI.

Knroyosi cnoea: ekosioziyHuli MOHIMOpUHe, peHMaeHiecbke ma 2aMMa-eurnpoMiHIO8aHHS, HellpoMepeXxesi arlzopummu, caMoHaeya-

JNbHi HelpoHHI kapmu, SOM.

Beryn. lNpyn npoBeaeHHi €KOmnoriYHOro MOHITOPUHTY
CTaHy JOBKINMs 3a BUMIPAHUMW 3HAYEeHHAMK Jeskoro abio-
TUYHOro chakTopy, Hanpuknag, piBHA pagiauii, XimidHoro 3a-
OpyOoHeHHs1 OyAb-SKOK PEYOBUHOW, PIBHA aKyCTUYHOIO
LWIyMy, iHTEHCUBHOCTiI (POHOBOrO €neKkTpUYHOro abo MarHiT-
HOro nons Ta iH., icHye Taka npobnema: sik Ha niacrasi pe-
3ynbTaTiB BUMIpIOBaHb, WO Oynu npoBefeHi B KiHLEBOMY
yYncni TOYOK, PO3TallOBaHWX BcepeauHi KOHTPONbOBaHOI
30HM, NOOyAyBaTK LiniCHY KapTy 3abpyOHEHHS Ha BCill KOH-
TponbOBaHin TepuTopii. BaraTo B YoMy Lie 3aBAaHHSA € aHa-
NOriYHMM [0 3aBAaHHS BiOHOBMNEHHS 300paXKeHHs 3a Moro
TOYKoBUMUK bparmeHTamu (Hanpuknag, BacuneHko ma Ta-
pamopuH, 1986; Hekoc ma iH., 2007, 2008).

IcHytOTb pi3Hi Migxoau Ao BUpiLLeHHs Liei npobnemu. 3Ha-
YHa YacTMHa 3 HUX NOB'A3aHa 3 PerpecinHo kapTorpadieto —
noGyAoBO0 PIBHAHHS MiHIMHOI YM HENiHIMHOI perpecii Ans 3a-
TNEXHOCTI YNCENbHMX 3HaYeHb NOKasHWKa abioTUYHOro dhak-
TOpy Big KOOpAMHAT  [OOBIMbHOI  TOYKM HA  KapTi
KOHTPONbOBAaHOI TEPUTOPIT B Pi3HNX CTYMNEHSX Ha niacTasi pe-
3ynbTaTiB BUMIpIOBaHb B KIHLLEBOMY YMCHi KOHTPOSbHUX TOYOK
i3 3acTOCyBaHHSIM MeTody HaWMEHLUMX KBagpaTiB (Hanpu-
knag, Hekoc ma iH., 2009; F'emmaHeyb ma iH., 2010; AHmpo-
noe ma iH., 2010). AKWO KiNbKiCTb TOYOK CrOCTEPEXEHb
OOCUTb Benvka, To Uen nigxia aae gosoni nobpi pesyneratu
BCEePeAVHi KOHTPONMbOBAHOI 30HU, ane NPU3BOAUTbL A0 CyTTe-
BUX MOXMOOK MPOrHo3siB nobnuay ii kopaoHiB, Ae abCcomntoTHI
3HaYeHHHA KOOPAMHAT (BIOHOCHO LEHTPY 30HW) 3HaYHi, O TOro
X BOHW MiAHOCATLCS 0 Pi3HUX A0AATHUX CTYMEHIB.

MoxHa 6yayBaTu piBHSIHHS perpecii He 3a abcontoT-
HUMM 3HaYEHHSIMU KOOPAMHAT, a 3a koopauHaTamu, ski Bia-
NIKOBYIOTbCA SIK HaWMeHLla BiACTaHb Big OOBINbHOI TOYKU
30HM OO0 Aesikoi namaHoi MiHil, Wo nocnigoBHO 3'€AHYE YCi
TOYKM cnocTepexeHb (FfemmaHeub ma [llenixamud, 2016;
Femmareub ma iH., 2017; Femmareup, 2018). Togi aHoma-
nii Nobnmn3y KOpOOHIB KOHTPONbOBAHOI 30HU YCYBalOTbCH,

ane nepenbaveHHs piBHAHHA perpecii € HeCTINKUMK BigHO-
CHO Manux 3MileHb MOMIOXEHHS TOYKU Ha KapTi Janeko Bif
TOYOK CMOCTEpPEXeHb, KON BIACTaHI Big L€l TOUKM A0 Oeki-
NbKOX 3 HUX NPUBNN3HO piBHi, | NnepeabayvyeHHs1 PiBHAHHS pe-
rpecii HaBiTb 3a He3HayHUX 3CyBiB TOYOK Ha KapTi
3MIHIOTLCS CTpMBKONOAiIGHO.

Y poboTi (Femmareybs ma iH., 2019) 6yno pocnigxeHo
MO>XXITMBICTb 3aCTOCYBaHHS KNacTepHOro aHanisy ansi noby-
[OBM KapT pagiauinHoro 3abpyaHeHHs goskinng. MNicna ob-
pobkn pesynbTaTiB BUMIPIOBaHb i3 3aCTOCYBaHHAM Pi3HMX
MeTOAIB KracTepusauii 6yno BCTaHOBNEHO, WO pe3ynbTaTtu
aHanisy sikicHo 36iratoTbcsl Mixk coboto, | JoBeAEHO MOXIU-
BiCTb 3aCTOCYBaHHsI KNnacTepHOro aHanisy ansi nobyaoBu ka-
pTv 3abpygoHeHb. OpHak Ui KapTM € HeaocTaTHbO
JeTanbHUMK, OCKINbKM NpoeKUii "pagiauinHux knacTtepis",
AKi ABNSATL cobO0 Kyni B TPUBMMIPHOMY NPOCTOPI (ABi KO-
opavHaTK — Lie AeKapToBi KOOPANHATU X i Y TOUKM Ha MicLe-
BOCTi, @ TpeTs — piBeHb 3abpyAHEHHS z y AaHii Touli), Ha
ABOBUMIPHY NOBEPXHIO KOHTPOIbOBAHOI 30HM € KOMNamM, Lo
nepeTMHaTbCA, pagiycu SK1UX AOCTaTHBO BEIUKI.

Y Hal Yac iHTEHCUBHO PO3BUBAOTLCS HEMPOMEpPEXKEBI
anroputMu  (Hanpuknag, YoccepmeH, 1992; Exoe ma
Lymckud, 1998). OanH 3 HUX — caMOHaBYarnbHi abo camoo-
praHisauiviHi HevipoHHi kaptu (Self Organizing Map a6o
SOM) (Kohonen, 1995). Anroputm SOM 6a3yeTbca Ha OBOX
OCHOBHMX MeXaHi3Max — BEKTOPHOMY KBaHTyBaHHi i NpoekK-
TyBaHHi, TOMy Lel MeTo4 MOXHa BMKOPUCTOBYBaTW ANiA
Knactepm3sadii, MoLWYKy Ta aHanidy 3akoHOMIpHOCTEN Y BUXi-
[OHVX JaHUX, a TakoX ANnsl 3anoBHEHHS MPOMYCKIB Y AaHUX.
Ak i 6yab-sika Henpomepexa, SOM cknagaetbcs 3 By3niB-
HelpoHiB. KoxeH By30mn Hevipomepexi onucyeTbcsi ABOMa
BEKTOPaMU: BEKTOPOM Barv m, Skuii Mae po3MipHiCTb BUXia-
HUX AaHuX (MOKa3HWK piBHS 3abpyOHEHHSs), | BEKTOPOM KO-
opavHat Bysna Ha kapTi r(x,y). Anroputm po6otn SOM
CKNajaeTbCcs 3 TaKMX KPOKiB: 1) po3TallyBaHHA Ha KapTi
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BCi€l KOHTPONMbOBaHOI TEPUTOPIi aKTUBHOI HEWPOHHOI Me-
pexi 3agaHoi Tononorii i3 3asganerigb BU3HA4YEHO Kirbki-
CTIO BY3niB-HEWMpOHiB; 2) BUOIp BXiAHOro BekTopa 3 Habopy
OaHUX crnoctepexeHb; 3) 3HaXOOXKEeHHs1 Hanbinbw 6nm3b-
KOro 3Ha4eHHs1 BEKTopa By3ra-HelpoHa (Tak 3BaHOro, He-
poHa-nepemMoxus) Ha KapTi; 4) BU3HAYEHHS KiNbKOCTI
HaWBNUXKYNX CYyCiOHIX HEMPOHIB A0 HEenpoHa-NepeMoXLs;
5) HaBYaHHS Mepexi, B X04i SIKOro 3Ha4YeHHs1 BEKTOpa Hel-
poHa-nepemMoxus i HanbnK4MX CyCiaHIX HEMPOHIB NOCTY-
NMOBO 3MiHIOKTbCHA, HabNMXKaruncb OO0 3HAYEHHHA BXiOHMX
BEKTOPIB — A@HUX CMOCTEpPEXeHb; 6) BU3HAYEHHS MOMUITKM
kapTu. Limkn 3akiHu4yeTbcs abo nNpu BUKOHaHHI NEBHOT Kirb-
KOCTi iTepauii, abo npu OOCArHEHHI Hanepen BM3HA4YeHOI
NOXMBKM KapTw.

MeToro faHoi po60oTH € OOCNIAKEHHS MOXIMBOCTI 3a-
ctocyBaHHs metogy SOM ansa nobynoBu getansHoi KapTu
eKonoriyHnx 3abpyaHeHb Ha MICLEBOCTI Ha OCHOBI OaHUX
nokKanbHUX BUMIpIOBaHb, WO Oynu npoBeaeHi B KiHLEBOMY
yYncni TOYOK BCEPEAVHi KOHTPOMbOBaHOI 30HW. FAK npuknazg
po3rnsaaaeTbcs nobyaoBa kapTu nons pagiauiiHoro coHy
6e3nepepBHOro PEHTrEHIBCLKOrO i raMmma-BUNPOMIHIOBaHHS.

Marepianu Ta MmeToau gocnigxeHb. Ak MaTepianu oo-
cnigkeHb 6ynu BUKOpUCTaHi pe3ynbTaT BUMiptoBaHb ambi-
E€HTHOrO €eKkBiBaneHTa MOTY)XXHOCTi J03M ©e3nepepBHOro
PEHTIEHIBCbKOro i raMma-BMNPOMIHIOBaHHA Ha TepuTopii ic-
TOPWYHOrO LIEHTPY M. XapkoBa, Lo obmexeHa pidkamu J1o-
naHb i XapkiB ax go ix 3anutta (FfemmaHeus ma iH., 2020).
BumiptoBaHHs npoBoaununca npoTsarom koBTHs 2019 p.
woaHa 3 10-i go 12-i rogMHK 3a AOMOMOro [03nMeTpa
MKC-05 "TEPPA" 3 abcomoTHOH MNOMWIKOK Biamniky
0,01 mk3B/roa. e npunap npusHadeHni ans 4o3MMeTpu-
YHOrO | pafioMeTPUYHOro KOHTPOSO Ha NMPOMUCIIOBUX Mian-
pUeEMCTBax; AN €KOMNOriYHUX AOCMiMKEHb; ANst KOHTPOM
pagiauifHoi YNCTOTU XUTNOBUX NpUMILLiEHb, ByaiBenb, cro-
pY4 Ta Npunernoi 4o HUX TepuUTopii.

KapTty TepuTtopii, Ha Skii npoBOOUNNCSA BUMIPIOBAHHS,
HaBefeHo Ha puc. 1. Ha uii kapTi nokazaHo po3TallyBaHHSs

ycCix 25 To4ok cnocTepexeHb. KapTa BepTukanbHO OpPiEHTO-
BaHa 3 MiBAHA Ha MiBHIY, @ rOPM3OHTaNbLHO — i3 3axo4y Ha
cxig. 3a noyaTtok Bigniky KoopauHaT MPUAHATO Touky 1,
po3TalloBaHy HaBMpPOTWU LEHTpanbHoro Bxody B Oyaisnto
XapKiBCbKOT MICbKOI AepXagMiHicTpauii.

Ak GinbLL KOHKPETHWUIA Npuknag 6ygemo posrnsigaTn 06-
pobKy pe3ynbTaTiB BUMiptOBaHb NOTYXXHOCTi 03K 6e3nepe-
PBHOrO PEHTFEHIBCbKOTO i raMMa-BUNPOMIHIOBaHHS, LLO
Oynu BukoHaHi 1 >xxoBTHA 2019 p. BignosigHi 3HayYeHHs no-
TYXXHOCTi JO31 pa3oM 3 KOOpAMHATaMM TOYOK CMOCTEPEXEHD
HaBefeHo B Tabn. 1. [1nsa cnpoleHHs i 6inbLlioi HaoYHOCTI
aHanisy noTyxHicTb 0031 OyeMo BM3Ha4YaTu B no3acucre-
MHUX oamMHULUAX — MKP/roa, 3amicTb ogmMHuub cuctemn Cl —
Mk3B/rog (came B oauHuuax MK3B/rog nporpagyvioBaHa
wkana gosumetpa MKC-05 "TEPPA"). KoediuieHT nepepa-
xyHky Takmn: 1 mkP/rog = 0,01 mk3s/roa. OaHi 2-ro, 3-ro Ta
5-ro cToBnymkiB Tabn. 1 4N KOXHOI TOYKM CNOCTEPEXEHDb B
TepmiHax SOM aBnsoTb cob0 Tak 3BaHy BXigHy abo "Ha-
BYanbHy BUGIpKY" 3 25 3-BUMipHMX BEKTOPIB.

O6pobka umx gaHux nposogunacs metogamm SOM 3a
ponomoroto naketa Neural Network Toolbox nporpamu
MatLab 8.1 (dpipmn MathWorks, US) (aus., Hanpuknag,
EgpumeHko u CuHuua, 2017).

IHiLianizauis SOM 3gjricHioBanacs Takum YmHom. Ha puc. 2
SIK MPUKNag nokasaHo akTUBHY HEVPOHHY Mepexy, LLIO cKrnaaa-
nacs 3 100 HeVipoHiB-BY3MiB, pO3TalLOBaHUX BUMaAKOBUM Yii-
HOM (Tomonoria "randtop") Ha nnowi po3Mipom Brn3bKO
1,5 KM2, iKa NepekpuBarna BCO KOHTPOMbOBaHy 30Hy (puc. 1).
KoXeH aKTMBHWI HEMpOH XapakTepu3yBaBCsl BEKTOPOM Barui
m, SIKMI MaB PO3MIPHICTb BUXIOHWMX BEKTOPIB — AaHUX 5-r0 CTO-
Bnymka Tabn. 1 (MkP/rog), i BekTopom po3milLieHHst r(X,y) Ha ka-
pTi (puc. 2). MNo3wnLii akTMBHMX HEMPOHIB Ha KapTi iHiLitoBanMcs
3a gonomoroto koay: P = rands(2,100). Bektopu Barv HelmpoHis
Manu uini 3HayeHHs1 B oguHuuax MkP/rog, siki obupanucs Bu-
nagKoBMM YMHOM 3 iHTepBany 8 MkP/rog — 18 MkP/rog. Y uewn
JianasoH noTpannsanu yci pes3ynbTtaTiB BUMiptoBaHb (Tabn. 1).
OTxe, aKTMBHa HEMPOHHA MepeXa sBNsina cobok BUMaaKOBY
TPYBMMIPHY BUBIpKY.
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Puc. 1. KapTa-cxema po3TawyBaHHSl TOYOK CNOCTEpPEXEeHb Ha TePUTOPIi iCTOPUYHOrO LIeHTPY M. XapkoBa
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Ta6bnuys 1

Pe3ynbTaTi BUMiptoBaHb aMBi€EHTHOro eKBiBanieHTa NOTYXKHOCTi 031 HeNnepepBHOro PEHTIreHiBCbKOro
Ta raMMa-BMNpPOMiHIOBaHHA CTaHOM Ha 1 xxoBTHs1 2019 poky

KoopauHatu, m MoTyXHicTb A03M
Ne Touku cnocTepexeHb X Y MK3B/ron wKP/ron
1 0 0 0,13 13
2 -5 255 0,13 13
3 -262 270 0,14 14
4 -259 4 0,14 14
5 -275 -247 0,11 11
6 -2 -253 0,13 13
7 269 -244 0,13 13
8 235 17 0,12 12
9 255 285 0,13 13
10 249 589 0,15 15
11 -8 517 0,14 14
12 -263 533 0,14 14
13 -526 522 0,12 12
14 -505 282 0,12 12
15 -518 13 0,15 15
16 -516 -250 0,11 11
17 -527 -507 0,14 14
18 -251 -501 0,11 11
19 -3 -517 0,14 14
20 258 -506 0,13 13
21 512 -502 0,11 11
22 518 -241 0,12 12
23 512 12 0,17 17
24 509 276 0,15 15
25 505 533 0,14 14
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Heponikom Bisyanisauii pesynbTaTtiB npouecy camoHaB-
YaHHA HewnpoHiB y cepeposuwi MatLab € Te, WO HelpoHHa
Mepexa Mae Burmsaa GaratokonbopoBoi "Mo3aiku" 3 6arato-
KyTHUWKiB TUny BopoHoro-[ipixne, Ae koxeH Konip Bignosigae
NEeBHOMY 3HAYEHHIO BeKTopa Baru. Tomy Ha puc. 2 i BCix no-
JanbLlunx KapTax HEMPOHHUX MepeX i HEMPOHHMKX KracTepis
AN noninweHHs Bidyanisayjii BUKOPUCTOBYBABCA MeTo4 ada-
NTUBHOrO 3rnazxyBaHHsa bpayHa (Neter et al., 1985; Hill et al.,
2006) y Burnagi 3saxeHoOro MeTogy HaiMeHLUMX keagparTis
(Weighted Least Squares). Lieit meTon 6yB peanizoBaHui Ha
nigcrasi gaHux obuncneHb y MatlLab 3a gonomorowo npo-
rpamun STATISTICA 10 (cbipmu StatSoft Inc, US).

CamoHaBYaHHsi HEMPOHHOI MepeXxi 34ilcHIoBanocs B
[ABa eTanu: eTany BNOpsSAKyBaHHS BEKTOpIB BaroBux koedi-
LieHTIB i eTany nigCTPOKBaHHA Bar akTUBHUX HENPOHIB
woao Habopy BEKTOPIB BXOAY — AAHWX BUMIpHOBaHb.

SOM cTBOploBanacsi 3a AONOMOrow KomaHau: net =
newsom(PR,[d1,d2,...], tfcn, dfcn, olr, osteps, tir, tnd), ae PR
— (Rx2)-maTpuus MiHiManbHUX i MakcuMmarnbHUX 3Ha4YeHb

0
X, M
Puc. 2. AKTUBHa HelipoHHa mepexa 3 100 HelpoHiB-By3niB (xpecTuku). LLikana 3Ha4yeHb BeKTOpiB Barn HelMpoHiB y MkP/ron

Il 18
I 16

14
| S
600 1 10

200 s

400

R=100 akTBHMX HenpoHiB; di — po3mipHicTb wapy ([8; 18],
[100]) B oamHmusax mkP/rog; tfcn — Bubip Tononorii (ans su-
nagKkoBoi Tomonorii  puc. 2 3actocoByBanacsa QyHKLis
"randtop"); dfcn — dyHkuia BiacTaHi (byno obpana "linkdist"
— BiJCTaHb 3B'A3KY); olr — napameTp WBMAKOCTi HABYaHHSA Ha
eTani BNopsiAKyBaHHS; osteps — KinbKiCTb LUWKNiB HaBYaHHS
Ha eTani migcTpotoBaHHg; tir — napameTp LWBMAKOCTI HaB-
YaHHA Ha eTani nigcTpoloBaHHS; thd — po3Mip okony akTuB-
HOro HeWpoHa Ha eTani NiaCTPOBaHHS.

Ha eTani BnopsigkyBaHHs ByKopucToBYBanocs gikcoBaHe
ymcno kpokis (20). MoyaTkoBWIN PO3MIP OKOMY HEWpOHa Npu3-
HayvaBCs PiIBHUM MakCUMaribHIl BigCTaHi MK HEMPOHaMM i No-
TiM 3MeHLUYBaBCH OO BEMUYMHW, SiKa 3acTocoByBanacs Ha
HacTynHomy eTani. Okin Bu3Ha4aBcs 3rigHo 3 hopmyrioto: nd =
1,00001 + (max(d) — 1) - (1 — s/S), oe max(d) — makcumarnbsHa
BiACTaHb MK aKTVBHUMMW HEWPOHaMW; S — HOMEP NMOTOYHOro
KPOKyY; S — KinbKiCTb KpoOKiB Ha eTani BnopsiakysaHHs (20). Ma-
pameTp LUBUAKOCTI HaBYaHHS 3MIHIOBaBCS 3riAHO 3 NPaBWIIOM:
Ir = tlr + (olr — tIr) - (1 —s/S).
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Ha eTtani nigcTpotoBaHHS, KM TpuBaB NPOTAroM BCIi€l
OCTaHHbOI YaCTUHM NpoLeaypY HaBYaHHS, pO3Mip OKOny 3a-
nuwaecs ctanum i gopisHosas: nd = tnd + 0,00001, a na-
pameTp LWBWAKOCTI HaBYaHHA 3MiHIOBaBCHA 3rigHO 3
npasunom: Ir = tir-S/s. MNapameTp WBUAKOCTI HaB4YaHHSA
NpoaoBXyBaB 3MEHLUYBaTUCS, ane Adyxe nosinbHo. Mane
3HAYEHHsI OKOMy i NOBINbHE 3MEHLUEHHS NapamMeTpy LWBMA-
KOCTi HaBYaHHA gobpe HanalwToBYTb HENMPOHHY Mepexy
npu 36epexeHHi po3MileHHs, ke 6yno 3HanaeHo Ha none-
peaHboMy eTani. Yucno KpokiB Ha eTani NigCcTPOBaHHS Mno-
BMHHO 3HA4yHO MepeBULLYBATU YMCINO KPOKIB Ha eTani
po3mMileHHs. Ha ubomy eTani BinbyBanocs TOHke HacTpoto-
BaHHs1 Bar HEMPOHIB 1100 Habopy BEKTOPIB BXOAIB — AaHWX
crnocTtepexeHb. Ha eTtani nmigcTpotoBaHHA KoperyBanucs
Baru He TiflbKWU HENPOHIB-NePEeMOXLIB, a 1 rpynn HEMPOHIB 3
X Aeskoro NnpocTopoBoro okony (B 1 HempoH). Mpu LbomMy
3HaYEHHsI BEKTOPIB HEMPOHA-NEPEMOXLS i HANBNNXKYNX Cy-
CiHiX HEMPOHIB 3MiHIOBanMcs, Habnmxxaunch 40 3HaYEHHS
BEKTOPIB BXOAY — AAHUX CMOCTEPEXEHD.

HanawTtyBaHHs SOM 3aiicHi0Banocsi No KOXXHoMy BXifl-
HOMYy BeKTopy 3 Baroto P. CnovaTky BU3Ha4aBCs HEMPOH-Ne-
pemoxelb i koperyBaBcsi voro Bektop Bar W, a Takox
BEKTOPU CYCifHIX HEMPOHIB BiAMNOBIAHO A0 CMiBBIAHOLIEHHS:
dW = Ir- A2 - (P - W), ge Ir — napameTp LWBWAKOCTi HaB-
YaHHS, SKMI OOpiBHIOBaB olr Ansa etany BNopsAKyBaHHSA
HeWpoHiB i tIr — ans etany nigcTpotoBaHHs; A2 — MacuB cy-
cigcTBa Angd HEMpOoHiB 3 HOMEPOM (], PO3TaLLOBaHUX B OKOSi
HEenpoHa-nepeMoXLus 3 HOMEPOM i:

1 a@,g)=1,
A2(,q)=10,5 a(i,q)=1, D(i,j)<nd,

0 B iHLUIMX BUNagKax.
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Puc. 3. OauH 3 noyaTkoBUX eTaniB BNOpsiAKyBaHHA
HeNpOHHOI Mepexi. TOYKM — LIeHTPM KnacTepiB..
Llikana B MkP/rog

Pe3ynbTati Ta ix 06roBopeHHs. 3aBepLUeHHs BCbOro
npoLecy HaB4YaHHSA HEMPOHHOI MepeXi intcTpye puc. 5 — ka-
pTa BMXiAHOrO TOMOMOrYHOrO LWapy akTUBHWUX HEWPOHIB Mi-
cnga 1000 yukniB nigcTpotoBaHHs. HenpoHu ob'egHanunca B
25 knacTepiB, KOOpPANHATN LEHTPIB SKMX NPaKTUYHO 30ira-
H0TbCH 3 KOOpAMHATaMm 25 TOYOK crnocTepexeHb Ha puc. 1.

Ha puc. 5 Toukamm No3HaYeHi LLEHTPU KnacTepis, a XpecTu-
Kamy — HEMPOHU BMXIZHOIO TOMOMOMYHOrO LWapy (NMONOXEHHS
HeMpoHiB-NnepemMoXUiB 36iraloTbes 3 LieHTpamm knactepis). Lo
Bi3yanisaujto MOXHa ogepaTu 3a 4onomMoroto komaHau: "SOM
Weight Positions". Takum 4nMHOM, 3aBOSAKM MeXaHi3Mam
SOM, 100 HenpoHiIB aKTUBHOI Mepexi puc. 2 "cnpoekTyBa-
nuca" Ha 25 BXiAHMX BEKTOPIB — JAaHMX CNOCTepeXeHb — 3i
30epeXxxeHHAM TononorivyHoi nogibHocTi. Tak 6yno oTpu-
MaHO CTiliKy (ockinbku 6yno nposefeHo 1000 LmMKniB HaBYaHHS
Ha eTani NiACTPOoKBaHHSA) kapTy pafiauiiHoro YOHy Ha KOHT-
pOnbOBaHin TepuTopii. HepoHn BMXiQHOMO TOMOMOrYHOro

e a(i,q)— enemeHT BMXoay HenpoHHoi mepexi; D(i, j) — Bi-
OCTaHb M HeMpoHaMy 3 HoMepamu i Ta j BignosigHo; nd —
po3Mip OKONy HenpoHa-nepemoxus. Takum YmHoM, Bara
HepoHa-nepeMoXLus 3MiHoBanacs nponopuifiHoO NoNoBUHI
3HaYeHHs1 NapaMeTpy LUBUAKOCTI HaBYaHHS, a Bara CyCifHix
HENPOHIB — MPOMOPLIAHO MOMOBUHI 3HAYEHHHA LbOro napa-
MeTpy ANsA HerpoHa-nepemoxus. MNapameTp WBMAKOCTI Ha-
BYaHHA HEWpPOHIB Ha eTani BMOPSAKYBaHHA AOpiBHHOBaB
olr =0,9; ynMcno uukniB HaBYaHHA Ha eTani NiACTPOBAHHS
6yno obpaHo: osteps =1000; napameTp WBWAKOCTI Ha eTani
nigctpotoBaHHs gopisHoBas tlr =0,02; poamip okony Ha
eTani nigcTpotoBaHHA thd =1 (0AMH HEMpPOH); BiACTaHb MK
HelipoHamu (dist) 6yno obpaHo eBKNiJOBO; MakcumanbHe
KoopauHaTHe 3MilleHHs boxdist =250 m Bignosigano Tono-
norii po3milLleHHss HEeNPOHIB Ha pwuc. 2. Ha eTani nigcTpoto-
BaHHS MNPOBOAMIIOCA TO4YHE MNiOCTPOKOBAHHA Bar, Komu
3HaYeHHsA napameTpiB LWBUOKOCTI HaBYaHHSA Oynu HabaraTto
MEHLLE NoYaTKOBUX, TaK LLO HAMPWKIHLi HABYaHHS BYNIMCS
NULLE HEMPOHU-NEPEMOXLII.

Ha puc. 3 noka3aHO HEMPOHHY KapTy Ha eTani Bnopsa-
KyBaHHS nicna 10 umkniB HaBYaHHS.

Puc. 3 cBiguntb npo Te, wo SOM novana opraHisoByBa-
THCs B 25 KnacTepis BigNOBIAHO 4O TONOSOrii BXiQHOro npo-
CTOpY, KNI 0OMeXeHUn 25 BXigHMMKN BEKTOpaMun — JaHUMn
CMOCTEPEXEHD.

Ha puc. 4 HaBeeHO HEMPOHHY KapTy Ha eTani niacTpo-
toBaHHSA nicns 200 umknie HaB4YaHHS. Lis kapTa 6inbLu piBHO-
MipHO posnoginieHa no BXigHOMY NPOCTopY.
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Puc. 4. OauH 3 eTaniB npouecy NiACTPOIOBaHHA
HEWPOHHOI Mepexi. TOYKM — LleHTpM KrnacTepiB.
LLikana B MkP/roa

Lapy 4OMOMOrTIM JOMOBHUTY AaHi CNOCTEPEXEHD (3anoBHUTU
Nponycku B AAHUX).

Puc. 5 cBigunTb Npo Te, WO TOYHICTb KapTW pagiauiiHoro
(hOHyY 3a KINbKICTIO MiHii piBHA He ripwa 3a 0,25 mkP/rog, wo
NPUBM3HO B YOTMPY pa3n MeHLLEe LiHW Bianiky go3mmeTpa. Lle
AKICHO MOXHa MOSACHUTU TUM, LLO KiNbKICTb aKTUBHUX HEVPOHIB
Ha puc. 2 y YOTUpU pa3v NepeByLLYBana KiflbKiCTb TOHOK Croc-
TepexeHb. [Npuyomy AKIiCTb Uiel kapTy HabaraTo BuLLA, HiX Ka-
pTW, nobynoBaHOi Ha OCHOBI TMX CaMMX AaHUX MeToOoM
perpecinHoi kaptorpadii (FfemmaHeus ma iH., 2020). TOYHICTb
KapTu MOXHa MigBMLLMTM, 30iNMbLUMBLUM KifIbKICTb NOYATKOBUX
aKTVMBHWX HEVPOHIB i KINbKICTb LMKNIB HABYaHHS B MPOrpami.

Biasnaummo, WO  HamBuwa  MOTYXHICTb  [O3M
(17 mkP/roa) cnoctepiranacs B Touui Ne 23 Ha B'i3gi Ha Xa-
PKIBCbKMUIA MICT (MPUYMHK LIbOTO MOB'A3aHi 3 TPaHCMOPTHUM
noTokom Ta Bubopom byaiBensHUX MaTepianis i obroBopto-
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I0TbCS1 OKpeMo B poboTi (FfemmaHeybr ma iH., 2020)), a Han-
Hkya (11 mkP/rog) y Touui Ne 21 Ha [MiMHasiliHin Habepex-
Hi 3a piykor XapkiB. byB Takox BusiBNeHWn "octpiBeub"
HWU3bKOI NOTY>KHOCTI 403K MK Toukamu Ne 5, Ne 16 i Ne 18 y
CKBepi Ha CcTpinui pivok JlonaHb i XapkiB.

BiamiHHiCTb | NnepeBara meTogQy camoHaBYaribHUX Hen-
POHHMX Mepex NOPIBHSHO 3 MeTo4aMu perpecinHol KapTor-
padii nonsrae B TOMy, LIO YMCO MOYATKOBMX aKTUBHUX
HerpoHiB Moxe OyTn BMOpaHO ayxe BenukuM. HenpoHHi
Mepexi B Nnpoueci HaBYaHHs nepebyaoBylOTbCA Mg BRnu-
BOM BEKTOpPIB BXOAY — pe3yfbTaTiB TOYKOBUX BUMIPHOBAHb i

00'eaHyI0TbCA B KIacTepu, 3arnoOBHIOKYU MPaKTUYHO BECH
NPOCTIp KOHTPONMbOBAHOI 30HU, 36epiratyn TOMOMOriYHY No-
[OiOHICTb, | Ha KiIHLEeBOMY eTani HaBYaHHsI YTBOPIOKOTb KapTy
nons exkonoriyHnx 3abpyaHeHb 3 Oyab-AKol 3a4aHo Tou-
HicTI0. |HWO BigMIHHICTIO MeTody CaMOHaBYanbHUX Hen-
POHHMX MepeX TMOpPIBHAHO 3 MeTo4aMu  KnacTepHOro
aHaniay € Te, Lo BiH € AMHaMIYHMM, TOMY LU0 B nNpoLeci Ha-
BYaHHSA 3HAYEHHS BEKTOPA Barv HEMpoHa-nepemMoXxus i Han-
OnuKYMX CycCigHiIX HeMpoHiB 6GesnepepBHO 3MiHIOHOTbCH,
Habnmxaw4Mcb OO0 3HAYEHHS BXIOHWX BEKTOPIB — AaHUX
CMOCTEPEXEHD.
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Puc. 5. KapTa pagiauiiHoro ¢ooHy Ha KOHTPONbLOBaHiI TepuUTOPii.

TOYKM — LleHTpU KnacTepiB; XpeCTUKU — HEUPOHU BUXIAHOrO Liapy.
LUncdpamm nosHayeHi HoMepu TOYOK cnocTepexeHb 3rigHo 3 puc. 1. LLkana B MkP/rog

BucHoBku. OTxe, y AaHii poboTi AoBeOEeHO MOXIU-
BiCTb 3aCTOCyBaHHS METOAY CaMOHaB4YarbHUX HENPOHHUX
kapT (SOM) gna nobynoBu Ge3nepepBHOI KAPTUHU PiBHS
eKormnoriyHnx 3abpyaHeHb Ha MiCLEBOCTI 3a pe3ynbTatamu
BMMIipIOBaHb 3Ha4YeHb MoKasHuka gesikoro abiotmyHoro da-
KTOpa B KiHLEBOMY YMCIli TOYOK CMOCTEPEXEHb BCEPEAMHI
KOHTponboBaHoi TepuTopii. MokasaHo, Wo AaHMn meToa €
BinbLU TOYHUM | HAZINHMM NOPIBHAHO 3 METOAAMW perpecin-
HOI kKapTorpadii Ta KnacTepHOro aHanisy, Bi AKUX BiH NPWH-
LLMNOBO BIAPI3HAETLCA CBOEK AMHaMIYHICTIO. MOXNMBOCTI
iCTOTHOrO NOMiMNWEHHs1 TOYHOCTI PO3rMSAHYTOr0 MeToAy Mo-
nsiraTb Y 30iNbLUEHHI KiNbKOCTI MO4YaTKOBMX aKTUBHUX BY3-
NiB-HEMpPOHIB Ha KapTi MiCLLeBOCTIi, a TakoX Yncna itepadin y
npoueci X HaB4aHHSA
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SELF ORGANIZING NEURAL MAPS IN THE PROBLEMS OF ECOLOGICAL MONITORING

There is a certain problem in ecological monitoring of the environment state according to the measured values of a certain abiotic factor. Namely,
how to build a continuous map of environmental pollution throughout the controlled area, based on the results of measurements carried out at a finite
number of points inside the controlled territory. The aim of the work is to study the possibility of using the method of self organizing neural maps
(SOM) for the problems of the ecological monitoring of the environment, and specifically for building an accurate continuous map of environmental
pollution on the ground. The materials and methods of researches are the results of measurements the ambient equivalent of the continuous X-ray
and gamma radiation dose rate on a territory of the historical center of Kharkiv has been used as research materials; processing of the obtained data
by SOM's methods using MatLab 8.1 and STATISTICA 10 computer programs has been done. Results: in the process of 1000 self-learning cycles of
a neural network of 100 initial active neurons randomly located on the controlled area map, 25 neural clusters have been obtained, the coordinates of
the centers of which practically coincided with the 25 control points coordinates. A continuous map of the background radiation on the controlled
area has been built. The accuracy of this map was no worse than 0.25 uR/hour. Conclusions: the possibility of using the SOM methods to build a
continuous map of the level of environmental pollution on the ground based on the results of measuring the values of a certain abiotic factor in a
finite number of points has been proven. It has been proven that this method is more accurate compared to the methods of regression mapping and
cluster analysis, from which it is essentially different. The possibilities for a significant improvement in the accuracy of the method lie in increasing
the number of initial neurons on the terrain map and the number of iterations during their training.

Keywords: ecological monitoring, X-ray and gamma radiation, neural network algorithms, self organizing neuron maps, SOM.
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CAMOOBYYAIOLUMECA HEMPOHHbLIE KAPTbI B 3A0AYAX 9KONTOMMYECKOIO MOHUTOPUHIA

IMpu npoeedeHuu 3KO102UYE€CKO20 MOHUMOPUH2a COCMOSIHUS OKpYatoweli cpedbl N0 U3MEePEeHHbIM 3Ha4YeHUsIM HeKOMopo2o abuomu4ecKo2o
ghakmopa cyuiecmeyem npobsieMa: KaKk Ha OCHO8aHUU pe3y/IbMmamoe U3MepeHul, NPoeedeHHbIX 8 KOHEYHOM YUCJIe MOoYeK 8 Hympu KOHMpPOJIupy-
eMoli 30HbI, TOCMpPOoUMb HenpepbI8HYIO Kapmy 3K0O/I02UYECKUX 3a2psi3HeHull Ha ecell KoOHmposiupyemoli meppumopuu. Llens pabomsi: uccnedoea-
Hue 803MOXHOCMU MpuMeHeHUs1 Memoda camooby4varoujuxcsi HelipoHHbIx kapm (Self Organizing Map — SOM) Onsi 3ada4 3KO/102U4ECKO20
MOHUMOPUH2a okpyXatoweli cpedbl, a8 UMEHHO — O/ MOCMPOEHUs MOYHOU HernpepbI8HOU Kapmbl 3KOSI02UYECKUX 3a2psA3HeHUll Ha MecmHocmu.
Aneopumm pabomsbi SOM eknro4aem cnedyrouwjue wazu: 1) pasmeweHue Ha kapme eceli KOHMpPOUPyeMol MeppPUMOPUU Ha4aslbHOU aKmueHoU
HelipoHHoU cemu 3adaHHOU MOMoJI02UU C 3apaHee ornpedesieHHbIM YUCJIOM y3/108-HelipOHO8; 2) 8bI60p 8X00HO20 8ekmopa u3 Habopa aHHbIX Ha-
6nrodeHuli; 3) HaxoxdeHue Haubosee 611U3KO20 3HaYeHUs1 8eKMopa eeca y3na-HelipoHa ("HelipoHa-no6edumens”) Ha kapme; 4) onpedesieHuUe Konu-
Yecmea 6nuxaliwux cocedHuUx HelipoHO8 K HelipoHy-no6edumento; 5) HenocpedcmeeHHoe oby4yeHue cemu, 8 xode Komopo20 3Ha4YeHUsI 8€KIMOpPo8
seca HelipoHa-no6edumens u 6nuxaliwux cocedHUX HelipOHO8 MocmerneHHO MEeHSIFMCS, NPUGUXasiCb K 3Ha4eHUI 8eKMopoe eeca 8X00HbIX Hell-
POHOE8 — OaHHbIX HabnrodeHuli; 6) onpedeneHue owubku kapmbl. Mamepuansl u Memodsi uccsiedosaHuli: 8 kKayecmee mamepuasnoe uccredosaHuli
6b151u ucnonb308aHbl pe3ybmamael U3MepeHUli aM6UeHMHO20 3KeueasieHma MoOWHOCMU O03b! HEMPepPbIBHO20 PEHM2EeHO8CKO20 U 2aMMa-u3Jsiyye-
HUs1 Ha MeppPUMOpPUU UCMOPUYECKO20 UeHmpa 2. Xapbkoa; o6pabomka nosy4yeHHbIx 0aHHbIX npoeodunack memodamu SOM ¢ NoOMowbI0 KOMIbIO-
mepHbIx npozpamMm MatLab 8.1 u STATISTICA 10. Pesynomamsi: e npoyecce 1000 yuknoe camooby4eHusi HelipoHHOU kapmbl u3 100 HavyanbHbIX
aKmueHbIX HelipOHO8, pa3MeuweHHbIX cry4YaliHbiM 06pa3oM Ha Kapme KOHMPOoJIUpyeMol MecmHocmu, 6b1s10 nosly4eHo 25 HelipOHHbIX Kilacmepos,
KoopOuHambl UeHMpPOoe KomopbIx NpaKkmu4Yecku coenadanu ¢ kKoopOuHamamu 25 moyek HabnrodeHul. Takum o6pa3om, 6bis1a mMOcmMpoeHa Hernpe-
pbleHasi Kapma paduayuoHHO20 hoHa Ha KOHmMposnupyemol meppumopuu. To4Hocmb Kapmbl 6bina He xyxe 0,25 mkP/4ac. Bbieodbl: 8 pabome
Joka3aHa 803MOXHOCMb MPUMEHEHUs1 Memoda caMoobyyaroujuxcsi HelipoHHbIx kapm (SOM) Ansi nocmpoeHus1 HenpepbI8HOU KapMmbl YPOBHST 3KO-
J102UYeCKUX 3a2psi3HeHUll Ha MECIMHOCMU 110 pe3yJsibmamam usmepeHull 3Ha4eHull HeKomopo2o abuomu4eckol ghakmopa 6 KOHeYHOM YUCJIE MOYeK.
MokasaHo, ymo OaHHbIl Memod siensiemcsi 6o1ee MOYHbIM MO CPaBHEHUI0 ¢ MemodaMu pe2peccuoHHOl kapmoepaguu u KllacmepHo20 aHanu3a,
om Komopbix OH NPUHUUNUanbHO omau4aemcs. Bo3aMoxHocmu cyu,ecmeeHHo20 yiy4yuleHusi mo4YHocmu memoda 3ak/llo4aromcsi 8 yeesuvyeHuu
Konu4ecmea Ha4aslbHbIX HelipoOHO8 Ha Kapme MecmHocmu u Kosiudecmea umepayuli 8 npoyecce ux o6y4eHust.

Kntoyeenbie crnoea: akonozuyeckuii MOHUMOPUH2, PEHM2eHOB8CKOe U 2aMMa-u3ly4eHue, Helipocemesbie an2opummsl, caMmoobyyaroujuecst Hel-
POHHbIe Kapmbl, SOM.
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